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FOREWORD
T he purpose of this book is to present, in simple terms, a picture o f the main
stages of m edicine in its evolution through the centuries. T he story begins with
the magic-imbuecl m edicine o f primitive m an and concludes with m odern
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achievements and thoughts on the future.
This book has two them es ru n n in g through it. O ne is the continuous
nature o f medical developm ent, which m ust be regarded as still at an early
stage. Thus present-day theory and practice incorporates knowledge acquired
over h undreds o f years, while indeed many ancient ideas and some ancient
forms of m edicine survive to this day, especially in primitive societies. Despite
the achievements o f the last century, orthodox m edical practice, unlike the sci
entific disciplines on which it is founded, rem ains by and large a m atter of
observation, opinion, and experience. A knowledge of the wrong turnings of
the past is essential if the doctor o f today is n o t to be arrogant in his overestima
tion of his powers. This applies not only to the clinician but also som etimes to
the research worker, who, forgetting the heritage o f William Harvey, starts from
an incom plete set of findings and attem pts to construct an edifice o f knowl
edge based on Aristotelian logic and the power of argum ent, ignoring outside
evidence and putting forward shaky new concepts - thereby com m itting a fun
dam ental e rro r and turning the clock back two thousand years.
T he o th er them e is the im portance of the act o f faith on the part o f the
patient in his relationship with the doctor, som ething which is no less a vital ele
m ent of healing today, when rational and radical cures are available for many
diseases, than it was when m edicine was entirely magical and empirical.
Because this book deals only with the m ainstream o f medical developm ent
through the ages, such highly efficient and beneficial contem porary practices
as osteopathy, whose rationale goes against the generally accepted concepts of
anatomy, physiology and pathology, are no t included.

Right: an inoculation session at a country clinic, 1868.
Pages 4 and 5: left, an illustration from a mediaeval manuscript, showing a communal bathing chamber;
right, the first attempt to treat cancer with X-rays by Dr Chicotot, 1907. Painted by the doctor in 1908.

P R I M I T I V E

M A N

M A G I C
A N D
E M P I R I C A L
M E D I C I N E
If m edicine is the conscious attem pt by m an to fight disease, then it is as old as
hum an consciousness itself. But what form the earliest m edicine took m ust be
entirely a m atter for conjecture, in the absence o f docum entary evidence.
However, in the light of nineteenth and twentieth century research, and the
evidence of palaeontology and anthropology, it seems that it had its origins in
magic and priestly practice.
Perhaps prehistoric m an started by drawing a distinction between what
could be seen and explained and what could not. Certainly fossil rem ains show
evidence o f such diseases as arthritis and tuberculosis as well as bone deform i
ties caused by injury. O n the one han d there were wounds from fighting o ther
m en and animals, and infestations with parasites, in all o f which the cause was
obvious and em pirical treatm ent relatively easy; on the o th er hand there were
diseases for which there was no apparent cause, which came from now here to
threaten health and life. Thus in fear o f disease and death m an began to inves
tigate the nature o f life itself.
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Powerless, he had to stand by and see his fellow-beings stricken by
unknown forces. T he conviction grew in him that the painful mysteries - like
illness and death - were the work of dem ons, while there were undoubtedly
kindly divinities too, responsible for the good and pleasant things in life. O ther
frightening and inexplicable things occurred besides pain and death, like
storms and dark, m oonless nights. Man associated these phenom ena, too, with
dem ons, supposing that they m ight be angry spirits of the dead or o f animals
killed in the hunt. It was as well, in any event to propitiate the supernatural
powers by worship and sacrifice. Sorcerers came into being, who claim ed to
have knowledge of the stars, o f the herbs o f healing and poisons, an d o f the
means to placate the evil dem ons, and so magic m edicine evolved from prac
tices which were instinctive and empirical.

Above: the Venus of Willendorf, circa 20,000

bc,

a sandstone statuette 10.5 cm (4 'A in) high,
found in Austria and possibly the earliest known
sculpture of the human figure. The Venus is
considered to be a fertility figure.

It is likely that the functions of doctor and priest were then inseparable, as
indeed they are today in primitive societies. In one cave in France, Les Trois
Freres, a rock engraving has been found which dates back 17-20,000 years. It
shows a doctor wearing a m onstrous deer-mask over his face: he represents the
archetypal sorcerer o f a primitive com m unity in any age. Animal masks were
worn to frighten away the dem on causing the illness and to impress the patient,
so that he would have faith in the spells which were accom panied by suitably
dram atic rituals, and in the m edicines adm inistered to him.
Sorcerers were magicians, weaving spells to make people sick and spells to
make people well, and fashioning am ulets to keep ill luck and illness at bay. As
guardians o f such vital secrets, they came to form a class apart. T he rites they
perform ed may seem charlatan, but their work had a certain relevance to m od
ern m edicine, for their lore was often gleaned from a study of nature, especially
of the properties o f plants and o f anim al poisons. The use, for example, of
m andrake (which contains hyoscine) as a soporific and o f antidotes to snake
bite goes back into the dim and distant past, anticipating two of the
developm ents of m edical science: sedatives and vaccination.

P R I M I T I V E

Above all, sorcerers were the first to practise trephining or perforation o f the
skull on living subjects. T hat patients survived the operation is known, since in
many skulls, found in various parts o f the world, the rims of the perforations
are blunted, indicating clearly that healing processes later took place in the
bone tissues. The sites o f perforation suggest that surgery was practised for spe
cific purposes, such as relieving headache or epilepsy. It is equally possible that
the sorcerer wanted to remove som ething from the skull, which was plainly the
hom e o f im portant secrets. Perhaps it was a dem on torm enting the subject; the
operation was probably both ritual and therapeutic. Undoubtedly, some of the
surgeons of prehistory had great technical ability. T he oldest instrum ents were
the sharpened edges o f stones and flints, used to lance abscesses and let blood
as well as for trephining.
The history of m edicine has always been m ost closely connected with that
of religion, for both after all work to the same en d - the defence of the individ
ual against evil forces - and, as religion took a m ore definite form in the earliest
civilizations, so m edicine gradually becam e established in the tem ples and
sanctuaries of the gods.

M edicine has its
origins in magic and
priestly practices.
The dances of
primitive peoples
are often part of
com plex rites
during which the
supernatural is
invoked.

Right: a prehistoric trephined skull. Trephining
holes may be round or square and vary in size
from tiny holes to openings up to 5 cm (2 in) in
diameter. Skulls have been found which show
that the individual underwent the operation
several times.
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MESOPOTAMIA
The

S u m e r i a n s

T he Sum erian civilisation, which flourished 6000 years ago at U r in
M esopotamia, is the oldest one of whose m edicine we have knowledge. It was
based on the study o f astrology, for the Sum erians believed that from birth
m an ’s destiny was ruled by the stars and they attem pted to ascertain relation
ships between the m ovem ent o f the stars and the seasons, and between changes
of season and bodily disturbances.
Archaeologists have found clay tablets in M esopotam ia which were used
by priests for writing out entire m edical treatises. They th ought that blood was
the source of every vital function, with the liver as the collecting centre for the
blood and so the seat of life; this is why the ancient heroes consulted the om ens
in the lobes of an anim al liver, before em barking on great undertakings. This
concept also gave rise to the idea that the continuation o f life depended on the
renewal o f the blood by nourishm ent.

The
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In 2000

bc,

at the

time of the great
king H am m urabi,
although the doctorpriests were
answerable to the
gods, surgeons were
responsible to the
civil authorities.

B a b y l o n i a n

d o c t o r

T he Sum erian civilization was on the wane by 2000 b c , an d was absorbed by that
of the Assyrians and Babylonians who conquered M esopotamia, which becam e
the centre o f Old World civilization, with a political system dom inated by kings
who claim ed to be the interm ediaries between the gods and the people.
Astronomy and astrology, already im portant u n d er the Sumerians, becam e
even m ore im portant for it was essential to discover the will o f the gods in order
that the king m ight carry it out.
T he king o f the dem on realm , the god o f death and destruction was
Nergal. W hen he visited m ankind, he was heralded by Nasutar, the dreaded
plague dem on who in tu rn had a whole host o f lesser dem ons at his beck and
call, including axaxuzu, who produced jaundice, and asukku, who was the cause
of consum ption.
Many o th er illnesses were recognized, including different fevers, apoplexy
and plague, and some clay tablets also give descriptions o f diseases of the eyes,
ears, skin and heart, rheum atism and o f various venereal diseases. Toothache
was thought to be caused by the gnawing o f a worm, a com m on belief in
Europe up till the eighteenth century. T he dem ons were unleashed by the
gods, in retribution for the sins o f a m an o r a nation. W hen this happened, the
doctor-priest stepped in and discovered the cause of the problem and then car
ried ou t the appropriate rites o f exorcism and expiation.
M edicine am ong the Assyrians and Babylonians was the prerogative of the
priests, who were answerable to the gods. But surgeons were laymen, answerable to the state for the operations they perform ed. T he great king H am m urabi
(1948-1905 b c ) was the first in history to define the concept of the profession’s
civil an d crim inal liability; a copy o f his Code is on a stele now in the Louvre in
Paris. Some enactm ents laid down the scale o f fees and the penalties for incom 
petence o r negligence.
For exam ple, Article 215 ordained: ‘If the doctor perform s a m ajor opera
tion or cures a diseased eye, he shall receive ten shekels o f silver. If the patient is

E A R L Y

V I L I S A T I O N S

MS

Left: a clay model of a sheep’s liver, used for divination. First
Babylonian dynasty, 1830-1530

bc.

a free m an, he shall pay five shekels. If he is a slave, then his m aster shall pay
two shekels on his behalf.’ But if the p atien t lost his life o r an eye in an opera
tion, then the d o cto r’s hands were cut off.
Although Assyrian and Babylonian doctors based their theories on magic
symbolism, they were nevertheless acute observers o f n ature and so helped the
advance o f em pirical m edicine. For exam ple, for eye trouble they prescribed a
drink o f beer and sliced onion. This is a perfectly valid, since an onion pro
duces tears and tear fluid contains a bacterial substance, lysozyme. T hen the
eyes were massaged with olive oil. But finally a touch o f ritual was added to deal
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with the evil spirit: a frog’s bile m ixed with sour milk was applied to the eyes.
They prescribed a wide range o f drugs for various com plaints, including the
fruits, flowers, leaves, roots and bark o f such plants as the olive, laurel, aspho
del, lotus and myrtle; and various organs from domestic and wild animals; and
also a n um ber o f m ineral substances such as iron, copper and alum inium . In
addition, m uch use was m ade o f the anim al excreta, a practice com m on not
only to primitive people, who perhaps adopted it to disgust and drive away the
dem on afflicting the sick patient, bu t also to E uropean m edicine until two h u n 
dred years ago.
M edicines were adm inistered by Assyrian doctors in the form o f pills, pow
ders and enemas, and pessaries and suppositories were also used. O n his
rounds, the physician carried his case containing drugs, bandages and instru
ments, and after a consultation his findings would be recorded on clay tablets.
The descriptions o f symptoms on the clay tablets are interesting. A typical
one is for pulm onary tuberculosis: ‘T he patient coughs a lot, his saliva at times
contains blood, his breathing sounds like a flute. His skin is clammy, but his
feet are hot. H e sweats profusely and his h eart is in uproar.
Excavations in Babylon have also revealed large stone drains, probably
part o f a sewage system, and stone privies appear in the rem ains o f this and
other early M editerranean civilizations. These primitive m easures show a grow
ing awareness of state responsibility for the health of its citizens.

Above: the black stele inscribed with Hammurabi’s
professional code for surgeons, now in the Louvre,
Paris. Although the punishm ents for negligence and
incompetence laid down in the code are severe,
there is evidence to show that they were not always
strictly enforced.
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THE

MIDDLE

EAST

In his History, H erodotus refers to the m edicine of the peoples of the Nile val
ley. ‘T he art of m edicine is thus divided: each physician applies him self to one
disease only and n o t m ore. All places abound in physicians; some are for the
eyes, others for the head, others for the teeth, others for the intestines, and oth
ers for internal disorders.’ D iodorus Siculus, an o th er Greek historian, records
a practice which in a way anticipated m odern welfare systems. ‘In wartime and
on journeys anywhere within Egypt, the sick are all treated free o f charge,
because doctors are paid by the state and scrupulous observance of the pre
scriptions drawn up by great doctors of the past is incum bent on th em .’
As the centuries passed, m edicine m ade little appreciable progress in the
Nile valley. It was initiate m edicine, practised for the purpose of ridding
patients of dem onic powers. All cures were revealed by the gods and codified
by T hoth, known by the Greeks as H erm es Trismegistus, in secret books kept in
the m edical schools belonging to the tem ples of Sais at Heliopolis. They were
books for initiates, that is to say priests. According to tradition, T hoth invented
the sciences and the arts, knew the secrets of the gods and how to cause and
cure illness. He is also said to have invented cursing by sympathetic magic.
Knowledge of Egyptian m edicine comes mainly from what are called the
m edical papyri, writings exclusively m edical in content. T he papyri found by
Georg Ebers and Edwin Smith are the most interesting. T hat of Ebers, discov
ered at Luxor in 1873, which can be dated to the period 1553-1550 BC, is a
collection o f texts which probably originated in the old em pire (3300-2360
b c ) , from the time of the first eight dynasties whose rulers built the pyramids of
Cheops, C hefren and Mycerinus.
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U ntil the discovery o f the m edical papyri
in the late n in eteen th century, especially
those found by G eorg Ebers and Edwin
Smith, knowledge of Egyptian m edicine
came mainly from the writings o f the
Greeks and Romans, am ong them Homer,
H erodotus, H ippocrates and Pliny. The
Above: an Egyptian statue inscribed with magical
texts for healing, from the Thirtieth Dynasty or early
Ptolemaic period, c.380-300

Egyptian doctors a used a huge variety of

bc.

drugs, including opium and hemlock.

Im hotep lived during the third dynasty. He was famous as an architect and as a
pyramid builder, but he was also a great doctor; he was deified by the Egyptians,
and the Greeks identified him with Asklepios, now m ore com m only known by
his Latin nam e Aesculapius, their god o f m edicine. It may well be that some of
the prescriptions in the Ebers papyrus were originated by Im hotep.
T he earlier papyrus found by Smith gives instructions for the treatm ent of
wounds, fractures and dislocations. For fractures the Egyptians used birch
splints with bandages b ound over them , and a m ethod for treating a dislocated
jaw was n o t unlike that used today. Lesions on the right o r left sides o f the head
were observed to be associated with paralysis on the opposite side of the body.
Prognostic statem ents were also recorded: ‘I will cure this disease’ was usually
recorded if the outcom e appeared favourable; ‘N othing can be done in this
case’, if doubtful, or ‘T he patient will d ie’, if hopeless.
Unlike the Assyrians and Babylonians, who thought o f the liver as the seat
oflife, the Egyptians regarded respiration as the most im portant vital function.
They knew that the heart was the centre o f the circulation, but supposed that
the circulation d ep ended on breathing. They recognized various com plaints
affecting the heart, abdom en and eyes, and also angina pectoris, disorders of
the bladder and various kinds o f swelling.

Above: the Eye of Horus, an amulet made of enamel
and glazed pottery dating from the Late Dynastic
period, c.600

bc.

E A R L Y
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O ne of the many treatm ents in the Ebers papyrus runs: ‘In the case of a tum our
affecting a vessel in the form of a callosity which is stone-like to the touch, I
would say it is a tum our of the vessels suitable for treatm ent by surgery. After
surgery, cauterize the w ound, lest it bleed too m uch.’ W hen physicians went vis
iting, they took their patients' pulses, exam ined their bodies and went through
a process o f auscultation by laying an ear to the shoulder blades and chest.

Right: Anubis, the Egyptian god of the dead and
the patron god of embalmers, embalming a body.
A wall painting from the tomb of Sennedjem,
New Kingdom, Nineteenth Dynasty, circa
1320-1200

bc.

»
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C onsidering the m um m ies and the refined em balm ing techniques used
in the Nile valley, it m ight be thought that Egyptian m edical m en were strong
on anatomy. In fact they were, but only to a certain level; anatom y seems to have
been learned from a study o f animals, ju d g in g by hieroglyphs, that for ‘h e a rt’
being shaped like that o f a cow, ‘th ro a t’ like the head and w indpipe o f cattle,
and ‘u teru s’ being bicornuate, unlike that o f the hum an female. But em balm 

■
K

ing was n o t done by the priest-doctors but by those who worked in the house of
death, who form ed a n o th er distinct class.
H erodotus describes the technique o f em balm ing: the brain was removed
by a hook inserted through the nose, and the brain cavity cleaned with the
utm ost care. T he body was opened by m eans o f long vertical incision, and when
the internal organs had been rem oved it was washed several times over with
infusions o f arom atic herbs and then filled with spices o f all kinds. T he opening
was then sewn up and the body was im m ersed for a certain tim e in a special
solution. After this, it was washed again and swathed in linen bands im preg
n ated with bitum inous substances, which ensured it would rem ain in a perfect
state o f preservation. In fact, preservation is often so good that u n d er a m icro

m

■
■
m

scope tissue sections shows fine detail and som etim es evidence o f disease.
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Rules for diet, body
cleanliness and
child welfare were
set o ut in the book
of Leviticus.

h e a l t h

laws

of

the

I s r a el i t es

For the ancient Hebrews, disease was not due to a dem on or evil spirit or to
spells cast by jealous fellow m en, bu t represented G od’s wrath at the sins of
m en. H ealth could never fail as long as the Ten C om m andm ents were
observed. In o rd er to get well, a sick m an had to ask the priests to intercede on
his behalf, since they were the arbiters o f the law o f Moses and did m ore health
work than the doctors.
By attesting belief in one God, the giver o f good health and bad, Mosaic
law had the power to overcom e superstition and magic practices, though these
did persist to a certain extent. It was faith and faith alone that brought health to
the body and salvation to the soul. Since to be unclean was the worst sin of all,
the rules of hygiene laid down in the scriptures aim ed to make m en clean in the
eyes of God. Physical and m oral purity were thus equated.
In the book of Leviticus there is an exem plary code of health (V, 2-3): ‘A
m an may have touched what has been killed by a wild beast or has fallen dead
. . . o r some o th er unclean thing, unaw are of his defilem ent at the time: yet he
has incurred guilt by the fault. O r he has touched some defilem ent of the
hum an body; there are many such; he may be unaw are of it till afterwards, but
he has incurred guilt . . .’ A purifying bath would cleanse him of this guilt
before he could en ter the Temple.
D uring m enstruation, a wom an was unclean and could not carry out reli
gious duties in the tem ple, or have intercourse with h er husband. W hen the
m enstrual flow ceased she had to be purified by a ritual bath, and before being
im m ersed naked in the water, h er body had to be carefully washed. Every com
munity, no m atter how small, always built a ritual bath as well as a synagogue.
T he list of people who were unclean included those with infectious diseases
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such as gonorrhoea and leprosy, who m ade anything or any individual they
touched unclean as well. It was also a religious duty to wash the hands before
meals; washing them after meals was regarded as a sign of respect to others
rather than as a religious one. Regulations for the control of contagious disease
represented the first com pulsory health enactm ents. W hen an epidem ic was
raging, alarms were sounded and people who caught the disease were isolated
and their clothing and houses disinfected.
The ancient Jewish surgeons had great skill. They perform ed operations
for anal fistula, for im perforate anus in the new born, Caesarean section, and
treated dislocations and fractures by rational m ethods. T he practice o f circum 
cision was so m uch a part o f ancient tradition that it was perform ed with stone
tools even after metal ones had com e into com m on use. O ur knowledge of
Jewish surgery comes from the Talmud, which also contains accurate descrip
tions of many diseases, including jau n d ice and diphtheria.

Persian

In the Persian sacred
book, the Avesta,
m edicine was a
weapon in the fight
against dem ons.

medicine

A ncient Persian m edicine may have shared a com m on origin with Jewish m edi
cine, for it too placed em phasis on personal and com m unal hygiene. Health
dep en d ed on the god of light and good, A hura Mazda, and m edicine was
entirely in the hands of his followers. A professional code is laid down in the
Vendidad, stipulating training requirem ents, fees and penalties for malpractice.
Surgeons as well as physicians existed at this period, for in the writings of
Firdausi, who lived around a d 1000, are to be found descriptions of doctors in
ancient Persia who healed with the knife, as well as accounts of successful
Caesarean section. H erodotus recorded o th er practices, such as segregating
the sick and those suffering from contagious disease.

E A R L Y
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ANCIENT

INDIAN

M E D I C I N E
The first period o f Indian m edicine began with the H indu invasion o f the
Punjab in about 1500 b c . It was during this period that the books o f Veda
(learning) were com posed. They included the Ayurveda (Veda of long life),

Right: a giant having a tooth pulled out. A
Buddhist bas-relief from Bharut, dating from the
second century

bc.

which was concerned particularly with m edicine. As these are sacred texts
revealed by divine beings, the history in them is interwoven with legend.
T he Vedic period was followed around the beginning of the ninth cen
tury b c by the Brahm inical period, which m arked a peak in Indian m edicine.
The two great H indu doctors, Charaka and Susruta, whose writings form ed the
groundw ork for all subsequent systems o f Indian m edicine, belong to this
period. T he Charaka Samhita, which is arranged in eight books, is set out in the
form o f a dialogue between m aster and pupil, and is to m edicine what the
Susruta Samhita, which is less accurate but shows fair knowledge of hum an
anatomy, is to surgery.
The m ain feature o f medical thinking in ancient India was a tendency to
construct a highly com partm entalised system, with a niche for every concept.
T heir medical works are o f com posite nature, like encyclopedias. For this rea
son scholars have been unable to date their range o f concepts and precepts, or
to pick out essentially Indian ideas from those derived from o th er civilizations.
A ncient H indu m edicine was strong in surgery and weak in anatomy, a
subject which m ight be expected to be fundam ental to surgery. This was prob...1 6

ably due to the religious laws which forbade the use of a knife on a dead body.
In o rd er to study the internal organs, Susruta advised doctors to im m erse a
body in a basket in the river; after seven days of decom position, the organs
could be viewed simply by poking away the overlying skin and o ther soft tissues.
Apart from this, ancient Indian texts are devoid of anatom ical references.
A field in which the ancient Indians were centuries ahead was plastic
surgery. Rhinoplasty, for reshaping the nose, was very widely practised. It was
no t so m uch a question o f aesthetics, to improve on nature, as a rebuilding
operation since adultery was punishable in India by cutting off the nose and
the operation was devised as an attem pt to restore the norm al appearance of
those who suffered this penalty.
Susruta explains how the surgeon worked. From the leaf of a plant he cut
a piece the size o f the missing nose. This he laid on the p atien t’s cheek and cut
ting ro u n d it rem oved a piece of skin of the same size. T hen the surgeon
applied this piece to the nose stum p, from which the skin had been removed,
and sewed it on. After that, he pu t two pieces of hollow reed into the nostrils so
that the patient could breathe easily. If the nose was now too big, he cut it off
and started again.
Many o ther surgical procedures are described in Susruta’s book, includ
ing operations on anal fistulas and neck tum ours, and tonsillectomy, lithotomy,
lancing of abscesses and am putation o f limbs. A detailed list of 121 surgical
instrum ents is given, including knives, scalpels, bistouries, saws, scissors, for
ceps for extracting teeth and others for extracting foreign bodies from nose
and ear, three different kinds o f needle for suturing, catheters and syringes. A
section is devoted to the treatm ent o f fractures with bam boo splints.
Diagnostic technique was also o f a relatively high standard. Doctors
inspected and palpated the patient, listened to his heart, lungs and abdom en,
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The ancient Indians
were centuries
ahead of all oth er
civilisations in the
field of plastic
surgery, perform ing
operations to restore
the nose.

and noted the condition o f the skin and tongue. Many illnesses were attributed
to im balance betw een the three physical hum ours - spirit, bile and phlegm.
Besides these there were m oral hum ours, disturbance o f which could also
underlie physical illness, an idea echoed in the present-day concept of psycho
somatic disease. A ncient m edical treatises give very accurate descriptions of the
symptoms o f diabetes and tuberculosis and of contagious diseases, especially
smallpox. T he Indians of that time knew th at m alaria was a consequence of
m osquito bites, and in a Sanskrit text, predating Susruta, the role of plague car
rier was ascribed to rats. Apart from a n u m b er o f magical practices, Indian
therapy was based on purgatives, enem as, emetics, blood-letting by leeches,
steam baths, inhalations and sternutatories (preparations to cause sneezing which was believed to clear the head). Susruta lists 760 m edicinal plants,
including Atrnpa belladonna (deadly nightshade) and Cannabis indica (Indian
hem p) to induce stupor, and Rauwolfia serpentina for sedation.
An extrem ely im portant part is played in Indian m edicine by the strict
hygiene rules of the Brahm in religion. A largely vegetarian diet is recom 
m ended and abstention from alcohol is ordained, and there is great emphasis
on cleanliness, with m uch bathing and the im m ediate removal o f excreta and
o th er waste from the house.
T he third period o f H indu m edicine dates from a d 664, after the Moslem
conquest o f India, and resulted in the introduction of Arab m edicine to India.
At the same time, Ayurvedic m edicine persisted and in fact survives to the pre
sent day, being practised in innum erable villages by doctors called kaviraj.
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TR A DI TI ON AL
CHINESE
MEDICINE
Above: an ivory diagnostic statuette, it was
considered bad form for a male doctor to examine a
female patient intimately, so women would take a
statuette to their doctor and use it to indicate the site
of the problem.

While the Egyptian pharaohs were building pyramids, the ancient Chinese
em perors were obsessed with m edicine. Yet the history o f C hina bears some
resem blance to that of Egy pt, in that it em braced a series of dynasties dating
back to Shen Nung, a legendary em peror who is said to have ruled from
2838-2698 BC. This enlightened ru ler was looked upon as the inventor o f m edi
cine, u n d e r the inspiration of Pan Ku, the god to whom the creation o f the
world was attributed in Taoist legend: chaos was overcome and o rd er estab
lished on the basis of two opposite poles, yin and yang.
T he yang principle was positive, active and masculine, as signified by the
sky, light, might, hardness, w arm th and dryness, and also the left side. The yin
principle on the o th er han d was negative, being passive and fem inine, as signi
fied by the m oon, earth, darkness, weakness, cold and m oisture and the right
side. Chinese m edicine was based on these two principles; yin and yang
together with the blood constituted the vital substance that circulated in the
body. Illness was held to be caused by im balance of the two principles, while
death supervened when they ceased to flow.
A particular contribution o f Shen N ung to Chinese m edicine was his Pen
T ’sao Chingor Herbal. This little book lists 365 herbs, prescriptions and poisons
in three volumes. Q uite a few o f the prescriptions found in this herbal and its
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successors are com m on to m odern therapy, for example, opium as a narcotic,
rhubarb as a laxative, flowers o f artem isia for worms, rauwolfia for sedation,
kaolin for diarrhoea, ephedrine for asthm a and chaulm oogra oil for leprosy.
Following it a succession o f similar works appeared, culm inating in the Pen
T ’sao Kang Mu or G reat H erbal ( a d 1552) of Li Shi-Chen, which describes 1,871
drugs in fifty-two volumes and took twenty-seven years to compile.
In addition to the prescriptions derived from Shen Nung, the ancient
Chinese m ade use of o ther treatm ents which are still found in m odern phar
macopoeias, such as sodium sulphate for purging and iron for anaem ia, as well
as essentially Chinese preparations such as ones containing ginseng. They also
took the first steps to im m unize against smallpox, introducing pustular crusts
in powder form into the nostrils (the left nostril for boys, the right for girls).
A nother em p ero r with an im portant place in m edicine was Hwang Ti
(2698-2598 b c ) , to whom is ascribed the Nei Ching or Book o f M edicine, the
most ancient as well as the greatest Chinese m edical work, and one that is still
studied in China. It was transm itted orally for centuries, and is thought to have
been first written down in the third century bc:. O ne passage from it states: ‘All
the blood of the hum an body is u n d er the control o f the heart and regulated by
it. T he blood current flows continuously in a circle and never stops; it cannot
but flow ceaselessly like the cu rren t o f a river or the sun and the m oon in their
courses.’ These are superficially rem arkable statem ents, considering that
ancient Chinese understanding o f anatom y was limited. Dissection of the dead,
while generally prohibited (for a m an had to die with his body whole if he was
to jo in his ancestors), seems to have been attem pted, jud g in g by some anatom 
ical m easurem ents given in the book. T he suggestion has been m ade that it was
the prerogative of the Chinese em perors as absolute rulers to conduct anatom 
ical investigations. M ore probably, Hwang T i’s statem ent about the circulation
o f the blood should be regarded as a rem arkable guess.
Chinese doctors did n o t delve into the m edical histories o f their patients,
or go in for full physical exam inations. In diagnosis, they concentrated on
exam ining the pulse, taking it in many ways and producing a long list of varia
tions, each with its own prognostic significance. For the pulse indicated the
flow o f the vital elem ent, form ed from the union o f yin and yangWxXh the blood.
T he m ost famous Chinese surgeon was H ua T ’o, who lived about the sec
ond century a d . Before perform ing an operation, incision or am putation, Hua
T ’o is said to have m ade the patient insensible o f pain by adm inistering a nar
cotic brew he had m ade himself. Some eight centuries before H ua T ’o, the
practice o f castration was widespread in C hina and many doctors specialized in
it, to provide eunuchs for the em perors’ service. T hen, too, surgeons used to
dull pain before the operation by using anaesthetic substances; none o f the old
SmSs. .
texts give details of the ingredients, but in m ore recent times a h o t decoction of
Above: the feet of an upper-class woman,
pep p er pods was used, applied to the genitals. For the operation itself, the
permanently misshapen and disabled by foot
penis and scrotum were tied together with a strip of silk, and a semi-circular
binding. For centuries, tiny feet were regarded by
knife was used to sever them in fro n t of the pubis. To stop the bleeding, a styp
the Chinese as a wom an’s most attractive feature.
tic powder of rock alum and resin was applied. T he surgeon next put a plug of
wood in the urethra. If the patient survived, he was ready three m onths later for
his duties as guardian of the im perial concubines.
A nother practice which persisted into this century was the binding of the
feet of upper-class women. T he victims o f this custom, im posed from a mis
guided sense o f aesthetics, were n o t given the option of refusal. While they
were still too young to resist, they had to undergo tight and painful bandaging,
to turn the toes down and hold up the instep, with perm an en t deformity.
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T he most typically Chinese medical practice was acupuncture. It consists in
pricking the patient's skin with needles o f gold, silver or iron, cold o r hot, of
various lengths from 2.5-28 cm (1-10 in ). T he idea was to remove any obstruc
tion in the chin, loh o r sun, the vessels carrying the two vital principles, blood
and air. O ld treatises nam e some 365 points for acupuncture. Specialists taught
their pupils by m eans o f metal statuettes, pricked all over with holes at the
points o f puncture.
In the following centuries, Chinese m edicine came to a standstill because
of p eople’s veneration for the wisdom of their ancestors. It was no t until the
thirteenth century that an o th er m ajor advance took place. In 1247, the ju d g e
Sung Tz’u com piled the Hsi Yuan Lu, the standard treatise on law and m edi
cine. It was in ten ded for the magistrates and contained inform ation on
ascertaining the cause of death from a careful study of the deceased: accurate
descriptions were given o f signs to distinguish death by drowning, poisoning,
strangling, stabbing and bludgeoning. As well as establishing diagnostic m eth
ods to distinguish m urder from suicide, the work gave instructions on artificial
respiration and antidotes to poisons.
T hen, while science and learning advanced in Europe, Chinese m edicine
rem ained at a standstill. T he teachings inherited from the ancients were so
scrupulously revered that all progress was im peded. E uropean m edicine did
not reach C hina until the nineteenth century.

Right: Fu-jen Ming-t'ang t'u acupuncture chart. Acupuncture charts date from the T'ang Dynasty
(a d

618-906) or possibly even earlier.
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The greatest achievem ents of ancient
Chinese m edicine were a series of herbals
culm inating in the Pen T ’sao Kang M u or
G reat H erbal of a d 1552, which ran to
fifty-two volumes.
J a p a n
A bout the fourth century A D , Chinese civilization penetrated Japan, and for
many centuries it entirely dom inated the islands, its m edicine supplanting
native practices. T he first attem pts to reduce Chinese influence came in the six
teenth century, the greatest reform er being the physician Tokuhon Nagata
(1512-1630), while the arrival of the Portuguese in 1542 introduced European
m edicine, which the Japanese adopted as avidly as they had adopted Chinese
m ethods before.
Little is known of Japanese m edicine in the days before the Chinese
arrived, although old legends indicate rudim entary anatom ical knowledge and
a theory o f disease based on evil spirits and divine influences.
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Ancient Aegean civilization began around 3000 BC with the conquest o f the
Greek islands by the races inhabiting the eastern shores o f the M editerranean.
Various O riental influences were fused into pre-H ellenic culture and at the
same time transm uted by the process o f separation from Asia.
Hellenic m edicine developed with philosophy, disciplined by strict criti
cism, and healing for the first time becam e a science as well as an art, practised
not by a priestly caste but by laymen who replaced magic by enquiry. T he most
ancient source o f inform ation about the m edicine of the Greeks is the work of
Homer. A doctor was a respected figure; H om er wrote: ‘H e is worth many lives,
being unequalled in removing arrows from wounds and healing them with
herb ointm ents’.
In the Iliad, H om er refers to the removal o f arrowheads and javelins, and
to bandaging, compresses, m ethods o f stopping bleeding and o f curing
wounds with balm, and to m edicines m ade of herbal extracts. Wine and o ther
liquids are also used to revive the injured. W ithout a doubt the medical infor
m ation H om er gives m ust reflect contem porary practice in the pre-H ellenic
civilisations of Crete and the Aegean.
Like m ost early peoples, the Greeks recognized the im portance o f blood
though n o t its true functions. T he practice of bleeding was used then and for
centuries later for various com plaints, either by cutting veins or by cupping.
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Despite the frequent references in the Iliad to the gods and the prayers of the
dying, it is clear that m edicine at the time o f H om er was not based on magic,
but was an in d ep en d en t discipline practised by experts who earned a living
from it. But as time went by O riental influences on Greek culture became
increasingly m arked; in consequence m edicine becam e m ore and m ore
priestly and literature after H om er contains an increasing num ber o f incanta
tions and references to dem ons, soothsayers and omens.
Many of the Greek gods came to be identified with healing. N ot only
Apollo, Artemis, A thene and A phrodite but also the gods of the underw orld
were able to cure or avert disease. T he cult o f Aesculapius may well have devel
oped from the worship o f one o f these deities, for his symbol, the serpent, is a
very ancient representation o f underw orld forces and was a sacred sign o f the
god o f healing am ong the Semitic tribes o f Asia Minor. It is n o t known if
Aesculapius really lived and was a doctor deified after death. It is said that while
on earth, he was the father of a large family, including Panacea, who had a cure
for everything, and Hygiea whose dom ain was public health.
It was probably aro u n d 770 b c that the first Aesculapian sanctuaries, dedi
cated to the god of m edicine, were built, and the serpent cult began to spread,
although the serpent was already very im portant in magic medicine. The
tem ple-building m ovem ent developed rapidly; over three h u n d red sites have
been m entioned by classical authors. These tem ples were usually well situated
with woods and springs o f water, perhaps with m ineral properties, and com
m anding splendid views, the most famous being at Epidaurus, Cnidus, Cos,
Athens, Pergam on and Cyrene. People were still visiting them in the fifth cen
tury a d . Among the Greeks, unlike o th er ancient peoples, religion was a poetic

Above: Aesculapius with his children. His sons were
the gods of surgeons and physicans while his

myth, never infringing freedom to criticize and explore nature, and the priests
were never a special caste. They worked for gain. W hen the treatm ent by lay
doctors failed, people tu rn ed to Aesculapian sanctuaries for help.
Treatm ent at the sanctuaries was conservative and was based on bathing
and fasting. O nce patients had been purified and were ready to approach the
altar, a propitiation cerem ony was held and the sick were adm itted to the in n er
m ost precinct, the abaton. T here, w rapped in blankets, they lay down on
sheepskins and slum bered, exhausted from fasting and drugged with sleeping
draughts. T hen came the m ain part of the treatm ent: as soon as the patients
were asleep, the priests started passing in and out am ong the beds, followed by
the sacred serpents, which licked the sores o f the sleeping patients. O n waking,
each patient had to give an account of what he had dream ed. A priest then
explained the m eaning o f it to him and prescribed the appropriate treatm ent.
A cure resulted sometimes, bu t the priests had a ready reply if there was no
im provem ent; the patient had no t done exactly as he had been told to, o r had
simply lacked faith in their treatm ent.
Before he left the sanctuary the sick m an would offer money and a votive
tablet with his nam e, affliction and treatm ent recorded on it. T he tablets were
hung on the walls of the tem ple and no doubt im bued trust in newcom ers to
the sanctuary. Today they are o f interest for their recognizable depiction o f var
ious diseases, including breast cancer, and for their accounts of cures.
However, in spite o f the criticism and the growing influence o f lay m edi
cine, priestly m edicine spread th ro u g h p u t G reece in the fifth century b c and in
fact was in com m on practice up to the fourth or fifth centuries a d , when the
cult of Aesculapius is som etimes found m ingled with that o f Christian saints.

daughters were goddesses of healing and health.
Below: Aesculapius with his staff round which twists
the serpent, the ancient symbol of medicine.
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It was the cult o f Aesculapius that m ade the Greeks begin to lay particular stress
on one aspect o f illness - the hope and anxiety o f patients about their recovery.
It could be said that psychotherapy, freed from exorcism, was initiated in the
sanctuaries. As time went by, the priests moved fu rth er and fu rth er from purely
ritual treatm ent. Lay m edicine was practised from the earliest times alongside
this tem ple system. From the sixth century BC, m edicine had professional sta
tus. Newly trained students applied for a licence to practise from a council
which was only granted when the standing o f the stu d en t’s school had been
taken into account. Practitioners could open a surgery in which they could
receive and treat patients and charge fees.

The
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Above: Pythagoras, the most important founder
of the medical school at Croton, where the first
truly scientific studies on anatomy and physiology
were carried out.

-

the

dawn

T he Greeks had enquiring minds, and m ade a fresh approach to the problem s
life presented. Man and n ature were the subjects o f their scrutiny; thus the first
philosophers were pre-em inently biologists and naturalists. By philosophy, the
Greeks m eant the attem pt to understand m an and the world; their aim was to
devise a good way of life and then to let everyone live it.
The Graeco-Italic school was a great philosophic school, founded by
Pythagoras (580-489 b c ) , which provided the most im portant basis o f scientific
m edicine. It is associated with the town of C roton in southern Italy, which
already had a flourishing medical school before Pythagoras arrived from
Greece. H ere, Pythagoras carried ou t m uch research, infusing new life into the
school and ensuring its survival by instituting an association o f very strict rules
for initiates. R ather in the style o f a secret society, adepts swore loyalty to the
leader and prom ised not to betray any o f their esoteric knowledge to the unini
tiated. Before Pythagoras the concept o f disease was shrouded by a
supernatural veil. With his teaching, it was seen by the light o f the rising star of
science. T he principle o f harm ony and proportion governing the universe, the
macrocosm, was reflected in the m icrocosm of the hum an organism.
T he most fam ous doctor o f the C roton school was Alcmaeon, a younger
contem porary of Pythagoras, who gave m edicine the true dignity o f a science.
He discovered the optic nerves and the Eustachian tube of the ear, and was the
first to assert that the brain was the seat of the intellect and the senses. He rec
ognized three m ain factors affecting the sight: external light, internal fire and
liquid contained in the eye. This m aster o f anatom y and physiology also made
some observations on the circulation and distinguished veins from arteries. He
investigated the function disturbances caused by brain injuries and proposed a
long-accepted explanation o f sleep and death. Camillo Golgi, the Italian Nobel
prizew inner noted, as late as 1910, that A lcm aeon’s theory was ‘generally held
to this very day, in the form o f cerebral anaem ia’. Alcmaeon in fact m aintained
that sleep occurred when the blood ebbed from the brain into the veins, and
that when this outflow was com plete and one-way only, death ensued.
T he book On nature contained the sum of A lcm aeon’s learning. It is
im portant because it offered the Greeks a plausible explanation for the nature
o f disease and suggested m eans o f prevention and cure, w ithout recourse to the
supernatural. According to Alcmaeon, health and ill-health depended on pairs
of elem ental opposites, like hot and cold, wet and dry, sweet and sour, and so
on; disease was due to some disturbance in their balance. T he desire to con
q uer disease was first em bodied in concrete form when he listed the potential
sources o f disharmony: the nature of the individual, m alnutrition, irregular or
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inadequate diet, and external factors such as clim ate and altitude. Today this
may seem rath er slight, bu t people then may have tho u g h t that it needed only a
few m ore discoveries for the battle against disease to be won.
A notable contribution was m ade by an o th er of the Graeco-Italic school,
Em pedocles o f Agrigentum (c.500-430 b c ) , who held an Olympian view of the
laws governing the universe. He thought that the world was m ade o f four ele
ments, which were form ed and unalterable and which he called the root o f all
things - earth, air, fire and water. His teaching led to the heart being regarded
as the centre of the circulatory' system: blood flowing continuously to and from
the heart while the pneum a, or breath o f life, was distributed th ro u g h o u t the
body by the blood vessels. He believed that breathing was not confined to the
lungs, b u t also took place through the pores of the skin.
It can be said that the practicality o f the Greeks in this and o th er medical
m atters was one of the results o f the influence o f pre-Socratic philosophy and
in particular of the teachings of the school o f Pythagoras. These placed espe
cial em phasis on the direct observation o f n ature and inductive reasoning and
on investigation into the cause and m eaning of life. T he Pythagorean school
also elaborated the doctrine of the four elem ents and corresponding hum ours,
which was to dom inate pathology for centuries.
While the Graeco-Italic school developed in southern Italy and Sicily,
o th er im portant medical schools flourished at Cyrene in N orth Africa, at
Cnidus at the southern tip o f Asia Minor, and on the islands of Rhodes and
Cos. T he school at Cos was to becom e the m ost famous. H ere teaching was
based closely on diagnosis and exam ination and doctors concerned themselves
n o t so m uch with discussion o f the causes o f disease as with the prognosis o f the
individual patient. Im portant too was the recognition for the first time of dis
eases as general conditions n o t lim ited to a particular organ or part of the body
while emphasis on diseases with a periodic nature led to the doctrine o f crisis
and critical days - reflecting the old Babylonian astrological concepts. Thus
various factors, including traditional em pirical m edicine, Assyro-Babylonian
astronomy and Jewish and Egyptian sanitary laws, com bined to form the foun
dations of the work of the greatest teacher o f Cos - Hippocrates.

