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blood. His fear of offending all men is more than conventional platitude,
a conservative was being forced by his discovery to contradict ancient

authority:

The remaining matters, however .... .are so novel and hitherto
unmentioned that, in speaking of them, I not only fear that I may
suffer from the ill-will of a few, but dread lest all men turn against
me. To such an extent is it virtually second nature for all to follow
accepted usage and teaching.... to such an extent are men swayed
by a pardonable respect for the ancient authors.

Nevertheless, Harvey believed that someone with an eye trained in
anatomy would agree with him — here the primacy that he and other
anatomists gave to observation, especially by those trained in using
their eyes was very clear, ‘However, the die has now been cast, and my
hope lies in the love of truth and the clear-sightedness of the trained
mind’.

Harvey made quantitative experiments which indicated that far too
much blood left the heart in a given time for it to have been absorbed
by the body and replaced by blood made in the liver from the chyle pro-
duced from the ingested food. The quantitative argument led to the
conclusion that the blood must move continually in a circle, otherwise
the arteries and the body would burst. The problem was to show the
pathways of the circular movement. Harvey could not see the very
minute connections, the capillaries, between the arteries and the veins
(he was using a magnifying glass and not the newly discovered micro-
scope). However, he showed that a connection must exist by means of
a simple experiment which involved ligating, or tying a cord, around
the arm. He ligated an arm very tightly so that no arterial blood could
flow below the ligature down the arm. He then loosened the ligature so
that arterial blood flowed down the arm, but the ligature remained
tight enough to stop venous blood from moving up above the ligature.
Whereas when the ligature had been very tight the veins in the arm
below the ligature had appeared normal, now they became swollen,
and this indicated that blood had moved down the arteries and then
back up the arm inside the veins, so at the extremities there had to be
connections for the blood to travel from the arteries to the veins. The
last part of Harvey’s anatomical demonstration of the circulation was
to show that the valves in the veins always directed blood back to the
heart and did not act, as Fabricius had believed, to prevent the lower
parts of the body from flooding with blood.
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After he had shown that there was a circulation and traced its path-
ways, Harvey was then able, in chapter 16, to point to previously puz-
zZling phenomena, such as the rapid spread of poisons through the
body, and to explain them by the circulation. At the same time, the
existence of such phenomena was further support for the circulation. In
the last chapter (17), Harvey, in a similar way, produced anatomical
evidence, such as the greater thickness of the arteries near the heart,
which, he argued, had been constructed in a purposeful way by nature
to withstand the greater force exerted by the movement of the blood
near the heart. This, he believed, supported his findings on the action of
the heart (the forcible ejection of blood by the heart in systole) earlier in

De Motu Cordis.

THE INTERPRETATION OF DE MOTU CORDIS

At first sight the work of Harvey looks very modern. He carried out
experiments and he quantified. Both were to be constituents of the new
science of the seventeenth century which replaced the qualitative
Aristotelian view of nature by a mechanical and quantitative natural
philosophy or science. The new science that men like Galileo, Descartes,
Newton, and Boyle created conceived the world no longer in terms of
qualities and elements but as consisting of particles of measurable sizes,
and shapes and motions.

Harvey's methods appear to look forward to this new science for they
seem to indicate a desire to quantify and a wish to act upon nature and
discover her secrets. However, Harvey never deserted his Aristo-
telianism, and he was to reject the new science explicitly. Harvey did
not see the body in a mechanical fashion — it was not a machine, but
was enlivened and filled with vital forces. In chapters eight and 15
Harvey set out the reasons that impelled him to concentrate on the
heart and to think of the circulation. He also considered the purpose of
the circulation; for unlike the protagonists of the new science Harvey
believed that teleology mattered. His language and ideas were vitalistic
and heavily impregnated with Aristotelian concepts such as the belief
that the heart was the most important organ of the body (Galen
thought that it was the brain). The purpose of the circulation, wrote
Harvey, using the traditional comparison between the macrocosm (the
world) and the microcosm (the little world of man), was to transport
life-giving blood to the periphery and then to bring it back to the heart
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where it could be enlivened again:

So in all likelihood it comes to pass in the body, that all the parts
are nourished, cherished, and quickned with blood, which is warm,
perfect, vaporous, full of spirit, and, that I may so say, alimentative:
in the parts the blood is refrigerated, coagulated, and made as it
were barren, from thence it returns to the heart, as to the fountain
or dwelling-house of the body, to recover its perfection, and there
again by naturall heat, powerfull, and vehement, it is melted, and
is dispens’d again through the body from thence, being fraught
with spirits, as with balsam, and that all the things do depend upon
the motional pulsation of the heart: So the heart is the beginning of
life, the Sun of the Microcosm, as proportionably the Sun deserves
to be call'd the heart of the world, by whose virtue, and pulsation,
the blood is mov'd perfected, made vegetable, and is defended from
corruption, and mattering; and this familiar household-god doth
his duty to the whole body, by nourishing, cherishing, and vegetat-
ing, being the foundation of life, and author of all’. (From the 1653
translation.)

Given this type of language it is very difficult to place Harvey within
the new science of the seventeenth century. His basic ideas of how and
why the parts of the body worked as they did was Aristotelian. Harvey
not only shared with Aristotle (and Galen) a teleological view of the
body but also the belief that its uses were to be viewed as the powers or
faculties of the soul. This is why for Harvey the action of the heart was
kept going by a pulsative faculty, whilst Descartes, who rejected such
vitalistic explanations, believed that the heart acted mechanically,
rather like a combustion engine. (See p. 340.)

THE 'WAY OF THE ANATOMISTS’
It was not in the new philosophies that Harvey found his inspiration.
What gave him a sense of certainty about his work was the anatomists’
credo to see for oneself. Harvey was sure that he had seen the action of
the heart, the pulmonary transit and the circulation. In the Second
Essay to Jean Riolan (1649) he distinguished clearly between knowledge
of the existence of the fact of the circulation and knowledge of its pur-
pose. He wrote that one had at times to talk of the causes of fevers, of
plague, or of drugs, yet he added, because we are ignorant of those

causes it does not mean that we deny their existence. So also with the
circulation:

this is that I did endeavour to relate and lay open by my observa-
tions and experiments and not to demonstrate by causes and
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approvable principles, but to render it confirmed by senses and
experience, as by the greater authority, according to the way of the

Anatomists.

The way of the anatomist was based on observation, and this was more
certain than the discussion of causes, which in chapters eight and 15 of
De Motu Cordis he calls only ‘probable.’

For Harvey anatomical experience had to be personal experience,
seeing for oneself. Words were of no use. In De Motu Cordis Harvey
wrote that ‘I profess to learn and teach anatomy not from books but
from dissections, not from the tenets of Philosophers but from the fabric
of Nature'. The image of nature replacing books and their authority is a
powerful and subversive one in this period. For Harvey nature was
much more trustworthy than writers, and so personal knowledge of
Nature had to replace public knowledge embodied in books. This belief
in Nature as the authority is what leads Harvey to write that he teaches
as well as learns anatomy from Nature. In order to teach, Harvey must
take the reader to Nature herself: hence he must be given instructions
how to see what Harvey had seen. Harvey constantly argued that
books are no substitute for personally experienced knowledge.

For whosoever they be that read the words of Authors and do not
by this aid of their own senses abstract therefore true representa-
tions of the things themselves as they are described in the authors
words, they do not conceive in their own minds aught but deceitful
eidola and vein fancies and never true ideas. And so they frame
certain shadows and chimaeras and all their theory and contem-
plation which, none the less they count knowledge, represents
nothing but waking men's dreams and sick men’s fancies. (De

Generatione.)

Even theories and ideas, it seems, need to be checked by observation, if
they are initially founded, or depend, upon observation.

Harvey believed that there were only two ways that the truth of an
observation could be confirmed or grasped. He wrote in the Letter to
Dr. Argent at the beginning of De Motu Cordis that the circulation had
been confirmed by ‘very many reliable witnesses’. Many eyes, especially
if they were trained eyes, helped to ensure the truth of an observation.
But, more importantly, Harvey believed that his reader had to see the
observations and repeat the experiments that showed the circulation in

order to have true knowledge of it,
In the end, it was Harvey's belief in the certainty of observational
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knowledge which gave him the confidence to defend his views. As he
wrote in reply to Jean Riolan the Younger (1580-1657), the circula-
tion of the blood was a fact of observation:

it behoves him, whoever is desirous to learn, to see anything which

is in question, if it be obvious to sense, and sight, whether it be so

or no or else be bound to believe those that have made trial, for by

no other clearer or more evident certainty can he learn or be

taught. Who will persuade a man that has not tasted them, that

sweet or new wine is better than water? With what arguments

shall one persuade a blind man that the Sun is clear, and outshines

all the Stars in the firmament? So concerning the Circulation...