Em pedocles of
A grigentum
believed that the
world was m ade of
four elem ents which
were form ed and
unalterable and
which he described
as the root of all
things - earth, air,
fire and water.
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Above: treatm ent for a leg using the Hippocratic
bench. From an eleventh-century codex:

Commentaries of Apollonius of Chitlon on the Peri
arthron of Hippocrates.

‘I swear by Apollo the healer, by
Aesculapius, by health and all the powers
of healing . . . th at I will use my power to
help the sick to the best o f my ability and
ju d g m e n t.’ From the H ippocratic Oath.

A great plane tree still stands on the island o f Cos, in the Aegean, u n d er which,
it is said, young m en were formally initiated into the art o f m edicine as long ago
as the end of the fifth century b c . With their fellows and elders clustered
around, they would take an oath which is now known as the H ippocratic Oath,
renowned through the centuries for setting a high standard o f professional
conduct. In the fifth century b c it symbolized the spirit o f the school o f Cos
u n d er the leadership o f Hippocrates.
T he spirit o f the oath is echoed in the ethical works ascribed to
H ippocrates or his students. ‘R egarding the art of m edicine’, he says in the
work On art, ‘I m ust first say what I believe its scope to be: to take away suffering
or at least alleviate it. T he fact that even those who do
n o t believe
in it can be
cured by it isstrong p ro o f of its existence and power.’
Above: the plane tree of Hippocrates on the
Again, in th e,w ork On the physician, he says: ‘For the physician it is
island of Cos. Some lines from the Hippocratic
undoubtedly an im portant recom m endation to be o f good appearance and
Oath are quoted on the page opposite.
well-fed, since people take the view that those who do no t now how to look after
their own bodies are in no position to look after those o f others. H e m ust know
how and when to be silent, and to live an ordered life, as this greatly enhances
his reputation. His bearing m ust be that o f an honest man, for this he m ust be
towards all honest people, and kindly and understanding. He m ust n o t act
impulsively or hastily; he m ust look calm, serene and never cross; on the o th er
hand, it does not do for him to be too jolly.’
T he ethical works and the oath are part o f the Corpus Hippocraticum; a
group o f medical treatises o f various schools and epochs, which were collected
in the third century b c for the library at Alexandria.
T he fact that only a few o f the works included in the famous Corpus are
from H ippocrates him self is o f no im portance, since what m atters is the man
and his masterly system. In spite o f all their contradicitons, they all share a nat
uralistic approach - being practical rath er than theoretical.
According to his first biographer, Soranus o f Ephesus, who wrote some
time in the first and second centuries AD, H ippocrates was born on the island of
Cos in 460 or 450 b c and was the son o f a doctor. H e learned m edicine from his
father and travelled widely; he is known to have visited Thessaly, Thrace and
the Propontis, and he may have been as far afield as Libya and Egypt. For many
years he taught in the school of Cos and, when he died, his fame was so great
and the awe in which he was held so high, that it was widely believed th at honey
from the bees on his grave had extraordinary healing properties.
H ippocrates won his form idable reputation through his outstanding tal
ent and ability. He had a profound understanding o f hum an suffering, and put
the doctor at the service o f the patient, saying that his place was at the bedside
of the sick. H e showed how suffering could be alleviated no t by any help from
magic, bu t by hygiene and by proven cures. He set m edicine on a new and his
torically decisive course, abandoning the gods for clinical observation.
Besides giving specific orientation to treatm ent, H ippocrates related all
the m edical knowledge o f his age to a concept of disease which, as will be seen,
w eathered the test o f time and survived to the beginning o f the present era.
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Finally, he devised a m ethod o f diagnostic investigation based on observation
and on reason which is valid today.
T he weakness o f H ippocratic teaching lay in its lack of anatom y and physi
ology, the very foundations o f m odern m edicine. C ontem porary knowledge of
anatom y had to com e from experim ents on animals, since Greek respect for
the dead m eant that hum an dissection was banned. Again, H ippocratic m edi
cine, fundam entally clinical and practical, focused wholly on the sick m an and
ignored the healthy person. T he facts ascertained were therefore n o t adequate
for building up into a substantial mass o f background knowledge.
H ippocrates’s followers believed that the body was form ed from the union
of the four elem ents, earth, air, fire and water, and the union o f their attributes,
that is, h o t and cold, wet and dry. Innate heat was the basic condition o f life,
and when it failed death ensued. For this heat to be m aintained at constant
level, p neum a m ust penetrate the body through the w indpipe and circulate in
the veins with the blood.
If a concept o f disease based on the harm ony o f the hum ours seems fan
tastic today, it was still regarded as valid in the first half o f the nineteenth
century. In fact, these concepts did not affect treatm ent, which as criteria of
effectiveness used outside signs o f disturbance, such as fever, inflam m ation,
boils, abscesses and diarrhoea. These were tho u g h t o f as timely and desirable
m eans o f purging, like any organic excretions. W hen body hum ours were in
a state o f im balance, the aim of n ature was to restore the situation to norm al.

The writings of the Hippocratic school give
interesting information on the treatment of fractures
and dislocations. These illustrations from the
eleventh-century Commentaries of Apollonius of

Chitiron on the Peri arthron of Hippocrates show,
below, treatm ent for a dislocated jaw and, right, a
method for reducing dislocated vertebrae.
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H ippocrates had a
profound
understanding
of hum an
suffering and
em phasized that
the place o f the
doctor was at the
p atien t’s bedside.

C onstitutional pathology is of far greater interest from the m odern point of
view. It forms the subject o f the book On airs, waters and places, one which can be
attributed to H ippocrates with certainty. It represents the first real enquiry into
the influence o f external factors both on m a n ’s physical make-up and on the
ethnological features o f various racial types.
O ne o f the main passages advises: ‘W hoever intends to understand m edi
cine aright m ust learn all that is written here. First he m ust consider the effect
o f each of the seasons o f the year and the differences between them . He must
take note o f the winds, cold or warm, both those com m on to every country and
those localized to one region. Lastly he m ust note the different qualities of
water, varying in taste and in effects on the body . . . In the same way, he m ust
observe how m en live, what they like, what they eat and what they drink,
w hether or n o t they take physical exercise o r are idle and gross. All this a doc
tor m ust know, in o rd er to understand local com plaints and be in a position
where he can prescribe suitable treatm ents for th em ’.
T he H ippocratic practitioner did his rounds before noon, ‘because in the
m orning both patient and physician are in a m ore tranquil fram e o f m ind.’
Having enquired about what sort o f night the patient had passed and how his
bowels were functioning, the physician proceeded to a careful exam ination of
the body, respiration, sweat and urine o f the patient. T he tem perature was
taken by laying a hand on the chest; percussion revealed how hard and large
was the liver, and also gave inform ation about the spleen and lungs. Next the
physician perform ed auscultation, bearing in m ind the m aster’s invaluable
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advice. H ippocrates’s descriptions were precise and to the point. O f an attack
of pleurisy, for example, he says: ‘when the lung touches the ribs and the
patient coughs, there is pain in the thorax, and a sound is heard like leather
rubbing against leath er’.

V,

Prognosis was highly im portant. Every change was carefully recorded.
The facies H ippocratica, as it is still called, gave cause for serious alarm. ‘Nose
peaked, eyes sunken, tem ples hollow, ears cold and contracted with lobes
turned outwards, sweat clammy, yellowish hue. . . .’ This appearance signified
im pending death, as Shakespeare recognized; when Falstaff died, Mistress
Pistol reported it in these words, ’.. . for after I saw him fum ble with the sheets,
and play with flowers, and smile u p o n his fingers’ end, I knew there was but
one way: for his nose was as sharp as a pen. . . .’ Besides the facies, some other
prognostic signs are still linked with his nam e, such as H ippocratic succession,
a splashing sound heard when pus is on the chest.
O ne of the chief glories of the H ippocratic Corpus lies in the case reports
and aphorism s, wfiich give a vivid illustration o f the Greek genius for seizing on
essential facts. T he descriptions it gives of tuberculosis, typhus, m umps and
malaria, am ong others, are classics. H ippocrates included these case histories
from his three years’ practice on the island o f Thasos in the first of the seven
books of On epidemics.
He gives a clear clinical picture of mumps: ‘Some people had high fever,
in most cases benign, and nose-bleeds. No one died. But many people suffered
from swellings near the ears, som etimes on one side only bu t m ore often on
both. Most had norm al tem peratures and stayed up and about. A few had slight
fever. All the swellings disappeared and there were no harm ful after-effects; in
no case was there suppuration, as is usual with swellings occurring in other dis
orders. The lum ps were soft and large, diffuse, no t inflam ed and n o t painful.
They disappeared in all cases w ithout any trouble. T he com plaint affected
many children and young people and also adults in their prim e, especially
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those given to gymnastics, bu t few wom en were affected. Many had a dry
unproductive cough and a hoarse voice. At the onset in some cases, and later
on in others, there were painful swellings o f the testicles on one side or b o th .’
T he day-to-day experience o f H ippocrates is contained in the 406 sayings
in the famous book o f Aphorisms. It is surprising how many old sayings and
household phrases came first from the lips o f this physician, such as ‘Extreme
ills need extrem e cures’.
T he first aphorism is well known: ‘T he life so short, the art so long to
learn, the chance soon gone, experience deceptive and judgm ent difficult’,
while the last one, which is believed to have very ancient origins, and which was
responsible for m uch suffering until centuries later, is: ‘Those diseases which
m edicines do n o t cure, the knife does; those which the knife cannot cure, fire
can cure, but what fire cannot cure must be deem ed incurable.’
The Aphorisms were translated into Latin before the sixth century and by
about the m id-thirteenth century a large proportion had been assimilated into
the popular rhymes of the Salerno medical school, which were repeated in
every literate household o f western Europe.

The first aphorism is

well known: ‘T he life
so short, the art so
long to learn, the

chance soon gone,
experience

deceptive and

ju d g m e n t difficult’.

This is how H ippocrates describes the requirem ents for operations in the
Aphorisms, in his clear, succinct style: ‘R equired in the operating theatre for
operations are the patient, the assistants, the surgeon, his instrum ents, and
light. The surgeon, w hether standing or seated, m ust be in a good light and in
an appropriate position for the particular operation; he can use natural or arti
ficial light, direct or indirect’.

Surgeons used bistouries and knives o f various kinds, sounds o f lead or
bronze, straight o r curving, the trepan for cranial operations, the cautery for
haem orrhoids, the vaginal speculum for haem orrhage and fistulas, and the
syringe and forceps for tooth extractions. T he m ost fascinating section o f the
writings of the H ippocratic school on surgery deals with dislocations and frac
tures; bandaging and resting positions for fractured limbs are described
carefully. To reset the femur, the patient was laid on a ‘H ippocratic b e n c h ’
with a windlass for control. T he writer o f the treatise concludes by saying: ‘In
short, it is like m odelling in wax; the parts m ust all be pu t in their correct posi
tions, w hether they are badly aligned or abnorm ally jo in e d together, adjusted
by han d and bandaged in the same position; bu t the job m ust be done with a
gentle touch, not roughly’.
H ippocrates believed that the body had the m eans o f cure within itself,
and the healing power o f n ature is often invoked in his works - ‘N ature is the
d o cto r’ and ‘N ature finds the way on its own’ (On epidemics) and ‘N ature acts
w ithout doctors’( On diet). His rational m edical practice owed its greatness to
this belief as well as to its encouragem ent o f observation and experience and
its avoidance o f superstition and magic.
But almost immediately after the death o f H ippocrates the school o f Cos
began to decline. The m aster’s followers were n o t his equals and respect for
his dicta was so great that no new contributions were forthcom ing. Doctrines
becam e ossified as dogma.

Above: an early manuscript illustration showing a
teacher givng his pupils instruction on the
aphorism s of Hippocrates.

At the time of H ippocrates’s death, Aristotle was a pupil o f Plato in Athens,
Later he was to be responsible for m uch original work on the fundam ental
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problem s of biolog)'. Aristotle him self becam e tutor to Alexander, son o f Philip
of M acedon, who founded the town that bore his nam e. Alexandria becam e a
new focus of Greek culture, with the m ost famous library of ancient times. At
the medical school great advances were m ade in the neglected fields of
anatom y and physiology, notably by H erophilns, who was said to have been the
first m an to practise hum an dissection and, incidentally, coined the words duo
denum , m eaning twelve digits long, and prostate. T he school of Alexandria
achieved m uch in the study o f physiology and anatom y bu t no diplom as were
given, however, with the result that many quacks and im postors capitalized on
the fame o f the school.
A great many Greek doctors, o f varying ability, w ent to Rome, where Cato
the Censor (234—149 b c ) , who adm ired only the austerity of the past, raged in
the Senate against the effete way of life derived from Greece. He viewed Greek
doctors with loathing; indeed, according to Pliny, he accused them o f constitut
ing a threat to Rom an health. In a letter to his son Mark, Cato p u t him on his
guard against the Greeks, a race o f rogues, writing: ‘If that pack pass on to us
what they know, it will m ean the end of Rome, especially if their doctors come
here. For they have sworn death by m edicine to barbarians, and the Romans
are barbarians to them . Beware of doctors!’ U nfortunately Cato had no plan of
action against ‘graeculi delirantes , the raving Greeks, as the Romans nicknam ed
them. T he only cures he could offer were magic words, and cabbages, cooked
and raw, which were his universal remedy.
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Top: Cato the Censor, a powerful reactionary
who detested everything Greek.
Above: the Roman baths at Corinth, in
Greece.
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Left: Etruscan false teeth. The Etruscans
were skilled dentists who devised methods of
mounting extracted teeth on gold bridges.

Comparatively little is known about the Etruscans, who preceded the
Romans, although undoubtedly they possessed some knowledge of m edicine.
T heophrastus rem arks fn his History of plants how ‘Aeschylus in his elegies says
Etruria is a land rich in rem edies and that the Etruscan race make m edicine’.
Etruscan priests would have served as doctors to the Romans, who considered
the practice of m edicine ignoble. In the ruins of their temples, in fact, votive
tablets representing organs o f the hum an body and resem bling those
unearthed in the Aesculapian sanctuaries have been found. Dental crowns
and gold fillings have also been u n earthed and show the skill of Etruscan den
tists. T he Etruscans cultivated the ancient art of divination from the viscera of
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animals, especially the liver - in fact the word haruspex (soothsayer) comes
from the Chaldean luir, which m eans liver. From the Etruscans the Romans
inherited knowledge o f the therapeutic properties o f certain waters and of
building for public health purposes. T he Cloaca Maxima or great drain was fin
ished u n d er the rule o f Tarquinius Priscus in the sixth century b c . It drained
stagnant water from marshy ground and em ptied it into the Tiber; it was later
adapted for sewerage, in the m odern sense. T he first aqueduct bringing a water
supply into the city was built later and com pleted in 312

bc.

A s c l e p i a d e s
It is clear that in the earliest times Rom an m edicine m ust have been both mag
ical and supernatural, with various gods being responsible for the protection of
health. T he Romans were at first too p ro u d to practise m edicine, b u t they
learnt th at in Greece the profession o f m edicine was respected and entailed
rigorous training at a recognized school, and so, later, they changed their views
and m aster physicians began to arrive in increasing num bers.
Asclepiades of Prusa who had studied at Alexandria was the first Greek
doctor to succeed in Rome. A m an o f great insight, he knew what would capti
vate the gluttons o f Rome, spoiled by their wealth and oblivious o f the
uncom fortable austerity preached by Cato. It was useless to prescribe foul-tast
ing m edicines; indeed, he did not even believe they worked. Instead, he
prescribed diet, exercise, walking, baths and massage.
According to Gelsus, Asclepiades, was ‘in the forefront of doctors, and
apart from H ippocrates the forem ost’, but Galen disliked his refutation of the
H ippocratic theory o f hum ours. T he pathology of Asclepiades was based on
the concept o f the body as m ade up o f atoms, elem entary corpuscles im percep
tible to the senses and continually moving through the pores and canals of the
body. If liquid substances flowed through the cavities of the body w ithout m eet
ing obstacles, the body was in a state o f health. Illness resulted if the circulation
of liquids was im peded through some obstruction caused by the corpuscles.
The obstacles could arise out o f mass, n u m b er or anom alous m ovem ent of the
atoms. Them ison o f Laodicea, a pupil o f Asclepiades, added th at illness,
besides arising from the quality and m ovem ent of corpuscles, also occurred
when the pores through which the atom s moved were unduly restricted or
relaxed - diseases were thus o f two types: those with a state of tension and those
with a state o f relaxation.
For this reason the M ethodist school, following Asclepiades, laid great
stress on taking baths to induce sweating when the pores were restricted and
astringents and tonics when they were dilated. T he M ethodists held that illness
could also be o f a m ixed type, in which case treatm ent o f the dom inant patho
genic factor was advised. Asclepiades did no t share the faith of H ippocrates
and his school in the healing powers o f nature. Indeed, he believed doctors
should act ‘cilo, tute et iucunde - in a fast, safe and pleasant m anner. His m ater
ial contributions to m edicine include distinguishing between acute and
chronic diseases and observing the periodicity o f some diseases. Asclepiades
described malarial fevers with accuracy; he was the first to carry out tra
cheotomy, probably for diphtheria; and he introduced hum ane m ethods in the
treatm ent o f the mentally deranged, transferring them from dark places,
where they were usually hidden away, to well-lit buildings, where they carried
out therapeutic exercises.
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Aulus Cornelius Celsus, who lived at the start o f the Christian era, was the most
famous of all Rom an m edical writers. His great encyclopaedic work, De artibus,
em braced agriculture, military' theory, philosophy and law, as well as m edicine,
the section on which, De re medica, is the only one to survive. Little known when
it was written and forgotten in the M iddle Ages, it was discovered in 1426 and,
in 1478, becam e the first ancient text on m edicine to be printed.
In this work Celsus avoided doctrinal disputes and arranged m aterial sys
tematically, subdividing diseases by treatm ent, which m ight be by diet, drugs or
surgery. Celsus may have been faithful to the H ippocratic concept o f pathology
but in this work, which represented the first attem pt at producing a com plete
textbook of m edicine, there was considerable advance over the viewpoint of
the great Greek physician.
Much new inform ation was to be found in De re medica. Celsus described
n u trient enemas, and plastic surgery on the nose, lips and ears. He wrote at
length on the care o f wounds and advised the use o f compresses to stop bleed
ing and exerting pressure on and tying blood vessels. He understood the
complications o f wounds: ‘Let nothing he undertaken until the inside o f the
wound has been cleaned, lest any congealed blood rem ain within it. For this
will turn to pus and cause inflam m ation which will prevent the w ound from
healing’. Lastly, the edges of the w ound were to be sewn up with thread or bet
ter still held together by m eans o f clips. Celsus stated the four cardinal signs of
inflam m ation - ‘rubor, calor, dolor, tomor’ (redness, heat, pain, swelling) - which

P U N P y'F E O P fW T ;
Above: Pliny, the Roman naturalist, with
Theophrastus, a celebrated botanist and pupil of
Aristotle.
Left: a doctor tends a wounded soldier. A bas-relief
showing an incident during Trajan’s war with the
Dacians. From Trajan's Column, Rome.

are still m em orized today by every medical student.
T reatm ent for broken bones is clearly set out. First the fracture was
reduced, and then im m obilization o f the affected p art was achieved by splints
and bandaging, stiffened by wax and flour paste; the bandages were to be
changed after one week or at m ost nine days, w hen the swelling had gone
down. For open fractures, Celsus advised resection of the protruding fragm ent.
For abdom inal lesions, he suggested sewing up the large intestine, but

Celsus’s De re medica,
the only p art to

survive of his vast
com pendium of
knowledge, is the
earliest scientific
medical work in
Latin.

excluded all possibility o f effective treatm ent for lesions of the small intestine.
Surgical instrum ents found during archaeological excavations at
Pompeii, now in Naples national m useum , fit his descriptions exactly. Besides
various types o f forceps, scalpels, hooks, sounds, probes and tongs, there were
ingenious devices new to the surgical armoury: one, called the meningophylax,
was used after trephining the skull to hold back the m eninges; another, like an
iron V, was used to keep a w ound open while rem oving an arrowhead; a lithotom e was used for surgical removal o f stones; and special forceps were
em ployed to remove bone fragm ents after trephining.
Caius Plinius Secundus ( a d 23-79) - Pliny the elder - was the greatest
Rom an naturalist and also an encyclopaedist, whose massive Natural history, a
work in thirty-seven books, revealed a wealth o f scholarship. Pliny, like Cato the
censor, disliked physicians, bu t his work is o f interest from the medical stand
point since he dealt with drugs obtainable from vegetable, anim al and m ineral
sources, an d gave many references to public health in his time and to names
and events which would otherwise be unknow n to us.
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Right: a Roman forceps of the type in use during
Soranus’s time.
Far right: a birth scene showing delivery with a
midwife. From the tomb of Scribonia Attice
Amerimno, in the Isola sacra burial ground, Ostia.

SORANUS,
FATHER
OF O B S T E T R I C S
AND
GYNAECOLOGY
.36
In Rom an times, both magic and the skill of midwives were o f im portance in
childbirth. T he ancients had devised Caesarean section, bu t used it only on the
dead or dying woman, and knew of no o th er obstetrical procedures, partly
because the anatom ical ideas o f the H ippocratic school about genital organs
were incom plete. With vague notions of anatomy, their ideas about the physiol
ogy o f fertilization were also hazy. They knew, however, about the different
positions o f the foetus and how some of these m ade delivery7difficult.
The first great obstetrician in history was Soranus o f Ephesus
98-138). A m em ber of the M ethodist school, he practised m edicine at
A lexandria before settling in Rome and is today regarded as the father of
obstetrics. His m ain work, On the diseases of women, was a textbook which
rem ained in use for fifteen centuries. In it, he described the fem ale genital sys
tem in detail and likened the uterus to a cupping instrum ent open during
coitus and m enstruation. He advised contraception by m eans o f cotton, oint
m ents or fatty substances, but disapproved o f abortion by mechanical means.
He also described m enstruation, conception and am enorrhoea, which could
have physiological causes, such as child-bearing and breast-feeding, or patho
logical causes, such as inflam m ation o f the genital tract or debilitating disease,
and he prescribed treatm ent for uterine bleeding and for dysm enorrhoea.
H e dealt with the difficulties that could attend childbirth and then, hav
ing taken care o f the m other, Soranus went on to describe the care, health and
growth o f the new born child. Breast-feeding was n o t to start until the third day;
on the first two days, the baby was to be fed on honey, diluted and boiled. He
also suggested what to do if the m o th e r’s milk failed, and gave advice on wean
ing, teething and teaching infants to walk. Finally, he gave some account of
childhood diseases, and how to avoid and how to treat them.
(a d

Soranus of Ephesus, who lived in the first
century, was the most fam ous obstetrician of
ancient times and the au th o r of On the
diseases of women, a text which rem ained in
use for fifteen centuries.
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As well as childcare, Soranus also wrote treatises on acute and chronic diseases
and on fractures. His works were plagiarized in succeeding centuries by writers
who went so far as to claim authorship of them.
Ju st as the writings o f Soranus rem ained a standard text on obstetrics and
gynaecology for centuries, so the work o f Dioscorides was used as a textbook in
pharm acology until the Renaissance. Born about AD 40, Dioscorides becam e
one o f the best known and respected army surgeons at the time o f the em peror
Nero. His chief work, Materia medica, in five books, contained all the pharm aco
logical inform ation available u n d er the Rom an em pire, with an appendix on
poisons and antidotes. T he first book o f Materia medica was devoted to herbs,
ointm ents and oils; the second to food products from animals such as honey
and milk, and from agriculture such as wheat; the third and fourth books dealt
with plants and roots; the fifth with wines, and m edicines from the mineral
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kingdom such as lead acetate, copper oxide and calcium hydroxide. T he origi
nal G reek text was soon translated into Latin and illustrations were added;
many copies o f these versions have com e down to us from a ninth- o r tenthcentury codex dedicated to a Byzantine princess, Juliana Anicia.
At this tim e there were doctors of many kinds practising in the Empire,
from those who treated slaves to the court doctors and the highest of all, the
Palatine doctor. In addition there were doctors for the poor, em ployed by
m unicipalities, and doctors to the army and the gladiators. In a similar way,
there were also several kinds o f hospitals, some caring for slaves, some for ath
letes and gladiators, and others for the military. As the Roman Em pire declined
the status of the doctors increased. Physicians becam e m ore and m ore
respectable and respected: instruction in m edicine becam e systematized and at
the same time the political power o f doctors em erged and was increasingly felt,
so that by the time o f the later em perors the physicians were often the most
im portant m em bers of the court and the trusted friends o f the ruler.
Although the Roman doctors did no t excel as theoreticians their laws for
hygienic regulation o f baths and aqueducts were exemplary; the system of
drains and canals was properly supervised; conditions for food sales in the m ar
ket places were subject to certain controls; and orders were in force in respect
o f the burial and crem ation o f the dead, so they could be said greatly to have
advanced public health.
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Right: the title page of an edition of Galen’s
collected works published in Venice in 1586.
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G A L E N
Claudius Galen is a giant in the annals of m edicine. W ithout the bias o f postH ippocratic schools, yet loyal to the teaching of the m aster o f Cos, Galen
sum m arized and systematized all the medical knowledge of ancient times, with
reasoning that was always based on observation and experience. The first
p rinted edition o f his work filled twenty-two massive volumes, equivalent to
approxim ately one half the bulk o f extant Greek and Roman medical litera
ture. Together with the Corpus Hippocraticum, it represents the sum o f medical
achievem ent in antiquity.
Galen was born at Pergam on in Greece in about ad 130, and studied at
Smyrna and Alexandria. In the year 162 he went to Rome where he soon
earned a reputation as a skilled medical practitioner and writer, becom ing the
physician and confidant of two em perors, Marcus Aurelius and Lucius Verus,
as well as building up an enorm ous practice. What personality defect he suf
fered from is hard to guess, but he certainly had one, for he was always
attacking his colleagues, suggesting that they were inept and that his own ther
apeutic and diagnostic ability was unparalleled.
Above: an imaginary portrait of Galen, probably
dating from the the fifteenth century.

Galen wiote some four h u n d red treatises, most of which were lost in a
fire. Eighty-three were saved and are known to be genuine, because he was p ru 
d en t enough to make a list. This great and most industrious of doctors
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employed a whole team o f scribes to write down his every dictum . His thoughts
on anatomy, mostly contained in the sixteen books o f the work On anatomical
preparations, were drawn from studies of the hum an skeleton, from his experi
ence as surgeon to the gladiators and also from dissection o f animals, but were
m arred by false deductions, since he applied to m an w hat he learned from ani
mals. Thus Galen found the rete mirabilis in the brain of a calf and assigned to
this structure a vital physiological function in m an - who does not possess it.
G alen’s descriptions of bones were adm irable, his work on muscles accurate
and he described in m inute detail the brain, nerves and vascular system.
G alen’s work on anatom y was impressive and contained the seeds o f rapid
progress, which m ight have been achieved if only students o f the M iddle Ages
had thought to verify his findings. No checking was done, since dissection of
hum an corpses was forbidden by the Christians and the Arabs, and so his obser
vations stood unchallenged until the Renaissance and the revival o f anatomy.
G alen’s genius was evident in experim ents conducted on animals for
physiological purposes. T he work On the use of the parts of the human body com 
prised seventeen books on this topic. To study the function o f the kidneys in
producing urine, he tied the ureters and observed swelling o f the kidneys. To
study the function of nerves, he cut them , and thereby showed paralysis of
shoulder muscles after division of nerves in the neck and loss o f voice after
interruption of the recu rren t laryngeal nerve. He also produced cardiac arrest
by cutting the nerves to the heart and so finally dispelled the ancient m iscon
ception that nerves com e from the heart rath er than from the brain. He
declared that every change in function o f the body results from some kind of
injury and that every injury leads to a change in function. This concept
remains substantially valid.
The fundam ental principle o f life, in Galenic physiology, was pneum a,
which took three forms and had three types o f action: anim al spirit (pneum a
psychicon) in the brain, centre o f sensory perceptions and m ovem ent; vital
spirit (pneum a zoticon) centring on the heart regulated the flow of blood and
body tem perature; natural spirit (pneum a physicon) resided in the liver, centre
of nutrition and metabolism. Pneum a en tered the body through the arteria
aspera, that is the trachea, passed to the lungs and thence through the arteria
venalis (the pulm onary vein) to the left ventricle, where it m et the blood from
the liver. In the liver, blood was im pregnated with pneum a physicon and
received, through the vena porta, the nutritive substances which the intestine
had transform ed into chyle. T he blood was distributed from the liver to the
veins, which ran from it like arteries from the heart. T hrough the vena cava,
blood en tered the heart on the right side.
Blood was held in the right ventricle for a while to free it of impurities,
which were then expelled from the lungs with the breath. But a small am ount
o f blood passed from the right to the left ventricle through m inute, invisible
pores in the interventricular septum . T he intake o f vital spirit was then distrib
uted to the whole body through the arterial system, some o f it reaching the
brain where it split into the intricate network o f the rete mirabilis already m en
tioned. In the brain, vital spirit was transform ed into animal spirit and
distributed th ro u g h o u t the body by m eans of the nerves, which Galen envis
aged as empty ducts.
Galen was therefore convinced that the venous and arterial systems were
each sealed and separate from each other. William Harvey, who discoverered
the circulation o f the blood, w ondered how Galen, having got so close to the
answer, did not arrive at the concept o f the circulation.

Galen declared that
every

function of the

body results from

some kind of injury
and that every

injury leads to a

function.
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Left: treatm ent for a dislocated shoulder. From a
sixteenth-century edition of Galen’s works.
Below right: Galen (left) with Hippocrates.
A thirteenth-century fresco from a church in
Latium, 1231.
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G alen’s work,
both his
im portant
discoveries and
his false
assumptions, was
to rem ain
unchallenged for
over a thousand
years.

We possess in the writings of Galen and others num erous testimonies to his
diagnostic acum en and therapeutic skill, as well as his considerable anatomical
knowledge. O ne of his cures, a typical exam ple o f his m ethods, created a great
stir in Rome:
A Persian lost sensation in the ring and little fingers and half of the mid
dle finger o f one hand. H e first called in some physicians, who tried emollients
and then astringents w ithout success, and then consulted Galen, whose first
question was ‘Have you been injured in the arm ?’ The Persian replied that he
had fallen on a sharp stone and had suffered a hard blow between the shoul
ders with the im m ediate onset o f a violent pain which rapidly decreased. Galen
diagnosed a lesion of the spinal cord and prescribed rest in bed with soothing
applications to the u p p er part of the back, and the patient recovered.
Afterwards Galen explained that he had thought the source of the trouble was
the region of the seventh (lowest) vertebra of the neck because he knew that
every nerve had a distinct origin from every other nerve, even though nerves
bunched together to form plexuses, and that the ulnar nerve, which carried
sensation from the affected fingers, came from the spine at the level of the sev
enth cervical vertebra. H e added that there was subsequently a heated
controversy am ong physicians over the reason for the loss of sensation without
loss o f power in the involved part o f the hand; Galen m aintained that there
were separate nerves for the skin and for the muscles, and that damage to the
form er had occurred in the Persian without the latter being affected.
G alen’s diagnostic supremacy lay partly in his recognition of physical
signs, some of which he showed to be characteristic o f specific conditions.
Tim e and again he impresses by the acuteness o f his observations, as when he
notes that the escape o f air from a chest w ound indicates that the lung has
been pierced, and when he distinguishes accurately between bleeding from
the kidneys and from the bladder by the appearance of the urine.

The treatm ents em ployed by Galen weie derived from the concept of ‘contraria
contrariis - the therapy of opposites - and so he applied heat if disease resulted
from cold and purgatives for conditions where the body was thought to be over
burdened. In addition to diet and drugs, some of which were thought to have
specific effects and indications, Galen also m ade great use o f physiotherapy
and o th er ancillary measures.
Why then did Galen, for all his mistakes, rem ain an unchallenged and
unchallengeable authority for over a thousand years? How was it that after he
died in 203, serious anatom ical and physiological research ground to a halt,
because everything there was to be said on the subject had been said by Galen?
Although he was n o t a Christian Galen believed in one god, and declared that
the body was an instrum ent of the soul. This m ade him m ost acceptable to the
fathers of the C hurch and to Arab and Hebrew scholars. Since God did nothing
by chance, there m ust be a relation between cause and event. A nim ated by this
doctrine o f final causes, he sought the why and the wherefore o f everything; his
explanations m ade it look as though he had all the answers. Yet this m an, whose
authority and mistakes perpetuated fundam ental errors for nearly fifteen h u n 
dred years, was a physician, observer and experim enter of so high an o rd er that
today it is impossible not to regard him with esteem.
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Galen wrote when the Rom an Em pire was at its zenith, but his works, which
synthesized all the scientific thought o f the ancient world, m arked the begin
ning o f a long decline in m edical science.
Some o f the reasons for the break-up o f the em pire - private and public
corruption, oppression o f m inorities and widespread poverty, and the attacks
by the barbarians on Roman territory - obviously relate to what happened to
m edicine, for u n d er such conditions rational, objective thought would have
been impossible. A nother cause, the epidem ics and plagues that ravaged the
em pire, involved doctors directly; and, as happened in Europe in the Middle
Ages, the powerlessness of m edicine to do anything bu t observe the pestilence
carried people away from science and reason.
In many o f the outbreaks of what was described as plague by several of the
ancient writers, the only com m on characteristic was a high death rate. The
physical features o f a num ber o f different diseases seem to be recorded; there
are descriptions of blisters and pustules, erythem a and pallor, haem orrhages
and asphyxia, for smallpox, bubonic plague, scarlet fever, cholera, exanthem a
tous typhus and diphtheria were clearly all included u n d er the general
heading o f plague.
Historical circum stances had prep ared the way for a rise o f the mystical
elem ent of Christianity, the religion which offered bro th erh o o d and charity to
the hum ble and the afflicted, and gave consum m ate m eaning to earthly life.
Bodily ills could only be cured with divine aid, as was dem onstrated in the
gospel accounts o f m iraculous healing by Jesus, achieved by invoking the help
o f God the Father. Instead o f m edicam ents, use was m ade o f anointing with
holy oil, prayer and the laying on o f hands. Christianity, following the teaching
of the Lord, regarded m edicine as a work o f charity. Religion reaped untold
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advantage from having instilled the idea of helping the sick as a b o u nden duty,
from which neither the individual n o r the com m unity was exempt.
In practical terms, the Christians did m uch to relieve suffering. Hostels
were built to shelter pilgrims and in time becam e p ro p er hospitals. The first
great Christian hospital was built by St Basil at Caesarea in the year 370 and the
first hospital in the western world was built in Rome about 400. Although m ed
ical practice and surgery in particular continued to show signs of appreciable
progress at this time, the figure of the lay doctor was on the decline, for the
church viewed the care o f the sick as a m oral obligation incum bent on its m em 
bers, and as a calling rath er than as a paid profession.
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Above: an illustration from a mediaeval manuscript showing the great Paris hospital, the Hotel-Dieu. On the
left a novice is arriving to join the Augustinian sisters while, on the right, a patient is carried in on a stretcher.
Left: The Anatomy of Man, from a mediaeval miniature. According to a theory which dated back to the time
of Pythagoras, there are four principle humours in the human body; phlegm, blood, choler (melancholy) and
bile, the balance of which is essential for good health.
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O ne of the im m ediate causes of the
collapse of the Rom an Em pire was a series
of epidem ics and plagues. T he doctors of
the day were powerless in the face of these
disasters, which led to an alm ost universal
reaction against the scientific and rational
approach to disease which was still slowly
evolving, with a w idespread resurgence of
superstitious practice.
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The Christian spirit of charity went so deep that it even pervaded a nu m b er of
m ovements th at had been declared heretical by the C hurch. The church
founded by the Nestorian sect is an example. Expelled from the Em pire, the
Nestorians went to Persia where they founded the school o f Gondishapur,
which was to becom e the cradle of the Arab school of m edicine. T here (and at
o ther sites in the Middle East) they built a great hospital, the staff of which
becam e justly famous. T he doctors of the Bukht-Yishu family were particularly
highly regarded.
T he first 250 years after the H egira (M ahom et’s flight to M edina on 16 July
622) saw the developm ent of a young and vigorous Arab culture. In this period,
m edicine was led by the Bukht-Yishu family and by translators who ren d ered
into Arabic the works o f western m edicine from H ippocrates to Galen. T he new
golden age of Hellenic culture came with the Abbasids who in a series o f light
ning campaigns within the space o f a few years conquered n o t only the Middle
East but Egypt, N orth Africa and Spain.
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The first two Abbasid caliphs, H arun al-Rashid (763-809), who founded the
first hospital in Baghdad, and his son al-Ma’m un (786-833) gave a great im pe
tus to culture. Al-Ma’m un acquired many Greek m anuscripts and built up a
great library in Baghdad and num erous translations were m ade.
Many Arabic scientific term s have Greek or Syriac roots. O n the o th er hand,
many chemical term s o f m o d em western civilization, such as alcohol, alkali,
alkaloid, aldehyde, alchemy and alembic com e from Arabic. T he m an who laid
the basis of chemical science and devised the alem bic or retort (in Arabic, alanbiq) was Jab ir ibn Hayan, who lived in the n inth century. Jab ir may have been
the first to make use of the procedures o f filtration, sublim ation and distilla
tion; he was certainly the first to exam ine the blood and faeces.

Avicenna’s Canon
had an enorm ous
influence on
m edical teaching in
the west as well as
am ong the Arab
speaking peoples for
many centuries.