Harvey’s empiricism, his stress on observation and experimentation,
might seem to lie within the new science. In fact its roots are to be
found in Aristotle and Galen, for they also extolled the use of the
senses, and in the renaissance anatomical tradition. Harvey was work-
ing within learned medicine and philosophy and they provided him
with the intellectual means to create his empirical philosophy. Perhaps
the question has been put wrongly by historians — it is not whether
Harvey belonged to the new science (he would have repudiated the
suggestion), but ‘what did the new science gain from the renaissance
anatomists and from Harvey?’

AFTERMATH
The major attack on Harvey’s discovery came when Jean Riolan the
Younger an anatomist with a European reputation and a leading
Galenist in the conservative Paris Faculty of Medicine, tried to save
Galenic medicine by limiting the effect of Harvey’s circulation. Riolan
realised that the circulation in its Harveian form had the potential to
destroy Galenic physiology, for the liver could no longer be the blood-
making organ of the body. Moreover, Galenic therapeutics was put in
doubt because the rationale for bleeding, one of the major therapeutic
procedures, had been damaged. For instance, the debate about the
place where one bled and its relation to where the body was diseased,
which had occupied physicians in the first half of the sixteenth century,
was rendered meaningless now that the same blood went round the
body. Riolan tried to produce a compromise. In his Encheiridium
Anatomicum et Pathologicum (An Anatomical and Pathological Handbook:
1648) and in his Opuscula Anatomica Nova (New Anatomical Studies;
1649) Riolan conceded that there was a rather sluggish circulation in
the aorta and vena cava, whilst in their offshoots, especially in the
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intestinal region, the blood did not circulate. In this way he tried to
combine the circulation with a Galenic physiology where the liver still
functioned to produce blood. Harvey replied to Riolan in 1649 in his
two Essays published as Exercitatio Anatomica de Circulatione Sanguinis
(Anatomical Exercise on the Circulation of the Blood). In the First Essay,
Harvey showed that observationally Riolan’s position was untenable,
for the blood in all the arteries moved with force and in definite quanti-
ties, which clearly indicated the circulation. In the Second Essay,
Harvey ranged more generally, giving new experiments in support of
the circulation, and emphasising, as we have seen, how his philosophy
of knowledge was based on observation and reflected Aristotle’s own
position.

Perhaps the most interesting reaction to Harvey’s work came from
René Descartes (1596—1650). Descartes saw the body as he saw the
world, in mechanical terms. His new and influential philosophy was
one which reduced biological processes to mechanical events. If the
Aristotelian—Galenic consensus produced a common explanation for the
macrocosm and the microcosm, so did Descartes’ new philosophy.
Instead of qualities, elements, and humours, matter in motion would
now equally explain the world and the body.

In chapter five of the Discourse on Method (163 7) Descartes discussed
the circulation of the blood, which he believed could support his new
philosophy. He carried out anatomical dissections which backed up
Harvey's discovery of the systemic circulation of the blood. But he did
not agree with Harvey on the action of the heart. Harvey’s pulsative
faculty, ultimately stemming from the soul, that kept the beat of the
heart going was viewed with distaste by Descartes. In his philosophy
the soul was no longer in the body and had no material existence;
moreover, all the actions of the body had to have a mechanical expla-
nation. Harvey's account of the heart was one based on vitalistic forces
(for instance, his description of how the heart revivified the blood)
which could not be explained mechanically, and so had to be rejected.

Descartes gave an alternative description of the action of the heart.
He argued that the heart was active in diastole (rather than in systole),
when its innate heat (like that of the heat inside a haystack) rarefied
drops of blood in its chambers and made them expand and eject parti-
cles of blood out into the arteries. The smallest and fastest particles of
blood went on to become the animal spirits that flowed through the
brain, nerves, and muscles conveying sensation and motion. In this way
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Descartes’ heart was like a mechanical engine which gave motion to
the rest of the body. It was started up by God, who put the initial heat
into the heart, but God was acceptable to the mechanical philosophers.