Rhazes

and

A v i c e n n a

T he best known Arab m edical writers were Rhazes and Avicenna, both associ
ated with the eastern caliphate, and Avenzoar and Averroes who belonged to
the school at C ordoba, the capital of the western caliphate. Abu Bakr
M uham m ad ibn Zakaria, known as al-Rhazes (860-932) was a Persian from near
Teheran who studied m edicine in Baghdad, where later he becam e established
as the greatest Arab clinician o f his time.
Rhazes was also interested in m athem atics, astronomy, religion and philos
ophy; bu t over half of his 237 works treat o f m edicine. The most widely known
were al-Hawi, known in the west as the Liber continens, an encyclopaedia of m ed
ical practice and treatm ent, and the Liber medicinalis ad almansorem, a
com pilation from various sources, but mainly from Hippocrates, Galen,
Oribasius and Paul of Aegina, which contains such aphorism s as: ‘W hen Galen
and Aristotle agree about som ething, then it is easy for doctors to make a deci
sion, but when they differ it is very difficult to arrive at agreem ent’ and ‘truth in
m edicine is an en d th at cannot be reached and all that is written in books is
worth m uch less than the experience o f a wise d o cto r’.
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His m asterpiece is the al-Quanun (the Canon) which served as a textbook in the
m edical schools o f the western world for a considerable period. It represented
an attem pt on the grand scale to co-ordinate the medical doctrines of
H ippocrates and Galen, and the biological ones o f Aristotle. In the first of the
five books of the Canon, Avicenna expounded the main doctrines of m edicine,
diseases and their symptoms, rules o f health and hygiene, and also treatm ent.
In the second book, largely based on Dioscorides, a series o f m edicam ents were

Right: a doctor cauterizing leprous lesions. An
illustration from Chirurgia imperiale (Imperial
surgery), translated into Turkish from a treatise
compiled in Persia during the thirteenth century.
Below: helped by an assistant, an Arab doctor
prepares a medicine. An illustration from a
thirteenth-century manuscript.

listed th at were largely unknow n to the Greeks. T he third book dealt with
pathology and contained recognizable accounts of pleurisy, jaundice, duode
nal ulcer, pyloric stenosis and venereal diseases. T he fourth book described the
various contagious diseases, and included a treatise on surgery and a brief sec
tion on cosmetics, while the fifth book referred to the preparation of drugs and
was the universally accepted text o f matma medica up to the Renaissance.
T he Canon was translated into Latin for the first time in the twelfth cen
tury by G erard o f Crem ona. Together with the works o f Galen, it dom inated
m edical thinking in the M iddle Ages. T he main drawback of the Canon was
inadequate basic anatom ical and physiological knowledge; at times it seemed
as if Avicenna was indulging in a private joke, for exam ple when he analysed
the nature of love and decided it was a m ental disorder.
T he lasting success o f the Canon is m ost probably related to ideology, for
Avicenna’s idea was to reconcile the biological and medical doctrines of
Aristotle and Galen, ju st as later Thom as Aquinas reconciled them with those
o f the Catholic church. T he scholastic philosophy that was then elaborated by
St Thom as to answer the attacks m ade on faith by reason recognized Avicenna
and Averroes as masters who had transm itted the inheritance of Aristotle. This
inheritance penetrated Spain and Sicily u n d er the wing o f Arab culture and
thence to the rest o f Europe, where Aristotle had been forgotten ever since the
barbarians had served the links with the eastern em pire.
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Avicenna was a polym ath who captured the
im agination of his own and later ages. A
precocious child who could recite the
entire Koran at the age of ten, he began to
study m edicine at sixteen and was an
experienced practitioner at eighteen.
However, although he read A ristotle’s
Metaphysics no less than forty times, he had
to adm it that, try as he m ight, he could not
understand it at all.
.
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When Avicenna died at the age o f 57, the school o f Cordoba was flourishing. In
the tenth century, under the patronage o f the great Caliph Abd al-Rahman III
(912-961) o f the Omayyad dynasty, the Spanish town became the leading cul
tural centre in Europe. It was full o f doctors, and the welfare o f the million or
so inhabitants was assured by the fact that there were fifty-two hospitals.
Among this host o f Cordoban doctors appeared the greatest surgeon o f
Islam, AbuTQuasim , Albucasis in the Latinized form. Little is known about his
life apart from the fact that he was born in 936 at El Zahra near Cordoba. He
left an encyclopaedic work entitled al-Tasrif, or the M ethod, translated into Latin
by Gerard of Cremona, the most valuable part o f which related to surgery. In
fact, it contained observations which can be taken as revealing the hand o f a
highly skilled surgeon, and presented a mass o f information on surgical prac
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tice at the time, with more than two hundred illustrations o f the surgical
instruments used by the Arabs.
Albucasis posed the question why Arab surgery was so far behind and con
cluded that this was due to insufficient knowledge o f anatomy and o f Galen,
whom he obviously regarded highly. On surgical practice, he told surgeons,
‘God is watching you and knows if you are operating because surgery is really
necessary or merely for love o f money.’
Three drawings from a fifteenth-century manuscript,

Tashrih al-badan (Anatomy of the body), showing
from the left, the muscular system, the digestive and
arterial system and the skeletal system of the
human body.
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In the tenth century
C ordoba becam e
the cultural centre
of Europe. The
welfare of the
million or so
inhabitants was
assured by the
presence there of
no fewer than fiftytwo hospitals.

U nder the C ordoban caliphate there was at least one non-conform ist who was
courageous enough no t to accept the doctrines o f the great m en o f the past
w ithout first evaluating them : this was Avenzoar, in Arabic Ibn Zuhr. He was
born in Seville about the beginning o f the twelfth century and died in 1162. As
a doctor, he had no time for the metaphysical approach and placed great
em phasis on practical experience. H e therefore took a somewhat negative view
of the Canon of Avicenna, while n o t even Galen was spared from his critical
approach.
Ibn Rushid, o r Averroes (1126—98), was better known as a philosopher
than a doctor. He studied jurisprudence, philosophy and m edicine and
becam e a magistrate in Seville and C ordoba and later the governor of
Andalucia. A heretic to both Moslems and Christians, he was nevertheless influ
ential. His best known medical text is the Colliget, or Collection, an encyclopaedic
work in the Galenic tradition, but which is m ore m ore concerned with the the
ory than the practice o f m edicine.
Averroes’s m ost celebrated pupil was Musa ibn M aimun (1135-1204), bet
ter known as M aimonides, who was no t an Arab bu t a Jew. H e in turn followed
Aristotle in trying to reconcile faith and reason. He refuted part of the rabbini
cal tradition, thereby arousing the hostility of orthodox fellow believers.
M aimonides, like his master, becam e better known as a philosopher than as a
doctor. O f special interest am ong his m edical writings was the book of advice
written for the depressive eldest son of the sultan Saladin, which contained
dietetic and hygienic rules and served as an example to Italian writers on
health and hygiene from the thirteenth to the fifteenth centuries.

T H E

W hen M aim onides was thirteen, in 1148, the sect o f Moslem fanatics
called the Almohads displaced the Omayyads from C ordoba, which then
declined rapidly. The Alm ohads determ ined to expel all the Jews and all the
Christians who had not been converted to Islam. M aim onides fled with his fam
ily, lost everything in a shipwreck, and finally settled in Egypt, where he m ade a
living from m edicine, setting aside philosophy and the study o f the Talmud. As
a physician he was so famous that Richard C oeur de Lion offered him the post
of personal physician, which he declined.
Twenty-eight years after M aim onides died, C ordoba was captured by
Ferdinand II o f Castile. Its culture had by then largely faded. T he Moslems
were gradually pushed out o f Europe; in 1258, the Mongols destroyed
Baghdad, and so after five centuries the Arab em pire lay in ruins, its way of life
lingering only as a memory. In the field of science and philosophy, the Arab
heritage was a precious one. M edicine is indebted to the enlightened caliphs
and their physicians who salvaged and treasured Greek traditions and Greek
texts, and to the chemists who laid a scientific basis for pharmacology, and the
legislators who recognized the continuing existence of the figure of the lay
medical practitioner.
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THE S C HOOL
OF S A L E R N O
In the chaos which covered Europe in the early Middle Ages, the afterm ath of
successive wars, epidem ics and fam ine, the welfare o f the sick came into the
hands of the religious orders, who were virtually the only people with sufficient
detachm ent and peace to care for and com fort the sick, w ounded and plaguestricken. At this time, every possible setback retarded the advance of medical
investigation, and m onastic peace was perhaps the one rem aining hope.
St Benedict o f N orcia did no t set out to create a nursing order; chance cir
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cum stances were responsible for the progress of m edicine, both in theory and
in practice, in the hands of the Benedictine order. O n the practical side, a num 
ber o f monastic infirm aries were built. T he best known o f these belonged to
the Swiss m onastery of St Gall, which had been founded in 720 by an Irish
m onk. Monastic hospitals were entirely autonom ous; m edicines were m ade up
by the m onks themselves from plants grown in the h erb garden.
H elp was always readily available for the sick who came to the doors of the
monastery. In time, the m onks who devoted themselves to m edicine em erged
from their retreats and started visiting the sick in their own homes. This
infringed the rules of the o rd er by exposing the m onks to the tem ptations of
the world, and it becam e a hotly debated issue at ecclesiastical councils and syn
ods. Eventually, m onastic m edicine was forbidden, bu t it was no t easy for the
church authorities to enforce this injunction. Many religious m en had m ade a
nam e for themselves as healers and were in great dem and; and many sick peo
ple, especially those who professed the faith, preferred their services to those of
the lay doctors.
But lay m edicine had not entirely disappeared, and after a long dorm ant
period it came to the fore again and flourished in the famous school of Salerno.
This town had becam e a Rom an colony in AD 194 and had a long history as a
health resort. T he school o f m edicine gradually came into being in the tenth
century and reached its height in the late eleventh century.
The first m anual for the use of students, containing the doctrines of Galen
and others was written about 1050 by Gariopontus, the m ost famous teacher of
his time. T he work was entitled the Passionarius, and is of value today in giving
the basis o f m odern m edical terminology. G ariopontus latinized Greek terms
and took words from com m on speech, for example, cicatrize and cauterize.
A nother text for students of the time was the Practica o f Petroncellus.
T he knowledge o f the school o f Salerno was mainly set down in light verse.
A nother unusual feature o f the school was in the presence of many female stu
dents who are frequently referred to in the writings. Some are m entioned by
nam e: 1ut ferrum magnes, juvenes sic attrahit Agnes’ (Agnes attracts the boys like
iron to m ag n et).

Just as the Arabs
collected and

passed on the

knowledge of the
Greeks, so their

own contributions
were preserved in

E uropean medical
thought, notably
at Salerno.

O ne o f the Salerno wom en was Trotula, who wrote De mulierum passionibus
ante, in et post partum, a treatise on obstetrics containing advice on what to do

T he knowledge of
the school of
Salerno was mainly
recorded in light
verse. A nother
particularly
unusual feature of
the school was the
presence there of
|

many fem ale
students.

before, during and after childbirth, on the treatm ent o f prolapse and polyps of
the womb, and on the choice of a wet nurse and h er diet (an excess of highly
salted foods, as well as garlic, onion and p ep p er was strictly forbidden).

Above: a chart for the examination of urine, circa
1430. There were various systems of urinoscopy,
giving details of colour, odour, etc., together with
instructions for doctors on how to make a
diagnosis. It was to remain an important diagnostic
method for centuries.

Trotula’s identity is unknown; it has been suggested that she was no t really a
physician b u t a midwife, perhaps the wife of a famous doctor; another theory is
that Trotula was a general nicknam e for all the Salernitan midwives. The trea
tise rem ained a standard text until the sixteenth century. This Salernitan
character appeared in early English literature u n d er the nam e Dame Trot, and
later featured in Victorian books for children as Dame Trot with her cat.
T he writings of the Salerno school were mostly collaborations, although
the nam es o f some individuals stand out. Rogerius Frugardi was the au th o r of
a clear and concise text on surgery, which however often echoed ideas and
m ethods used by G reek doctors. T he chapters on cranial and abdom inal
w ounds are o f particular interest. Fractures o f the head should be explored by
palpation, and in the case o f depressed fractures he advised trephining a series
o f perforations so that the dam aged bone could be rem oved w ithout damage
to the m em branes covering the brain. In abdom inal injuries, if the intestine
had pro tru d ed for long enough to have tu rn ed cold and hard, Rogerius sug
gested that before replacing the intestine it should be warm ed and softened by
placing it over the intestines o f a newly-killed animal. T hen it was to be cleaned
with a sponge and replaced in the abdom en, the wound being left open as
long as the dam age rem ained visible, after which a drain was to be inserted
and the wound dressed every day.
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Salernitan anatom y was based predom inantly on Galen. Doctors dissected ani
mals, especially pigs, believing that there was m ore resem blance between
hum an and pig intestines than between those o f m an and any o ther animals. A
work by C opho belonging to the early period o f the school was entitled

Above; Arnold of Villanova, one of the best-known
physicians of the late thirteenth century who
produced the first version of the Regimen sanitatis

Salernitanum. He also acted for Spain on diplomatic
missions and dabbled in alchemy.

Anatomia porci (Anatomy of the p ig ).
The Salernitan m asters’ idea o f putting teaching m atter into verse form
was a happy inspiration. T heir work, entitled the Regimen sanitatis Salernitanum
(The Salerno book of health), provided the basis of clinical m edicine up to the
end of the Middle Ages. T he great contribution m ade by the school was its pop
ularization o f practical medical knowledge in the form of aphorisms, in verse
and with a spice o f hum our, which had a huge appeal.
T he text was still in a phase o f expansion when the first version was pro
duced by Arnold of Villanova (1235-1315). This was printed for the first time
in 1480 and had 362 verses, though they increased with time (a version with
3,520 verses was published later). T he Regimen was dedicated to a king of
England, who has rem ained unidentified, in these lines which are typical of the
spirit o f the work. This translation is by Sir Jo h n H arington, a godson of Q ueen
Elizabeth I and was first published in 1607. H arington was also the author of
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Doctors dissected
animals, especially
pigs, believing that
there was a greater
resem blance
between hum an and
pig intestines than
between those of
m an and any oth er
animal.
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Salerno becam e E u ro p e’s first officially
recognized m edical school in 1224, when
Frederick II m ade it an essential
condition that anyone practising m edicine
in the kingdom of Naples m ust first seek
approval from the masters of Salerno.

Left: a page from a late thirteenth-century
English manuscript on obstetrics showing

The Anatomy of Ajax, 1596, describing his invention, the first flushing lavatory of
m odern times, and a translator of OrlandoFunoso.

various positions of the foetus in the womb and
giving advice on how to deal with
complications.

T he Salerno Schoole doth by these lines im part
All health to Englands King, and doth advise
From care his head to keepe, from wrath his heart,
Drinke not m uch wine, sup light, and soone arise
W hen m eate is gone, long sitting breedeth smart:
A nd after-noone still waking keep your eyes.
W hen m o u ’d you find your selfe to N atures Needs,
Forbeare them not, for th at m uch danger breeds,
Use three Physicians still; first D octor quiet,
Next D octor Merry-man and Doctor Dyet.
This straightforw ard advice continues in a similar vein:
Rise early in the m orne, and straight rem em ber,
With water cold to wash your hands and eyes,
In gentle fashion retching euery m em ber,
And to refresh your braine when as you rise,
In heat, in cold, in July and December.
Both com b your head, and rub your teeth likewise:
If bled you haue, keep coole, if b a th ’d, keepe warme
If d in ’d, to stand or walke will do no harm e.
This poem went all over the known world; it was a huge success and was trans
lated many times - there were versions in French, G erm an, English and Italian.
Official recognition for the school came in 1224, when an enactm ent of
Frederick II m ade it obligatory for anyone practising m edicine in the kingdom
o f Naples to seek approval from the masters o f Salerno. Subsequently the
school declined, for com petition increased as universities sprung up in many
o th er places. C ulture, which had flourished on the shores of the
M editerranean, began to move northwards.
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T he school o f Salerno did not teach o th er subjects besides m edicine and did
not evolve into a studium generate as the universities founded in western Europe
at that time were called. T he universities began to grow up in the twelfth and
thirteenth centuries. T heir foundation, one o f the m ost im portant events in
the history o f civilization, was m ade possible by the growth and increasing
wealth o f mediaeval cities.
O ne of the greatest o f the ancient universities was Bologna, where a law
school had been in existence since the eleventh century. O ne o f the first teach
ers of m edicine was Thaddeus of Florence (1223-1303), who is m entioned byDante, who probably attended his lectures, whose highly priced professional
services were also in great dem and. He translated Aristotle and wrote a work,
Della eonservazione della salute (How to stay healthy), which recom m ended daily
exercises. A nother o f his works is the Consilia, which described clinical cases in
Italian rath er than Latin.
T he dissection o f the dead is known to have been practised at Bologna at
this time, initially u n d e r orders from the m agistrature. In 1302, a noblem an
called Azzolini m et his death in suspicious circum stances. D octor Bartolom eo
da Varignana was instructed to exam ine the corpse and find out if death had
been due to poisoning. He perform ed the autopsy and his rep o rt suggests a
considerable practical knowledge of anatomy.
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Above: Mondino instructing a student in the art of
dissection, an illustration from his Anathomia,
regarded as one of the most valuable of anatomical
texts until the end of the sixteenth century.

M o n d i n o
Anatomy took on a new lease o f life in the hands o f R em ondino de Luzzi,
known as M ondino (c. 1270-1327), who studied m edicine and philosophy and
taught at Bologna for a decade from 1314, and who was also a diplom at and
politician. M ondino practised systematic dissection and although his knowl
edge was b o unded by Galen he wrote a work o f fundam ental im portance called
the Anathomia. He explained that the way to begin a dissection was to open up
the abdom en by a vertical incision, followed by a horizontal one slightly above
the umbilicus; dissections could then be perform ed, region by region, with
careful display of the organs. For three centuries, anatom y lecturers were
required by medical schools to use M ondino’s text in their teaching.
In Bologna anatom y was taught by surgeons until the sixteenth century
when it becam e an in d ep en d en t study. M ondino’s great contributions were
that he collected cu rren t anatom ical ideas into one work, and that he taught
anatom y from the hum an cadaver. But m uch of his inform ation was sketchy; on
the size o f the heart, M ondino wrote, ‘it is not big and it is no t small.’
An Englishman who taught at M ontpellier, where the school o f m edicine
began at the end o f the tenth century, was Gilbertus Anglicus (1180-1250),
who becam e fam ous as the au th o r o f the Rosa Anglicana, which contained
extracts from the doctrines o f Salernitan and Arab doctors. He suggested as a
‘safe’ treatm ent for goitre: ‘take a frog when n eith er the sun n o r the m oon is
shining in the sky; cut off its legs and wrap them in a deerskin; apply the right
leg o f the frog to the left foot of the patient, and the left leg to the right foot’.
But he is rem em bered for his excellent descriptions o f leprosy and smallpox,
the contagious nature o f which he was one of the first to recognize.

T he greatest and perhaps the m ost ancient
of the universities was at Bologna, where

Above: a somewhat fanciful print showing the
anatomy theatre at Leiden, in Hollland, in 1610,
when it had become a place for the fashionable to
visit. The first anatomy theatres were founded
towards the end of the sixteenth century.

there had been a law school since the
eleventh century. It was ru n on dem ocratic
lines, with the students choosing their own
professors and electing a rector, who had
precedence over everyone, including
cardinals, at official functions.

Medical writing of the Middle Ages set
great store by astrology. W hat w ent on in
each p art o f the body was determ ined by
the influence of the planets and signs of
the Zodiac. T he sun ruled the right hand
side of the body, the m oon the left, Venus
the neck and abdom en, and so on.
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During the th irteenth century, surgery began to make progress in France. The
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head o f the school o f surgery at the university o f Paris was the Italian Guido
Lanfranc, who was born early in the thirteenth century. Obliged to leave Milan
for political reasons, he went to Lyons where he wrote the Cyrurgia parva (The
little book o f surgery). In 1295 he was sum m oned to Paris to lecture on surgery.
He finished writing the Cyrurgia magna (The big book o f surgery) in 1296 and
died early in the fourteenth century.
Lanfranc restored surgery to an h o n o u red place in France. O ne o f the
reasons why it was practised largely by itinerant barbers was that physicians
thought it beneath their dignity to get blood on their hands. Lanfranc estab
lished the principle that no good doctor could ignore surgery and, conversely,
that a surgeon was duty b ound to acquire some knowledge o f m edicine.
Lanfranc’s work was based both on contem porary Italian practice and on his
own experience.
T he first specifically French work on surgery was by H enri de Mondeville
(c. 1260-1320) a colleague o f L anfranc’s. In the introductory p art o f his
Chyrurgia, de Mondeville docum ented customs o f the time in an entertaining
m anner. He dealt frankly with the question o f fees, advising b ro th er surgeons
always to ask m ore than doctors did, and putting them on their guard against
rich patients who appeared in old clothes in o rd e r to be let off lightly.

Left: in this large and well-tended herb garden
on the outskirts of a city, probably in Flanders, a
doctor is selecting herbs for use in his medicines.
A considerable amount was known about the
pharmaceutical properties of plants by this time.
An illustration from a manuscript of La Roman

de la Rose, circa 1400.
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Above: an illustration from Henri de Mondeville’s

Chyrurgia. De Mondeville was court physician to
both Philip the Fair and Louis X of France.

M e d i a e v a l
E n g l a n d
In mediaeval England, m edicine came strongly u n d er the influence of the
Ghurch; the earliest well-known physicians, products o f cathedral or m onastic
schools on the continent, rem ained clerics. Degrees and university appoint
m ents in England could only be obtained by m arried m en at the end of the
fourteenth century, and since surgical and gynaecological cases were regarded
as unsuitable for clerics to treat, they could not be dealt with by physicians.
Barber-surgeons and midwives thus exercised their skills independently, and
midwives acted as interm ediaries when a wom an patient was treated by a doc
tor. T he basic uniform ity o f m edical education prevented any really new works
being written; while at the same time study was far m ore theoretical than practi
cal. This resulted in a great shortage o f practising doctors; villages and small
towns continued to rely on folk healers, who had a vast lore o f herbal and other
rem edies. A nother result was that works on every aspect of m edicine were
translated from Latin into English. A third effect, also to do with the popular
ization o f this knowledge, was the incorporation o f medical facts into the
poetry o f such writers as Chaucer, som ething that paralleled the Salernitan
school and its Regimen.
A nu m b er o f English physicians o f the Middle Ages are known to us today
through their own writings and through those o f others. T he most famous of
these w asjo h n of G addesden (1280-1361), a prebendary o f St Patd’s Cathedral
in L ondon who becam e physician to Edward II and wrote a medical work called
the Rosa anglica (the English rose - not to be confused with the work o f the
same nam e by G ilbertus Anglicus) o f which he said rath er confidently, ‘As the
rose excelleth all o th er flowers, so this book excelleth all o th e r’. Jo h n of
G addesden helped to make Arab m edicine b etter known in England, for the
Rosa anglica contained m any quotations from Arab as well as Greek sources.
C haucer may well have used G addesden in the Canterbury Tales as the m odel of
the learned doctor who knew the work o f the Arab medical writers.
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T here have been three great epidem ics of
plague during the Christian era, all
characterized by enorm ously high death
rates. It has been estim ated that a quarter
of the population o f Europe, or about 25
million people, died during the Black
Death, which came from the East and
reached Europe in 1347.
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PLAGUES
AND
PANDEMICS
W hen the Black Death came to Europe, astrologers rapidly reached agreem ent
over its cause, stating that it was the result o f the conjunction o f Saturn, Ju p iter
and Mars. T he Franciscan m onk Michele di Piazza wrote th at the plague was
spread ‘propter infectionem hanelitus (by infection o f the breath). This statem ent
is significant in using the term infection for the first time, though in too generic
a sense to have a specific implication.
The Christian Era has witnessed three pandem ics of plague. T he first
spread through Europe from the East during the reign of Justinian in 542 and
543; the second, the Black Death, reached England in 1348; while the third,
which began in 1894, started in C hina and on reaching H ong Kong in May
1894 spread rapidly th ro u g h o u t most parts o f the world, bu t in Europe and
America deaths were comparatively few.
All these plagues were characterized by enorm ously high death rates.
T here is little docum entary evidence to give a reliable figure for the casualties
o f the first, bu t it has been estim ated that a quarter o f the population of
Europe, or 25,000,000 people, died in the Black Death; in some places the pop
ulation was reduced by three-quarters in the first pestilence.
Like the first pandem ic, the Black Death came from the East. It is thought
that the first Europeans to be affected were the Italian m erchants who traded in
central Asia and fled from the Tartars to Caffa (now Feodosiya) in the Crimea, a
Genoese trading port. Caffa was besieged for three years, during which time the
plague broke out am ong the Tartars. Dead bodies were catapulted inside the
walls and, after the Tartars had dispersed, the surviving Italians re tu rn ed hom e
by ship, apparently healthy bu t in fact carriers of the deadly pestilence which
immediately broke out in Genoa.
From G enoa the plague spread throughout Italy; the start o f its progress
was described by Fra Michele di Piazza, the au th o r of Historia Sicula ab anno
1337 ad annum 1361 (History o f Sicily 1337-1361):
‘In the first days o f O ctober 1347, the year o f the Incarnation of the Son of
God, twelve Genoese galleys fleeing before the wrath of o u r Lord over their
wicked deeds, en tered the po rt o f Messina. T he sailors b rought in their bones a
disease so violent th at whoever spoke a word to them was infected and could in
no way save him self from death. Those to whom the disease was transm itted by
infection of the breath were stricken with pains all over the body and felt a ter

Abcesses and carbuncles, particularly in the groin

rible lassitude. T hen there appeared, on a thigh or an arm, a pustule like a
lentil. From this the infection penetrated the body and violent bloody vomiting
began. It lasted for a period of three days and there was no way of preventing its
ending in d eath .’
T he Genoese ships were subsequently expelled from the p o rt b u t the
infection rem ained, depopulating the town.
Plague reached Florence in 1348. Boccaccio wrote: ‘This trouble struck
such terrible fear into the hearts of m en and wom en that brothers deserted
each other, an uncle left his nephew and a sister left h er brother; women often
abandoned their husbands and worse, incredible though it is, fathers and
m others acted towards their children as if they were no t their own, by refusing

and armpits, were symptoms of the Black Death.

to see them or look after them .’

Top: a detail from The Triumph of Death, a copy by
Jan Breughel of the painting by his father, Pieter.
Above: burial of the dead in Tournai, Flanders,
1349. Later, in order to keep pace with the huge
numbers of the dead, bodies were frequently
buried in communal graves. Coffins became a
luxury, bodies were often naked or at best wrapped
in coarse shrouds.
Far left: a woodcut showing a doctor lancing a bubo.
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T he first English town to be affected by the plague, in August 1348, was
Weymouth, and from h ere the Black Death soon spread to Bristol. Spread east
wards occurred rapidly, and L ondon was attacked in November. East Anglia
an d the north were affected in the following spring and summer. By the end of
1349 the Black Death was over, bu t it had had the devastating effects of reduc
ing the English population by perhaps a third, and o f establishing epidem ic
plague, which persisted for a period o f three h u n d re d years.
We know, from many contem porary accounts, of the gravely dem oralizing
effect o f this terrible pestilence on superstitious people ignorant of its nature,
which led to strange psychic epidem ics as well as physical ones. Thus, am ong

Above: plague, an illustration by Hans Weiditz from

The Remedies of Petrach, 1520. A dying patient is
comforted while a doctor looks on. The dead, both
men and animals, lie on the floor.
Below: The Flagellants of Doornik, Netherlands,
a coloured miniature dated 1349.

o th er grotesque developm ents, there arose the confraternity of the Flagellants.
In long cloaks, with a scarlet cross on their breasts, these fanatics passed in pro
cession through the town and countryside, flogging themselves with
three-tailed lashes in the belief that the Lord would be moved to compassion by
th eir suffering and would e n d the plague. W herever they went, the Flagellants
m ade converts and these frenetic bands themselves becam e a plague, commit
ting vandalism, looting, arson and rape. On reaching Avignon, they were
threaten ed with excom m unication by Pope C lem ent V.
Preventive m easures in the years when the plague was devastating Europe
were on a very small scale, as m ight be expected with people so resigned to
their fate. In some towns the authorities attem pted to isolate the plaguestricken away from any dwellings, and to isolate for ten days anyone who had
treated those infected by the contagion. Milan and Venice refused access to any
suspect persons o r goods. Doctors, for their own protection, had adopted a
m ode of dress that m ade them look ra th e r like great birds o f prey; the effect
was heightened by a beak-like facepiece that was in reality a sponge soaked in
vinegar and arom atic substances held in front o f the nose.
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Besides the Black
Death, dancing
mania, St Vitus’
dance, St A nthony’s
fire (ergotism ),
sudor Anglicus (the
English sweating
sickness) and
scrofula (king’s evil)
Above: a drawing by Pieter Brueghel, 1564, showing

were am ong the

victims of St Vitus' dance making their way in
pilgrimage to Echternach, in Luxembourg.

plagues that
devasted Europe.
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‘L e p r o s y ’ and

o t h e r

e p i d e m i c s

As the im agined aides o f the devil, who was assum ed to be the cause o f the
plague, Jews and lepers becam e scapegoats. Thus in many parts o f Europe, but
especially Switzerland and Alsace, Jews were m assacred together with those lep
ers who had escaped the plague.
Just as the word plague was used as a generic term for any epidem ic, so in
the M iddle Ages leprosy was the nam e given to many skin diseases, doubtless
including non-infectious conditions such as eczema and psoriasis, as well as dis
eases like smallpox. It is very likely that few of the green-gowned ‘lepers’ of
mediaeval England, who were excluded from public places and m ade to wear
wooden clappers on the ends o f their sleeves to warn of their approach, were
suffering from the ravages o f Mycobacterium leprae (the tuberculosis-like organ
ism discovered by H ansen in 1871). Leprosy is in fact contagious, but is spread
only with difficulty. It seems that in Britain true leprosy died ou t com pletely by
the fifteenth century. Certainly some o f the accounts o f ‘venereal leprosy’ in
the reign o f Edward III sound like secondary syphilis.
After the Black D eath a new epidem ic broke out in Germany; this was the
dancing mania. It spread hysterically, at first to people in places where there
were victims o f St Vitus’ dance. It raged through the Low C ountries and n o rth 
ern France; the priesthood tried exorcism, convinced it was caused by
collective possession by devils.
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A nother epidem ic disease which was widespread and m uch feared during the
Middle Ages was the holy fire o r St A nthony’s fire (ergotism ). This m anifested
itself as progressive gangrene o f the limbs and ended in loss o f limbs and
death. It was first m entioned in the m iddle o f the ninth century, and there
were at least six outbreaks up to 1129. It was then realized that the epidem ic
broke out in years when rye ripened badly; the condition has alm ost disap
peared now, thanks to advances in the processing of flour and the discovery of
the causative agent Clavicepspurpurea, a fungus which infects the grain and pro
duces a toxic substance.
Towards the m iddle o f the fifeeenth century, a serious epidem ic disease
broke out in England; this was sudor Anglicus or the English sweating sickness.
The first outbreak took place am ong the victorious forces of Henry VII after
Bosworth Field in 1485 and it spread rapidly all over England, affecting the
young and fit, and the devastation was so great that, as H olinshed wrote,
‘scarce one am ongst an h u n d re d that sickened did escape with life; for all in
m anner as soone as the sweat took them or in a short time after yielding up the
ghost’. It recurred in 1507 and 1517, and spread to Calais, and m ost virulently
o f all, in 1529, when Europe as far as Vienna was devastated. T he last outbreak
took place in 1551 and was confined to England.
Jo h n Caius, president of the Royal College of Physicians in London,
wrote an account o f the sickness in 1552, which was in fact the first English
m onograph on any disease. T he disease rem ains unidentified, it has been sug
gested that it may have been a form o f typhus.

Far left: Removal of the Stone of Folly by
Hieronymus Bosch. Stone-cutters were itinerants
who claimed to cure all mental disorders by
removing stones from the head of the sufferer. They
would make a slight incision in the scalp and then
‘rem ove’ the stone and noisily throw it into a bucket.
Left: Charles II, one of the last English kings to
practise the art of touching patients suffering from
scrofula or king’s evil.

Medicine

and

suggestion

As is plain, die Middle Ages were exceptionally troubled times. Medicine had
little help to offer. Pathology was still based on the doctrine o f the hum ours,
and so diagnosis rested on exam ination o f the blood, urine and sputum.
Consequently treatm ent consisted o f blood-letting, purging, emetics, enemas
and blistering - all debilitating procedures liable to turn the scales against the
sick patient. Magic and suggestion were m ajor therapeutic tools, and, at a time
when im potence, loss of memory, hysteria and o th er com plaints were attribut
able to possession by the devil or to witchcraft, it was natural that exorcism
should com e within die sphere o f therapeutic practice.
Scrofula, tuberculous enlargem ent of lymph glands in the neck, was known
as king’s evil and was treated in England and France by the king’s touch.
According to English sources, the first king to cure this condition was Edward
the Confessor (1002-66), but the French say it was Clovis in the year 496, when
he was crowned king o f the Franks. T he practice continued until the eigh
teenth century. William o f O range is said to have touched only one victim,
saying ‘may God give you better health and m ore sense’.
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GUILDS, PHARMACIES
AND HOS PITALS
In the late Middle Ages, m edicine, which was still developing along the lines of
the school o f Salerno, passed entirely into the hands o f the laity: Pope
H onorius III had in fact forbidden the clergy to practise. T he physicians started
to organize themselves into professional bodies, with rights protected by the
law o f the land, for this was the period o f the form ation o f the guilds, which
exercised strict regulations over the trades and professions.
T he status of physicians in society im proved, but, in practice, little had
changed. Pathology was still based on the theory o f hum ours, while diagnosis,
except in a few rare cases, was usually based on interpretation of the colour,
density and smell o f the blood, of the smell and colour o f the sputum , and
above all on exam ination o f the urine. T here were innum erable systems, each
explaining how detailed diagnosis o f all types o f diseases could be determ ined
n o t only from the colour and o dour o f the urine, but from the layers of sedi
m ent form ed in the collecting flask. T he diagnosis was often optimistically
simple: cloudiness in the u p p er layer indicated that the seat o f the disease was
in the head, in the lower layer conditions o f the bladder o r genital organs.
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Therapy was still based on the theory o f opposites (contraria contrariis), as
it had been in G alen’s day, so that for diseases thought to be caused by excess of
bodily fluid (plethora), blood-letting was the m ain treatm ent. This procedure
was supposed to deflect the m aterial causing the illness and make it pass from
one organ to another. W hen blood was taken front the side o f the body oppo
site that where the disease was situated it was revulsive, b u t when taken from the
same side as the disease, derivative, tending to relieve the patient's plethora
and pain. T he m ost detailed directions were given regarding the m ost
favourable days and hours for blood-letting, the correct veins to be tapped, also
the am ount o f blood to be taken and the num ber o f bleedings. Blood was usu
ally taken by opening a vein with a lancet, but som etimes by blood-sucking
leeches o r with the use of cupping vessels.
Blood-letting was often perform ed at public baths, which were themselves
a popular form o f therapy. Some baths were enorm ous tanks in which the
bathers stood or sat, others were steam baths, in which the patients were cov
ered to the neck with a d o th while steam was introduced from below. Bathing
was often m ixed, and was often m ade the occasion for feasting and drinking, so
that in time it becam e associated with debauchery. In the early sixteenth cen
tury, increasing knowledge of the nature of contagion led to regulations
suppressing m ixed bathing, and the use of com m unal baths gradually died out.
Barbers, who perform ed many o f the functions of the doctor, including
blood-letting, purging an d tooth-drawing, were im portant figures in m edicine
right up to the seventeenth and even eighteenth century. By the end of the
Middle Ages the barber-surgeons were well established, and in 1505 the faculty
o f m edicine in Paris instituted a course for barbers, to spite the surgeons
Above: blood-letting with leeches, from a manuscript
proper, o f whom it was jealous; in the course of time the barbers becam e more
of Bocaccio’s Decameron. Special diets were
closely associated with the physicians. In England, in 1462, the large and pros
prescribed for use before and after blood-letting.
perous Guild of Barbers becam e the Company of Barbers, while the surgeons
obtained a special charter in 1492. U nder H enry VIII, in 1540, the Barber
Company was jo in ed with the small and exclusive Guild of Surgeons to become
the U nited Barber-Surgeon Company.

Above: the baths at Leuk, in Switzerland, by Hans
Boch the Elder. Mixed bathing was especially
popular in the Germanic countries.

Blood-letting was often perform ed at
public baths, which were themselves a
popular form o f therapy. Bathing was
often mixed, and frequently the
occasion for feasting and drinking, so
it becam e associated with debauchery.
As knowledge of the nature of
contagion increased, the use of
com m unal baths gradually died out.
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Above: a thirteenth-century surgeon stands by an
operating table. Barbers, who doubled as surgeons,

T he drugs used in treatm ent came from

had probably begun to gain their importance around
1100, when monks went regularly to the barbers for

many sources, including plants. At the

their tonsure and also for bleeding, which church law
required them to undergo regularly.

same time, there was widespread use of
various com plicated prescriptions
containing innum erable constituents
from precious stones to viper’s flesh. The
m ost fam ous was ‘th eriacru m ’, said to
have been invented by N ero ’s physician,
which contained fifty-seven ingredients.
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Italy, towards the end o f the thirteenth century, saw the establishm ent o f the
first public pharm acies. Based on the Arab m odel, they developed originally in
the m onasteries and courts, later to becom e private shops where physicians
came no t only to buy drugs but also to m eet colleagues and even to see
patients. T he pharm acist him self was often an astrologer or alchem ist who
becam e the centre o f a sort o f scientific circle.
T he drugs used in treatm ent were drawn from all sources, especially from
plants, and many preparations with genuine pharm acological properties were
known. At the same time, there was widespread use o f various com plicated pre
scriptions containing innum erable constituents from precious stones to vipers’
flesh, which had to be com pounded according to the most rigid and nonsensi
cal instructions; the m ost fashionable was ‘theriacum ’, said to have been
invented by N ero’s physician, which contained fifty-seven substances. Many of
the drugs were im ported from the O rient, and as they form ed light and com 
pact cargoes they becam e one of the m ost im p o rtan t factors in the growth of
trade and the opening up o f new sea routes.
Hospitals can be traced back in one form or an o th er as far as ancient
Greece, but the institution as we know it today was probably a pro d u ct of the
Christian principle of charity. T he Middle Ages saw the founding of hundreds
of hospitals all over E urope and in the lands visited by the Crusades. O ne o f the
most im portant developm ents was the widespread foundation o f leper hospi
tals; at the height o f the epidem ic era there were over two h u n d re d in England
and Scotland and about two thousand in France.
A bout the beginning o f the thirteenth century, the hospitals began to pass
from the hands of the church to the civic authorities. This was the period which
saw the expansion of the great city hospitals, like the Hotel-Dieu in Paris, the
Santo Spirito in Rome and St Bartholom ew’s and St T hom as’s in London.
Cities lavished great wealth on these buildings, particularly in Italy, where many
of the great architects and artists of the day were com m issioned to design them .
This inspired patronage form ed the foundations o f an association between
m edicine and the arts which was to bear such rich fruit in the glorious age of
the Renaissance.

Right: the four virtues, Temperance, Prudence,
Fortitude and Justice, instructing the nuns at the
Hotel-Dieu in the art of nursing. An illustration from a
mediaeval manuscript.
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With the en d o f the Middle Ages, a cultural m ovem ent began characterized by
the revival o f ancient learning through direct study of the work of Greek and
Roman authors. This was the beginning o f Hum anism , within the wider fram e
work of what is known as the Renaissance.
T he m ovem ent originated in Italy. Interest in classical antiquity was culti
vated, w hile'm etaphysical speculations ceased and the fetters on learning
im posed by the mediaeval attitude to religion fell away. T here were repercus
sions in all aspects of life; in politics, the arts and in science, which flourished as
a result o f o f direct observation of nature, as well as in m edicine. Many simulta
neous events contributed to this revival o f learning. T he finite world o f the
Middle Ages disappeared for ever with the great voyages o f Columbus, da Gama
and Magellan, and with C opernicus placing the sun at the centre o f the uni
verse. Ancient Greek culture and the open-m inded rationality o f Plato and
H ippocrates came to Italy with the scholars fleeing from C onstantinople after
its fall to the Turks in 1453, bu t perhaps the m ost powerful single factor was the
invention o f p rin ting and its rapid spread through Europe.
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T he great physicians of the period were hum anists an d m en o f letters.
Although astrology was used, and diagnosis and treatm ent dep en d ed on exam 
ination of the urine and on blood-letting, and quacks o f every description still
flourished, nevertheless the best doctors were held in high esteem.
Doctors came from the w ealthier classes. They were educated at the uni
versities, and those of Italy were now at their zenith and students flocked from
abroad. Initially, many teachers expressed conservative views, and Galen and

The Middle Ages
disappeared for
ever with the great
voyages of da Gama,
Colum bus and
Magellan, and with
Copernicus placing
the sun at the centre
of the universe.

Avicenna were still the standard authors. Nevertheless, new attitudes began to
m ake themselves evident. Dissection was practised m ore and m ore, and
although the old custom persisted of reading from the pages of Galen while a
dissector displayed the organs, ignoring the discrepancies between text and
fact, the anatom ical knowledge m ade available to students gradually in
creased. More and m ore teachers carried out dissections themselves, b u t until
the end of the century anatom y was always taught together with surgery, and it
was only in 1570 that the first separate chairs for the two subjects were created.
Anatom y was to be revitalised in the sixteenth century with the work of
L eonardo and Vesalius, but from the time o f M ondino many crude attem pts at
depicting the organs o f the body had appeared in print. None of the illustra
tions in books printed before 1539 represented original observations or
research, b u t were mostly copies o f old m anuscript drawings. In the Middle
Ages anatom y was usually shown in five schematic pictures, illustrating the
skeleton and nervous, muscular, arterial and venous systems. Such mediaeval
drawings were diagram m atic m em ory aids, and contained medical folk-lore as
well as fanciful ideas. Zodiacal pictures representing diseases and wounds were
produced unchanged over hundreds of years. In contrast to these crude and
inaccurate drawings produced for doctors, the portrayal of hum an anatom y by
the great Florentine painters o f the fifteenth century reached a state o f perfec
tion. Perspective, geom etry and hum an proportions were studied assiduously,
and an interest in dissection grew since the artists form ed part of the
Florentine Guild of Physicians an d Apothecaries, bringing painters, apothe
caries and physicians into close contact.