By the 1660s the circulation of the blood was generally accepted. At
this time the new mechanical philosophies‘ were rapidly replacing the
old order. But Harvey, even in his later work, never agreed with any of
them. In his last book, De Generatione Harvey went beyond Aristotle,
but only in the sense that he took Aristotle’s vitalistic theories to their
unmechanical extremes. He argued for a non-materialistic process of
generation ‘beyond the power of the elements’ and in his old age con-
firmed that he remained unaffected by the new thinking:

likewise in the Blood, there is a spirit of virtue, doth act above the
power of the Elements (most conspicuous in the nutrition or preser-
vation of each particular part) and also a nature, nay a soul in that
spirit and the blood answerable in proportion to the elements of the
Stars.

The new science

At a fundamental level the new mechanical philosophy replaced the
Aristotelian cosmos of qualities and elements with a universe made
from particles in motion, a universe which obeyed mathematical laws
of motion. Just as Aristotelian natural philosophy had formed the basis
for much of Galenic learned medicine, so the new philosophy which
replaced it became the foundation of much of medicine. But it was not
a complete take-over. A great deal of therapeutics remained untouched,
and some of the more mechanical approaches to the body (comparing
the body to a machine and implicitly questioning the role and existence
of the soul) appeared too extreme to some.

Between 1660 and 1700, for reasons which still remain obscure
(though historians have poured vials of vitriol over each other when
debating them), European learned culture in large measure accepted
the new philosophy, and its experimental and mathematical
approaches to the study of nature. Possible factors encouraging this
process include the practical work ethic of Protestantism, an increasing
secularisation and demystification which, in England was given added
impetus by the reaction that set in after the Restoration of Charles II in
1660 to the religious ‘enthusiasm’ of the Civil War period, and the
growth of the absolutist state as in the France of Louis XIV. Such rea-
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sons may explain the popularity of a new view of nature, based on
ideas of order, regularity, and of law-like behaviour with little scope
allowed for any intervention by God on a day-to-day basis upon nat-
ural events, and also giving hope for practical technological results.

In England, which in the second half of the seventeenth century was
the centre of the new science, an epistemology based on gaining knowl-
edge from observation and experimentation became the norm and was
contrasted with the wordy disputations of the ‘rational’ or learned
physician. The institutional stronghold of Galenic medicine in England,
the London College of Physicians, was in disarray. In 1665 a Society of
Chemical Physicians was being planned in London and, although it
was not in the end established, the project added to the sense of pres-
sure felt by the College. By the late 1660s the College was weak and
divided into factions, some members taking a Galenic approach, others
a chemical one, whilst a few were sympathetic to the experimental
philosophy of the Royal Society.

The Royal Society, the institutional flagship of the new science, was
hostile to the old learning. Its members often attacked the Galenic
physicians of the College in lively pamphlet wars. The Royal Society did
not share the Galenists’ contempt for empirical knowledge and empir-
ics: indeed it came close to eliding the difference between the
‘respectable’ seeker after empirical knowledge whose motives were
unsullied by commercial motives and the empirics of the medical mar-
ket place. For instance, Robert Boyle (1627-91), who as the seventh
son of the Earl of Cork inherited private means, was intensely interested
in the chemical remedies of the empirics and the ‘chemists’ shops’.
Such an interest helped to give respectability to the traditional enemies
of Galenic medicine.

Moreover, the Society assiduously collected a hodge-podge of medical
information about specific cures, the occurrence of monstrosities, and
reports of diseases, all in the hope of putting together a natural history
(a data-base of empirical information, sorted out into specific cate-
gories) which would provide the foundation for generalisations and
universal laws in the inductive manner of the Society’s source of philo-
sophical inspiration, Francis Bacon (p. 343). Henry Oldenburg
(16187-77), the Secretary of the Royal Society, acted as an exchange
centre for such empirical information. What before was disreputable
and unacceptable to the old learning could be acceptable to the new
learning. For instance, Boyle and Oldenburg were open-minded about
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the cures of the Irishman, Valentine Greatrakes (1629-83), ‘the
Stroaker’ who healed by the laying on of hands in England in 1665.