T H E

R E N A I S S A N C E

1

l?gs
It^ i

IK

1VII1 I.
m V kS r ■

PH

las
Is m

IBfTi'j®!
■ ^ 7 .|l
n m \(»

w

m

fc| fe jp

2 2 9

PSBS

X

n

w

«

f

&1 1 1 W

Above: cupping was a treatm ent which dated back to the Romans. Wet
cupping involved making superficial incisions in the skin, a small piece of lint
was then placed in a metal or glass cup and the cup applied to the skin. The
burning created a vacuum and blood could be drawn. This process was also
known as the artificial leech. In dry cupping, the skin was not cut, but the
suction was regarded as sufficient to extract the vicious humour.
Left: Dr John Bannister, an Elizabethan scholar, delivering an anatomy
lecture. A painting dated 1581.
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L eo n ard o ’s drawings show him to be
the creator both of m edical illustration
and of art in relation to physiology.
His powers o f observation and stupendous
technical skill make him , historically
speaking, the father of anatomy.
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ART

AND

ANATOMY

Leonardo da Vinci, who excelled in both the arts and the sciences, approached
anatomy w ithout preconceptions, relying solely on his own observation and
experim ent. W hen he was in the service o f the Borgia family in Rome, he dis
sected m ore than thirty bodies by candlelight in the m ortuary of the Santo
Spirito, producing a thousand drawings o f his dissections. O ne anatom ical
technique he devised is still employed; that o f injecting liquid wax into the
body cavities to reveal their exact structure. In this way, he studied the heart,
lungs and womb, and becam e the first person to attem pt to trace the course of
the cranial nerves and to dissect the foetal m em branes.
L eonardo analysed the m uscular system and recognized the specific
Above left: the proportions of the human figure,
action o f each muscle, and studied the valves of the veins. He also m ade draw
the so-called ‘Vitruvian man’ by Leonardo.
ings o f the coronary arteries and their course, bu t did no t grasp correctly the
place of the septum dividing the right and left parts o f the heart; had he done
Above right: the human skull. A drawing from the
so he m ight have discovered the circulation o f the blood.
huge collection of Leonardo’s drawings in the
L eonardo da Vinci was recognized in his lifetime as a genius for his paint
collection of H M the Queen at W indsor Castle.
ings and drawings, and also as an architect, engineer, scientist and inventor. He
m ight also have been regarded as the father o f anatomy, had his notebooks not
lain undiscovered for two centuries. From the drawings and notes in them it
seems that he intended to write a m ajor treatise on anatomy, in collaboration
with Marc A ntonio della Torre of Verona, to whom Vasari attributed the
attem pt to break new ground in the teachings o f anatomy.
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‘I have dissected m ore than ten hum an
bodies, destroying all the various
m em bers and rem oving the m inutest
particles of flesh which surrounded
these veins, w ithout causing any effusion
of blood o th er than the im perceptible
bleeding of the capilliary veins.’

These drawings show Leonardo to be the creator both of m edical illustration
and also o f anatom y in relation to physiology, and his scientific objectivity com 
bined with his superb powers o f in d ep en d e n t observation and stupendous
technical skill make him, historically speaking, the father of anatomy. Passages
from his notebooks contain his justification of anatom ical illustration and, by

rA
trT

stressing the n eed for presenting collected facts in an easily com prehensible
and unequivocal form, he shows him self to be a true scientist.
'You who say that it is better to watch an anatom ical dem onstration than
to see these drawings, you would be right if it were possible to observe all the
hWvW-H'Hyli/W
}•""•"■rn .
details shown in such drawings in a single figure, in which with all your clever
imtfijw/f'nit
<$•<?«• .UWVV) •*«?•
ness you will n o t see or acquire knowledge o f m ore than some few veins, while
- T V ****(;?■” .
**JW "" T .
in o rd er to obtain a true and com plete knowledge of these, I have dissected
Tv, &mlM
m ore than ten hum an bodies, destroying all the various m em bers and remov
vW
/iV
ing the m inutest particles o f flesh which surrounded these veins, without
M
irfft
causing any effusion of blood o ther than the im perceptible bleeding of the cap
illary veins. And as one single body did n o t suffice for so long a time, it was
necessary to proceed by stages with so many bodies as would ren d er my knowl
edge com plete; this I repeated twice in o rd er to discover the differences. v\nd
though you should have love for such things you may perhaps be deterred by
natural repugnance, and if this does n o t prevent you, you may perhaps be
T*
d eterred by fear o f passing the night hours in the com pany o f these corpses,
quartered and flayed and horrible to behold; and if this does not deter you,
then perhaps you may lack the skill in drawing, essential for such representa
tion; and if you had the skill in drawing, it may no t be com bined with a
knowledge o f perspective; and if it is so com bined you may n o t understand the
Above left: three studies of the arm, and,
m ethods o f geom etrical dem onstration and the m ethods o f estim ating the
above: a study of the digestive system and a
force and strength o f muscles; o r perhaps you may be wanting in patience so
study of the stomach, liver and spleen; two
more of Leonardo's anatomical drawings from
that you will n o t be diligent.’
the magnificent collection of H M the Queen at
T he study of anatomy, and with it m edical knowledge, was at last on the
Windsor Castle.
right road. N ot only m edical students, b u t every great artist learned anatomy
and some becam e skilled anatomists.
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V E S A L I I
B R V X E L L E N S I S , I N V Iftifsimi C A R O L I V. Im peratoris

medici, de Humani corporis
fabrica Libri feptem.
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VESALIUS
AND THE
E N D OF G A L E N I S M
The man who is celebrated as the father o f anatom y was no t L eonardo da
Vinci, b u t a Fleming called A ndreas Vesalius (1514-63), the son o f an apothe
cary. He studied at Louvain, M ontpellier and Paris, and in 1537 he went to
Padua to join a com patriot, Stephen Calcar, who was studying painting u n d er
Titian. Calcar m ade superb illustrations for Vesalius’s works, thereby contribut
ing a good deal to the fame o f the anatom ist himself. T he same year, Vesalius
was appointed to the chair o f m edicine and anatom y at Padua and in 1538 his
work Tabulae anatomicae sex (Six anatom ical tables) was published with both
text and illustrations containing the age-old errors o f Galen.
Over the next five years, Vesalius discarded the dogm a o f Galen and in
1543, when he was just twenty-eight, he finished his m onum ental work, De
humani corporis fabrica libri septern (Seven books on the structure o f the hum an
body), which was p rinted at Basle. It caused an u n p recedented uproar; m ost of
the teachers at the university were Galenists and they sided against him , vio
lently denying the truth of Vesalius’s work.

W hen he was a m ere
. ,

twenty-eight,
Vesalius published
his m onum ental
work, De humani
corporis, the
foundation of
m odern m edicine.

Left: the title page of De humani corporis, showing
Vesalius in a lofty anatomy theatre dissecting a
female patient. Vesalius was closely involved with
the production of the book, choosing the paper and
supervising the engravings.
Right: the muscular structure of man, a plate from

De humani corporis.

i-^

ANDREAE VESA LI I B R V X t t t t r o n

77.

Vesalius showed where previous teachers had erred, bu t he had no wish to tri
um ph for personal reasons. T he sea o f ignorance facing him was vast, and he
also had the ill-will o f his accusers to contend with. U nable to withstand them,
irritated by his colleagues and threatened by the C hurch, he gathered together
all his unpublished work and b u rn e d it. H e then left Padua to becom e physi
cian to the E m peror Charles V, and later to Philip II of Spain. A brilliant
scientific career was over.
Some little time passed before o ther scholars began to appreciate
Vesalius’s work at its true worth. T he revelation of G alen’s fundam ental errors
was a trem endous shock. T he worst o f the errors was related to the anatom y of
the liver, bile duct, u p p er jaw and uterus. W hat upset the Galenists most of all
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was Vesalius’s denial of the existence of the pores in the septum through which
blood was supposed to flow from the right to the left ventricle of the heart. It is
strange that Galen, who after all m ade num erous dissections, should have
erred also in the description o f such parts o f the skeleton as the sternum ,
sacrum and articular cartilages o f the knee. Naturally, Vesalius’s work itself was
not entirely free o f errors. H e had no t fathom ed the m echanism o f circulation;
he placed the lens in the centre o f the eyeball; he believed the vena cava came
from the liver; that there was a muscle inside the nose and seven (not twelve)
cranial nerves. However, these and o th er faults did no t stop the new work done
by this great anatom ist from producing positive long-term results, and De
humani corporis m ust be regarded as one o f the most im portant books ever pub
lished, and the foundation o f m odern m edicine.
Although he was a superb observer and undoubtedly a m an o f great learn
ing, as an innovator Vesalius was n o t so very far ahead of some of his colleagues,
such as Jacopo Berengario da Carpi (1470-1550), the son o f a fam ous surgeon
and a pupil of Aldus M anutius, founder o f the Aldine Press in Venice.
Berengario studied at Bologna, taught at Pavia and Bologna, and practised in
Rome and in Ferrara. His heirs inherited his considerable wealth, obtained
largely from treatm ent of patients with syphilis; he was am ong the first to p o p u 
larize the use o f m ercurial ointm ents in the treatm ent o f this disease.
Although thoroughly unscrupulous, according to Benvenuto Cellini who
knew him well, Berengario was a very accurate anatom ist. In 1518 he published
Defractura calvariae sive cranii (On fracture o f the cran iu m ), which was followed
in 1521 by Commentaria super anatomia Mundini (C om m entary on the anatom y
of M ondino), a broadly based and m ost original work. T he Isagogae, an anatom 

Left: a wood-cut portrait of Vesalius by
Stephen Calcar from the first edition of De

humani corporis. Calcar, Vesalius’s fellow
Fleming, was a superb illustrator and very
knowledgeable anatomist, whose skills
contributed enormously to the book.

Above; the skeleton, from De humani corporis.
Despite the liberal intellectual climate of the
Renaissance, the study of the human body
brought problems. Alm ost all the anatomists,
including Vesalius, were accused of performing
dissections on living people.

ical com pendium , appeared in 1522 and featured some m agnificent illustra
tions of the heart.
According to the French medical historian Darem berg, the finest original
work in anatom y was done not by Vesalius but by Gabriele Fallopio (1523-62)
who belonged to the Ferrara school, taught at Pisa, and later becam e professor
of anatom y at Padua.
Gabriele Fallopio was estimable as a scholar and as a person. He spoke of
B erengario as ‘w ithout doubt the restorer o f the art of anatomy, which Vesalius
then perfected ’. O f the De humani corporis, he said that it was Vesalius’s divine
m o n u m en t and would last for ever. T hen, having praised it, he began correct
ing the errors in the work; he described the ear and cerebral arteries, which
Vesalius confused with the sinuses, and the clitoris and the (Fallopian) tubes
that still bear his nam e. He was the first to describe the circular folds o f the
small intestine, the inguinal ligam ent, the chorda tympani, the semicircular
canals and the lacrimal duct. In addition he wrote an excellent account of the
eye muscles and of the cerebral nerves, and because of his contribution to the
study o f tissues he has been regarded as the precursor o f M alpighi and Bichat.
Fallopio’s m ost im portant book was the Observaliones anatomicae, first published
in Venice in 1561; his Opera omnia appeared there in 1584, over twenty years
after his death. He died in 1562 at the early age of thirty-nine.
Fallopio studied and taught at the universities o f Ferrara, Pisa and finally
at Padua, where he was succeeded by his pupil Gerolam o Fabrizio
d ’A cquapendente (c.1533-1619), called Fabricius. Famous in his day as a sur
geon, Fabricius was also a great anatom ist and physiologist. He was the first to
give a good description o f the valves of the veins, although he thought that the
blood in the veins flowed away from the heart. His best work was done on
reproduction, childbirth and the anatom y and physiology o f the foetus.
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SYPHILIS
AND
EARLY THEORIES
OF
I N F E C T I O N
In the last years o f the fifteenth century, a terrible new epidem ic appeared, a
lethal infection which produced hideous rashes and ulcers and was spread by
sexual contact. It becam e rife when the army o f Charles VIII of France invaded
Italy, and was first known as the N eapolitan disease, for a m ajor outbreak
occurred am ong the troops w hen Naples surrendered and surviving m ercenar
ies retu rn ed hom e, bringing the nam e and the disease with them . M orbus
Gallicus becam e the term in general use until Girolam o Fracastoro
(1478-1553) published in 1530 his poem entitled Syphilis sive morbus gallicus
(Syphilis o r the French disease), in which a young shepherd, Syphilis, insults
Apollo; in revenge the god causes the flesh to fall from the young m an ’s limbs,
revealing his bones, his teeth to rot, his breath to stink and his voice to fail.
Fracastoro noted that the disease appeared simultaneously in many coun
tries, doubting the popular theory that it came from America brought back to
E urope with C olum bus’s sailors. It is likely that syphilis has always existed in the
Old World, and th at the causative organism , Treponema pallidum, underw ent a
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world-wide m utation at the close o f the fifteenth century, attacking previously
resistant hosts in the O rient as well as in Europe. Mediaeval medical writings
refer to cases o f venereal leprosy, probably cutaneous syphilis, which was
treated with m ercury then as in the 1500s. Besides, there are a few un d o u b ted
descriptions o f the disease in tracts written before 1492.

Right: an early engraving showing the use of
the tobacco plant as a treatm ent for syphilis,
from a book on Brazil published in 1558. The
central figure is an American Indian who is
suffering from syphilis; he is held on the left and
right by two people who are sucking poison
from his skin. On the left a man smokes a cigar
as a curative measure. On the far right a man
offers the curative plant.

Below left: a man suffering from syphilis, by
Albrecht DOrer, showing in hideous detail the
syphilitic's painful sores and rotting flesh.

Perhaps com m ercial factors had som ething to do with the encourage
m en t o f the idea that syphilis had com e from America. It is a com m on primitive
belief that a disease and its cure exist side by side: guaiac, the ‘holy w ood’, was
used by the natives of the New World and was brought by Spanish sailors to
Europe, w here, in the form o f infusions, its rem arkable efficacy against the new
disease was reported. Fracastoro and the G erm an knight Ulrich von H utten
(who died miserably o f syphilis) were enthusiastic about the new treatm ent,
which was in fact quite useless.
Conditions then prevalent in Europe were all too suitable for the spread
of syphilis. In Rome, when Am erica was discovered, the town treasury collected
over 30,000 scudos a year from brothels, and the historian M arino Sanudo esti
m ated th at Venice with a population o f 300,000 people had 12,000 prostitutes.
If it is true that prostitution facilitated the spread o f the disease, it is also
true that m edicine in the 1500s - in com parison with previous centuries approached this plague quite differently. In particular, various prophylactic
m easures, effective to a certain extent, were adopted. The times were gone
when an unknow n disease appeared and a corner had to be found for it in the
theory of the hum ours, instead doctors tried to build up a picture o f the dis
ease based on their observations.
In Paris, in 1497, the civic authorities issued an order u n d er which all
syphilitics no t habitually resident in Paris were to leave. T he Scots were am ong
the first to becom e aware that the disease spread through sexual contact - a
regulation m ade by the town council of A berdeen stated that to protect citizens
against the disease that had com e over from France, wom en of ill-fame were to
stop working on pain o f being branded.

Leonicenus had described syphilis accurately as early as 1497, while
Antonio Benivieni (1440-1502) observed that the infection could be transm it
ted from m other to foetus. Fracastoro was the first to suggest that invisible
germs, which he called ‘sem inaria’, caused contagious disease, distinguishing
between poison (like snake bites) and ‘live contagion’ and noting the need to
destroy the germs. ‘Were it possible to destroy them with caustics,’ he wrote in
reference to tuberculosis, which he defined as contagious, ‘there could be no
better rem edy’ but as these substances cannot be used w ithout endangering
the lung, treatm ent can be tried through neighbouring organs.’ Fracastoro rec
ognized three kinds o f contagion: one by simple contact; an o th er by m eans of
some carrier, such as clothing, bed linen o r personal belongings; and a third
kind by transmission, such as when germ s propagated in the air and chose the
most suitable spot to fasten on.
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T he spirit of the Renaissance gradually spread through Europe, although in
1500 no G erm an university faculty o f m edicine as yet had m ore than two pro
fessors. T he Silesian Jo h annes Lange (1485-1565) studied m edicine at Pisa and
on his retu rn to Germ any described the position of m edicine and the ‘ignorant
and over-weening’ medical m en in his own land as pitiful.
T he great English medical hum anist was Thom as Linacre (1460-1524),
the fo under o f the Royal College of Physicians in L ondon and physician to
H enry VII and H enry VIII. He studied in Italy and gained medical degrees at
Padua and later at Oxford. A part from his clear and accurate Latin translations
of a n um ber of G alen’s works, which were widely read th ro u g h o u t Europe, and
his foundation o f medical lectures at O xford and Cam bridge, he also wrote
books on grammar.
In France, a typical figure o f the Renaissance was Francois Rabelais
(c. 1495-1553), like Linacre a priest as well as a doctor, who studied m edicine at
the famous university o f M ontpellier and then becam e physician to the hospital
at Lyons. He also produced one o f the first Latin translations o f H ippocrates’s
Aphorisms and edited the works of Galen, but it is as the au th o r o f the cruelly
satirical Gargantua and Panlagmel that he has gone down in history.
T he m ost notable Germ an-speaking reform er of the Renaissance was,
beyond doubt, Philippus Aureolus T heophrastus Bombastus von H ohenheim ,
the self-styled Paracelsus. A brilliant bu t controversial figure, he collected as
many adm irers as critics during his life-time but never seem ed able to decide
w hether his m ain interest was natural science o r magic, cabalistic knowledge
and alchemy. He was well aware that m edicine m ust forsake the teaching of
Galen and start afresh, but he erred in his theory o f the com position of m atter
from sulphur, m ercury and salt. In the alchem ical concept of Paracelsus these
three elem ents were the outcom e o f distillation: the vapour condensing in the
alem bic was called sulphur, m ercury was the scanty dense liquid rem aining,

Paracelsus was the
author of m ore

than three h u n d red

works, ranging
from practical
works on m edicine
containing m uch
original observation
to studies on
alchemy and
metaphysics.

while salt was the dry residue.
Paracelsus was born in 1493 in Einsiedeln in Switzerland, the only son of a
doctor who went to the Tyrol w hen Theophrastus was nine years old. It is also
known that in Austria T heophrastus started studying m inerals and metals and
that he was initiated into the secrets o f alchemy and astrology by Abbot
Tritheim ofW urzburg. He travelled from 1517 to 1526, studying for brief inter
vals at Vienna, Cologne, Paris and M ontpellier. He him self said he took his
m edical degree at Ferrara in 1519, where his m aster was Leonicenus, but docu
m entary evidence for this is lacking. From his own writings it would appear that
he had visited the Iberian peninsula, Pom erania, Poland, Lithuania and Russia,
had been to the tin m ines of Cornwall and Sweden, and had served as an army
surgeon with the Dutch and the Venetians. People often expressed surprise
that he could have written so great a num ber of works despite this continual
travelling from one country to another. In answer to those who w ondered
about the sources o f the extraordinary inform ation o f all kinds contained in his
books, he wrote, ‘I went in search of my art, often hazarding my life. I have not
been asham ed to learn from tram ps, butchers and barbers things which
seem ed o f use to m e’.
In 1526 his restless way o f life changed. In that year Johannes Froben, or
Frobenius, the Basle hum anist and publisher, who had long been suffering
from leg trouble, was advised by his doctors to have his leg am putated to save

Above left: Philippus Aureolus Theophrastus Bombastus von Hohenheim, the self-styled Paracelsus.
Apparently, he was given the nickname of Aureolus because of his golden hair, while his behaviour gave us
the word bombast. Paracelsus came from his habit of prefixing 'para' to other words and is thought to signify
that he rated himself above Celsus, the Roman medical writer.
Above: an operation for the stone, a w oodcut illustration from Paracelsus's Opus Chyrurgicum, 1565. ‘Very
few surgeons,' wrote Paracelsus, ‘have exact knowledge of diseases and their causes; but my books are
not written like those of other physicians, copying Hippocrates and Galen; I have composed them on the
basis of experience.'
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Far left: ‘the wound man', an illustration from

Grosse Wundartzney, 1536, by Paracelsus,
showing injuries from different weapons.
Left: a busy ward scene, showing three doctors
consulting in the foreground and an amputation
being performed (left) and a head operation (right),
from the title page of Paracelsus’s Opus

Chyrurgicum, 1565.

his life. Frobenius p u t him self in Paracelsus’s care, and in a short time he recov
ered. Soon afterwards Erasmus o f Rotterdam , a great friend of Frobenius,
wrote to Paracelsus describing his illness and asking advice. T he doctor pre
scribed treatm ent and Erasmus got better. It was probably on account of the
reputation from these and o th er cures that Paracelsus was offered appoint
m ent to a university chair and as m unicipal doctor to the town council o f Basle,
an unexpected and welcome reward for a m an who had identified with m erce
naries and vagabonds.
The speech with which Paracelsus m ade his debut at the university was
characteristic and m ust have am azed his colleagues, who followed Galen assid
uously and had never dream ed o f prescribing com m onsense treatm ent from
their own experience. Paracelsus rem arked: ‘Thanks to the post offered me by
the Basle authorities, which is an honour, I can proceed to teach students my
m ethods, expounding for a two-hour period every day my precepts o f treat
m ent with the m ost diligence for the utm ost benefit o f my audience’.
At the university, he broke with tradition by lecturing in G erm an instead of
the custom ary Latin and, even worse, he b u rn t the works o f Galen and Avicenna
in public, condem ning the pusillanimity that for so many centuries had held
back progress in m edicine. To this act of revolt he added invective against his
new colleagues, accusing them of propagating falsehood and thereby feeding
the troubles of the world. After only two years, as m ight be expected, Paracelsus
felt it necessary to leave Basle and return to his life as a w andering physician.
It is unfortunate that in his iconoclastic fury Paracelsus rejected the good
things in the works o f the ancient authors. Yet he upheld the Flippocratic prin
ciple that the place of the doctor was by the p atien t’s sickbed. Paracelsus was a
clinician in the best sense of the word saying, ‘T he do cto r’s character can influ
ence the p atien t’s recovery m ore than any m edicine’.
D uring his travels he collected a great deal of useful knowledge. He was a
chemical pathologist and a vitalist; according to the Paracelsian concept, the
body’s m anifestations were subject to chem ical and vital laws. He introduced the
Above: An Alchemist’s Workshop, 1570,
concept of m etabolic disease and concerned him self with questions of hygiene.
by the Flemish artist, Jan Stradanus.
His adm irable practical knowledge was shown in his works on surgery and his
Paracelsus took a keen interest in alchemy,
observations on syphilis and its treatm ent (m ercury effective, guaiac useless).
magic, astrology and cabalistic knowledge
as well as in natural medicine.
T hrough Paracelsus chem ical rem edies were introduced into m edicine, and
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Right: Jean Fernel, professor of
medicine in Paris, who was the
first man to write a textbook on
medicine. Apart from anatomy,
it covered almost the entire field
of medicine, but was strongly
attached to the doctrine of
humours.
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cine, and pharm acology began to m ake use o f many new products. Paracelsus
wrote a treatise on the diseases o f m iners, which may be considered the first
work on occupational disease. He discussed diseases that ‘deprive m an o f rea
son’, and he recognized the connection between cretinism and goitre. H e also
wrote on epilepsy and the dancing mania. He died in 1541 at Salzburg when he
was only forty-eight.
T he greatest contem porary o f Paracelsus was Jean Fernel (1497-1558), a
native o f Amiens, who becam e professor o f m edicine in Paris and, while very
m uch a m an o f his time, was instrum ental in loosening the hold o f Galen on
medical th o u g h t and added a considerable am ount to medical progress. He
invented the term s physiology and pathology, and his writings, collected
together as Universa medica, rem ained the standard text for the next two cen
turies. Fernel was the first to give a clear description of appendicitis and to
suggest a syphilitic origin of aortic aneurysms, and he also observed som ething
th at Vesalius missed, namely that the spinal cord is hollow.
Girolam o C ardano was an o th er brilliant m an who led a stormy and turbu
lent life. Illegimate and a gambler, he was born in Pavia in 1501 where his
father Fazio was a ju rist and public lecturer in geom etry in Milan, and a friend
of Leonardo da Vinci. Girolam o attended the university of Pavia and then went
to Padua, where in 1525 he was elected rector and a year later he took his
degree in m edicine. Because of his illegitimacy, he was refused admission to
the college of physicians in Milan.
Cardano lived wretchedly for a while, bu t circum stances im proved when
he m ade his nam e with the publication o f Practica arithmeticae et mensurandi singularis in 1539, and, in 1545, he com posed the Ars magna, the m ost im portant
algebraic work o f the Renaissance, which contained the solution of the cubic
equation (still wrongly called C ardano’s form ula).
A lthough involved with m athem atics and philosophy, C ardano was also a
great doctor. In 1552 he was invited to Edinburgh to treat the archbishop of
Scotland, Jo h n H am ilton, who was thought to be suffering from a tubercular
condition. After six weeks’ observation, C ardano diagnosed asthm a and recom-
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m ended that the archbishop sleep between sheets o f raw silk and without
feather pillows. Jo h n H am ilton recovered; it may be supposed that he was aller
gic to feathers. C ardano also devised a form o f writing for the blind which
anticipated braille, and a m eans for teaching the deaf to com m unicate.
Tragedy darkened C ardano’s life; his son poisoned his wife, was sentenced
to death and beheaded. C ardano wrote De ulilitate ex adversis capienda, in which
he described the psychopathic trait. He stated it was ‘nothing but a disorder of
the mind, a m alignant doltishness, which does not show the signs of com plete
insanity, for those suffering it are able to exercise some choice’.
Felix Platter o f Basle (1563-1614) was the first m an to try to distinguish
between various m ental disorders: mentis imbecilitas (m ental deficiency), mentis
consternatio (loss of consciousness, and in epilepsy and in some strokes), mentis
alienatio (psychosis) and mentis defatigalio (anxiety state). Platter studied m edi
cine at the universities o f Basle, M ontpellier and Paris and was a follower of
Vesalius in anatomy, although he held such traditional views as to believe
m elancholia to be the work of the devil.

Above: a sixteenth-century surgeon performing a
trephination, from Cirurgia universale eperfetta,
1583, by Giovanni Andrea Della Croce. Note the cat
eating a mouse in the foreground.
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A N D

16TH -CE NTURY
S U R G E R Y
‘In the year 1536, Francis the King of France sent a great expeditionary force to
Piedm ont to conquer Turin and recapture cities and castles . . . T he soldiers of
the fort, seeing o u r forces launching an all-out attack, did their best to defend
themselves and killed and w ounded many with all types o f weapons bu t chiefly
gunshot, so that the surgeons had a great deal o f work on their hands. At the
time, to tell the truth, I was still a beginner, never having seen gunshot wounds
treated. True, I had read in the eighth chapter o f the first book o f Giovanni da
Vigo’s Delle ferite in generate that wounds caused by firearm s were poisonous
because o f the gunpow der and that the best treatm ent was to cauterize them
with boiling oil o f elder m ixed with treacle.
‘Knowing th at boiling oil was sure to cause the w ounded terrible pain,
before applying it I asked what the o ther surgeons used for the first dressing. It
was only when I learned that they poured the oil as hot as possible into the
w ound that I sum m oned up courage to do likewise. But then I ran ou t o f oil

Above: Ambroise Pare, who as a young man

and was obliged to apply a m ixture o f egg yolk, oil o f roses and turpentine. put an end to the atrocious practice of cauterizing
wounds and became the idol of the army.
T hat night I was unable to sleep thinking I was going to find that my w ounded
patients had died because I had n o t perform ed the cauterization with boiling Left: the first picture of an amputation, a
oil. So I got up before daybreak and went to have a look at them . W hat I found w oodcut from Feldtbuch der Wundartzney (the
was beyond my wildest hope, for those to whom I had given my m ixture felt lit field book of wound surgery) by Hans von
tle pain and their wounds were no t inflam ed. O n the o th er hand, I discovered Gersdorf, 1517. The patient is blindfolded so that
he cannot see what is going on.
that all those to whom I had adm inistered the boiling oil were in dreadful pain
and with the injured part inflam ed. At this I decided that never again would 1
burn so cruelly the poor m en who had been w ounded by arquebus shots.’
Thus it was a novice who pu t an end to the atrocious practice o f burning
wounds with ho t iron or boiling oil. This beginner was the Frenchm an
Ambroise Pare (1517-90), later to becom e the leading surgeon of the
Renaissance. T he passage quoted reveals the honest professional, full o f com 
passion for the suffering, intelligent and endow ed with acute powers of
observation and also lacking in knowledge in some respects.
P are’s father and a paternal uncle were barber-surgeons, the lowest level
in the m edical hierarchy. Surgeons form ed the confraternity of St Cosmas and
concerned themselves with the treatm ent o f wounds, cauterization, the lancing
of abscesses and the application of ointm ents and plasters. Major operations Below: another of the
were entrusted to these m odest practitioners, who besides shaving their cus prosthetic aids designed
by Ambroise Pare. Both
tom ers used to let blood by applying leeches or cupping vessels. Pare, who had
illustrations are from his
had little schooling, was ignorant of Latin and Greek and therefore unable to Oeuvres, Paris, 1575.
study at the university, planned to becom e a barber-surgeon.
A sketchy education becam e an asset, for Pare learned his art from first
hand experience, first with a barber-surgeon in Paris, then as house surgeon at
Above: an artificial hand
the Hotel-Dieu, a Paris hospital, and then as an army surgeon. It was through
designed by Ambroise
his intelligence as well as his lack o f reverence for the old masters that he was
Pare for the use of
able to abolish overnight the cauterization o f wounds. In the tenth century
wounded soldiers, and
Albucasis
had advised the use o f the cautery only as a last resort, but later it had
in use from 1560.
com e into indiscrim inate use. Because o f his opposition to the barbarous
m ethods used on the battlefield, Pare becam e the idol o f the army.
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‘How dare you teach me
surgery,’ wrote Pare, the
greatest surgeon of his age, in
answer to a critic, ‘you who
have done nothing all your life
but look at books. Surgery is
learned with the hand and the
eye. And you - m on petit
m aitre - all you know is how to
talk your head off, sitting
comfortably in your chair.’
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Pare also m ade systematic use o f procedures devised by o th er people but sel
dom adopted, for exam ple control o f haem orrhage by ligation o f arteries, and
operation for hare-lip. He devised new surgical instrum ents, including haem o
static forceps and was interested in the problem o f cripples, for whom he
devised ingenious artificial aids. H e also wrote on obstetrics and the procedure
o f podalic version for abnorm al presentation o f the foetus. T he hum ble barber
surgeon rose to becom e a councillor o f state and surgeon to four kings of
France, H enri II, Francis II, Charles IX and H enri III.
T hat Pare eventually decided to start writing was due to the inaccurate
statem ents com m itted to paper by a traditionalist, Etienne G ottrm elen, who
attacked Pare in a long diatribe, criticizing in particular arterial ligation. "How
dare you teach me surgery’, Pare replied, ‘you who have done nothing all your
life but look at books! Surgery is learnt with the hand and eye. And you - mon
petit m aitre - all you know is how to talk your head off, sitting com fortably in
your chair’. Pare was already famous when he began writing, and he found plea
sure in giving a full account o f his experiences as a surgeon and in war. The
com pleted text was entitled Oeuvres de M. Ambroise Pare, conseiller, et premier'
chirurgien du Roy, and was published in 1575 at Paris, in a m agnificent volume of
nearly a thousand pages.
In the first engagem ent during the P iedm ont cam paign a badly w ounded
officer nam ed Le Rat was brought to Pare. T he young surgeon saved his life;
when he was asked what he had done, he replied, ‘I treated him and God healed
him ’. This phrase, with its expression o f faith in the healing powers o f nature,
was engraved on his tom bstone.
Am ong the surgeons of the later Renaissance m ention should be m ade of
Gaspare Tagliacozzi (1546-99), professor o f m edicine at Bologna, who m ade
considerable advances in plastic surgery. Plastic surgery had been practised in
Sicily in the 1400s by the Branca family and by two families in Calabria, but they
all regarded rhinoplasty as a family secret. Tagliacozzi gave his technique wide
publicity: it consisted in restoring
the nose with
a strip of skin from the arm of
the patient, who was strapped up
so that the graft did n o t have to be rem oved
completely until it had taken. He also perform ed similar grafts for repair o f the
ears, lips and
tongue. However, he was opposed by the authorities, who charged
him with impiety and prohibited his operation, which was revived only in 1822.
D uring this period Germ any produced, am ong o ther notable figures,
G eorg Bartisch (1535-1607), the au th o r o f the first book on eye surgery,
Above: rhinoplasty, or plastic surgery for the
nose, an illustration from Gaspare Tagliacozzi's
Ophthalmodouleia, published at Dresden in 1583, and also Fabricus Hildanus
Chirurgia curtorum per institutonem, 1597,
(1560-1624), who was born near Dusseldorf. H ildanus practised in Berne,
showing the treatm ent he devised. The
having studied m edicine in Italy and France. He carried out am putations with
authorities considered that Tagliacozzi was
a red-hot knife; according to him this horrifying system had the advantage of
interfering with the works of God and after his
reducing haem orrhage to a considerable extent. H ildanus was also the first to
death his body was exhumed and buried in
unconsecrated ground.
am putate above, rath er than through, a gangrenous part, and to am putate
through the thigh, but he advocated a curiously archaic magicalpractice in
Left: two winged instruments designed by Pare
dealing with the wounds - the application o f ointm ent to the sword or knife
for extracting gallstones.

th at caused the wound.
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Many o f the
m edical books
written during the
Renaissance were

_______________O B S T E T R I C S )

written in the
vernacular, rath er

D uring the Renaissance num erous books appeared on the subject o f obstetrics,
many o f them written in the vernacular. In 1513 the m ost successful o f these
was published at Strasbourg, Der Swangern Frawen und Hebammen Rosengarten
(The rose garden o f preg n an t women and midwives) by Eucharius Roesslin (d.
1526), a physician who practised at Worms and later at Frankfurt. The
Rosengarten was essentially a collection o f Greek and Latin works on obstetrics,
b u t ren d ered in G erm an and illustrated with twenty woodcuts by C onrad
Merkel, a friend o f Durer. T he use o f vernacular language and the inclusion of
illustrations probably account for the enorm ous success of Roesslin's work; it
was translated into several languages in num erous editions until as late as the
eighteenth century. An English version by Richard Jonas, called the Byrthe of
Mankind, was published in 1540.
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O ne of the best known o f all Renaissance medical works, and one which
like the Rosengarten was republished in innum erable editions until well into the
eighteenth century, was an Italian book on obstetrics, La comare o raccoglitrice
(The midwife) by Scipio M ercurio, first published in 1595, the year o f his
death; it is notable for containing one of the earliest statem ents that Caesarean

than Latin. Some
of the most
popular were on
obstetrics and
paediatrics and
rem ained in use
for over a century.

section should be perform ed in the case o f contracted pelvis. Advances in
anatom y and surgery in the sixteenth century had an im portant influence on
the practice of obstetrics. Vesalius and all the o ther great figures of the time
paid attention to the deform ities that may occur in the structure o f the pelvis
and studied the m echanics o f childbirth. Pare is regarded as one of the
founders of m odern obstetrics; his De la generation de I’homme (Paris, 1573) com
bines H ippocratic principles with P are’s own original observations and
modifications, and recom m ends podalic version, a procedure which Pare was
probably the first to p u t into successful practice.
T he publication of practical books on obstetrics was m atched during the
Renaissance by the growing num ber o f works on the subject of paediatrics,
many o f them written in the vernacular. T he first English contribution was the
Bake of children by Thom as Phayre (d. 1560), published in 1545 as part of his
Regiment of life, a version of the Salernitan Regimen sanitatis, while the first one in
French was Simon de Vallam bert’s De la manieie de gouverner les enfants des leur
naissance (Poitiers, 1565).
An Italian work was De morbis puerorum (On the diseases o f children,
Venice, 1583) by Gerolam o M ercuriale (1530-1606), who was also the author
of the first systematic treatise on skin diseases, De morbis cutaneis (Venice, 1572).
M ercuriale also attem pted to explain certain psychiatric conditions, stating for
exam ple that the increase in m elancholia which he observed was caused by the
life of pleasure and excessive luxury that m ore and m ore people were leading,
tracing its origin to a disturbance o f the imaginative faculties.

S E V E N T E E N T H

A

C E N T U R Y

GOLDEN

AGE

OF

S C I E N C E
In the seventeenth century the gulf between m edical practice and advances in
research was wider than at any time before or since. Medical practitioners were
for the m ost part poorly trained and loath to keep abreast of developm ents;
they continued to prescribe, whatever the disease, the same old rem edies enemas, blood-letting and purging.
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W hen a new drug becom es popular, even today, it is often used enthusias
tically and w ithout every note being taken o f side effects and specific
indications for its use. This happened four hu n d red years ago with antimony.
Although as a drug antim ony was known in the time of Paracelsus, by the nam e
o f stibium, its fortunes only prospered after the publication, in 1604, of the
book The Triumphal Chariot, of Antimony by Jo h an n Tholde, an alchemist, the
au th o r attributing it to a mythical friar, Basil Valentine. T holde had observed
pigs growing fat on a diet rich in antimony, and he applied this knowledge to
treat a group o f u ndernourished monks. U nfortunately the m onks died. Over
the next century violent controversy arose over w hether this substance was a
useful drug or poison. The argum ent abated when Louis XIV was cured of
typhus after a dose o f antimony. No one considered if the king would also have
recovered without it, and so the substance becam e a universal panacea.
A nother drug that was welcomed indiscrim inately was quinine, intro
duced into Europe in 1632 u n d er the nam e o f Jesu it’s bark, because it had
cured the m alaria of a Jesuit missionary in Peru. The Inca m edicine m an who
adm inistered the drug would n o t reveal the ingredients, and the Jesuit decided

Right: an illustration from Catoptri microcosmici
... absolutam admirandae partium hominis
creaturarum divinarum praesantissimi (an
anatomical representation of people in three
parts, a sumptuous study published in 1613.
Below: the quinine plant, Cinchona officinalis,
from Bergius's Materia Medica, Vol 1,1778.

to find out the truth for himself; after a long search, he discovered that the
remedy was the bark of a plant, the cinchona. T he Jesuits held the export
m onopoly to Europe, earning great rewards from the acceptance of quinine as
the cure that had been created alongside the disease.
Soon after its introduction quinine started fierce argum ents, because doc
tors were over-prescribing it in their ignorance o f its toxic side effects, such as
disturbances o f hearing. Nevertheless its therapeutic worth was inescapable,
and it had one o th er im portant effect, for it may well have played a leading part
in the overthrow of Galenism. T he Galenists held that the effective treatm ent
of many diseases involved purgation, and while they could argue that the suc
cess obtained in treating syphilis with m ercury was due to salivation being really
only an o th er way o f expelling toxic m aterial, there was no hope o f explaining
the effects o f quinine in the same way.
Q uinine was the great pharm acological advance in an era which clung by
and large to the m edicam ents of an earlier age. Pharm acopoeias of the period
included many recipes containing ingredients with magical properties worms, foxes’ lungs, lozenges of dried vipers, oil o f wolves, moss from the skull
o f a victim o f violent death, and crabs’ eyes, to list but a few - and such treat
m ents were prescribed by the leading physicians o f the day. In addition many
proprietary preparations earned fortunes for private individuals. O ne of the
best known of these was Scot’s Pills, a m ixture o f aloes, jalap, gam boge and
anise, introduced in 1635 and still on sale in 1875. Baffy’s Elixir was m ade up to
the beginning of the present century, and the form ula of G oddard’s Drops,
prescribed by Sydenham and said to be m ade from raw silk, was bought by
Charles II for m ore than £5,000.

The seventeenth century presented a
paradox in that the natural sciences were
developing broadly and swiftly while
m edicine seem ed to be retu rn in g to the
attitudes of the M iddle Ages.
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Right: a satirical study,
dated 1570, showing a
group of monkeys busy
at their work as barbersurgeons, undertaking
blood-letting, tooth
extraction, surgery and
hair cutting.
Left: The BarberSurgeon by Issac
Koedyck, showing a
humble barber-surgeon
treating a patient.

These rem edies and many others, som e com plex and some o f the simplest for
m ulation, form ed the basis o f treatm ent for a wide variety o f diseases. Prices
were often high, and apothecaries’ bills were a source o f dissatisfaction to
patient and physician alike. O vercharging som etimes got out o f hand: in 1633
George Buller asked for thirty shillings (£1.50) p er pill, while a few years earlier
the Royal College o f Physicians prosecuted a Dr Tenant for charging £6 for a
pill and a decoction.
T he great progress m ade in anatom y in the latter half o f the sixteenth
century h ad surprisingly little effect on surgery in the seventeenth. Despite aca
demic conservatism and the slow diffusion of the new knowledge it m ight be
expected that surgeons would seize on the facts revealed by Vesalius and his
successors and p u t them to practical use. However the surgeons, with the bar
bers, were still an underprivileged class, lacking a scientific education and far
below the physicians in status. In England the com pany o f Barber-Surgeons,
incorporated in 1540, was allowed to perform dissections in its own hall, but
not elsewhere. In France, the surgeon was regarded rath er m ore highly, but he
was still an inferior being. Guy Patin (1601-72), the dean o f the m edical faculty
in Paris, showed his hate of his upstart surgical colleagues by describing them
as: ’Mere booted lackeys - a race o f extravagant coxcombs who wear m ous
taches and flourish razors’.
T he position of surgeons, in France at least, was im proved not by learning
b u t by an event in 1686 which the historian M ichelet considered ‘m ore im por
tant than the work of P are’. This was the successful treatm ent o f Louis XIV’s
chronic anal fistula by the surgeon Felix. T he happy surgeon was rew arded with
an estate, a title and a fee o f 300,000 livres, three times that paid to the royal
physician. Thus at one stroke surgery was shown to be both a noble calling and
an extrem ely profitable one.

Surgery benefited
little from the great
steps m ade in
anatom y during the
previous century
and surgeons were
still ranked far below
physicians in status.
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The seventeenth century saw a great advance in obstetrics with the introduc
tion o f the forceps by the C ham berlen family. T he first practical instrum ent to
assist childbirth was designed in 1561 by Pierre Franco, but in 1647 Peter
C ham berlen produced a pair of curved forceps similar to those in use today.
T he family kept its invention a closely guarded secret, and with the forceps sev
eral of them acquired highly successful practices in London, earning large
sums of money. It rem ained a family secret until after 1700.
The greatest obstetrician o f the age was Francois M auriceau (1637-1709).
His famous textbook, Des maladies des femmes grosses et de celles qui sont accouchees,
1668, which contained the first accurate study o f the fem ale pelvis, was the stan
dard work in several languages until well into the eighteenth century.
A lthough m edical practitioners were still in the grip of form al preconcep
tions and were content with m inim al knowledge, the seventeenth century was a
period o f considerable developm ent in m edicine. It was, in contrast, a century
of the most grave econom ic and political crises in Europe, especially in Italy
and Germany. T he discovery o f the New World and the Thirty Years War led,
however, to the rise o f E ngland and H olland, which enjoyed econom ic pros
perity and military power, especially sea power.
While literature and the arts flourished during the Renaissance, the

The turn towards the natural sciences was
inevitable in an age dom inated by Galileo,
Above: Rene Descartes, Frans Hals’s portrait of
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who looked for an exact m athem atical law

the French philosopher who believed that man
was a machine except for the pineal gland,
where the soul was found.

governing every p h en o m en o n , and
Descartes, who based his philosophy on

Right: The Dentist by Gerard Dou. In this
Flemish painting of 1672, a dentist triumphantly
displays the tooth of his unhappy patient.

the concept that knowledge of o n e ’s own
was the only absolutely certain fact.
seventeenth century was a golden age for science. The idea o f Jo h an n Kepler
(1571-1630) that nature ‘loves simplicity, loves unity and there is nothing
superfluous in it’ epitom ized this era. T he creators of the natural sciences Kepler, Galileo, Descartes and Newton - stressed the need for direct study of
nature in the light o f objective criticism and w ithout prejudice and dogma. In
the new era of science, diligent and assiduous observation was the first requi
site, with experim ent as a test o f hypothesis and with m athem atical m ethods
enabling a great variety o f facts to be condensed into fundam ental formulae.
T he expansion o f scientific research was no t the only developm ent to
characterize the seventeenth century; an o th er resulted from the fact that with
Galileo science had becom e m ore exact. ‘Science is m easurem ent’ is a concept
which has influenced m edical science no t less than the o th er sciences, and one
which m edicine owes to Galileo Galilei.
T he seventeenth century also saw the rise of scientific associations, the
first o f which was the Accademia dei Lincei, founded in Rome in 1603 by

Prince Cesi. In 1635, Cardinal Richelieu created the French Academy. In
London, The Royal Society was incorporated in 1662, and in 1700, Leibnitz
influenced Frederick I to found the Berlin Academy o f Sciences. The first sci
entific periodicals were issued in the seventeenth century. Medical
contributions appeared in the pages o f the Philosophical Transactions of the Royal
Society, in the Journal des Sravans in France and in the Venetian Giornale dei
Letterati. The first medical review, entitled Journal des nouvelles decouvertes sur
toules les parties de la medicine, began in 1769.
In the seventeenth century, therefore, m edicine tu rn ed towards the nat
ural sciences and experim ental research. It was an inevitable developm ent in
an epoch dom inated by the figure o f Galileo, who looked for an exact m athe
matical law governing every p h enom enon, and Descartes, who based his
philosophy on the concept that knowledge o f o n e ’s own was the only absolutely
certain fact. A third giant o f this era is Francis Bacon, who decided that a new
approach should be m ade to the problem o f systematizing knowledge.
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William Harvey was born at Folkestone in 1578; after studying at Caius College,
Cam bridge, he enrolled at the university o f Padua in 1598. Galileo was a
teacher there and w ithout a doubt it was in Padua that Harvey’s scientific
m ethod crystallized. Like o th er young m en he was aware o f the influence exer
cised by Galilean teaching; the atm osphere was one o f freedom , and he
learned from dissection and anatom ical observation. In Padua he was a pupil

Above: W illiam Harvey

o f Fabrizio d ’A cquapendente, the first person clearly to describe the valves in
veins. W hen he came back to London, in 1602, Harvey m arried the daughter of
Lancelot Browne, physician to Q ueen Elizabeth and Jam es I; he jo in ed the staff
at St Bartholom ew’s Hospital and becam e a reader in anatom y and surgery.
Meanwhile, he continued his investigation o f the vascular system which led to
his discovery o f the circulation o f the blood, which he announced in 1616. It
was n o t until twelve years later that his classic work, Exercitatio anatomica de motu
cordis et sanguinis in animalibus, was published in Frankfurt. In this book, Harvey
described how arterial blood flowed from the left ventricle o f the h eart to the
aorta and was distributed through this vessel to all parts o f the body; having
becom e venous, the blood was carried in the veins to the right atrium of the
heart, from where it flowed into the right ventricle. This propelled it forwards
into the pulm onary artery and from here to the lungs, where the transform a
tion o f venous blood into arterial blood took place. After passing through the
pulm onary veins, the blood reached the left atrium and from there it retu rn ed
to the left ventricle.

.. .1 0 0

A num ber o f Harvey’s precursors had already refuted the Galenic doc
trine according to which the liver was the centre of the circulation. T he ancient
doctrine m aintained that the left ventricle o f the heart contained air, o r blood
m ixed with air, which reached it from the right part of the heart through invisi
ble pores in the cardiac septrum . Leonardo and Vesalius may have realized the
truth. In 1553 Michael Servedo or Servetus 1715-53, a Spanish doctor and the
ologian, published Christianismi Restitutio, a work which earned him death at
the stake for heresy. In this book, alm ost as an aside, he postulated the exis
tence of the pulm onary circulation and denied the porosity of the septum , and
in 1571 A ndrea Cesalpino (1524-1603), physician and botanist and professor
of m edicine at Pisa, used the expression circulation in his work Qiiaestionum
peripateticarum, and he obviously had some rudim entary notion o f the exis
tence o f m ajor and m inor circulation.
Harvey’s great achievem ent was to com plete the solution of the problem ,
putting in a clearly worked-out form ideas which had previously been advanced
w ithout the backing o f experim ent; with great skill in the design and execution
of experim ents he was able to confirm his hypothesis. He suggested that the
heart was a pum p, worked by m uscular force; he observed the phenom enon of
systole, the contraction of the walls o f the h eart cavities at the m om ent when
they em ptied of blood, and diastole, the dilation o f the cavities when filled, and
with knowledge o f the valves in the heart and veins, and the observation that
veins swelled below a ligature, he was able to work out the direction of blood
flow and so outline the m echanics o f the cardio-vascular system.

Harvey showed

that the flow of
blood m ust be

continuous and
that it must

always be in one
direction.

Above: William Harvey, who was court physician to
Charles I, explaining his theory of the circulation of
the blood to the king.
Left: an engraving from the first edition of Harvey’s

De motu cordis, 1628, showing the action of the
valves in the veins.
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Right: direct transfusion from animal to man, 1679.
The earliest description of a blood transfusion is
given in an Italian text of 1630 but, despite the work
of Richard Lower and others, there was widespread
reaction against the idea of transfusing blood from
animals to man, and the practice fell into abeyance
until the early nineteenth century.
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Harvey died in 1657, leaving behind him a massive epoch-m aking work. In the
structure he created, the only thing lacking was p ro o f of the existence of the
capillaries; this was to be provided by Marcello M alpighi in 1661.
Harvey’s o th er great work was published in 1651, six years before his
death. This book, De generatione animalium, is o f m uch im portance in the his
tory of embryology for it contained the theory o f ‘epigenesis’, whereby the
organism does no t exist as a m inute, preform ed entity within the ovum but
develops from it by a gradual building up o f its parts. This theory was con
firm ed in the nin eteen th century by von Baer, who had the advantage of the
microscope; ju st as Harvey’s concept o f the circulation was limited to theory by
one part, the invisible capillaries, so, w ithout the m icroscope, his painstaking
investigation o f the em bryo reached an impasse. Perhaps for this reason he fell
into grave erro r over the n ature o f fertilization, which he believed to be some
thing mystical, metaphysical and due to an incorporeal agent, likened by him
to the m agnetism transferred from one piece of m etal to a second. This con
cept, as Garrison noted, contradicted the famous dictum ‘omne vivum ex ovo’ by
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denying the continuity o f the germ plasm, bu t was of value in Harvey’s hands in
that it went against the ancient idea that life arose from decay and putrefaction.
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An im portant im m ediate result of the application of Harvey’s experim en
tal m ethod to o th er problem s was the explanation by four Englishmen, o f the
physiology of respiration. According to Galen, the purpose o f respiration was
to cool the heart, and the m ovem ents o f the chest served to introduce air for
generating vital spirits and to elim inate the smoky vapours of the heart. This
belief was held up to Harvey’s time, before when, as Allbutt wrote, ‘respiration
was regarded not as a m eans o f com bustion but o f refrigeration. How m an
becam e such a fiery dragon was the puzzle.’ A prelim inary step in the working
out o f respiratory physiology was taken when Harvey showed that blood is
changed from venous to arterial in the lungs.
The first advance came when R obert Boyle (1627-91) carried out experi
m ents in 1660 and dem onstrated that air was necessary for life as well as
com bustion, and that neither a flame n o r an anim al could survive in a vacuum.
Seven years later, R obert H ooke (1635-1703), the pioneer microscopist,
showed that by attaching a bellows to the trachea of a dog whose chest had
been opened, the anim al could be kept alive by artificial respiration and with
ou t any m ovem ent o f either chest or lungs. Vesalius had done exactly the same
thing over a century earlier, but now it was possible to say that the essential fea
ture o f respiration was no t the m ovem ents o f breathing bu t certain changes of
the blood which took place in the lungs.
T he next contribution was m ade by Richard Lower (1631—91), who was
the first person, in 1665, successfully to transfer blood directly from one animal
to another. In 1669 he injected dark venous blood into the aerated lungs of an
experim ental anim al and observed its change in colour to bright red. H e rea
soned that this colour change m ust have resulted from some substance
absorbed by the anim al from the air in the lungs. Finally Jo h n Mayow
(1643-79) showed in a series of experim ents that the venous blood was m ade
red by the addition o f ‘nitro-aerial spirit’, a constituent o f nitre (potassium
nitrate) as well as air. Thus he came close to the m odern concept of oxygena
tion o f blood in the lungs. In addition, he advanced respiratory physiology by
working ou t the function o f the intercostal muscles, showing that m aternal
blood supplied the foetus with air as well as food, and asserting that heat pro
duction was from the muscles of the animal.

Galen had assum ed that there was a
com m unication between the two ventricles
through invisible pores. Later it was shown
that the blood could only flow one way in
the veins. Harvey p u t his own ideas into a
clear form and confirm ed his hypothesis
with a series of ingenious experim ents.
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AND
I A T ROC HE MI S T R Y
By the m id-seventeenth century, the effort to free m edical thought from the
doctrines o f the ancients was alm ost com plete. T he situation was fluid, with
many new concepts m ore or less tenable. T he genius of Galileo led to practical
results, with the developm ent o f instrum ents invaluable in the service o f m edi
cine. A lthough unacceptable to pragm atic scientists, abstract argum ents such
as the m echanist theory of Rene Descartes (1596-1650) were also valuable.
Descartes carried out studies in anatomy, and immediately recognized the
truth of Harvey’s discovery. T he au th o r of possibly the first work on physiology,
Tractatus de homine (1662), he envisaged the hum an body as a m achine acti
vated by the heat collected by the blood. T he blood, sent towards the brain by
m eans o f the aorta, carried there the purest elem ent, the vital spirit. T he vital
spirit dilated the brain and enabled it to receive im pressions of external
objects, that is sensations, and also those o f the soul, which Descartes clearly
distinguished from matter.
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Iatrophysics and iatrochemistry, the study o f physics and chemistry in rela
tion to m edicine, were born at this time. O ne o f the founders of the
iatrophysical school was Santorio Santorio, called Sanctorius (1561-1636), a
professor at the university of Padua; he was the inventor o f a clinical ther
m om eter and an ingenious platform , bearing both his balance chair and his
work table, which enabled him to m easure alteration in bodv weight at all
times. He thus discovered ‘insensible perspiration’, loss o f water vapour from
the skin. Santorius published the results o f his experim ents in a work called De
statica medicina (1614), which anticipated m odern studies in metabolism in its
quantitative approach and use o f precise m easurem ent.
A nother p ro p o n en t o f iatrophysical physiology was Gian Alfonso Borelli
(1608-79), who taught m athem atics at the university of Pisa. H e attem pted to

Above: an illustration from Descartes’s De homine,
showing the relation between sensory perception
and a muscular action.

Right: Sanctorius in his balance chair. His
experiments using the chair were carried out over
a period of more than thirty years, and he frequently
ate and slept in the chair.

Iatrophysics and iatrochemistry, the
study of physics and chem istry in relation
to m edicine, developed during the
seventeenth century. Descartes, Galileo,
Sanctorius and Gian Alfonso Borelli were
leading figures in the iatrophysics
m ovem ent, while Franyois de la Boe and
the English Thom as Willis dom inated the
realm of iatrochemistry.
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Right: in this strange
allegorical print of 1695,
the learned doctor, who
has assimilated
knowledge from many
books including the
works of Hippocrates
and Galen, compounds
a concoction which he
prescribes for use in
emetics, blood-letting,
purges and other ageold treatments.

C E N T U R Y

S E V E N T E E N T H

C E N T U R Y

T he m id-seventeenth
century with its
obsession with the
m easurem ent of
vital functions led
to the developm ent
explain the m ost im portant facts o f anim al life in m echanical term s and
expounded his principles in a great work, De motu animalium (1679). Borelli
studied the m echanical principles o f m uscular action and tried to m easure the
quantity of energy expended in m ovem ent. H e affirm ed that the volum e o f the
muscles increased during contraction through the afflux o f a hypothetical sub
stance which he called succeus nerveus (nerve juice). W hen Borelli explained
the respiratory m echanism he m ade valid observations on the function o f the
intercostal muscles and the diaphragm in breathing, bu t some o f his o ther the
ories belong to the realm s o f fantasy.
T he iatrochem ical school was founded by Franqois de la Boe (1614-72),
better known as Franciscus Sylvius, a Frenchm an who lived m ost o f his life at
Leiden in Holland. H e asserted that all physiological ph en o m en a could be
explained in chemical terms. Pupils came to Leiden from all over Europe to
attend his classes. O ne o f his virtues as a teacher lay in his revival o f the old cus

of various
instrum ents,
including the
therm om eter,
although it was some
time before there
107.

was agreem ent on
the scales to be used.

tom of Hippocrates, that is o f instruction at the p atien t’s bedside. In a way, the
school that he founded could be said to have survived him today; many
researchers believe that life can be created in the laboratory.
Iatrochem istry flourished in France, Germ any and particularly England,
where its chief ex p o n en t was Thom as Willis (1621-75), a m em ber o f the
O xford group, which included Boyle, Hooke, Lower and Mayow as well as Sir
C hristopher W ren, who experim ented in introducing food and drugs by intra
venous injection.
Willis was born in Wiltshire, the son o f a farmer, and graduated from
Christ C hurch, Oxford, in 1639. He was professor o f natural philosophy at the

vessels at the base of the brain known as

university in 1660 and six years later he moved to London, where he acquired
the largest fashionable practice o f his day. A fine clinical observer; he was the
first to notice the characteristic sweetish taste of diabetic urine (1670), to
describe the disease now called m yasthenia gravis (1671) and to describe and
nam e puerperal fever. H e also m ade the original observation that some deaf
people could hear in the presence o f noise (paracusis Willisii) and produced
works on nervous diseases, including general paralysis (1667) and on hysteria
(1670). Today Willis is known best for his work on the anatom y o f the nervous
system, and his Cerebri anatome (1664), with illustrations by Wren, was the best
book that h ad yet been written on the subject. It classified the cranial nerves, in
an account which was accepted until the en d of the next century, describing for
the first tim e the eleventh or spinal accessory nerve (the nerve of Willis) and
the group o f com m unicating arteries at the base o f the brain, which are known

‘the circle of W illis’.

as the circle o f Willis.

Above: the blood supply to the brain.
One of Sir Christopher W ren’s illustrations to
Thomas Willis's book Cerebri Anatome,
1664. It shows the arrangement of blood

S E V E N T E E N T H

C E N T U R Y

TH E

F I R S T

MI CROS COPI STS
The quest for scientific knowledge necessitated new instrum ents. T he unaided
eye, however keen, could no longer see enough. It was necessary to multiply its
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power in o rd er to unveil the secrets of nature, from the m ost gigantic to the
smallest. Most probably the instrum ent was invented in 1590 by Jo h annes and
Zacharius Jansen o f M iddelburg in Holland. In 1610, Galileo was successful in
adapting the telescope to focus on small objects, and the instrum ent was after
wards considerably m odified by van Leeuwenhoek.
T he m an who worked out basic m icroscopical technique and discovered
many new facts about man, animals and plants was Marcello Malpighi
(1628-94). After studying m edicine at Bologna, he taught at Bologna and Pisa,
where he gave Borelli anatom y lessons in return for lessons on m athem atics
and physics. In 1661 he added the final piece of evidence to Harvey’s work on
the circulation by direct observation of blood in the capillaries:

Malpighi is known
as the fo under of
the microscopic
anatom y of living
tissues. His work
on the capilliaries
com pleted the
discovery of the
circulation of
the blood.

Right: Malpighi’s drawings of a chick embryo
from On the Formation of the Chick in the Egg,
1686. No 46 shows the whole embryonic area at
two days, 47 is the embryo alone, 48 is the
enlarged heart region and 49 is part of the
segmented vertebral column.

‘I saw the blood, flowing in m inute streams through the arteries, in the
m anner o f a flood, and I m ight have believed that the blood itself escaped into
an empty space and was collected up again by a gaping vessel, but an objection
to the view was afforded by the m ovem ent of the blood being tortuous and scat
tered in different directions and by its being u nited again in a definite path. My
doubt was changed to certainty by the dried lung o f a frog which to a m arked
degree had preserved the redness o f the blood in very tiny tracts, which were
afterwards found to be vessels, where by the help o f a glass I saw not scattered
points but vessels jo in ed together in a ring-like fashion. And such is the wan
dering o f these vessels as they proceed from the vein on this side and the artery
on the o ther that they do not keep a straight path but appear to form a network
jo in in g the two vessels. Thus it was clear that the blood flowed along sinuous
vessels and did n o t em pty into spaces, but was always contained within vessels,
the paths o f which produced its dispersion.’
But M alpighi’s discoveries did n o t stop there. He was the first m an to see
red blood corpuscles, and he also discovered the papillae of the tongue, the
intestinal glands, and the pulm onary alveoli. In addition, he m ade a detailed
study o f the microscopic structure o f the skin, spleen and kidneys, and some of
his findings, such as the M alpighian layer o f the skin and the Malpighian bod
ies in the spleen, com m em orate his nam e.
Marcello Malpighi did not have an easy life. His conservative colleagues at
the university o f Bologna waged a bitter war with him. Two of them attacked
him in disguise at his hom e, while the anatom y professors insulted him in pub
lic and warned students no t to practise dissection, on the ground that it was

superfluous since Galen had already revealed all the secrets o f the hum an
frame. It seems incredible that halfway through the seventeenth century some
university teachers still rigidly upheld the old doctrines.
Obscurantism could no t prevail in the long run. T he teaching o f Malpighi
bore rich fruit and was im mediately acknowledged outside Italy. His work
Dell’anatomia dellepiante (O n the anatom y o f plants) was published by the Royal
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Above: Antoni van Leeuwenhoek, the Dutch
draper and self-taught microscopist, whose
intelligence and boundless curiosity led him to many
original observations. By discovering the minute
organisms called infusoria he initiated the science of
microbiology.

Society in London.
While Malpighi was m aking his discoveries, Father Athanasius Kircher, a
Germ an exile living in Rome as a result o f the Thirty Years War, was verifying
and confirm ing by m eans o f the m icroscope the truth grasped by Girolamo
Fracastoro - that organisms affected by a contagious disease contained m inute,
invisible living creatures which passed into healthy organisms and thus rep ro 
duced the disease. Kircher believed that the germ s were born of corrupt
hum ours and that in turn they corrupted the hum ours o f the new victims they
overcame.
A pioneer of the m icroscope whose contribution to science was of ines
timable value was an am ateur. Antoni van Leeuw enhoek (1612-1723), a Dutch
drap er who never left his native Delft, is considered the father of protozoology
and bacteriology. H e was self-taught and knew no Latin or Greek or indeed any
language apart from Dutch. He began to use the lens in his business for count
ing threads o f fabric, and built microscopes for pleasure, grinding the simple
biconvex lenses him self and m ounting them between two metal plates. He
m ade over four h u n d red m icroscopes, continually im proving the apparatus
and achieving up to two h u n d re d times magnification.
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In 1676 he initiated microbiology by discovering infusoria - m icroscopic ciliate
organisms. Many people were indignant at this discovery, seeing it as fu rth er
evidence of the perverted taste o f scientists in attacking the dignity o f m an. Van
Leeuw enhoek wrote that once he was astounded to see graceful little animals,
m ore num erous than all the people o f the Low C ountries, when he exam ined a
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piece of food found between his own teeth.
Van Leeuwenhoek discovered a new world: protozoa, bacteria o f various
kinds, and sperm atozoa, which for a 150 years were regarded as infusoria, their
true nature being unknown. He also confirm ed the capillary circulation dis
covered by Malpighi, observing it in the tail o f a tadpole. 'W hen I exam ined
the tail of this creatu re’, van Leeuw enhoek wrote, ‘1 beheld the m ost exhilarat
ing sight imaginable. While the tadpole was still in the water, allowing me to
exam ine him at my ease with the microscope, I noticed m ore than fifty points
of circulation of the blood. Thus I was able to state th at the blood was conveyed
through m inute vessels from the centre to the sides o f the tail, and also that
each of these had curves and loops and carried the blood towards the centre of
the tail for re-admission to the heart. It m ade me clearly appreciate this: the
11]( x x 1\<-sscK nl isn \ cd 11\ me a ie d ivid e d into w ills and arteries. Inn
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Van Leeuwenhoek did no t write books but his discoveries received wide
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publicity through the anatom ist R egnier de G raaf (1641-73), famous himself
for the discover)' o f the ovarian follicles bearing his nam e, and for his work on
the pancreas and genital organs. De G raaf inform ed the Royal Society in
L ondon about the work of his friend the m icroscopist, and from 1673 onwards
van Leeuw enhoek com m unicated his observations to the Royal Society in the
form of letters, which were published at Leiden in four volumes in 1722. Thus
he becam e celebrated in his own lifetime and was visited by many famous peo
ple, including Tsar Peter the G reat o f Russia.
During his visit to the Low C ountries, Peter the G reat also went to visit
the anatom ist Frederik Ruysch (1638-1731), who had m ade a famous collec
tion o f anatom ical preparations, including several com plete corpses or
‘m um m ies’. T he Tsar bought p art o f the collection for use in teaching anatomy
at St Petersburg.

Above: a microscope of the 1680s, from Johann
Franciscus Griendelius’s Micrographica nova ,
Nuremberg, 1687.

By this time, dissection had becom e established as a m eans of studying
and teaching anatomy, especially in H olland, France and Italy; in England and
Germany, where most m aterial for dissection was obtained by grave-robbers
(with the full knowledge o f the anatom ists), the practice still aroused some
public apprehension and opposition. This period was also the heyday of Dutch
painting, and doctors and dissections becam e a favourite subject of many of the
great masters. Perhaps the m ost famous of these works is The Anatomy Lesson
by R em brandt, which portrays Dr Nicholas Tulp, professor of anatomy at
Am sterdam , with his pupils.

‘I have often heard it said,’ wrote Van Leeuw enhoek, ‘that
my reports are sheer fantasy . . . It seems that in France
som eone has actually said that the m inute creatures
described by me are inanim ate. Yet I have shown the
opposite to many em inent scholars and I dare add that
persons foolhardy enough to make such statem ents do not
yet have the experience necessary to pass ju d g m e n t.’
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SYDENHAM,
THE ENGL I S H
HIPPOCRATES
M edicine was now advancing; the discipline of the exact sciences created the
environm ent for future victories over disease. O n the o ther hand laboratory
study, research and experim ents tended to m ake many doctors forget about
the sick. Thom as Sydenham could no t have com e at a m ore o pportune time,
for he incessantly rem inded doctors that their prim ary duty was to get to know

Above: Thomas
Sydenham ,a
compassionate doctor
with enormous
commonsense.

and care for their patients.
The brilliant career of Thom as Sydenham, who was born in Dorset in
1624, was helped by his having been a parliam ent m an in the Civil War. He
obtained his degree in m edicine at Cam bridge in 1645 ‘by o rd er from above’,
after he had been at the university only a year or so. At All Souls he soon
becam e a fellow, replacing one who had been ‘p u rg e d ’. Thus through a politi
cally m otivated injustice he had sufficient authority to launch his necessary
cam paign in favour of clinical m edicine.
Sydenham was profoundly sceptical about the natural sciences and theo
retical m edicine, because he considered the hum an m ind too lim ited to be
able to deal with fundam ental truths. This attitude was characteristic of
Sydenham, who saw all issues in black and white.
‘T he English H ippocrates’, as Sydenham was called by his contem po
raries, was a keen observer, describing rheum atic fever and Sydenham ’s chorea
and distinguishing between scarlatina and measles, and giving a classic account
o f acute gout. He left superb clinical descriptions o f such epidem ics as small
pox and dysentery. H e was very successful as a physician, thanks to the keen
attention which he paid to symptoms and the course o f illness, w ithout con
cerning him self with standard professional etiquette. According to Sydenham,
disease was som ething extraneous to the organism , which reacted by attem pt
ing to elim inate the disease-bearing substances from the blood. Sydenham
held that all acute diseases derived from the inflam m ation o f the blood and he
shared the faith of H ippocrates in the healing powers of nature. His most out
standing therapeutic successes can be explained by the intelligent use of
quinine no t long after its introduction into Europe, and a preparation of
opium which he devised. This was known as Sydenham ’s drops, and he
regarded it as an excellent treatm ent for heart disease.
T he fact that Sydenham paid little attention to anatomy, physiology and
all the scientific advances of his time is irrelevant to his task, and achievement,
o f re-establishing the dignity o f the medical profession.
A nother celebrated clinician was the Italian Giovanni Maria Lancisi
(1654—1720), considered as a pioneer of public health, especially for his sug
gestions about reclaim ing m arshland. He also proposed a radical reform of the
study of m edicine. Lancisi believed that medical students needed a broadly
based knowledge, should follow long courses o f study, and should dedicate

Medical knowledge advanced considerably

Above: in this study of physicians visiting a patient
by Jacob Toorenvliet (1635-1719), one doctor is
taking the patient’s pulse while the other studies the

during the seventeenth century, b u t the
profession’s involvem ent with theoretical
and experim ental work ten d ed to blind
them to the needs of those suffering from
the diseases they studied.

contents of a flask of urine. Urine examination was
still thought to provide a wide range of information,
including the diagnosis of chastity and
lovesickness.

Epidem ics broke out in Europe during the
seventeenth century which were as bad - or
worse - than they had been during the
Middle Ages. Scurvy, in n o rth ern Europe,
and malaria, in Italy, were rife, as were
typhus, dysentery, smallpox and the most
dreaded of all - bubonic plague.

themselves to anatom y and pathology and learn the use o f the therm om eter
and microscope. At that period therm om eters had com e into use; they had
been devised by m em bers o f the Accademia del Cim ento and by Santorio, but
no agreem ent had been reached about the scale. T he m odern clinical ther
m om eter in fact dates only from the latter half o f the nineteenth century,
having been introduced into practice by Karl August W underlich (1815-77).
A nother sort of medical instrum ent began about this period. The first
book on vital statistics, Jo h n G rau n t’s Natural and Political Observations upon the

Above: men and women tending the sick and
serving meals at the Hopital de la Charite in Paris
during the seventeenth century. An engraving after
Abraham Bosse.
Above right: blood-letting with leeches was still a
highly regarded treatment for many complaints. An
illustration from Historica medica by Willem van der
Bossche, 1638.
Left: the protective leather costume worn by doctors
treating bubonic plague had not changed since the
Middle Ages - nor had their treatm ent advanced.

Bills of Mortality, was published in L ondon in 1662. T he census may be a very
ancient practice, but G raunt was the first person to establish, from bills o f m or
tality, that m ore boys are born than girls, and that the population can be
estim ated from an accurate death rate. At this time there was no compulsory
notification o f births and deaths. G rau n t’s work was followed in 1695 by the
Breslau tables o f births and funerals com piled by the astronom er Sir Edm und
Hailey (1656-1742), which, by estim ating m ortality rates and the proportion of
able-bodied m en in a population, was the first scientific work in this field.
In spite o f progress in m edicine and im provem ents in living conditions,
seventeenth century E urope suffered many epidem ics as bad or worse than
those of the M iddle Ages. Scurvy was rife th ro u g h o u t n o rth ern Europe and
Germany, m alaria was epidem ic in Italy, while in 1657 an outbreak of fever
reduced all England to the state o f one large hospital, according to Thom as
Willis. Typhus, dysentery and smallpox ravaged the continent, and smallpox
was also com m on along the Atlantic coast o f the American colonies.
Perhaps the worse epidem ics were o f the dreaded bubonic plague - the
Black Death of the M iddle Ages - which retu rn ed with great virulence and
claim ed millions of victims, often reducing the populations of whole towns and
cities by over a half.
Ineffectual plague doctors were appointed, who wore strange protective
clothing, often all of leather - cloak, gauntlets an d a mask with glass-covered
eye holes, and a long beak filled with antiseptic substances, and carried a long
rod to take the pulse.
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Above: St George’s Hospital, founded in 1733 in a
form er country mansion, Lanesborough House,
amid green fields at Hyde Park Corner, London,
A painting by Richard Wilson dated 1746.
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T H E A G E OF
ENLI GHTENMENT
T he eighteenth century opened with the War o f the Spanish Succession, saw
the em ergence of the U nited States, and closed with the French Revolution. It
was a century o f political upheaval and revolutionary idealism, which extended
to all fields of th o u ght and dim inished the influence o f academ ic dogmatism.
It also saw the em ergence of the physician in som ething of the m odern style,
his practice based firmly on scientific knowledge.
Eighteenth-century Europeans, besides looking increasingly inwards,
came m ore and m ore to accept only what was observable directly and repro
ducible by experim ent. This was a result of the increasing regard for the
experim ental m ethod, the basis o f scientific research since Galileo. T here was
considerable conflict between the new ideas and traditional trends o f thought
at the beginning of the century. O n one hand there was renew ed opposition to

Growing awareness
of the sufferings of
the poor and sick
led to the founding
of many m unicipal
hospitals and

the experim ental m ethod, and on the o th er new ideas were gaining ground
through direct verification o f natural ph en o m en a and form ulation o f natural
laws. The conflict between the opposed ideologies en ded with the trium ph of
the latter, and set the pattern o f scientific tho u g h t for the nineteenth century.
The enlightenm ent that accom panied scientific progress had many direct
effects on m edicine and hum anity at this time. Increasing awareness o f the suf
ferings of those who were both poor and sick led to the foundation o f many
municipal hospitals and dispensaries. A n u m b er o f the great L ondon teaching
hospitals date from this period, including the W estminster (1719), Guy’s
(1725), St G eorge’s (1733), the L ondon (1740) and the Middlesex (1745).
T he conflict o f two opposed trends o f thought led some doctors to oppose
the new scientific attem pt to influence medical doctrines by upholding animist
philosophical concepts; this happened mainly in Germany, and could be
linked in a sense with the Rom antic m ovem ent. O th er doctors, especially in
Italy, vigorously opposed scientific mysticism and transcendentalism , and
looked to new fields for explanations of physiological and pathological phe
nom ena. It was through the work o f M orgagni in particular that the basis was
laid for the anatom ical concept o f pathology which itself was m ade possible by
M alpighi’s discoveries in the field o f m icroscopical anatomy.
T he trend towards systematic study was growing in many fields. In the nat
ural sciences, the Swedish doctor and botanist Carl von Linne or Linnaeus
(1707-78) devised a system of classification for plants and animals, and placed
m an in the o rd er o f prim ates with the nam e o f Homo sapiens, in accordance
with the binom ial nom enclature he devised for all living creatures. O th er sys

dispensaries.

Above: Carl von Linne, or Linnaeus, the Swedish
doctor and botanist who devised the system of
classification of plants and animals known as the
Linnaean system.

tem atic work was carried out by Caspar Friedrich Wolff (1733-94).
T he old school o f thought, however, gained new strength with the revival
o f animism in the hands o f the G erm an doctor and philosopher Georg Ernst
Stahl (1660-1734), who declared that illness was a salutary effort on the part of
the soul to expel m orbid m atter from the body. According to Stahl, the
suprem e vital principle was represented by the universal soul, which was the
cause o f every form of life and came direct from God. W hen the soul left the
body on death the body putrefied. Illness was the tendency of the soul (which
becam e identified with nature) to re-establish order in bodily functions. Stahl’s
anim ism was expounded in his Theoria medica vera, published in 1708.
Vitalism was distinct from animalism. It occupied an interm ediate posi-
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tion between the m aterialist doctrine and the spiritualist, and em bodied the
concept o f a special principle distinct both from the body and the rational soul.
T he m ost notable exponents o f vitalist thought in m edicine were the
Frenchm an T heophile de B ordeu (1722-76), who taught that health was the
co-ordination of the separate life of each organ o f the body, Joseph Barthez
(1734-1806), who introduced the term ‘vital principle’ and m aintained that
disease was each and every abnorm ality o f norm al function, and Philippe Pinel
(1756-1826), the great reform er of psychiatry, pupil o f Barthez, who antici
pated Bichat in showing that certain tissues were subject to certain disease.
While Stahl was teaching m edicine, botany and pharm acology at the uni
versity of Halle he had a difference of opinion with his friend and colleague
Friedrich Hoffm an (1660-1742) over the direction m edicine ought to take. A
fervent believer and rigid personality, Stahl was opposed to the materialism of
his time, and pursued the aim o f stressing the unity o f the living organism with
argum ents that unfortunately were unacceptable to science. Hoffm an, on the
o th er hand, created a rational system on a m echanical basis and expressed his
concept in a nine-volume work, Medicina rationalis systematica, published
between 1718 and 1740. A follower o f the philosophy o f Leibnitz, he affirmed
that o u r minds could not grasp ultim ate causes and that o u r knowledge was
limited to what could be gained through the senses.
All the energy of m atter was conceived in term s o f m ovem ent. According
to Hoffman, life was m ovem ent, and especially the m ovem ent of heart and
blood, while death was the definitive cessation of all m ovem ent. T he hum an
body was form ed of fibres’’with the ability to contract o r dilate u n d er the influ
ence o f a nervous fluid secreted by the brain and distributed throughout the
body through the nerves. T he chief cause o f disease was p lethora (fullness),
which acted indirectly through the stom ach and intestines, at which therapy
should therefore be directed. H offm an’s rem edies derived partly from
Hippocrates, but were partly o f his own devising, for exam ple H offm an’s Drops
and Anodyne which are still to be found in some pharm acopoeias. Treatm ent
of chronic diseases by ‘tonics’ such as quinine and iron originated with him
and are em ployed to this day by some doctors.
Friedrich H offm an was a m odern scholar in the sense that he was in con
tact with colleagues all over Europe for the purpose of exchanging useful
scientific inform ation; he rightly believed that science was international. He
was especially friendly with the Englishm an R obert Boyle and the Italian
B ernardo Ramazzini.

The eighteenth century saw the em ergence
of the physician in som ething of the
m odern style, his practice based firmly on
scientific knowledge. Nevertheless, this
was also the heyday of the charlatan.
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B ernado Ramazzini (1633-1714) who taught at the universities of M odena and
Padua was the fo u n d er of occupational m edicine. In his work De morbis artificum, Ramazzini systematically assembled his careful observations on working
conditions and the causes o f diseases in hundreds of trades and callings;
am ong o ther things he noted the lethal effects o f such metals as m ercury and
antimony. Ramazzini was not too proud to investigate the hum blest or dirtiest
work. ‘O n visiting a p oor h o m e’, he wrote, ‘a doctor should be satisfied to sit on
a three-legged stool in the absence of a gilt chair, and he should take time for
his exam ination; and to the questions recom m ended by H ippocrates he
should add one m ore - “W hat is your occupation?’”
Hoffm an should also be rem em bered for the im portance he attributed to
the nervous system in pathogenesis. William Cullen, the E dinburgh ‘neu
ropathologist’ also held that the nervous system regulated all the vital
functions, and, in turn, his pupil J o h n Brown (1735-88) produced a theory
that life was ultimately not a spontaneous state bu t one im posed by continual
stimuli: these m ight be internal, such as sensory perception, m uscular contrac
tion, thought and em otions; o r they m ight be external, such as air, diet and
atm ospheric tem perature. Good health was determ ined by an exact dosage of
stimuli com bined with norm al excitability o f the organs. In contrast, ill-health
was caused by over- or under-excitation, as a result o f som e im balance between
stimulus and excitability. T he m orbid state could thus be sthenic, if the excita
tion were excessive, or asthenic if deficient. T herapy was a straightforw ard
m atter - sedatives for sthenic illness and stimulants for asthenic. T he rem edies
John Brown him self preferred were laudanum and whisky. T hough he died of
alcohol at the age o f fifty-three, his system - B runonism - outlived him, for its
extrem e simplicity m ade it easily com prehensible and so had many followers.

Left: an apothecary in his pharmacy, 1794. Since only the very rich could
regularly afford the services of a qualified physician, those of more modest
means turned to apothecaries for advice. A coloured engraving by Clemens Kohl
after a drawing by Johann Sollerer.
Below: in Giovanni Battista Tiepolo's The Quack Doctor, the 'doctor'
persuasively touts his wares before moving swiftly on to another town - a n d
some more gullible customers.
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T he outstanding clinician o f this period was a D utchm an who acquired an
im m ense personal fortune through his practice, and who was greatly adm ired
not only by his pupils but also by the general public. This was H erm ann
Boerhaave (1688-1738). Boerhaave’s classes were attended by students from all
over the continent, and his published works, Institutiones medicae (1708), a
‘physiology textbook’, and Aphorisms (1709), went through a huge nu m b er of
editions and translations into foreign languages, including one in Arabic.
H erm ann Boerhaave was born at Voorhout near Leiden in 1668. His

Above: Hermann Boerhaave, who became so well
known that he once received a letter from China
addressed to ‘Mr Boerhaave in Europe'.

T he greatest physician o f the century was
the D utchm an H erm ann Boerhaave, who
like Sydenham uph eld the H ippocratic
doctrine of therapy depending on the
curative powers o f nature, and em phasized
the im portance o f the doctor at the
bedside. Instead of allowing his students to
confine themselves to the theory of
m edicine, he also instructed them in
bedside teaching.

E I G H T E E N T H

C E N T U R Y

father, a clergyman, wanted his son to follow in his footsteps and so Boerhaave
studied theology and philosophy. He then turned to m edicine, qualified, and
in 1701 becam e professor of m edicine and botany at the university o f Leiden,
which was the first to change the traditional m ethods o f teaching.
As a doctor he was eclectic, accepting some concepts form ulated by the
iatrophysicists and the iatrochem ists. His basic idea was pre-em inently
Hippocratic and governed his teaching: the aim of m edicine was to cure the
sick and the doctor at the bedside m ust set aside all academ ic preconceptions
and assess the situation calmly for himself. W hen a patient died, Boerhaave
went with his pupils to the autopsy. To speak of his theories would be to detract
from his greatness; it was for his teaching that he was m ost renow ned and this
was im parted at the courses held in the small hospital at Leiden. Every day with
his students he went over the notes o f each patient and then went on a round
o f visits, talking to patients and taking their tem peratures.
His pupil the Swiss Albrecht von H aller (1708-77) had an astonishing out
put. He taught all branches o f m edicine, did an undefm able but certainly
prodigious am ount o f work in anatom y and physiology, and created and
directed botanical gardens. He also found time to write twelve books on physi
ology, four on anatomy, seven on botany, two on theology, four historical
rom ances and limitless reviews in a scientific periodical at G ottingen, together
with ten volumes of bibliography on botany, the m edicinal properties of herbs,
anatomy, surgery and medical practice, and he also wrote poetry. His great
work Elementa physiologiae corporis humani (1757-66) marks the begining o f the
m odern era, for the eight encyclopaedic volumes review the subject, discuss old
concepts and present cu rren t views in the same way as a present-day work.
H aller’s m ost valuable contribution related to the physiology of the blood vessels and the nervous system.