Although Robert Boyle attempted to apply the mechanical philoso-
phy to chemistry and to create a ‘corpuscular philosophy’ (in which
chemical substances had particular arrangements of particles) that he
hoped would replace both the Aristotelian four elements and the
Paracelsian tria prima, iatrochemistry in its Paracelsian form remained
buoyant until the last years of the seventeenth century. It influenced
medicine throughout Europe and was often taken to be part of the new
science. The work of Johannes Baptista van Helmont (1579-1644), the
Flemish follower of Paracelsus, had gained wide currency and had revi-
talised Paracelsian chemistry by providing it with a down-to-earth
approach (the use of chemical tests, quantification, the development of
an idea of gas) whilst preserving a spiritual dimension to the chemical
interpretation of matter as well as a strong Christian ethic. By the end
of the seventeenth century the influence of Paracelsian medicine was
on the wane, though chemistry in a corpuscular and mechanical guise
was permeating the language of medicine.

In the Netherlands, the theoretical framework of the new science was
generally accepted by the 1660s by many physicians but their energies
went less into the making or extension of theories and more into observ-
ing and collecting information. In the ‘Golden Age’ of seventeenth-cen-
tury Holland, the riches that came from trade paid for new anatomy
theatres and herbal gardens like the one created by the Amsterdam city
council in 1682. As the economic balance of power moved from
Southern to Northern Europe the towns of Holland followed in the foot-
steps of the wealthy Italian cities of the previous century in encouraging
the investigation of the body and the collection of nature's remedies.

In France the new philosophy of Descartes became dominant in the
later seventeenth century. Although some universities continued to
teach Aristotelian philosophy and Galenic medicine (as also in Italy)
Descartes’ physics were increasingly being taught in the two-year
college courses (at the colléges de plein exercise which lay between
schools and universities). The Académie Royale des Sciences, founded
by Louis XIV in 1666 with salaried members and a well equipped
anatomy theatre and chemical laboratories, contained France's scien-
tific élite. Its members followed Descartes’ version of the mechanical
philosophy in physics, though in medicine the physician-academicians
ranged from Galenists to iatrochemists and iatromechanists (the latter
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applied mechanics to medicine especially to anatomy and physiology).
The Académie, unlike the Royal Society, was under government con-
trol and in 1686, for instance, when the king failed to respond to medi-
cation, it was ordered to discover new effective drugs, especially new
herbal remedies. In the meantime the Académie had been chemically
analysing remedies and carrying out a number of vivisection experi-
ments. The picture that emerges is similar to that in England — largely
haphazard empirical investigations usually in a chemical setting.

The effect of the new science on medicine was not uniform. This was
partly because the nature of the new science was unclear and many
different approaches came under its umbrella, and partly because medi-
cine was a well established discipline with its own research interests,
which, as in anatomy and medical botany, could be loosely integrated
with the new science and share in its ‘modern’ label.

The relationship of medicine to the new science was complicated
because the new science appeared in many guises. There were a num-
ber of different mechanical philosophies, for instance, Pierre Gassendi'’s
(1592-1655), Descartes’, Robert Boyle's and Isaac Newton's
(1642-1727), and it was not until well into the eighteenth century
that Newton’s was invoked throughout Europe as the true mechanical
philosophy, though Newtonianism was to mean many different things
in different times and places.

There were also different styles of doing science. The English, follow-
ing the philosophy of Francis Bacon (1561-1625), tended to favour .an
empirical and experimental approach. In the Advancement of Learning
(1605) and in the Novum Organum (New Organ; 1620) Bacon had set
out a programme for replacing Aristotelian learning. The sources of
knowledge were to be observations, natural histories and experir.nenf.s.
By a process of logical induction the natural philosopher or scientist
would progress from observations and arrive at generalisations and
universal laws. Bacon’s philosophy was one which encouraged a co-
operative collective scientific effort (in New Atlantis (1627) Bacon set
out a utopian vision of joint scientific endeavour) and in its early years
the Royal Society saw Bacon as its exemplar. .

In France, Descartes’ followers began, not with observation, but Wlth
first principles created out of clear and distinct ideas in the n?ln(.].
Descartes was by inclination a model builder. From general first prmc?-
ples he deduced how the world (and the body) might work mechani-
cally. Experimentation and observation were usually to be employed at
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