Above: a porcelain bleeding bowl, made in
Strasbourg, circa 1760.
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Galen had asserted that all sensibility was bound to the nervous system. Haller
gave purely experim ental definitions to irritability (which was present when
contraction was observable) an d sensibility (where stim ulation was consciously
noted - in m an - o r caused unrest - in animals) and showed by a long series of
experim ents that these two properties were distinct and independent, the for
m er being a characteristic o f muscle fibres and the latter o f parts supplied by
the nerves. Xavier Bichat (1771-1802) went on to state that these two phenom 
en a were the basic characteristics o f life. H aller is thus one of the founders of
neurophysiology, bu t his studies em braced the anatomy, functions, and physi
cal and chem ical properties of all parts o f the body as well as critical evaluation
o f all current experim ental work.
A nother pupil o f Boerhaave’s, the D utchm an G erard van Swieten

Above: the intestines as they were thought to be
towards the end of the seventeenth century. An
illustration from Ephemeridum Medico-Physicarum

Germanicorum, c.1680.

...122

(1700-72), founded the old Viennese school. At that period the Austrian
em pire stretched westwards to Flanders and included a great part of no rth ern
Italy to the south. In 1744, the sister of the Empress Maria Theresa fell ill in
Brussels and van Swieten was called in. T he Empress was deeply impressed and
invited him to becom e h er personal doctor. T he D utchm an was logically the
successor to Boerhaave but he realised that as a Catholic his chances o f obtain
ing the post in Protestant Leiden were small. He accepted the offer and went
to Vienna, w here, soon afterwards, he was given the job o f reorganizing the fac
ulty of m edicine at the university.
Van Swieten separated the teaching o f anatomy from that of surgery; he
created a chemistry laboratory and an anatom y departm ent and founded a
botanical garden. Faithful to the system of his m aster Boerhaave, he had two
wards at the hospital, one for m ale and one for female patients, reserved for the
teaching o f clinical m edicine. T he professors were no longer to be appointed
by the faculty, b u t by the state, which paid their salaries and granted diplomas
to those who studied m edicine. Van Swieten was a celebrated clinician as well as
a wise adm inistrator with a long-term outlook. W hen he was still Boerhaave’s

assistant at Leiden, he wrote down the m aster’s day-to-day com m ents on the
cases, and he used this m aterial in the com pilation o f five typically H ippocratic
v o l u m e s e n t i t l e d C om m entaria in H e rm a n i B oerhaave aphorism os.
The m ost distinguished doctor o f the old Viennese school was Leopold
A uenbrugger (1722-1809), who founded the science o f physical diagnosis by
developing percussion as a diagnostic m ethod. T he son o f an innkeeper, he
got the idea from the practice of tapping wine casks to find out how m uch
they contained. H e described the new technique o f percussion in a little book,
Inventum. novum, published in 1761: by tapping lightly on the chest with the
fingertips a note could be produced, the depth o f which would indicate how
m uch air was present in the thoracic cavity and w hether or not the lungs were
diseased. At first the discovery w ent alm ost unnoticed, bu t after N apoleon’s
doctor, Jean Nicolas Corvisart, translated A uenbrugger’s work into French the
new technique spread throughout the world.

Right: Leopold Auenbrugger, who gave physical diagnosis the status of a science by his developm ent of the
method of percussion, interpreting the note produced by tapping the chest.
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of physical diagnosis
by developing
percussion as a
diagnostic m ethod.

Above: the intestines as seen towards the end of the eighteenth century, showing considerable
advances in anatomy over the illustration on the page opposite. A drawing from the first edition of the

Encyclopaedia Britannica, 1768.
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In 1761, a work entitled De sedibus et causis morborum (O n the sites and causes of
diseases) was published in Italy. Its author was Giovanni Battista M orgagni
(1682-1771), professor o f anatom y at the university o f Padua, and with it he
laid the foundations of pathological anatomy. Morgagni studied the anatom i
cal difference between the unhealthy and the healthy body, linking symptoms
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to abnorm alities in the body.
M orgagni’s discoveries were legion. He m ade classic descriptions, to
nam e only a few conditions, o f angina pectoris, myocardial degeneration, and
subacute bacterial endocarditis, and distinguished postm ortem blood clots in
the cham bers o f the heart from vegetations form ed in life. He also m ade origi
nal observations on tuberculosis of the lungs and described vividly a tubercle in
the process of liquefaction. His work on tum ours of the pylorus is noteworthy.
He showed th at urethral discharge (as in gonorrhoea) occurs independently of
penile ulcers (as in syphilis).
Morgagni stated that strokes did not come prim arily from a lesion o f the
brain but rath er from changes in the cerebral blood vessels. He was the first to
connect syphilis with disease o f the cerebral arteries and he noted that hem i
plegia affected the side o f the body opposite that o f the cerebral hem isphere
which had been dam aged, and that hem iplegia did no t result from lesions of
the cerebellum . It should be borne in m ind that crossed hem iplegia had been
noted in Sm ith’s papyrus and in H ippocrates’s On cranial fractures; the pyrami
dal decussation had been anatomically described by Mestichelli of Rome in
1710. T here is no aspect o f pathological anatom y in which Morgagni did not
excel. More than two centuries after his death his work rem ains alive and com 
plete, so that one can today give exact diagnosis to the cases that he describes.

M orgagni is
regarded as the
fo u n d er of scientific
pathological
anatom y - the study
of the appearance of
the body in disease

Above: Giovanni Battista Morgagni, a tireless
investigator and for fifty-six years professor of
anatomy at the university of Padua.
Right: Antoine-Laurent Lavoisier, who completed the
theory of respiration, with his wife, 1788, by Jacques
Louis David.

Morgagni had many distinguished students, am ong them Lazzaro
Spallanzani (1729-99), who carried out rem arkable biological work and made
fundam entally im portant contributions to the study of the digestion, circula
tion, regeneration and reproduction. T he concept of spontaneous generation,
that is o f the birth of animals from decom posing matter, was still actively dis
cussed bu t Spallanzani showed, in the case of the frog, that sperm atozoa from
the male were needed for fertilization o f the female ova.
Harvey had written that all living beings share in com m on an origin either
from the seed or the egg, leaving the question of w hether the seed or egg
derived from beings of the same species unanswered. Spallanzani dem on
strated that the frog, placed on the back o f the female, showered the eggs with
sperm as they were produced. He then showed that the fertilizing power of the
male fluid was suppressed if its direct contact with the eggs was prevented by
covering the male parts with waxed cloth, but that the male fluid so obtained,
when placed in contact with the eggs, fertilized them.
Spallanzani used a m ethod devised by Rene de R eaum ur (1683-1757),
inventor of a scale for therm om eters and of the alcohol therm om eter.
R eaum ur prepared metal tubes closed at either end by a fine metal mesh and,
having filled them with food, he m ade kites ingest them; these birds regurgitate
what they have no t digested. Spallanzani experim ented similarly with birds and
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confirm ed R eaum ur’s findings that digestion was not a process o f trituration
and putrefaction of food, as was then believed, and went on to show that gastric
juice dissolved food. Spallanzani, m aking use o f Lavoisier’s discoveries,
increased knowledge of the physiology o f respiration, and showed that asphyxi
ated animals died from brain dam age due to lack o f oxygen.
A ntoine-Laurent Lavoisier(1743-94) was both the father o f m odern
chemistry and an em inent physiologist. He showed that respiration was a
process of com bustion, with the utilization of the oxygen and the production of
carbon dioxide, and applied his discovery to public health, dem onstrating the
need for a certain quantity of air p er head in confined inhabited spaces.

Right: eighteenth-century dentistry at
its most rough and ready. A travelling
dentist treats a patient on a makeshift

Sfeggfil

platform in the open air.
Far right: a physician performs an
enema. An engraving by Francesco
Pedro after a painting by Francesco
Maggiotto and coloured later.

Lavoisier’s work was the culm ination o f extensive studies on the physiology <
respiration carried out during the eighteenth century in several countries,
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notably in England. T he different gases o f the atm osphere h ad been discov
ered: carbon dioxide by Joseph Black (1728-99) in 1757, hydrogen by H enry
Cavendish (1731-1810) in 1766, nitrogen by Daniel R utherford (1749-1819)
in 1772. Joseph Priestley (1733-1804) had isolated oxygen in 1772, but was con
fused by Stahl’s theory, whereby substances were supposed on burning
(oxidation) to lose som ething called phlogiston - even though an increase in
weight was observed; Priestley called oxygen ‘dephlogisticated air’. It was
Lavoisier who finally discovered the true n ature o f the process by which oxygen
is taken up by the blood in the lungs.
Special study began at this time on the electrical phenom ena o f muscles
and nerves. W hen muscles contract, energy, heat and electrical activity are gen
erated. W hen the nervous im pulse passes along a nerve it is m anifested by an
electrical p h enom enon, the action potential. T he electrical changes in these
tissues can be detected in various ways, both direcdy and in o th er parts o f the
body. T he investigation o f anim al electricity began with the experim ents of
Luigi Galvani (1737-98) and Alessandro Volta (1745-1827). Using a skinned
frog, Galvani observed that by touching the nerves or the muscles with a piece
o f m etal connected to an electrostatic m achine, the muscles could be m ade to
contract. T he interpretation of this p h enom enon was the cause o f a lengthy dif
ference o f opinion between Galvani and Volta, who repeated the experim ents
and becam e convinced that electricity was n o t in h eren t in the organism but was
due to the contact o f the different metals o f the conducting circuit.
Volta developed his concept and invented the battery; electric cu rren t was
thus produced for the first time. Electrophysiology advanced some years later
when, in 1841, the Italian physiologist Carlo Matteucci (1811-68) showed that
all m uscular activity was accom panied by an electrical phenom enon. He placed
the sciatic nerve o f a frog in contact with muscle fibres o f another frog. By stim
ulating the nerve o f the second frog, M atteucci produced a secondary
contraction in the muscles o f the first. These experim ents laid the foundation
o f neurophysiology an d electroencephalography, while they were applied in
practice in electrotherapy, with benefit in some neurom uscular disorders.

Lavoisier dem onstrated that respiration was
a process of com bustion, burning up the
oxygen in the air and producing carbon
dioxide. He applied his discovery to public
health, showing the need for a given
am ount of air p er head in confined spaces.
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MESMERISM AND
HOMEOPATHY
Franz A nton M esmer (1734-1815) qualified in m edicine at Vienna with a thesis
entitled De planetarum influxu, which showed how the planets exercised an
influence on the tissues o f the hum an body both in health and disease. He
attributed this to a mysterious fluid which he later nam ed ‘anim al m agnetism ’.
He introduced m agnetic therapy, which derived from the laying of hands on
the sick patient, a m ethod which he claimed to have produced rem arkable
cures. He straddled the worlds o f orthodox and dubious m edicine.
M esmer was born in a village on Lake Constance. After qualifying in
Vienna, he settled there and m arried a wealthy young widow and m oved in
fashionable circles. Early in 1763 he becam e a controversial figure when the
sight of a girl was partly restored by his m ethods; the girl, Maria Paradies, had
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Above: Mesmer, whose treatments using ’animal
magnetism' drew crowds of the rich and famous,

been blind since the age o f three and a half. Doctors in Vienna started intrigu
ing against him and he moved to Paris where he soon becam e one o f the most
popular physicians on account o f his power o f healing the sick and ending pain
by inducing a state of trance. M esm er earned enorm ous sums of m oney and
enjoyed the patronage of Q ueen M arie A ntoinette. Louis XVI offered him an
incom e o f 20,000 francs to rem ain in Paris and an additional 10,000 francs if he
o pen ed a M agnetic Institute there. But a dispute with established French physi
cians forced M esmer to forgo the king’s attractive offer and he retired to Spa.
However his num erous adm irers form ed an association in his support, col
lected 340,000 francs and agitated loudly for his return.
M esm er’s fame was such that his clients included famous writers, aristo
crats, generals and politicians, and appointm ents had to be m ade weeks in
advance. Clients were ushered into m agnificent consulting room s where they
found others around a bath of dilute sulphuric acid from which curved iron
bars protruded. T he lights would dim, perfum e would fill the air and distant
music would create a suitable atm osphere. T he patients grasped the bars or
jo in e d hands and form ed a circle. T hen M esm er would appear in a scarlet silk
robe and touch each patient in turn in different places, inducing a hypnotic
trance during which he would suggest that they were cured. O n returning
hom e, his visitors would be convinced that they were better.
A commission was set up with four m em bers o f the Academy o f Medicine
and five from the Academy of Sciences, including Benjam in Franklin and
Lavoisier. They conducted an enquiry into M esm er’s system of treatm ent and
gave an unfavourable verdict. ‘N othing proves the existence o f m agnetic ani
mal fluid; im agination w ithout m agnetism may produce convulsions;
m agnetism w ithout im agination produces n o thing.’ Despite official disap
proval, M esmer could no t be accused o f chicanery for he acted in all good
faith. O n the o th er hand, his enthusiastic adm irers sincerely believed in ani
mal magnetism , and M esmer certainly proved the power of the imagination.
O ne o f M esm er’s pupils observed that the greatest benefit occurred in
the case o f patients who were unconscious o f any o th er stimulus during the
sessions, and concentrated all their attention on the m agnetizer, accepting
w ithout question everything that M esmer suggested to them . W hen they came
ro u n d these patients rem em bered nothing whatsoever of what had taken
place. This is characteristic o f the state produced by hypnosis, the most im por
tant aspect of M esm er therapy.
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In M esm er’s wake came many quacks and adventurers who earned a great deal
o f money by playing on the gullibility o f others. O ne o f the best known was
Guiseppe Balsanto (1743-95) known as C ount Alessandro di Cagliostro. A doc
tor and occultist to whom m iraculous cures were ascribed, he was a fashionable
physician at Louis XVLs court in M esm er’s time. H e was involved in a scandal
with the Cardinal de Rohan and Countess de la Motte, a lady of fortune, and
fled to Rome. Later he was im prisoned as a heretic, freem ason and swindler.
A nother was Dr Jam es G raham (1745-94) o f Edinburgh. Graham had studied
some m edicine and picked up som ething of Benjam in F ranklin’s experim ents
with electricity in the U nited States. In London, he first set up ‘celestial beds’
for restoring virility and fertility, then a ‘tem ple of health' (admission six
guineas) and, when this fraud was exposed, a m udbath establishm ent.
It is at this period that the system o f hom eopathy em erged. H om eopathic
therapy consists essentially in the use, at m inim al dosage levels, o f substances
which in a greater dose provoked symptoms similar to those of the disease they
were supposed to cure. The founder of this form o f treatm ent was the G erm an
Samuel Friedrich H ahnem ann (1755-1843), who upheld the principle ‘similia
similibus curantur (like is cured by like), after having experim ented on him self
with various medicines. Thus hot compresses were used for burns and opium
for inducing sleep.

Below: a coloured engraving satirizing Mesm er’s
treatm ent, circa

1783.

129...

I G H T E E N T H

C E N T U R Y

J E N N E R A N D T H E
D I S COVE R Y O F

Edward Je n n e r (1749-1823), who was born in Berkeley in Gloucestershire, is
am ong the most adm irable and likeable figures in the history o f m edicine.
From his boyhood he was determ ined to becom e a doctor and at the age of
thirteen he becam e a surgeon’s assistant near Bristol, where he rem ained for
six years. O ne day a young country girl came to the surgery and the conversa
tion tu rn ed to the subject o f smallpox; she said: ‘I cannot take that disease, for I
have had cowpox’. This phrase im pressed itself on Je n n e r who observed its
truth am ong farm ers and their families. W hen he was twenty-one he went to
London, where he becam e the pupil and friend o f the celebrated Scots sur
geon Jo h n H u n ter (1728-93), founder o f pathological anatom y in England.
A form er naval surgeon, Jo h n H u n ter was n o t an academ ic bu t a fervid
and intelligent experim enter, who becam e the victim of one o f his own experi-
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ments. In an attem pt to find out if gonorrhoea and syphilis were two different
diseases or merely two forms of the same disease, he inoculated him self with
pus from a patient. As luck would have it, he h ad chosen a patient infected with
both conditions. This circum stance led him to state, erroneously, that gonor
rhoea and syphilis were one and the same; and it also produced a syphilitic
aortic aneurysm, which killed him.
H u n ter’s elder b ro th er William (1718-1873) was the most no ted British
anatom ist of the eighteenth century and au th o r o f a great and m onum ental
work, The Anatomy of the Gravid Uterus, published by the fam ous Birm ingham
p rin ter Jo h n Baskerville; the work contained 34 copper plates th at were m aster
pieces of anatom ical illustration.
After two years, Je n n e r retu rn ed to Berkeley to be a country doctor. In
Gloucestershire, it had long been com m on knowledge that dairy maids who
caught cowpox were im m une to smallpox. This m ust have been known the
length and breadth o f England, for smallpox had been widespread for at least
two h u n d red years. Although its origins in Britain are obscure, smallpox gradu
ally becam e m ore com m on but did no t reach epidem ic im portance until the
reign ofjam es I. In his History of Epidemics in Britain (1894), C reighton wrote: ‘It
first left the richer classes, then it left the villages, then it left the provincial

A new era o f preventative m edicine began
in 1796, w hen Edward J e n n e r pioneered
the use o f the cowpox vaccine to produce
im m unity to smallpox. T he practice was at
once widely adopted, soon controlling a
disease which had previously been one of
m an k in d ’s greatest plagues.

Top: Edward Jenner, the country doctor, in his native Gloucestershire.
Left: a coloured engraving showing the hand of the dairy maid, Sarah Nelmes, with the cowpox pustules
from which Jenner made his smallpox vaccine in 1796.

Left: Edward Jenner vaccinating James Phipps with
lymph taken from the cowpox pustules on Sarah
IMelmes's hand. 14 May 1796. A painting by Ernest
Board, circa 1915.
Below: a contemporary cartoon suggesting the
possible effects of the smallpox vaccination. In spite
of its obvious effectiveness and safety, the smallpox
vaccination was a target for ill-informed and
superstitious criticism for a long time.
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towns to centre itself in the capital; at the same time it was leaving the age of
infancy and childhood.’ It has been calculated that smallpox claim ed a total of
60,000,000 lives in eighteenth-century Europe.
Variolation or variolization was known in England from 1717, when Lady
Mary Wortley M ontagu, the wife o f the English am bassador in C onstantinople,
who had seen it practised am ong the Turks, described it in detail in a letter to a
friend. Variolation was carried ou t by inoculating m aterial from persons suffer
ing from m ild varieties of smallpox, in o rd er to reproduce the benign form of
the disease and thus prevent m ore serious forms from developing. Although
this procedure provided a defence it was also very risky, som etim es producing a
serious infection even when the prim ary disease was ostensibly benign.
Given that smallpox was a variable disease, inoculation of infected m ater
ial offered the possibility o f preventing treatm ent. Je n n e r studied the problem
systematically; it took him twenty years to com plete his work with a decisive
experim ent. This was carried out on 14 May 1796, when he extracted the con
tents o f pustule on the hand o f a milkmaid affected by cowpox and inoculated
it into the arm o f a healthy eight-year-old boy. This had no ill effects, and the
experim ent was a success, for six weeks later Je n n e r inoculated the child with
m aterial from hum an smallpox pustules and the boy did no t catch smallpox.
Je n n e r repeated the experim ent on others; when he was quite certain that he
had m ade a valid discovery, he referred the m atter to the Royal Society, of
which he had been m ade a fellow for his zoological work. His rep o rt was
retu rn ed to him with a note explaining that he would do best no t to endanger
the reputation he had gained for his previous studies by continuing with his
present work. B u tje n n e r was confident of his observations and did no t take the
well-meant advice. His study was published in 1798 u n d er the title An Inquiry
into the Causes and Effect of the Variolae Vaccinae.
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The treatise aroused violent em otions, but all that m attered was that smallpox
vaccination becam e known and practised everywhere within as short a space of
time possible. Je n n e r gained ju st recognition, and in 1802 Parliam ent voted
him a grant of £10,000 and in 1808 he was appointed by the governm ent as
director for its newly-formed institute for vaccination. His discovery resulted
from m asterful experience and observation, although Je n n e r him self was con
stantly saddened by his inability to explain why his system worked. It was
an o th er h u n d re d years before the basic features o f im munity were revealed,
but J e n n e r’s genius and perseverance nevertheless produced in his time an
empirical trium ph o f preventive m edicine.
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M echanization and industrial developm ent
in the early n in eteen th century benefited
m edicine directly through the invention of
new diagnostic and therapeutic
instrum ents, am ong them L aennec’s
stethoscope, H elm holtz’s opthalm oscope,
for exam ining the interior of the eye, and
the hypoderm ic syringe.
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The nin eteen th century was a period o f rapidly accelerating change, and the
spirit o f scientific thought and enquiry pervaded all branches o f knowledge.
T he universities began to break free of ecclesiastical and political control, and
study there becam e possible for m em bers o f social classes form erly excluded.
T he great English naturalist Charles Darwin (1809-82) gave the theory o f evo
lution a scientific foundation by correlating masses of biological data within
the framework o f a single idea; in his work On the origin of species (1859), he
expounded the law o f natural selection, which opened new horizons in m edi
cine. O f vital im portance, too, were the discovery in 1845 o f the law of the
conservation o f energy by R obert Jules Mayer and by Jam es Prescott Joule, and
o f a fundam ental law o f genetics by G regor M endel (1822-84).
M echanization and industrial developm ent in the early nin eteen th cen
tury benefited m edicine directly through the invention of new diagnostic and
therapeutic instrum ents. O ne of the earliest o f these was L aennec’s stetho
scope (page 140); others o f great im portance were H elm holtz’s
ophthalm oscope and the hypoderm ic syringe introduced in 1853 by the
F renchm an Charles Pravaz and A lexander Wood o f Edinburgh.
T he first years o f the nin eteen th century saw' the developm ent o f m odern
chemistry and particularly biochemistry. Much o f the im portant work in the
field was carried out in Germany, which retained its lead for many years. An
epoch-m aking event was the laboratory production o f urea from an inorganic
substance, am m onium carbonate, by the G erm an Friedrich W ohler (1800-82)
in 1828. Before W ohler’s synthesis it was believed that organic com pounds, the
chemicals of life, could be form ed only by living tissue an d were totally distinct
from m ineral o r inorganic substances. Following the work o f the English
chem ist Jo h n Dalton, Justus von Liebig (1803-73) investigated many organic
chemical com pounds, both in and derived from food and in waste products,
and discovered am ong many o th er things chloral and chloroform .
T he Industrial Revolution created a new society, with rural populations
moving to the towns. Cities developed so fast that public health suffered; slums
Above: in The Sickroom by Emma Brownlow
grew rapidly, with unhealthy and overcrowded dwellings. Lavoisier (pages
(fl.1852—77), an old family doctor sits at the bedside
j 2 5 _ f ) ) had found that in a c|osed environm ent the air soon deteriorated as the
of a young female patient.
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oxygen was used up, and he urged the need for living space to be m ade the sub
je c t of legislation. But this was a liberal era - ‘laissez faire, laissez passer’ - and
no controls were im posed, even over water and food.
T he new U nited States o f Am erica was ready to contribute to all fields of
knowledge, but especially to m edicine. Its first medical school had been
founded in 1765 at Philadelphia by Jo h n M organ (1735-89), on the best
E uropean models. M organ worked in L ondon with the H u n ter brothers, quali
fied at E dinburgh, lived in Paris and travelled through Italy where he m ade the
acquaintance o f Morgagni.
T he m ost popular doctor of the War o f Independence was Benjamin Rush
(1745-1813) ‘the Am erican Sydenham ’, a product of the Philadelphia school.
He was well known in Europe for his work on yellow fever, the vector of which
he believed to be the m osquito, and as a pioneer in physiotherapy. He wrote an
im portant psychiatric work, bu t at the time o f P inel’s reform s he advocated the
use o f a barbarous ‘tranquillizing chair’.
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Ephraim McDowell (1771-1830) is rem em bered as one o f the first to remove
diseased ovaries. His first patient, Mrs Crawford o f Danville, Kentucky, was
operated on u n d er primitive conditions in a rem ote country village, without
antiseptics or anaesthesia. She sang hymns while he rem oved h er tum our, with
a crowd waiting anxiously outside the house. McDowell enjoyed phenom enal
success at the time and achieved international fame w hen eight o f his thirteen
patients were cured.
The m ost internationally famous American doctor was William
B eaum ont (1785-1853). His career developed in a unique way from that of
frontier surgeon to physiologist specializing in the m echanism o f digestion. In
1812 he becam e cam p surgeon at Fort Mackinac, a trading post on Lake Erie,
and the incident m arking the turning point in his career took place there in
1822. Alexis Saint M artin, a nineteen-year-old trapper, was accidently shot in
the stomach. B eaum ont dressed the severe wound but felt that Saint Martin
had only a few hours to live. But he survived the w ound and a difficult opera-

Progress in operating
theatre conditions. Below
left, Dr Gross and his
assistants, Jefferson
Medical College, circa
1870, are wearing
everyday clothes. About
twenty years later, D Hayes
Agnew and his staff at the
University of Pennsylvania
School of Medicine (right)
wear gowns but not gloves
or masks.

mm

Until the
nin eteen th
century, m edicine
had progressed by
fits and starts, but
now developm ents
came quickly and
specialization
appeared for the
first time.

don was carried o u t successfully. In two years, u n d e r B eaum ont’s care, Alexis
had recovered, but with a p erm an en t gastric fistula. B eaum ont was able to see
directly into the cavity o f the young m an ’s stom ach, and he began to study the
digestive process at work. A lthough w ithout academ ic training, his research was
impeccably m ethodical and successfully provided accurate inform ation, which
led to the form ation of theories that are still valid.
In fact the Am erican surgeon studied the whole field o f gastric physiology,
observing carefully the contractions o f the stom ach and various changes in its
lining in different phases o f digestion. He investigated the m anifestations of
hunger and thirst. He described the appearance and properties o f gastric juice
and determ ined the presence of hydrochloric acid and o th er active substances
in the stomach. He found that the stom ach was a contractile sac, separated
from the duodenum by the pylorus, which periodically op en ed like a valve to
allow food digested by the gastric juices to pass onwards. Peristaltic contrac
tions had two functions, to mix the food with gastric secretions and to enable
the stom ach to empty the products of digestion.
In the n in eteenth century, m edicine developed rapidly in Europe and
America. Until then progress in m edicine had been episodic, with trium phs
and fresh concepts alternating with long periods o f stagnation. Now, new devel
opm ents came so quickly that knowledge of all aspects o f m edical science
becam e impossible for individuals to attain, and specialization appeared for
the first time. Medical knowledge, now em bracing huge and diverse fields, split
into several distinct branches.

T H E

It could be said that N apoleon was an im portant and p erm an en t influence on
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m edicine; undoubtedly he encouraged the work o f a num ber o f great clinicians
and scientists in the first years o f the nin eteen th century and so laid the foun
dations of a great school. T he first giant of this Parisian school was Marie
Francois Xavier Bichat (1771-1802), who carried ou t work o f fundam ental
im portance in his short life. In his Anatomie generale, Bichat showed that all
organs were m ade up o f a smaller num ber o f tissues, which he described both
in the healthy and diseased state. In the masterly Recherches physiologiques sur la
vie el la mort, Bichat distinguished two types o f functions, those of vegetative and
those o f anim al life. T hrough the latter, higher organism s were able to perceive
the external world, respond to stimuli, move and display desires and em otions.
Through the vegetative functions, that is the circulation of the blood, respira
tion, digestion, m etabolism and tem perature regulation, they took in and
utilized m aterials from outside (food, water, air) an d then excreted the waste
products. Bichat h ad a strong influence on the m ost celebrated clinician o f the
First Empire, Jean Nicolas Corvisart (1755-1821), N apoleon’s personal physi
cian, who translated A uenbrugger’s book on percussion and so led to the
general adoption o f the technique. H e was a cardiologist, defining symptoms
due to heart diseases and distinguishing them from the pulm onary symptoms.
It is said that one day he studied a portrait and rem arked: ‘If the painter was
right, the m an in this picture died of h eart disease’. This was shown to be so.
A nother favourite o f N apoleon was Jean Dom inique Larrey (1766-1842),
the chief doctor o f the G rande Arm ee. Larrey was the first to institute field
units to give first aid and im m ediate surgery to the w ounded, and experi
m ented with refrigeration to dull the pain o f am putation. In November 1812,
when N apoleon’s troops were fighting the Russian army u n d er Kutosov, he per
form ed m ore than two h u n d red am putations within the space o f twenty-four
hours and w ithout getting any sleep. T he em peror left him a legacy of 100,000
francs and m ade him a baron.
N apoleon also conferred baronies on Corvisart and on Guillaume
D upuytren (1777-1835), the chief surgeon at the Hotel-Dieu. Dupuytren left
classic descriptions o f the characteristic flexion of fingers caused by contrac
tion of ligam entous tissue in the palm (D upuytren’s contraction) and of
fracture o f the lower en d o f the fibula (D upuytren’s fracture).

W hen N apoleon dom inated Europe
politically, doctors of the Paris school
played a leading role in m edicine. Bichat
was a p io n eer of pathology, Larrey the
greatest o f m ilitary surgeons, and
Top: following a successful operation to remove a
cataract at the Hotel-Dieu, Dupuytren presents his

D upuytren an o th er leading surgeon, whose

patient to Charles X.
Above: the retreat from Moscow, 1812. Only one
thousand of the Grande Armee were fit for action
when the French withdrew from Russian territory.

nam e lives on in D upuytren’s contraction
and D upuytren’s fracture.
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Right: Laennec’s
wooden tube
(1^ in) in
screw into one
chest-piece.
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Laennec

(1781-1826), the inventor o f the stethoscope and the first m an to create a com
plete diagnostic system for pulm onary and cardiac com plaints. For many years
Laennec was obsessed with a desire to hear clearly the noises o f opening and
closure o f the heart valves in systole and diastole, to achieve accurate diagnosis.
It is said that one day, while crossing the courtyard o f the Louvre, he saw a boy
listening with his ear at the end of a wooden beam to signals tapped by another
child with a nail on the o th er end. At the first opportunity during the exam ina
tion of a patient, Laennec pu t a roll of paper to his chest and found that he
h eard the heart sounds m ore clearly, and even better when lie replaced the roll
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of paper with a cylinder o f tu rn ed wood, to which he gave the nam e stetho
scope. Thom as Addison com m ented that L aennec’s writings contributed m ore
toward the advance of m edicine than the work o f any o ther single individual.
Pierre Louis (1787-1872) is rem em bered today as the m an who intro
duced statistical m ethods into m edicine, and in the ‘angle o f Louis’, the
prom inence in the u p p er part o f the breastbone. As a young m an he spent six
years in Russia and becam e disillusioned by the powerlessness o f m edicine to
cope with severe epidem ic infections. He re tu rn ed to Paris to study and spent
the rest o f his life in hospitals, researching and teaching. In the course of his
work he becam e convinced that fallacious theories o r argum ents could be
refuted by a careful statistical analysis o f the medical evidence, and that statis
tics could be used to give a convincing result on occasions where experim ents
could n o t be carried out. His work has proved of lasting value: Louis’s m ethods
have been used to determ ine the effectiveness or otherwise of new treatm ents
for particular diseases. His chief works were his Recherches anatomicophysiologiques sur la phthisie (1825), which was based on nearly 2,000 cases and
showed the frequent occurrence o f tuberculosis in the apex o f the lung, and
his Recherches on typhoid fever (1829) which gave the disease its present name.
The physiologist Joseph Francois M agendie (1783-1855) m ade a num ber
of im portant discoveries, which however he never attem pted to synthesize. He
affirm ed the necessity o f obtaining knowledge from animal experim ents. ‘The
aim of science’, he said, ‘is to substitute facts for appearances and dem onstra
tions for im pressions.’ Today he is rem em bered for his discovery of the sensory
function o f the posterior roots o f spinal nerves. But he was also the fo under of
m odern pharmacology; by dem onstrating the action on animals of such sub
stances as strychnine and m orphine he gave a scientific basis for the clinical use
of these drugs. In fact m odern therapy had begun some years earlier with the
publication (1786) by William W ithering on the effectiveness o f digitalis in cer-

In M agendie’s

words, ‘T he aim of
science is to

substitute facts for
appearances and

dem onstrations for
im pressions.’

tain h eart conditions. Soon afterwards, the pharm acopoeia of the Royal
College o f Physicians in L ondon finally discarded the archaic rem edies that
included anim al organs and excreta, while during the early nineteen th cen
tury quinine, atropine, m orphine and strychnine were isolated.
M agendie’s favourite pupil was Claude B ernard (1813-78) whose
achievem ents em braced every branch o f physiology; with the im agination of
genius he was able to synthesize the findings from his experim ents into funda
m ental doctrines.
After a false start as a pharm acist, he tu rn ed to playwriting and went to
Paris with a letter o f introduction to a celebrated critic. T he critic, Saint-Marc
G irardin, a professor at the Sorbonne, read B ernard’s play and said: ‘My dear
boy, you have been working in a pharm acy and your head is full o f ideas. It is

Above: Frangois Magendie, who em phasized the
importance of an experimental basis for research;
he is said to have refused to believe any statement
that had not been confirmed.

science you want, no t the th eatre.’
B ernard then enrolled in the faculty o f m edicine, and, when he qualified,
becam e M agendie’s assistant at the College de France. His lectures were pub
lished in several volumes between 1854 and 1878, the year of his death. O ne of
his first discoveries was based on his observation that sugar was found in the
blood com ing from the liver o f a dog w hether the anim al was fed m eat or
sugar, thus the liver had a glycogenic (sugar-forming) function. B ernard initi
ated m odern m etabolic studies by showing the synthesis and breakdown of a
substance (glycogen) in the body.
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Above: ganglion under the jaw of a calf. One of Claude Bernard’s watercolours based on his dissections,
now in the archives of the College de France.

Equally im portant was his work on vasom otor nerves which constrict and dilate
blood vessels and so control the flow of blood u n d er varying conditions to dif
ferent parts o f the body. By cutting the sympathetic nerves he showed that they
cause constriction, while the parasym pathetic nerves were necessary for glan
dular secretion as they increased blood flow. By producing a pancreatic fistula
he discovered that pancreatic juice was im portant for digestion (previously
thought to occur only in the stom ach), breaking down fats, starch and protein.
But perhaps his greatest achievem ent was his Lemons sur les phenomenes de la vie
(1878), in which he stated his doctrine of the constancy o f the ‘internal envi
ro n m e n t’. This concept was neglected for many years, but with the growth of
knowledge o f in terd e p en d en t horm ones and the equilibria of many bodily
processes (homeostasis) it is now accepted as one of the fundam ental princi
ples o f physiology.

T H E

B ernard’s successor at the College de France was Charles E douard BrownSequard (1817-94), born on the island of M auritius o f an Am erican sea
captain father and a French m other. He studied m edicine in Paris and trav
elled a great deal in the USA and England, teaching at H arvard and practising
at the National Hospital, Q ueen Square, London, re tu rn in g to Paris after
B ernard’s death in 1878. Claude B ernard wrote: ‘It may be held that the total
internal secretions constitute the blood which should thus, in my opinion, be
held to be a true product o f internal secretion’, thus anticipating the discovery
of horm ones, the blood-borne secretions o f the endocrine glands. BrownSequard took note of A ddison’s observations on the effects o f disease o f the
adrenals and by experim ent proved that these glands were essential to life, and
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C laude’s crowning
achievem ent was his
concept of the
body’s ‘internal
environm ent’, which
is kept constant by

was thus a pioneer o f endocrinology.
Since his time, two horm ones have been found to be produced by the
adrenal m edulla: adrenaline (isolated in 1901 by Takam ine and synthesized in
1904 by Stolz) and noradrenaline. T he form er produces constriction of the
skin and digestive blood vessels and relaxation o f visceral muscles, while the lat
ter is the true m ediator of sympathetic nerve impulses. After Jacques Loeb
(1859-1924) showed the im portant function of the cortical (outer) zone o f the
adrenal glands, E C Kendall (1886-1972) and his colleagues succeeded in 1936
in isolating various cortical steroid horm ones. In the same year T Reichstein
(b. 1897) also discovered a nu m b er of corticosteroids, am ong them cortisone,
which has found many applications in the treatm ent of inflam m atory and some
m alignant conditions as well as in A ddison’s disease.
The term ho rm one was used for the first time in 1902 by the British W M
Bayliss (1860-1924) and E H Starling (1866-1927), who discovered secretin, a
substance produced by the duodenal m ucous m em brane and passed directly
into the blood, thus determ ining the secretion of pancreatic juice w ithout the
intervention of the nervous system. Insulin, the active principle of the islets of
pm *
Langerhans in the pancreas, which regulates sugar metabolism, was isolated in
1921. Merit of discovery belongs to the C anadian Frederick G Banting
(1891-1941), who in 1923 won a Nobel prize, and to Charles Best (1899-1978).
Insulin cam e into therapeutic use straightaway as a treatm ent for diabetes,
w here the body is unable to use sugar as a food.
R epeated m ention of Thom as Addison (1795-1860) should prom pt us to
consider briefly what m ight be called the Guy’s school, which flourished in
L ondon in the m iddle o f the nin eteen th century. T he three great m en of Guy’s
Hospital were Addison, Richard Bright (1798-1858) and Thom as Hodgkin

several interacting,
self-regulating

m echanisms. The
nervous system is
one, horm ones
another.
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Above: Thomas Addison of Guy’s Hospital,
London, who made outstanding contributions to
the studies of pernicious anaemia and chronic
disease of the adrenal glands.

(1798-1866), and each is rem em bered with an eponym ous disease.
Addison produced early accounts o f appendicitis and toxicology. His
essay, published in 1855, On the Constitutional and Local Effects of Disease of the
Suprarenal Capsules, contained descriptions o f both A ddison’s disease and per
nicious anaem ia, but the significance o f his observations rem ained largely
unrecognized during his lifetime.
Richard Bright, whose nam e is attached to glom erulonephritis, was an
E dinburgh graduate like Addison. He travelled in Iceland and Hungary, as
artist, naturalist and geographer, and left lucid descriptions o f many diseases.
H e established at Guy’s in 1842 what may have been the first clinical research
unit, with two wards for kidney patients with a laboratory and consulting room
attached. T he third great nam e, H odgkin, was a pathologist rather than a clini
cian. His skill is attested by re-exam ination o f his specim ens o f H odgkin’s
disease - enlargem ent o f lymph nodes and lymphatic tissue - which survive to
this day. T he m icroscope, which he did no t use, confirms his diagnosis.
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A N AE S T H E S I A
A lthough surgery had progressed since the Middle Ages when it was seen as a
skilled m anual craft unworthy o f the attention of the medical profession
proper, nevertheless, at the beginning o f the n ineteenth century it had lim ited
horizons. T he solution o f four difficult problem s - pain, sepsis, haem orrhage
and post-surgical shock - had not been found. O f these, pain was the gravest
handicap to the surgeon’s task.
A few attem pts were m ade at using 'm esm erism ’ to block out pain. The
Scottish surgeon Jam es Braid (1795-1861) showed that genuine sleep could be
induced by staring fixedly at a bright object. Hypnosis was first used in surgical
operations by John Elliotson (1791-1868), who published his results in 1843.
Two years later, Jam es Esdaile (1808-59) perform ed 261 painless operations
(with only 5.5 p er cent mortality) on H indu prisoners in Bengal; but afterwards

Above: an operation before anaesthesia - the
patient is strapped to the operating table and
held down by two strong men.

found that his fellow Scots were less susceptible to a state of trance.
Right: the first successful public demonstration
of anaesthesia, at Massachusetts General
Sleep-inducing drugs of various kinds have been used since the earliest
Hospital on 16 October 1846.
days - including H o m er’s nepenthe, hem p in the East, and the m andrake con
coction used by H ugh of Lucca in the th irteen th century. No single d ru g was
consistently effective, and in Europe up to the m iddle o f the last century the
only relief for the agony o f the operation was a large quantity o f alcohol.
Anaesthesia has the two functions o f elim inating pain and inducing a
state of m uscular relaxation in the patient, thus m aking easier the task of the
surgeon. Before its discovery surgeons attem pted to overcome their difficulties
by operating as speedily as possible. T he problem o f pain relief was solved not
by the surgeons but by chemists. In 1772 Joseph Priestley discovered nitrous
oxide: the analgesic and exhilarating effects of this gas were described in 1800
by Sir H um phry Davy, who suggested tentatively that it m ight be used with
advantage in surgical operations.
The first person to prove that the pain of surgical operations could be
abolished by the inhalation o f gas was the English H enry Hill Hickman
(1800-30). His discovery, which he published in 1824, was received without
enthusiasm , and it was no t until 1842 that m odern surgical anaesthesia began,
with the use of eth er (the anaesthetic properties of which had been discovered
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Above: when Sir Humphry Davy first discovered the
effects of inhaling nitrous oxide (laughing gas), it
became a feature at parties for smart young people.

by Faraday in 1818) by Crawford W Long (1815-78) ofjefferson, Georgia. His
records state: Jam es Venable, 1842, adm inistration of ether and removal of
tum our - 2 dollars’. Long, a m odest country doctor, did not make known his
results until 1849, by when he had used eth er successfully a num b er o f times
and its effectiveness had been proved by the works o f M orton and others.
William Thom as G reen M orton (1819-68) first used eth er at the
Massachusetts G eneral Hospital in 1846. M orton began his career in dentistry,
then enrolled at the H arvard Medical School where the chem ist Charles
Jackson supplied him with eth er and suggested he should try it to allay pain.
O n 30 Septem ber 1846, after experim ents on dogs, M orton anaesthetized a
patient before extracting a tooth and the news was published in the Boston Daily
Journal. T hen Jo h n Collins W arren, chief surgeon at the Massachusetts General
Hospital, allowed M orton to try e th er at the hospital. O n 16 O ctober 1846,
M orton etherized a patient who then fell into a deep sleep, during which
W arren excised a tum our of the neck. T he patient work up shortly after the
w ound had been sutured and adm itted that he had no t felt any pain during the
operation. T he use of eth er as an anaesthetic was publicized within a m onth
and within an o th er m onth it was being used in London.

At the beginning o f the n in eteen th
century, surgery had lim ited horizons as
the solution of four difficult problem s pain, sepsis, haem orrhage and postsurgical shock - had n o t yet been found.
O f these, pain was the gravest handicap to
the surgeon’s task.
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A num ber o f nam es were given to the new discovery before the famous
American clinician Oliver W endell Holmes found an acceptable one: anaesthe
sia. T he term was derived from the Greek and m eant insensitivity, and was in
fact an ancient one, used by Plato and Dioscorides.
W hen eth er m ade its entry into Europe as a general anaesthetic at the
en d of 1846, the Scottish obstetrician Sir Jam es Y Simpson (1811-70) was dis
satisfied with its action because o f its persistent and strong smell and the
bronchial irritation it caused. After many experim ents, he adopted a new
anaesthetic, chloroform , which had been independently described by Eugene
Soubeiran and Justus von Liebig in 1831. In November 1847, he inform ed the
association o f surgeons o f E dinburgh about his discovery, thus incurring the
wrath o f the Scottish clergy. T he Calvinists m aintained that Genesis stated,
‘with pangs shall you give birth to ch ild re n ’. Simpson replied by rem inding his
opponents that God m ade Adam fall into a deep sleep before taking the rib
from him; in o th er words God anaesthetized him. W hen some doctors of
Philadelphia wrote to him protesting that the pain o f childbirth, as a sponta
neous, natural and therefore necessary m anifestation, should not be
elim inated, Simpson advised them n o t to take the train next time they went to
New York, if they wished to be spontaneous and natural, b u t make the journey
on foot. Sim pson’s victory was com plete when Q ueen Victoria requested
adm inistration of an anaesthetic for the delivery o f Prince Leopold, h er sev
enth child. With royal assent, anaesthesia becam e at once fashionable and
acceptable.
Anaesthesia was quickly adopted in every hospital. Technical develop
m ents and the introduction o f new anaesthetics helped to overcome some of
the initial difficulties. E ther irritated the respiratory tract. C hloroform could
dam age the liver and cardiac muscle and cause circulatory failure. A m ixture of
oxygen and nitrous oxide was less toxic, bu t this did not produce deep narcosis
or sufficient muscle relaxation. T he action o f ethyl chloride (introduced in
1848) was too short-lived. Surgeons needed an anaesthetic th at was no t only
non-toxic b u t also non-inflam m able, for new electric surgical instrum ents were
introduced in operating theatres, and these m ade sparks which could lead to
an explosion in atm ospheres im pregnated with the vapour of the anaesthetic.
O f the new anaesthetics, cyclopropane, introduced in 1929, had the disadvan
tage o f being readily inflam m able; trichloroethylene was first used in 1934, and
was found to have the twofold advantage of reducing awareness o f pain w ithout
elim inating consciousness, and was thus suitable for use in childbirth.
Intravenous anaesthesia was first achieved by Pierre Gyprien Ore
(J unkeb’s.)
(1828-89) o f Bordeaux in 1874, using chloral, but came into general use after
1902 when Emil Fischer perform ed the synthesis o f Veronal. After Veronal,
many o ther barbiturates were introduced, and of these thiopentone is gener
ally used today for the induction of anaesthesia. These substances have a very
effective sedative action bu t do no t produce insensibility to pain, so they have
been used in association with o th er anaesthetics.

Fig. 15.

Left: the Junker inhaler, invented in 1867 and still in
use in the early twentieth century.
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After 1945 two o th er drugs came into use in anaesthesia: curare and succinylcholine, both o f which produce m uscular relaxation. South American Indians
poison their arrows with curare: the prey, w ounded but not killed, is unable to
escape because its muscles are paralysed by the poison. T he curare used in
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Below: an anaesthetist administers an epidural
anaesthetic to a pregnant woman before the
delivery of her baby. A local anaesthetic is injected
into the epidural space around the membranes
surrounding the spinal cord, to relieve pain in the

anaesthesia is tubocurarine, one o f the active principles extracted from the lower part of the body.
bark of Slrychnos loxifera.
A nother type o f anaesthesia, in many instances m uch m ore advantageous
for the patient, had long been sought by surgeons: local anaesthesia. This was
achieved in 1884 by the Austrian Karl Roller (1857-1944) using cocaine. Today
cocaine is used only in eye and throat operations but the d ru g is only really
effective when applied to surfaces, and, for o th er procedures, m ore effective
and less toxic substances, such as procaine and lignocaine, are preferred.
Local analgesia has the advantage o f sparing the patient any unpleasant sideeffects. Again, it enables operations to be carried out that would n o t be
possible u n d er general anaesthesia. Local anaesthesia is often com bined with
the use o f a hypnotic (a d rug to induce sleep).
In 1898 August Karl Gustav Bier (1861-1949) o f Greifswald injected
cocaine into the vertebral canal and obtained analgesia of the lower extrem i
ties; then he used the m ethod in surgical operations, and since then spinal
anaesthesia has becom e widely used. A nother m ethod o f adm inistering anaes
thetics was first achieved in 1847 by the Russian surgeon Nikolai Ivanovich
Pirogov (1810-81), who introduced eth er into the rectum ; this substance
proved too irritant and o th er substances are now in general use.
Anaesthesia has been a speciality o f m edicine for over a century. The task
o f the anaesthetist is a com plex one, for he m ust n o t only adm inister and regulate the anaesthetic but also control respiration at every m om ent o f the
operation, especially when the patient has been given drugs that, like curare,
cause relaxation o f all the muscles (including those o f respiration). In addi
tion, the anaesthetist m ust at all times be p repared to intervene with suitable
drugs to correct any excessive fall o r rise in blood pressure, and indeed with
these drugs to alter the blood pressure if bleeding becom es excessive or the
patient shocked.

Since the Second World War, new
techniques for the adm inistration of
anaesthesia have been developed, such as
spinal injection to produce anaesthesia of
the lower p art of the body, for use in child
birth. Later it was replaced by epidural
anaesthesia, which requires the services of
a skilled anaesthetist.
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The m odern anaesthetist is equipped with a range o f skills including tech
niques to induce safe anaesthesia, using sophisticated m achines such as
heart-lung bypass m achines, and the use o f intensive Care suites to ensure
recovery from m ajor operations, accidents and illnesses. Recent advances in
epidural anaesthesia and spinal blocks have helped patients who may previ
ously have been considered unfit for a general anaesthetic. T he developm ent
of these skills seems to have led naturally to anaesthetists taking a m ajor role as
pain m anagem ent experts. Since the first pain clinic opened in Seattle in 1946,
pain clinics have com e into existence in most developed countries. Patients
receive drug therapy, acupuncture, instruction in relaxation techniques and
counselling to improve the quality o f their lives. Many pain clinics now include
a specially trained anaesthetist who can give advice on a variety of pain control
techniques and can perform nerve blocks and o th er treatm ents which improve
the lives o f many long-term pain sufferers.
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Ill centuries of warfare armies have been defeated as often by epidem ic dis
eases as by battle wounds, for the destructive effect o f war on hygiene and order
has always favoured the spread o f infections. Military m edicine, aim ing to treat
the sick as well as the w ounded soldier, developed slowly. Only at the end o f the
eighteenth century were the first perm an en t medical corps form ed and army
hospitals and field stations established. It is impossible to estim ate what propor
tion of the 6,000,000 French and allied soldiers lost in the Napoleonic Wars
died in battle or from their wounds and what proportion from o th er causes;
but this loss was a physical disaster o f the first m agnitude for France and
brought hom e the n eed for really efficient m edical care in wartime. The
C rim ean War em phasized this for the Allies, for w retched hospital standards later raised by Florence N ightingale’s work - resulted in enorm ous and unnec
essary losses. T he same happened in the Am erican Civil War, in which over
twice as many soldiers died from disease as from battle wounds.
The event which was to alter this picture occurred in 1864. H enri D unant
(1828-1910), a Swiss philanthropist, who was present at the battle of Solferino
was so outraged and moved by the sufferings o f the w ounded that he wrote his
Souvenir de Solferino, which was published in 1862. This aroused such popular
support that an International C onference o f Red Cross Societies, each a
national organization form ed to aid the w ounded of its country, was held in
Geneva in 1863. Following this, on 22 August 1864, fourteen nations signed
agreem ent to the Geneva Convention: according to the C onvention, all sick
and w ounded, as well as the army m edical and nursing staffs, were to be treated
as neutrals on the battlefield. T he Red Cross m ovem ent was widely supported
from its inception, and today every country has its Red Cross Society to give
relief in times of flood, fam ine and earthquake as well as war.
Not only the Red Cross, but advances in preventive m edicine have
im proved the lot of the soldier. Vaccination and im m unization have played an
Above: Henri Dunant,
the founder of the
Red Cross.

im portant part, as was shown by the incidence o f smallpox in the FrancoPrussian War in 1870-71. T he historian Fielding G arrison notes that there were
only 483 cases am ong the vaccinated G erm an troops, while the largely unvacci
nated French had 4,178, with 2,000 fatalities. In addition, p ro p er asepsis and
good nursing gave the G erm ans advantage over their opponents.
Perhaps the m ost famous figure in the history o f nursing was Florence
Nightingale. Born in Florence, Italy, in 1823, into an upper-class English family,
she devoted h er whole life to nursing, and h er reform s were fundam ental in
making it the adm irable institution it is today. A wom an of immensely strong
will, in March 1854, at the outbreak o f the Crim ean War, she persuaded Sidney
H erbert, the Secretary of War, to let h er go with som e o f h er nurses to take
charge of the barrack hospital at Scutari, where h er tireless care for the
wounded and sick at all hours won h er the affectionate title o f the ‘lady with the
lam p’. Florence N ightingale’s work was so successful that on h er retu rn to
England £50,000 was raised to establish a school for nurses at St T hom as’s
Hospital, London, which was op en ed on 15 Ju n e 1860.
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ANTISEPSIS

AND

A S E P S I S
In the first half o f the nin eteen th century, infection of wounds very' frequently
com plicated surgical operations, and led to disaster in cases which m ight oth
erwise have been successfully treated. After operations, healing of wounds by
first intent, that is with scar form ation unaccom panied by an inflam m atory
response, was very unusual. So great was the toll of infection that mortality
am ounted to 45 p er cent in cases o f am putation. After the operation, the
patient faced not only secondary haem orrhage but also tetanus, erysipelas and
septicaemia. Innum erable wom en died o f puerperal sepsis a few days after giv
ing birth. T he cause of the high death rate in the surgical wards o f the
hospitals was still unknow n at the m iddle o f the last century. It was often
thought that it was som ething in the air, a poisonous vapour.
If the cause o f pus form ation and inflam m ation was still obscure, the
m echanism of these processes began to be understood at this time. Simpson of
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St Andrews was the first to suggest (in 1722) that pus came from capillaries,
and this was confirm ed by observations o f Augustus Waller and Thom as
Addison (1849) and by the work o f Julius C ohnheim .
T he theory of poisonous vapour was disproved by the H ungarian obste
trician Ignaz Philipp Semmelweiss (1818-65). After studying at the university
o f Vienna, in 1846 he jo in e d the staff on m aternity ward No 1 at the Vienna
R rankenhaus as assistant to a well-known obstetrician. He was at once dis
turbed by the many deaths am ong the newly delivered women: in his first
m onth in his departm ent, thirty-six died out o f a total of 208. In search of clues
to this disastrous mortality, Semmelweiss observed that in one year, 1846, the
num ber of deaths in m aternity ward No 1 was of the o rd e r o f 451, whereas in
ward No 2 there were only ninety deaths from puerperal fever. It seemed
unlikely that the hypothetical ‘invisible vapour’ in ward No 1 was m ore of a
killer than in ward No 2. His attention was drawn to the post-m ortem room; it
was then the custom for obstetricians to carry out autopsies early in the day and
then go on with their ward work. The post-m ortem room and the n um ber of
deaths seem ed to be connected; for the second ward, where deaths were far

Above: Ignaz Semmelweiss, the Hungarian
obstetrician whose sterling work was met with
derision from his superiors.

less frequent, was staffed by midwives who never attended autopsies.
In 1847 retu rn ed Semmelweiss from a b rief holiday to find that his col
league Kolletschka had died from septicaem ia after cutting him self with a
scalpel during an autopsy. He attended the post m ortem and noted that the
lesions were similar to those he had observed on so many occasions in women
with puerperal fever. It was the scalpel that had transferred the ‘invisible poi
son’ from the corpse to Kolletschka.
Convinced that the infection was transm itted in this way, Semmelweiss
issued stringent orders: before visiting a patient, everyone was to wash his
hands carefully and the wards were to be cleaned with calcium chloride. After
this the m ortality rate from puerperal fever in ward No 1 dropped dramatically
from 12 p er cent to alm ost zero within two years. Semmelweiss then com m uni
cated these findings to the medical society in Vienna; and was instantly
attacked by alm ost all his colleagues. Despite the support of three senior nonobstetrical professors, he was dismissed from his post and retu rn ed em bittered
to Budapest. In the m aternity ward No 1 doctors and students stopped washing
and disinfecting their hands after autopsies and the death rate am ong the
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Surgical pain had been overcom e by the
discovery of anaesthetics, b u t the problem
of infection continued to com plicate the
tasks of surgeons and physicians. It was the
pioneering work of a H ungarian
obstetrician, Ignaz Semmelweiss, which
showed that the fever that killed many
women after childbirth was carried on dirty
hands and instrum ents and could be
banished by cleanliness and antiseptics.
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Right: Joseph Lister, whose practical steps to cut
down on the spread of infection in hospitals were
rewarded with the highest honours.
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newly delivered women re tu rn ed to its old level. In Hungary, Semmelweiss con
tinued to practise antisepsis and succeeded in rem oving puerperal sepsis from
the m aternity ward o f the old hospital o f St Roch in Budapest.
Ultimately Semmelweiss published his work Die Aetiologie, der Begriff und
die Prophylaxis des Kindbettfiebers (1861), which stands as one o f the epoch-m ak
ing books o f m edical literature. However, it is extrem ely difficult to read, with a
mass o f barely com prehensible statistics, and was received with unrelieved hos
tility by the m edical profession. It was twenty years before Semmelweiss’s ideas
were to be accepted and later still, in 1894, before a m o num ent was erected to
him in Budapest.
Joseph Lister, one of the greatest nam es in the history o f surgery, intro
duced disinfection to the hospital at Glasgow at the time when Semmelweiss’s
work was rejected. Lister (1827-1912) had been a student o f the famous sur
geon Jam es Syme in E dinburgh and was already familiar with Pasteur’s work on
m icro-organisms when he started to work on antisepsis. D eterm ined to reduce
post-operative infections and hospital gangrene, he adopted disinfection - one
of the three ways Pasteur had shown to com bat the growth o f micro-organisms.
He insisted on m eticulous cleanliness o f his wards and instrum ents and the
patients’ dressings, and used a variety o f antiseptics before selecting carbolic
acid (phenol), which he tried out on cases of com pound fracture. He had
observed that simple fractures healed w ithout com plications, whereas those
accom panied by laceration o f the skin were subject to suppuration and gan
grene. T he skin was thus an effective b arrier against infection, the agents of
which were presum ably pathogenic bacteria, although this was not yet proven.
Thus an o th er barrier, a chemical one, was needed as a replacem ent when the
skin was broken. Lister’s system was simple: he treated the wound with carbolic
acid then placed a piece o f linen, also soaked in dilute phenol, on top of the
wound, and secured it with plaster; he then covered the dressing with metal
foil to reduce evaporation o f the antiseptic. Before starting an operation, Lister
had carbolic acid sprayed in the operating theatre and so disinfected not only
the instrum ents but the operative field of the p atien t’s skin as well. He first
used this m ethod on 12 August 1865, and he published his results in a series of
articles in the Lancet in 1867. Lister’s results were so strikingly good that the
new m ethod caught on at once and spread all over the world.
At this time, a great many surgeons were famous for their technical ability
and the speed with which they operated. In contrast, Lister becam e famous

because m ost o f his patients survived the operations and recovered within a
short period o f time w ithout com plications. Antisepsis and anaesthesia
between them changed the whole nature o f surgery. His work was rewarded
with the highest honours an d in 1897 he was raised to the peerage, thus
becom ing the first doctor to sit in the House o f Lords.
T he era of antisepsis was followed by the era of asepsis. At a certain point
surgeons felt ham pered by antiseptics; instead of destroying micro-organisms
and at the same time dam aging the p atien t’s tissues, they aim ed to exclude bac
teria totally from the operating theatre. Asepsis m ade use of an o th er of
Pasteur’s combative m easures - heat. In 1886 the G erm an Ernst von
Bergm ann (1836-1907) introduced steam sterilization o f dressings, and four
years later the American W S Halsted (1852-1922) initiated the use o f sterile
ru b b er gloves during operations.

Above: an operation in 1883, after Lister's
antiseptic methods had become widely
established. The hand-operated phenol spray is
on the table to the right of the picture.
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PUBLIC
Above: Awaiting Admission to the Casual Ward by
Sir Luke Fildes. Fildes made his name when this
picture, vividly expressing the sufferings of the poor,
was exhibited at the Academy in 1874. when he
was only thirty.

HEALTH

Many of the landm arks o f public health through the ages have already been
described in this book, from the sewer system of ancient Rome to the reform of
hospitals by Florence Nightingale and Lord Lister.
O ne o f the greatest problem s facing large cities was the disposal o f solid
excreta. As late as the eighteenth century faeces and urine were thrown into
the streets, and in L ondon the excreta were collected and dum ped in refuse
piles. U nfortunately refuse was flushed into cesspools whose contents soaked
into the earth, thus polluting wells, o r were drained into rivers; in London, the
Tham es and Serpentine becam e no better than open sewers. Even in betterclass houses, water closets did not becam e general until about 1830.
Particularly in the rapidly growing m anufacturing towns o f the north, the
Industrial Revolution produced hundreds of thousands o f jerry-built hovels in
which disease was favoured by lack o f ventilation and light, in addition to over
crowding. T he im portance o f fresh air u n d er such conditions was realized
early. Stephen Hales (1677-1761) devised in 1743 a ventilator by m eans of
which fresh air could get into prisons, the holds of ships, mines and o th er con
fined spaces. This invention was at once widely used, producing im provem ent
in health and living conditions.
T he repeal o f the evil window tax in 1803 helped a little with light and
ventilation, but in smoky industrial towns there was little enough light, and
this, com bined with the poverty of the urban diet in com parison with that of
the country people, resulted in rickets, ‘the English disease’. People were still
unaware that there were such things as deficiency diseases, although scurvy was
successfully treated with citrus fruit in 1747 by James Lind (1716-94).

T H E

M O D E R N

P E R I O D

Left: this study from Living London , published in
1900, shows a public vaccinator at work in a
printing establishment.

This new era really began with the work o f Sir Edwin Chadwick, through whose
efforts the Public H ealth Act o f 1848 was passed. D eterm ined to improve the
lot o f the working classes in the large towns, he prepared a rep o rt on their san
itary conditions and showed why m ortality was greatest in the slums; his
findings revealed such a distressing picture that they were received by
Parliam ent ‘with astonishm ent, dismay, h o rro r and even incredulity’. T he Act
o f 1848 put into practice for the first time the principle that a state was respon
sible for the health o f its people. O ne of Chadwick’s innovations was the use of
glazed earthenw are pipes for sewage, which reduced the possibility o f contam i
nation o f drinking water. At the same time it was decided that shallow wells
should be abolished and m ains water supply introduced. This was partly thanks
to the detective work o f the anaesthetist Jo h n Snow, who collected data on a
num ber o f outbreaks o f cholera and showed the disease to be water-borne.
The cholera pandem ics began in the early 1830s and produced great
apprehension as well as a good deal of thorough epidem iological investigation.
The official report on the first outbreak in Paris in 1832 began ‘W hen a deadly
scourge, such a famine, pestilence, or an epidem ic strikes a great city, the first
feeling that it arouses is terror. Everyone has but one thought, one object: to
escape the evil. Those whose position or wealth allows it flee in all haste; those
- and they are in the majority - for whom flight is impossible, forced to rem ain,
give way to fatal despondency.’ O ne particularly severe outbreak occurred in
Soho, London, in 1854, with 14,000 cases and 618 deaths; Snow suggested that
an invisible living agent was responsible and traced the infection to a well in
Broad (now Broadwick) Street, an appallingly overcrowded area, which was
contam inated from a leaking cesspool.
Thus, during the second half of the nin eteen th century the efforts o f the
state were directed at im provem ent o f the physical environm ent rather than at
im plem enting the recent advances in m edicine at the individual level. T hat
preventive m edicine alone was not enough in reducing disease in the poor was
revealed forcibly at the end o f the century, when the alarm ing discovery was
m ade that half o f the army recruits for service in South Africa were physically
unfit. It becam e increasingly recognized that poverty and everything that went
with it predisposed strongly to disease. T he state awoke to this dangerous situa
tion in time for the Great War, introducing school meals, the School Medical
Service (1907) and the National Insurance Act o f 1911. This provided free
medical services for many o f the working population, and was based on a sys
tem that had been established successfully in Germany. It m arked the
beginnings of state m edicine and presaged the five acts o f 1944-48 which pro
vided a com prehensive system of social security for everyone in Great Britain.

T he new era began
with the work of Sir
Edwin Chadwick,
through whose
efforts the Public
H ealth Act of 1848
was passed.
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In the second half o f the nineteenth century, revolutionary developm ents in
microbiology h ad a profound effect both on knowledge of the causes and
effects o f disease and the approach o f doctors to illness. In Germ any especially,
the leading clinicians began to attach the greatest im portance to laboratory
investigation, sometimes to the detrim ent o f clinical observation. Since
Germ any then led the world, clinical m edicine in some o th er countries began
to take second place to laboratory research.
T he foundations o f scientific m edicine in Germ any were laid by Johannes
Muller (1801-58), an able investigator in many fields. A m ong his achievem ents
were studies of colour vision, sensation and speech, while through his influence
on such pupils as Schwann, Henle, Kolliker, Virchow, Du-Bois Reymond,
Helm holtz and Brucke, as G arrison rem arked, ‘we may trace the m ain currents
of m odern G erm an m edicine’. Jakob H enle (1809-85) discoverer o f the renal
tubules that bear his nam e, was am ong the first to uphold that micro-organisms
caused infectious disease. In his treatise On Miasms and Contagions, he wrote
‘the substance of contagion is no t only organic bu t living, and endow ed with a
life o f its own, which has a parasitic relation to the sick body’.
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nineteenth-century
pathologist was
Rudolph Virchow,
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invisible and
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Above: microscopes used by Louis Pasteur, and
designed by Joseph Jackson Lister, father of
Joseph Lister and an amateur microscopist.

Rudolf Ludwig Karl Virchow (1821-1902) dom inated m edicine for m ore
than half o f the nineteenth century and is undoubtedly one o f the greatest
pathologists. H e studied m edicine at the university of Berlin and in 1846
began to teach pathological anatomy, writing that ‘pathological anatomy and
clinical m edicine, the justification and independence o f which we fully recog
nize, have particular value for us as the source o f new problem s, the answers to
which belong to physio-pathology’. In 1849 he went to Silesia to study an epi
dem ic o f exanthem atous typhus and published an indignant account of the
m iserable conditions in which the workers lived; this account, which character
ized his freedom o f political utterance, displeased the authorities and he was
forced to resign. He spent seven years at W urzburg, during which he laid the
foundations of his great work, and then retu rn ed to Berlin where he became
professor and director of the Institute o f Pathological Anatomy o f the Charite
Hospital, a post he held until 1902, the year of his death.
In 1858 he published his great work, Die cellularpathologie, in which he
asserted that the seat o f disease should always be sought in the cell, while the
m acroscopic and microscopic changes in the organism in disease were the
reaction o f cells to the cause of disease. This doctrine opened the way for the
microscopic study of tissues and at the same time replaced for ever the old idea
that diseases were caused by invisible and intangible hum ours. He later wrote:
‘T he essence o f disease, according to my idea, is a m odified part of the organ
ism o r rath er a m odified cell or aggregation of cells (w hether o f tissue or of
organs). . . . In fact every diseased p a rt of the body holds a parasitic relation to
the rest o f the healthy body to which it belongs, and it lives at the expense of
the organism .’
At the time when he founded his doctrine Virchow did n o t know the
nature of the extraneous forces which he held responsible for many diseased
states. This was explained by Louis Pasteur, who showed that micro-organisms
caused disease and themselves came from micro-organisms, thereby dem olish
ing for ever the theory o f spontaneous generation.
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‘In the field of
observation,
events favour
only those who
are p re p a re d ’:
stated Pasteur
during his
inaugural lecture
at the university
of Lille.
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T he son of a tanner, Louis Pasteur was born on 27 D ecem ber 1822 at Dole in
the Jura. From the college at Besanyon he went to Paris to study chem istry and
then to teaching posts at Dijon, Strasbourg and Lille. In his inaugural lecture
at the university o f Lille he m ade his fam ous rem ark: ‘In the field o f observa
tion, events favour only those who are p re p are d ’, which so often applied to his
discoveries. In 1857 he becam e director o f scientific studies at the Paris Ecole
N orm ale and his m ost im portant work began.
He was asked by a wine com pany to study ferm entation, then thought to
be caused by the breakdown o f dead yeast. Pasteur showed, on the contrary,
that it was produced by living micro-organisms. He ascertained that yeasts in
sugar solution took up oxygen from the air and m ultiplied rapidly, producing
little alcohol. Introduced into the same solution bu t n o t exposed to air, the
organism s utilized the oxygen in the sugar, liberating a large quantity of alco
hol. Pasteur also found that vinegar was the product o f the decom position of
wine, caused by living organisms; and that milk, similarly, becam e lactic acid.
This was called ferm entation when the product was useful and putrefaction
when it was harm ful. His discovery o f the lactic acid bacilli was soon followed
by that of the bacteria responsible for butyric acid ferm entation. These could
no t only live w ithout oxygen but actually flourished in an atm osphere of car
bon dioxide, and were thus ‘anaerobic’ as distinct from ‘aerobic’ organisms.

159...

Left: Louis Pasteur at work in his laboratory, by
Albert Edelfelt
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Above: a hot room for the cultivation of microbes at
the Institut Pasteur in Paris, circa 1890.

In 1864 Pasteur was invited by the same wine producers to investigate the rea
sons for the souring o f wine and to suggest a remedy. He discovered that
bacteria-free fluids rem ained free o f bacteria if properly protected, and one of
the m eans of protection was heat; he showed that heating the wine for a short
while to 60°C (108°F) killed the organism (Mycetum aceti) that was responsible
for the form ation o f vinegar w ithout affecting the quality o f the wine. This sys
tem was also applied to o ther products and came to be known as
pasteurization. In 1865, Pasteur saved the French silk industry from ruin, bythrowing light on pebrine, a disease that was destroying silk worms. He next
studied cholera in chickens, a disease that was raging in epidem ic form in sev
eral parts o f France. He succeeded in isolating the pathogenic organism and
discovered that old cultures lost their virulence and that when injected into
poultry m ade them im m une from virulent germs. This ‘attenu atio n ’ o f the
organism m ade im m unization possible against o ther diseases.
He studied anthrax, an infectious disease of cattle and horses which was
transm itted to m an through infected m eat or hides. He m ade the causative
bacilli less virulent by heating them to a tem perature o f 42°C (75.6°F) and
then inoculating sheep with them ; when the sheep were subsequently injected
with virulent bacilli, they did not develop anthrax. In the spring of 1881,
Pasteur repeated his experim ents in public at M elun with forty-eight sheep,
injecting virulent anthrax bacilli into twenty-four sheep previously im munized
with an injection o f a culture o f attenuated bacilli and twenty-four sheep not
thus im m unized. After forty-eight hours, twenty-two of the second group were
dead, whereas all the vaccinated animals were perfectly healthy.
Although he had a stroke which left his left side partly paralysed, Pasteur
continued his m em orable work, and as his final achievem ent discovered a
m eans o f treating rabies. Two rabid dogs were brought to his laboratory, and
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he discovered that the rabies virus was present not only in the saliva but in the
nervous systems of the sick animals, and could be attenuated by drying the
spinal cord. He injected healthy anim als with a suspension o f nervous tissue
from infected dogs and dem onstrated to a governm ent commission that they
were im m une from rabies.
In the sum m er of 1885, a wom an came to him from Alsace with h er nineyear-old son, Joseph Meister, who had been bitten by a rabid dog two days
earlier. T he disease would have developed in the child from three to six weeks
after the dog bite, the symptoms including fever, malaise, nausea and a sore
throat, then spasms o f the muscles o f m outh and throat, at first on drinking but
later at the m ere sight o f fluid (hence the nam e hydrophobia), followed by
severe spasms and convulsions, m aniacal behaviour, and finally paralysis, coma
and death. O n 16 July, ten days after the boy had com e to him, Pasteur began
inoculation with a suspension o f dried spinal cord o f rabbits which had been
infected with rabies. On 26 October, he was able to inform the Academie des

Above: a structural model of a rhabdovirus
particle, the virus that causes rabies.
Below: Pasteur supervising a session of anti
rabies vaccinations.

Sciences that Joseph M eister was safe.
Pasteur’s last achievem ent was received with great enthusiasm , and the
Institut Pasteur was set up in Paris to enable him to continue his work in discov
ering new pathogenic agents an d preparing new cultures for im m unization
against disease. T here he worked tirelessly to the en d o f his life, gathering
around him a school o f fam ous pupils. Universally h o noured and recognized
th ro u g h o u t the world as a great scientist and benefactor o f m ankind, he died at
the age o f seventy-three in Septem ber 1895.
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injection during the course of treatm ent for
tuberculosis, 1891.

R obert Koch (1843-1910) carried on the great bacteriological work begun by
Pasteur. A G erm an who studied at G ottingen u n d e r Jacob H enle, Koch showed
an extraordinary technical flair for research and, like Pasteur, his investigations
were stim ulated by im m ediate practical problem s. Thus, when anthrax was rife
am ong the stock in the part of Prussia where he worked, he studied this disease
intensively and succeeded in discovering the bacillus in the blood and spleen
o f a dead animal. H e cultured the organism and was able to work out its life
cycle and clarify the question o f the start and duration o f the disease.
Koch carried Pasteur’s work fu rth er with his own great discovery of the
tubercle bacillus, the organism causing tuberculosis. This bacillus has a waxy
coat which makes it difficult to stain by m ethods which suffice for o th er bacte
ria, and it is also a difficult one to culture. Koch's work extended the field of
bacteriology by introducing new m ethods of staining, to make m ore organisms
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Paul Ehrlich was
the fo u n der of

immunology. He
prepared
substances, such as
salvarsan, whose
toxic effects on
bacteria were far
greater than on the
hum an body.

visible u n d er the microscope, and also new ways o f culturing bacteria. With
these new m ethods, Koch was able to succeed with Mycobacterium tuberculosis,
where others had failed, and his work won him the highest honours, including
the Nobel prize in 1905.
In 1868 the French pathologist Jean Antoine Villemin had dem onstrated
the main features o f the m orbid anatom y o f tuberculosis and had shown that
the disease was transmissible in animals by m eans of tuberculous material. In
1882 Koch cultivated the tubercle bacillus, and presented his results to the
Berlin Physiological Society in a paper which also included ‘Koch’s postulates’:
1, that the organism m ust always be found in a given disease; 2, that the organ
ism must not be found in o ther diseases or in health; 3, that the organism must
be cultivated artificially and reproduce the given disease after the inoculation
of a pure culture into a susceptible animal; 4, that the organism m ust be recov
erable from the anim al so inoculated. This set of rules m ust be followed if it is
to be proved that a specified organism is responsible for a specific disease.
Paul Ehxdich (1854-1915) was an outstanding scientific genius who pro
duced the scientific basis for im m unology and founded chemotherapy. The
son of a Jewish m erchant from Strehlen in Silesia, he studied at Strasbourg and
Freiburg before qualifying at Leipzig in 1878. Even as a student Ehrlich experi-

m ented with dyestuffs and tissue staining, and he wrote a brilliant doctoral the
sis on the staining o f histological specim ens for exam ination u n d e r the
microscope. He showed that some o f the white blood cells were selectively
stained by basic dyes, that the urine o f typhoid patients reacted with diazo dyes,
and that tubercle bacilli retained the colour of carbol fuchsin after treatm ent
with acid. His work led him to believe that certain tissues had an elective affinity
for certain chemical substances and certain staining materials.
Ehrlich argued that if various tissues have specific com ponents to which
dyes are attached, it ought to be possible to make dyes perform tasks in various
parts of the body. Thus to ascertain that an anaesthetic reached nervous tissue,
all that would be necessary would be to colour it with m ethylene blue. He also
form ulated the hypothesis that dyes, as well as having an affinity for specific tis
sues, could select pathogenic micro-organisms. By studying trypanosom es, the
parasites transm itted by the tsetse fly and causing sleeping sickness, he found
the dye trypan red, which has some effect against these organisms.
In 1910, Ehrlich discovered salvarsan. This com pound was known as 606
because it was the six h u n d red and sixth arsenical product to be synthesized in
his chem otherapeutic institute, founded three years earlier. A lthough a great
advance, n eith er salvarsan n o r neosalvarsan, ‘914’, was successful in conquer
ing syphilis; that victory was won by penicillin.
E hrlich’s work on im m unity laid the foundations for the science of
immunology. T he actions o f antibodies on harm ful organism s were worked out
by others. Thus R ichard Pfeiffer (1858-1945) showed that in a guinea pig that
had been im m unized against cholera, the vibrios that caused the disease, when

Above: Paul Ehrlich in his laboratory. In 1908 he
shared the Nobel prize with Elie Metchnikoff tor work
on immunology.
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injected into the peritoneal cavity, were dissolved (bacteriolysis). The sub
stances responsible for this process, bacteriolysins, were antibodies to the
antigens o f the cholera. In the reaction between antigen and antibody, ‘com
p lem en t’, a substance also present in norm al serum , was used up. This applied
n o t only to bacteriolysis but also to such phenom ena as agglutination and
haemolysis, seen after transfusion o f incom patible blood. Com plem ent fixa
tion, as this was called, was studied by Jean Baptiste Vincent Bordet
(1870-1961), who with Octave G engou (1875-1959) worked out the com ple
m ent fixation test which form ed the basis not only for the Wasserman reaction
but also for such diseases as g o norrhoea and glanders.
It followed that there were two possible m eans o f protecting an individual
against the effect o f pathogenic organisms: active im m unization, whereby a liv
ing organism o f reduced virulence was introduced, and the individual
m anufactured his own antibodies in response to it, and passive im m unization,
whereby antibodies were given, in serum from an animal that had been
infected. J e n n e r’s work, of course, was the pioneer achievem ent in the form er
of these, while Pasteur had fought anthrax and rabies in the same way and
K och’s tuberculin produced an active im m une response. In the field of passive
immunity, Behring an d Kitasato’s work was followed by treatm ents against
plague and also the developm ent o f diagnostic tests for such conditions as
diphtheria (the Schick test, 1913).

T H E

We have seen how the nineteenth and the early years of the twentieth century
provided several of the m eans o f achieving victory in the fight against infection,
through the sciences o f bacteriology, which characterized m ore and m ore
organisms responsible for individual diseases, and immunology, which showed
how the host responded to pathogens and enabled therapy to be devised to
make best use o f this response. It is now known that phagocytosis is the princi
pal defence m echanism against bacteria, and so when the blood is deficient in
norm al white cells (as in som e diseases of the bone marrow) the body falls prey
to infections o f all kinds. Phagocytosis probably removes the bacteria that have
been m ade ineffective by antibodies, which are not often directly lethal. O ther
com ponents in the serum necessary for the function of antibodies are ‘com ple
m en t’ and ‘opsonin’, a group o f substances discovered by Sir A lm roth Edward
Wright (1861-1947) which are probably antibodies that facilitate phagocytosis.
T he serum o f a healthy adult will contain very many different antibodies,
each specific for a single disease: thus the antibodies o f d iphtheria will not give
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T he principle of
transmission of
disease by insects,
suggested centuries
earlier by the Indian
Susruta, was soon
applied to
investigation of

protection against tetanus. A ntibodies are all proteins of the gamma-globulin
group; all have a m olecular weight o f 160,000 to 1,00,000 and are identical
chemically, so the differences which confer disease-specificity are very small.
They are all produced by cells in the bone m arrow and lymph nodes. The
Australian Sir Frank Macfarlane B urnet (1899-1985) has rem arked on the
paradox that the self-same cells in the body which destroy worn-out cells (like
red blood cells) w ithout the production o f antibodies also get rid o f foreign
organism s with antibody production. This tolerance to o n e ’s own proteins is a
learned reaction, acquired in the foetus before birth; injection o f an antigen
into a foetus in utero produces a lifelong tolerance to the antigen. Conversely,
it is today believed that in certain diseases previously of unknown aetiology, the
body loses its tolerance to a particular tissue, which is therefore dam aged by
im m une processes. Today im m unology has a bearing on still o ther aspects of
m edicine, including cancer treatm ent and spare-part surgery (because grafted
d o n o r tissues an d organs tend to be rejected by the im m une responses of the
healthy body).
Two fu rth er fields of achievem ent against infections have been the recog
nition of the role played by insects in the transmission of disease and the

o th er disorders.

developm ent of the science o f virology.
Sir Patrick Manson (1844-1922), the ‘father o f m odern tropic m edicine’,

Above: Sir Ronald Ross, who won the
Nobel prize in 1902 for his work on
malaria.
Left: the laboratory of the Liverpool School
of Tropical Medicine, 1899. On the left is
Surgeon Major (later Sir) Ronald Ross. He
is speaking to C S (later Sir Charles)
Sherrington, then Holt Professor of
Physiology. Rupert (later Sir) Rupert
Boyce, the first dean of the school, is
examining a slide on the right.

b rought the existence of insect vectors (transm itters) to the attention o f the
m edical world with a pap er in 1877 in the Medical Report of the Imperial Maritime
Customs, China in which he showed that a m inute parasitic worm found in the
hum an bloodstream - the cause o f elephantiasis - was transm itted to m an by
the m osquito Culex fatigans, in which it developed. T he principle o f transmis
sion o f disease by insects, suggested many centuries earlier in the writings of
the great Indian surgeon, Susruta, was soon applied to the investigation of
o ther disorders. In 1882 Carlos Ju an Finlay (1833-1915) re p o rted evidence of
the p art played by the m osquito Aides aegypti in the spread o f yellow' fever in
Cuba, and this was proved by W alter Reed and others in 1900. The causative
agent o f malaria, a protozoal plasm odium , was first seen by Charles Louis
Alphonse Laveran (1845-1922) of Algiers in 1880, and in 1898 Sir Ronald Ross
(1857-1932) found the parasite in the stom ach o f the A nopheles m osquito
after it had fed on the blood o f malarial patients, thus proving that the insect
was responsible for the transmission of the disease. This knowledge was at once
applied to the prevention o f the disease; Sir Ronald Ross won a Nobel prize for
his w'ork in 1902 and A lphonse Laveran in 1907.
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A new type o f m icro-organism was first recognized early in the twentieth cen
tury - Rickettsia, which are interm ediate between bacteria and viruses in their
size and characteristics. Charles Nicolle (1866-1936) showed in 1910 that the
agent of infection of typhus fever was the body louse. This terrible epidem ic
disease was given one of its first accurate descriptions in 1530 by Fracastoro,
the au th o r o f Syphilis, who at the same time set out the m odern doctrine of the
specific characters and infectious n ature o f fevers. T he organism responsible
for typhus rem ained unidentified for over 350 years. In 1909 Howard Ricketts
(1871-1910) dem onstrated the cause of a related disease, Rocky M ountain
spotted fever, by exam ining the blood from infected patients. He died of
typhus in the following year. In 1916 H enrique da Rocha-Lima (1879-1945) at
last identified the agent responsible for typhus, which he nam ed Rickettsia
prowazeki, after Ricketts and an o th er victim, Prowazek.
For centuries the term virus signified a poison produced by living beings
and causing infectious disease. Viruses have been identified in the last sixty
years in large num bers in a way com parable to the bacteriological discoveries
of the end of the nineteenth century. This recent success is the result o f special
laboratory m ethods and in particular the use o f the electron m icroscope which makes visible m inute particles beyond the resolving power o f the ordi
nary instrum ent - stim ulated by a num ber o f terrible twentieth-century
epidemics. T he m ost terrible of these was the great influenza pandem ic of
1918 to 1919, which spread th ro u g h o u t Europe, Russia, N orth and South
America, New Zealand, Australia, Africa, India, C hina and Japan, an estim ated
21,000,000 people dying of the disease. T he virus, which like all viruses passes
through the finest filter (in contrast to bacteria), was transm itted to ferrets by
Wilson Smith (1897-1965), C H Andrewes (1896-1988) and Sir Patrick
Laidlaw (1881-1940) in 1933, and cultured on developing eggs by B urnet two
years later. This was virus A, which was found in London; a second virus,
influenza B, was isolated in 1940 by Thom as Francis (b. 1900) in New York.

T he use of the
electron
microscope, with
its vast powers of
m agnification, has
revolutionized the
study o f viruses.

Encephalitis lethargica or ‘sleepy sickness’ accom panied influenza,
appearing in 1917 and continuing until 1926, when it virtually disappeared. It
produced drowsiness, fits and coma, and, if the patient recovered, a com m on
sequel was a form o f Parkinson’s disease. A nother virus disease of the nervous
system is poliomyelitis. This was first described at the end of the eighteenth
century, bu t its epidem ic and infective nature was no t recognized until the
work o f Oscar M edin (1890) and Wickman (1907). In 1909 Simon Flexner
(1863-1946) and Paul A Lewis (1879-1929) succeeded in producing paralysis
in monkeys with virus derived from infected nasal secretion. Later the proper
ties of the virus were fully established and several different varieties em erged;
and in 1954 Jonas Salk introduced his vaccine, m ade from killed virus grown
on m onkey kidney cells and given by injection. More recently the oral Sabin
vaccine, based on attenuated virus, has come into general use. The vaccines
provide real protection; it should be rem em bered that viruses - from that of
the com m on cold to smallpox - are unaffected by antibiotics and virtually the
sole defence against them is a good level of antibodies.
Despite Ehrlich’s work, however, it was no t until 1935, with the introduc
tion of prontosil by G erhard Domagk (1895-1964), that the era o f m odern
chem otherapy could be said to have begun. Prontosil contained sulphanilam ide, which had been synthesized as long before as 1908, and after Domagk
several investigators worked out that the sulphonam ide group in the com
p ound was the effective part. In 1938 a new drug, Sulphapyridine (M and B
693), was first used in the treatm ent o f pneum onia, and since then this and
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Above: in India, a nurse administers an oral

many o th er sulphonam ides have becom e an im portant and p erm an en t part of

vaccine against poliomyelitis, a viral disease of

the pharm acopoeia.
That many bacteria and fungi in the soil survive in the face of great com
petition for foodstuffs is a rem arkable fact, and is due to their production of
substances which spread into the surrounding soil and kill, or inhibit the
growth of o th er species. This is the p h enom enon o f antibiosis and these sub
stances are antibiotics. It was recognized for some time before Flem ing’s
discovery of penicillin, for back in 1876 the Irish physicist Jo h n Tyndall
(1820-92) had observed the selective bacteria-inhibiting action o f Penicillium
m ould, while in the following year Pasteur and Jo u b e rt showed that airborne

the nervous system.

organism s inhibited anthrax.
Sir A lexander Fleming (1881-1955) m ade his first contribution to micro
biology when he discovered lysozyme, which could dissolve living bacteria, in
tears and egg white. His historic chance observation was m ade in 1928, when

O ne of the greatest landm arks in the
developm ent o f m odern drugs was the
discovery of penicillin by Sir A lexander
Flem ing in 1928, while studying a culture
o f staphylococci. Howard Florey and Ernst
Chain continued the work some years later
and penicillin was isolated in 1940.

Left: the original culture plate of the fungus,

Penicillum notatum made by Sir Alexander Fleming
and rephotographed twenty-five years after his
discovery in 1928.
Far left: Sir Alexander Fleming at work. Although
Fleming discovered penicillin, he did not realise its
full significance.

he noticed the contam ination o f a culture o f staphylococci on an agar plate
with the fungus Penicillium notatum caused colonies around the m ould to disap
pear. Flem ing continued his work at St Mary’s Hospital, Paddington, London,
for a while and published his observations in 1929. Investigation o f the prob
lem was pursued at Oxford by Sir Howard Florey and Ernst Chain, and
penicillin was isolated in 1940. W ithin a few years it was being produced in
America from cultures in vats of thousands o f gallons o f n u trien t solution, and
its use in the war greatly reduced Allied casualties.
Since the discovery o f penicillin, there has been a vast increase in the
num ber o f antim icrobials available and today doctors have a bewildering array
of drugs to choose from. T he growth in the num ber of antibiotics does not
m ean that infections have been eradicated. T he bacteria’s ability to adapt has
led to a rise in new infections by bacteria that no longer respond to traditional
antibiotics such as MRSA (Methicilin resistant staphylococcus aureus). Newer drugs
have been designed to overcom e resistant organisms.
Antibiotics can only treat bacterial infections and until recently there
were no agents available to treat viral infections. In the mid-1980s acylovir was
introduced, a drug with a specific action on herpes simplex and varicella infec
tions. Subsequently m anufacturers are developing a range of products to tackle
oth er viral infections. Perhaps the greatest threat to m odern m an is the em er
gence o f new life-threatening viruses for which there is no cure. Am ong this
group is HIV (hum an im m unodeficiency virus) and the m ore exotic viruses
em erging from Africa, such as Ebola viruses. HIV is spread by bodily fluids and
during unprotected sexual intercourse. The massive increase in HIV related ill
nesses and full-blown AIDS is as a result of the HIV virus dam aging the im m une
response o f the affected person.
The introduction of im m unisation program m es in many countries was
hailed as a m ajor step forward in the m anagem ent o f infectious disease. The
ultim ate aim o f vaccination is to provide im m unity in the whole population and
to reduce the adverse side-effects of the illness. In m ost developed countries
measles, m um ps and rubella, tuberculosis, and haem ophilus influenza, diph
theria, tetanus and polio are all included in im m unisation schedules.
Im m unisation alone will no t prevent these infections occuring. Critics o f mass
im m unisation program m es point to the dram atic fall in these conditions
through good public health and hygiene measures.
Left: false-colour transmission electron micrograph showing a single HIV virus particle magnified by 37,000
at 35 mm size.
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X-RAYS

AND OTHER
METHODS
OF
D I A G N O S I S

It was a chance discovery by a G erm an physicist that gave m odern medicine
one o f its m ost powerful tools - X-rays. W ilhelm Konrad Roentgen
(1845-1923) began studying electrical phenom ena when he was professor of
physics at the university o f W urzburg. His experim ents involved the passage of
electricity through vacuum tubes; his m om entous discovery occurred on the
evening o f 8 Novem ber 1895, when he noted that, while passing cu rren t
through such a tube, a sheet o f cardboard coated with barium platinocyanide
was shining brightly in his unlit laboratory. He found that this fluorescence
was a result o f radiation com ing from the tube. He called the radiation X-rays,
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Above: Wilhelm Konrad Roentgen. His discovery of
X-rays was greeted with widespread enthusiasm.
Right: Roentgen’s X-ray photograph of his wife's
hand taken on 22 December 1895. Her ring appears
as a deep black shadow.
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because of the unknown nature of the phenom enon; he soon found that the
X-rays had the property o f penetrating dense bodies opaque to light waves and

A chance discovery

giving an image on a photographic plate as well as on a fluorescent screen.
Roentgen then pu t solid objects between a Crookes tube and a wooden
box in which he had placed a photographic plate, and discovered that an
impression could be recorded on the plate, on which showed the form of each

in 1895 led to the

object. In an o th er experim ent, the physicist used his own hand: the bones were
clearly shown on the plate, while the soft tissues were scarcely noticeable, as can
be seen in his early photograph of his wife’s hand, with a ring on the fourth fin
ger. On 28 D ecem ber 1895, R oentgen rep o rted his sensational findings in his
Preliminary Communication to the President of the Physical-Medical Society of
Wurzburg, fully aware of the im plications of these mysterious rays for diagnosis.
W ithin a few weeks his discovery had been greeted all over the world as one of
the most im portant in medical history.
X-rays were used im mediately in hospitals to diagnose fractures, bone dis
eases and foreign bodies. The first apparatus was primitive and em itted weak
radiation; to obtain a radiograph it was necessary to allow an exposure time of
nearly thirty m inutes. It was soon noticed that X-rays caused unpleasant and
slowly healing skin burns. T he necessity of reducing the exposure time was at
once recognized, and in 1913 this was achieved with the introduction of the
heated cathode which em itted a greater quantity of electrons o f higher energy
than a cold cathode. D uring the First World War, am ple use was found for the
im proved equipm ent, which required an exposure o f a few seconds, in locating
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developm ent of
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bullets and shell fragments.
Im provem ent has continued and today X-ray films require only a fraction
o f the exposure time and the pictures are very m uch clearer. Technical
advances involve filters, diaphragm s and m ore efficient fluorescent materials,
on the one hand, and new investigative m ethods on the other. W B C annon
(1871-1945), while a medical student, introduced the use of bism uth - which is
radio-opaque - for observing the intestines and stomachs o f animals. C ontrast
radiography has developed from this, and now barium sulphate taken by
m outh is used to outline the gastro-intestinal tract, while iodinated substances
can be injected into veins to show the kidneys and into arteries to show the cir
culation in any part of the body, including the brain. T he various body cavities
can also be outlined by the injection o f air. Tom ography enables a plane section
o f any organ to be visualized.
T he hands and exposed parts o f the first radiologists suffered chronic and
painful rashes and burns; many of these pioneers, ignorant of the powerf ul bio
logical effect o f X-rays, in fact died o f skin cancer and leukaemia. Doctors
began to use the new rays to treat skin diseases shortly after they were discov
ered, and then to treat skin cancer, and a few years later, when their powerful
actions on germ inal or rapidly dividing cells were known, to treat a wide range
of m alignant diseases. W ith lead shields and accurate dosimetry, radiotherapy
becam e practical, although deep-seated lesions could not be dealt with satisfac
torily at first because o f the poor penetration of the rays and severe skin effects.

Left: a woodcut, circa 1900, showing the use of X-rays for the early diagnosis of tuberculosis.
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of the therapeutic
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paralleled that of
X-rays, whose
effects on tissues
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N atural radioactivity was discovered in uranium salts by the great French physi
cist H enri Becquerel, Nobel prizew inner for 1903. Becquerel found that a
photographic plate was blackened by the invisible rays em itted by uranium salts
even when w rapped in a layer o f black paper and of silver. In 1898 Pierre Curie
and his assistant, later his wife, Maria Sklodovska, isolated polonium and dis
covered radium . Pierre purposely produced a burn on his arm with radium ,
which was soon found to be destructive to animal tissues and effective in the
treatm ent of tum ours. T he Curies were awarded a Nobel prize in 1904. Like
Roentgen, prizew inner in 1901, they refused to patent their discovery. When
h er husband died in 1906, Marie Curie succeeded to his chair of physics at the
Sorbonne and in 1910 she isolated metallic radium
T he m ajor problem o f radiotherapy was to reach the tum our with radia
tion strong enough to attack o r even destroy it, while dam aging the norm al
cells as little as possible. T he first X-rays from low-voltage apparatus had limited
therapeutic value because o f skin dam age. T he first m achine capable of emit
ting radiation which could reach comparatively deep-seated tum ours, such as
those o f the breast, was o f 250,000 volts. Before the Second World War m ore
powerful m achines were built, including some with voltages in the millions; in
use these proved to be disappointing. After the war, radiotherapy en tered a
new phase thanks to electronic technology and isotope chemistry.
T he developm ent o f the therapeutic uses o f radium paralleled that of
X-rays, whose effects on tissues are similar. In the form o f radioactive needles
and seeds, im planted into m alignant tissue, it has found an im portant place in
the treatm ent especially of tum ours o f the cervix, bladder and tongue.
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Left: Irene Curie and her husband Frederic Joliot,
Nobel prizewinners in 1935 for their work on
artificial radioactivity.
Far left: a demonstration of radiotherapy at the
Cochi Hospital in Paris in 1905.

Since the discovery in 1931 o f artificial radioactivity by Irene Curie and h er hus
band Frederic Joliot, radioactive isotopes have found innum erable uses in
medical research, diagnosis and treatm ent.
From the chemical viewpoint, radioactive isotopes are indistinguishable
from stable isotopes o f the same atom ic num ber, b u t they differ in their emis
sion of alpha and beta particles (helium nuclei and electrons) and gam m a rays
(X-rays). T heir presence is thus detectable with appropriate apparatus and they
can take part in the body in the same processes as their stable counterparts.
The use of m inute quantities o f isotopes as tracers to outline m etabolic
pathways in the body began with the work of Georg von Hevesy, and has led to
the concept of ‘the dynamic state of body constituents’ (whereby all the mole
cules of the tissues are in a constant state o f flux), as well as detailed knowledge
of the m etabolism o f fats, carbohydrates, proteins an d electrolytes. Substances
such as iron, horm ones or drugs can be ‘labelled’ and their progress followed
as they travel through the body. Inform ation about the growth and m ultiplica
tion o f cells can be obtained by the use o f nucleic acid precursors containing
radioactive hydrogen o r carbon.

Since the discovery
in 1931 of artificial
radioactivity,
radioactive isotopes
have found
innum erable uses
in medical
research, diagnosis
and treatm ent.

In diagnosis, isotopes are used to m easure abnorm al activity o f various
parts o f the body. Radioactive iodine is taken up by the thyroid, and after a
patient has d ru n k a small quantity o f this substance the gland can be scanned
for uptake. O th er radioactive substances are concentrated in tum ours, and this
fact is o f particular value in the localization o f brain tum ours. Red blood cells
can be tagged and their life span in the body calculated in some cases of
anaem ia. A bnorm al kidney blood flow can be investigated by the excredon of a
labelled com pound. These and many o th er uses indicate the im portance of
isotopes as diagnostic tools.
From the p o in t o f view o f therapy, the chief use o f an isotope is that of
iodine in cases where the thyroid gland is overactive. H ere a m uch larger quan
tity is used than in diagnosis; the isotope accum ulates in the thyroid and the
rays it emits dam age the horm one-producing cells. As has been m entioned,
isotopes have supplanted high-voltage X-rays: telecobalt therapy utilizes the
emission from an unstable form o f cobalt to irradiate deep tum ours intensely
for a short period. This technique has the advantage o f reducing radiation
dam age to neighbouring tissues.
A nother therapeutic use o f cell-damaging ionizing radiation is in sup
pressing the im m une m echanism s o f the body and so enabling grafts of
foreign tissue to be accepted. Since antibody production will cause rejection of
tissue from any o th er individual (except an identical twin) irradiation of the
whole body com bined with cortisone and o th er drugs which counter the
im m une response is at present essential to the success o f spare-part surgery.
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X-rays and o th er radiographic and im aging techniques now form an im portant
part of the d o cto r’s arm oury when diagnosing disease. M odern X-ray tech
niques allow for safer exposure to lower levels o f radiation. New techniques
which do not require m ajor intrusion into the body have been developed over
the past twenty years. It is now possible to see inside the abdom en using ultra
sound scanning. So successful is this technique that it is now used to screen
pregnant women for birth defects.
CAT (com puterised axial tom ography) scanning was introduced in 1975,
A CT scan takes several pictures o f the body at different points around the area
being Filmed, rath er like slices through a loaf of bread. It is able to show m ore
detail of the in n er organs than a standard X-ray. The picture produced is a
result of a com puter analysis o f the m ultiple pictures that have been taken.
It is possible that in certain conditions even CT scanning is now being
superseded by MRI (m agnetic resonance im aging), which was developed in the
late 1970s and introduced for diagnostic purposes in 1983, and which is able to
produce sophisticated images o f the internal organ systems. MRI scans are par
ticularly useful for showing soft tissue injuries within the spine, such as a
prolapsed disc, or a torn cartilage within a knee joint. Patients having CT and
MRI scans have to lie still, within the scanner, for up to thirty m inutes, bu t the
procedure is painfree.

CAT scanning,
introduced
in 1975,
may well be
superceded by
MRI imaging
methods.

Above: a doctor studies the computer
reconstruction of three-dim ensional CT images of
an infant suffering from a growth abnormality of
the skull.
Left: two scientists examine MRI images of the
human brain.
Far left: a CT scan showing a posterior view of a
cancerous lung. The light blue areas in the right
lung indicate the cancerous formations.
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NERVOUS
AND
MENTAL
DISEASES
W hat we know to be m ental illness belonged, for early m an, to the sphere of the
supernatural, the result o f possession o f the victim by evil spirits. Treatm em t
involved the use of am ulets and charm s im bued with magical powers. However,
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through the centuries, the vehicles of faith and magic in healing gradually
changed from m aterial to ritual, from precious objects to secret words and for
m ulae and mystical num bers, while the civilized world endow ed its religions
with therapeutic powers.
For a long period after the rise o f Christianity, spiritual treatm ent, or faithhealing, and the charm -laden m edicine o f folklore coexisted and were used
alike to help the m entally ill. But as the C hurch becam e m ore powerful and
authoritarian, unorthodoxy was suppressed and folk rem edies were stigmatized
as witchcraft, as indeed were m anifestations o f psychiatric illness. It was only
with the Renaissance, and the victory o f knowledge over supersitition, that a
m ore rational attitude came about.
T he first attem pts to classify psychiatric disease were m ade in the eigh
teenth century, and, at the same time, restraint, starvation, close confinem ent
and o ther violent m ethods began to be supplanted by m ore hum ane treatm ent.
An im portant nam e is that o f William Cullen (1710-90), the spiritual head of
the sect o f ‘neuropathlogists’ and a great influence for many years. By asserting
that ‘life, so far as it is corporeal, consists in the excitem ent of the nervous sys
tem and especially o f the brain, which unites the different parts, and forms
them into a w hole’, he paved the way for m odern neurophysiology and the
work o f Pavlov and Sherrington.
At this time, doctors began systematically to differentiate and classify psy
chiatric diseases in the same way as physical complaints. Violent m ethods gave
way to therapy designed for helpless patients in need o f care, and this change

Above: the barbarous ‘tranquillizing chair’ advocated
by the American, Benjamin Rush.

o f attitude on the part o f physicians and society accom panied the transform a
tion o f ‘m ad-houses’ into ‘asylums’, well-regulated hospitals where the insane
m ight be nursed rath er than filthy prisons where they could be left to die. This
m ovem ent began in Italy with Vincenzo C hiarugi in 1744 and in England it was
initiated by William Tuke, a Q uaker tea m erchant who founded a retreat at
York in 1794. In France, Philippe Pinel was the first to apply to the insane the
hum anitarian principles o f the revolutionaries. A ppointed physician to the asy
lum at Bicetre in 1793, he released his fettered charges and showed, with his
superior practical sense, that insane people, like any o ther sick hum an beings,
could be treated by physicians w ithout loss o f dignity. He stated that moral per
suasion was better than intim idation and force, and that a strong personality on
the p art o f the physician was the greatest factor in success. He put great store in
good adm inistration, and having reform ed the Bicetre he moved to the
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Salpetriere where by careful observation and note-taking he gradually built up
a m ethod o f clinical psychiatry.
‘
‘
'
In the early n ineteenth century, psychiatry and neurology were develop
ing in a n um ber o f o th er ways. Mesmerism, despite being surro u n d ed at first by
spectacular showmanship, was to provide a powerful psychotherapeutic tool.
Phrenology, whereby m oral and intellectual qualities were supposedly ascer
tainable from a study o f the external configuration o f the skull, was initiated by
Franz Joseph Gall (1758-1828) and elaborated to extrem e length by his follow
ers; its value was in showing for the first time that different regions o f the brain
m ight serve specific purposes, and from it developed the seminal concept of
cerebral localization. Before long, the great physiologist Marie Jean Pierre
Flourens (1794-1867) sited sensation and will in the cerebrum and showed
that the cerebellum was responsible for co-ordination o f m ovem ent and the
m edulla for respiration. Clinical observation continued to improve, and clear
pictures o f disease entities em erged; a classic is the 1817 essay o f the Hoxton
general practitioner and freethinker Jam es Parkinson (1755-1824) on ‘shaking
palsy’ (Parkinson’s disease).
Experim ental results continued to clarify neuro-physiology. Charles Bell
(1774-1842) and Francois M agendie (1783-1855) showed that the anterior
and posterior roots of the nerves com ing from the spinal cord were function-

Above: Philippe Pinel ordering the chains to be
removed from the patients at the Salpetriere in Paris
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ally distinct, and were concerned respectively with sensibility and m ovem ent,
and Marshall Hall (1790-1857) expounded the idea o f the reflex arc.
T he advance o f knowledge in this field in the m id-nineteenth century
accom panied im proved diagnosis, for in no o th er branch of m edicine as in
neurology can a disease state be related to a disturbance in p art of the nervous
system. Brown-Sequard threw light on the sensory and m otor functions o f the
spinal cord, Claude B ernard on the sympathetic nerves, and Paul Broca
(1824-80) on the association of speech disturbance (aphasia) with dam age to a
small part of the left cerebral hem isphere. T he synthesis was achieved byJeanM artin C harcot (1825-93), u n d e r
whom the Salpetriere in Paris becam e the
centre of neurology. C harcot’sreputation and genius lay in his universal
approach, for he was the first to use regional criteria (acknowledging the con
cept that different parts of the nervous system have different functions) and
pathological criteria in diagnosis. He described exactly such conditions as tabes
dorsalis, m otor neurone disease and m ultiple sclerosis, and he produced a mas
terly account o f hysteria and hypnotic states, distinguished from organic distur
bances by careful evaluation o f symptoms and physical signs. By defining
hysteria and hypnosis, which the Salpetriere school thought to be identical,
C harcot transform ed these subjects from a spectacle into a science.
In the 1880s, the Nancy school u n d er Hippolyte B ernheim (1840-1919)
argued against C harcot’s thesis that a hysterical disposition occurred only in
certain patients, and showed that hypnotism was an intensification of norm al
suggestion. This idea was widely adopted in the closing years o f the century,
and hypnotism came to be used in the treatm ent of neuroses and alcoholism.
D om inated by C harcot and B ernheim , French psychiatry continued to con
cern itself mainly with neuroses, and this em phasis was o f great im portance as it
led to the discovery o f psychoanalysis. H ere Pierre Jan et (1859-1947) should
be m entioned; he form ulated a concept o f m ental autom atism in hysteria and
recognized hysterical dissociation and the existence o f unconscious factors.
Meanwhile, in Germany, neurological and psychiatric illnesses were
closely studied in the nineteenth century. But the approach was self-limiting in
that it described and pigeonholed diseases, but ignored the causes.
Sigm und Freud (1856-1939) threw light on the unconscious factors out
lined byjanet. H e studied neuroanatom y and neuropathology in Vienna and in
1855 went to the Salpetriere. M odern psychoanalytic m ethods can be said to
have been initiated by Freud in the following year, when he retu rn ed to Vienna
after working with C harcot on hypnosis as a treatm ent for hysterical patients.
He found that this m ethod was not always effective since only some of his
patients could be hypnotized, and even those who could be were not often
helped. T ogether with Jo sef B reuer (1842-1925), he evolved a m ethod through
which patients could discuss their em otional problem s by free association,
whereby ‘powerful em otional drives swept the uncontrolled thoughts in the
direction o f psychic conflict’.
From his observations o f patients u n d e r these conditions Freud found
that forgotten or painful m em ories could often be related to traum atic sexual
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Above: Sigmund Freud, left, photographed with Carl
Gustav Jung at Clark University in

1909.

experiences in childhood; he concluded that hysteria resulted from childhood
seduction and obsessional neurosis from guilt o f active participation in such an
event. He then elaborated his hypothesis of unconscious m otivation, repres
sion and resistance (whereby an experience becom es and is m aintained
unconscious) and the causation of neurosis. This resulted from repression of
painful m em ories that were ‘incom patible with the o th er dom inant tendencies
of the personality’.

Above and right: drawings by Paul Richter
showing phases of hysteria. From his Etudes

cliniques sur ta grande hysterie ou histeroepitepsie, Paris, 1881.

Together with Josef Breuer, Freud
evolved a m ethod whereby patients could
discuss their em otional problem s
by free association.
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However, Freud soon realised diat childhood seduction could only occasionally
be im plicated. Slips o f the tongue and dream s were unconsciously motivated in
many cases, and o ther processes m ight be at work. Freud thus elaborated the
concepts o f infantile sexuality and the O edipus com plex to explain im agined
seduction by the parent of the opposite sex. Briefly, the infant in growing up
was thought to go through three phases in which the m ain desires were satis
fied by the m outh, the anus and the genitalia. Pre-genital sexuality en ded at the
age o f three, b u t conflicts sooner o r later m ight cause fixation at a regression to
an earlier phase. At three, boys wanted the attention o f their m other and
resented their father - the O edipus complex. Girls would later develop an
Electra com plex whereby they would desire their father and reject their
m other, and these com plexes were regarded as the source o f anxiety, whereby
libido was dam m ed up and no t directed into the p ro p e r channels o f adult sex
uality and m ature behaviour.
About this time, Freud classified m ental functions into conscious, preconscious and unconscious (the last being actively repressed and not able
voluntarily to be recognized), and later he developed his theories o f the ego
(the conscious being), the superego (parental and social ‘conscience’) and the
id (the source o f m ental energy, desires and libido). T he id is the only m ind of
the newborn child and gradually becomes overshadowed by the ego and the
superego; its aims rem ain, however, and repression, inhibition and sublim ation
o f these leads respectively to neurosis, sexual deviation and artistic creativity.
F reud’s final contribution was to attribute the origin o f all anxiety to sepa
ration from the m other, which resulted in unknow n internal danger. His

At three, boys
wanted the
attention of their
m other and
resented their
father - the
O edipus complex.
Girls would later
develop the Electra
complex.

various followers have changed his basic theories in a num ber of ways and have
all underplayed the sexual them e on which he pu t so m uch emphasis. Carl
Gustav J u n g (1875-1961) introduced the idea o f archetypes and the collective
unconscious, a repository o f experiences belonging to the race, and the con
cept o f introversion and extroversion. Alfred Adler (1870-1937) suggested that
the inferiority com plex was the most im portant driving factor in the arm oury of
the libido. O tto Rank (1884—1939), taking the childhood them e to extremes,
postulated that anxiety began in the womb at the time of birth, when the child
is subjected to a tem porary asphyxia.
w
v
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From the second half o f the nineteenth century, neurology was advanced
on the one hand by anatom y an d microscopy, especially in Germany, and on
the o th er by physiological discoveries. Histological m ethods revealed the fine
structure o f the nervous system and, at the same time m orbid anatom y gave
precise pathological m eaning to a variety o f nervous diseases. O n the neurophysiological fro n t advantage was taken o f graphic m ethods o f recording and
electrical apparatus to study nervous tissues. T he electrical excitability of nerve
and muscle had long been known; Gustav Fritsch (1838-97) and E duard Hitzig
(1838-1907) were the first to show (in 1870) that excitation of particular areas
of the cerebral cortex could produce contraction o f localized groups of mus
cles. Many o th er investigators developed knowledge o f cerebral localization,
vital to diagnosis and treatm ent, and with the discovery by Caton of
Birm ingham o f the intrinsic electrical activity o f the brain, the developm ent of
the electro-encephalograph (EEG) was foreshadowed.

Above: Epilepsy - agitation and partial spasm
A drawing by Paul Richter from his Etudes

cliniques sur la grande hysterie ou histeroepilepsie, Paris, 1881.

Neurophysiology in England was crowned at the en d of the century by the
work o f Charles S herrington (1861-1952), who developed the views of Bell and
M agendie on spinal activity and in The Integrative Action of the Nervous System pro
duced the classic work on the n ature o f reflexes, the foundation o f m odern
ideas o f the functioning o f the brain and spinal cord. Meanwhile, clinical neu-
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Above: Catalepsy, a drawing by Paul Richter

rologists in France and Germ any w idened the frontiers o f knowledge by
describing many previously unrecognized form s o f nervous disease. It was in

from his Etudes cliniques sur ta grande hysterie

ou histero-epilepsie, Paris, 1881. Catalepsy is
marked by a state of almost complete

England, however, that m odern neurology began with the work of Jo h n
insensibility. This drawing shows six women in
Hughlings Jackson (1835-1911), who, influenced by Brown-Sequard, came to
cataleptic states brought on by an unexpected
the National Hospital for the Paralysed and Epileptic in L ondon soon after its
loud noise.
foundation in 1860. H e defined the nervous system as an organ arranged and
working at different levels o f evolution, and he distinguished between ‘dis
charging’ and ‘destroying’ lesions, the effect o f the form er being the epileptic
fit and th at o f the latter paralysis. In both cases one part o f the body (hand,
face or foot) m ight be principally affected, and Jackson described the convulsion as ‘the m obile co u n terp art’ o f the stroke. H e stated that dissolution of
nervous function always progressed from the m ost voluntary, most specialized
an d m ost differentiated, to the m ost autom atic, least specialized and least dif
ferentiated - paralysis, aphasia and dem entia all obeyed this law.
In the twentieth century, neurology and psychiatry have gained from
developm ents in new m ethods of research and discoveries in different fields,
which tend to fertilize each other. Thus biochem istry has revealed n o t only the
existence and identity o f chemical transm itters in the nervous system but also
provides tests for the diagnosis o f many diseases and has given a possible clue
to the n ature o f schizophrenia. Advances in pharm acology on the one hand
have given the scientist tools to investigate nervous functions and on the o ther
hand effective treatm ent for such conditions as epilepsy, Parkinsonism and
m yasthenia gravis. Psychiatric treatm ent has been revolutionized by psy
chotropic drugs (like phenothiazines and m ono-am ine oxidase inhibitors)
which have powerful effects on m ental disturbances. T he introduction of
lithium -based products for treatm ent o f manic-depressive illness, and depot
injections o f phenothiazines (drugs injected into the body which last for up to

Freud taught that
the roots of many

m ental conditons
should be sought

in the experiences
and problem s of
the patient.

a m onth at a time) have helped to control the m ore serious m ental illnesses.
R ecent advances in the treatm ent o f depression include SSRI (serotonin re
uptake inhibitor) drugs, such as Prozac. These new anti-depressants work on
elevating levels o f the chem ical serotonin in the brain, which is tho u g h t to be
low in people suffering from depression.
T he electron m icroscope is now revealing new facts. Radiology and iso
tope chem istry enable the neurologist to confirm his diagnosis by outlining
the cerebral blood vessels (arteriography) and ventricles (pneum oen
cephalography and ventriculography) and scanning the brain for an area of
radioactivity indicating isotope uptake by a tum our.
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N eurosurgery has benefited particularly from advances in anaesthesia. The
American, Harvey Cushing (1864—1939) extended the scope of the field
beyond brain tum ours, which he was the first to classify in a systematic and
com prehensive m an n er according to prognostic and clinical criteria. Thanks
to Cushing, neurosurgery now provides treatm ent for brain and spinal
tum ours, head injury, hydrocephalus and some cases of epilepsy and
intractable pain, and m ore recently developm ents in neuroanatom y and physi
ology have enabled a successful surgical attack to be m ade on Parkinson’s
disease. Today’s m odern neurological units can also ligate bleeding blood ves
sels called aneurysms, which may cause strokes or even death. Experim ental
work on the im plantation of fetal tissue into the brains of Parkinsonian
patients has shown m uch prom ise. Stereo-tactic surgery, the insertion o f fine
probes into the brain which can destroy abnorm al areas of tissue has been
m uch enhanced by the advent of m odern X-ray techniques such as CT scan
ners and MRIim aging which help to locate abnorm alities m ore accurately.

Psychiatry has seen
two revolutions the psychoanalytical
and the
pharm acological during the twentieth
century.

T he physiology o f the nervous system is now well understood at the cellu
lar level. Exploration of the nature o f the nerve impulse began with the work of
Keith Lucas (1879-1916) and continued with Lord Adrian (1889-1977) and
others, using valve amplifiers and cathode ray tubes, and m icro-m ethods have
enabled electrical recordings to be m ade from individual nerve fibres and
brain cells. Inform ation continues to be gained about the activity of the brain
as a whole. S herrington apart, the m ost im portant nam e in this field is that of
Ivan Petrovich Pavlov (1849-1936), m uch of whose work on conditioned
reflexes was carried ou t at the end o f the last century. He showed that frequent
repetition of specific stimuli could produce reflexes bearing no direct relation
ship to the stimulus; thus bell-ringing, after having been sufficiently associated
with the exhibition o f food, could produce in dogs a flow o f gastric juice even in
the absence of food. Pavlov contrasted ordinary reflexes, which were m om en
tary and transitory, with conditioned reflexes, which becam e gradually
reinforced to becom e chronic manifestations. From his physiological findings
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Right: Ivan Petrovich Pavlov, in 1934. Pavlov
achieved widespread fame through his work on the
conditioned reflex.
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he tu rn ed to psychiatry; having produced artificial neuroses in dogs by present
ing two similar conditioning stimuli, he postulated that hysteria was the result
o f conflicting, overwhelmingly strong or weak repetitive stimuli im pinging on
the balanced m echanism o f conditioning. Animals could be reconditioned
back to norm al, which suggested a therapy for neurotic patients. This tu rn ed
out not to be very effective in the long ru n , bu t Pavlovian theory has been vin
dicated in hum an physiology, and at the present time, when do u b t is being cast
on fine cerebral localization o f function, a holistic approach to the workings of
the nervous system is o f great value.
In contrast to neurology, where knowledge accrues little by little, psychia
try, having been overwhelm ed by two revolutions - the psychoanalytical and
pharm acological - in the present century, is today in a state o f flux. As ever,
there are two fundam ental approaches to diagnosis and therapy, the psycholog
ical and the organic, but if there is a present-day trend it is to attem pt to link
these and to correlate in treatm ent psychoanalysis, m odern drugs and assess
m ent of the m entally sick individual in the background o f his own
environm ent. However, the problem s to be resolved by m odern psychiatry are
n o t ju st those o f the overtly ill m ental patient. Psychosomatic diseases, physical
states b ro ught on by em otional conflict or stress, are now being recognized
m ore and m ore. Besides, hum an existence m ust be seen in a psychological per
spective, and psychiatric ideas thus im pinge on all aspects o f everyday life. For
this reason the branches o f child psychology and industrial psychology have
developed and psychiatric social help is available to the community: contem po
rary psychiatry entails n o t only the m odernization of m ental hospitals and
hospital treatm ent bu t also the evolution o f altogether new and different sys
tems of care for patients.

Above: Positive emission tomography (PET) scans
of the human brain. The image on the left shows the
brain of a patient suffering from Altzheimer's
disease; the image on the right shows a normal
brain. Normal brain metabolic activity produces a
roughly symmetrical pattern in the yellow areas of
the left and right cerebral hemispheres. The patchy
appearance of the scan of the Altzheimer's patient
indicates degeneration of the brain tissue.
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W hat is the value of m edical history at the present time? W hat is the usefulness
o f a knowledge o f m edicine o f the past to people o f today ? Before answering
these questions it m ust be said that medical history rem ains largely separated
from medical practice: m edical historians are m ore often historians rath er than
practising doctors, and the training o f m ost medical students, in Europe and
America, generally ignores all but the m ost superficial excursions into the sub
ject. Too often the new doctor leaves m edical school in total ignorance of the
evolution of his art and science, contem ptuous of the mistakes o f earlier gener
ations of physicians and surgeons and at the same time half-blinded to new
developm ents in m edicine. To laymen, m edical history m ust often seem of
even less relevance to the present or the future.
Yet the inescapable tru th - and the value o f medical history is to rem ind
one of it - is that today’s m edicine is som ething that has been built up over the
centuries, succeeding eras seeing m ore or less im portant additions to the cor-
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Right: the first stage in the preparation of
‘artificial' skin. Using a tool known as a credo, a
scientist separates the outer epidermis from the
dermis in a small piece of fresh human skin.
Later, cells of the epidermis are separated in a
centrifuge and 'sown' on to a fragment of human
dermis. After a few days, the result is an
enlarged section of reconstituted skin.
Below: a researcher using a surgical simulator to
practise eye surgery.

pus o f medical knowledge and pracdce. T he significance o f many past discover
ies to the present time has been pointed out in this book. T he hum ane and yet
reserved doctor is the descendant on one han d of H ippocrates and Sydenham,
and on the other, o f the Aesculapian priests. His ability to diagnose disease
starts with his taking a history from the patient: again, this is som ething that
stems from the ancients, from H ippocrates and Galen, and it is som ething
which has nothing to do with scientific m ethod. His clinical diagnostic m eth
ods, however, do belong to the age o f science, an d are the developm ent of
systems worked out in the eighteenth and nin eteen th centuries by such people
as Auenbrugger, Laennec, and the Parisian and Q ueen Square neurologists.
Already in the late twentieth century many o f these procedures have becom e
old-fashioned and supplanted by m ore m odern techniques. Thus a very elabo
rate exam ination of the chest by the traditional practice o f ‘inspection,
palpation, percussion and auscultation’ is partly bypassed, because an equiva
lent or even a greater am ount o f inform ation about the state o f the lungs can be
obtained very simply by X-raying the patient. New m ethods o f pathological and
chemical diagnosis have evolved, m ore rationally an d less em pirically based
than the mediaeval practice of urinoscopy but occupying nevertheless an equiv
alent position in m edical science. In due course the innovations o f today will be
themselves largely succeeded, a nu m b er surviving as valuable incorporations
into the evolving mass o f m edicine.
M edicine is still a m ixture of art, developing the skills to deal with people,
and science, using the latest technological advances to enhance patient care.
T he rapid advances m ade by scientific discovery m ean th at people are now
living longer, but also that health services are having to deal with greater num 
bers of ‘chronic illnesses’. This leads to new dilem mas for society. Which
conditions can be treated? Are there sufficient resources to m eet all the health
needs of a developed society? Can people afford the health care they dem and?
W hat of the future? Despite the im provem ents in health care, as a result of
im proved public health new challenges exist. T he increasing num ber o f elderly
patients require m ore expensive treatm ents. O perations which thirty years ago
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were regarded as experim ental are now com m onplace. Total hip replacem ents
for arthritic conditions are now one of the most com m only perform ed opera
tions in the NHS in G reat Britain. T he technical advances in surgery have
m eant a higher survival rate with lower risk o f complications.
Childlessness affects 15 p er cent of m arriages but, in 1978, the work of
Patrick Steptoe and R obert Edwards led to the birth o f Louise Brown, the first
child conceived by in vitro fertilization (IVF) outside the womb. Since then, it
has been estim ated that two thousand babies have been born by this m ethod.
GIFT (gamete introfallopian transfer) is a m ore recent bu t less expensive treat
m ent but, as with IVF, success rates vary enormously.
The relatively new advances in keyhole surgery have com e about through
endoscopy. Endoscopes enable doctors to see inside a body through a fibreoptic telescope and to perform surgical procedures in a minimally evasive way.
Endoscopy is m ost often used as a diagnostic tool to exam ine the oesophagus,
stomach and duodenum . R ecent advances have led to hysterectomy and gall
bladder removal by endoscope. These techniques m ean quicker recovery times
and shorter stays in hospital.
Dr Christian B arnard perform ed the first h eart transplant in 1967. Now,
the technological advances in anaesthetics and drugs have m eant that organs
such as the heart, lungs, kidneys, pancreas and even liver can be transplanted
from one patient to an o th er and rejection of the new organ is considerably
reduced by the use of drugs such as steriods and cyclosporin. It is no t now
beyond the realms of possiblity that w ithin the next ten years some operations
will be perform ed by robot, using com puter and surgical controls.
In 1953, two Cam bridge scientists, Jam es Watson and Francis Crick, pub
lished a paper stating that the basic building blocks o f life were arranged as a
double-helix structure. This m echanism explained how cells could reproduce
an d led to the science o f genetics. Genetic engineering, the science o f m anipu
lating genetic m aterial began in 1973, and gene therapy is an area with great
potential. Genetic m apping o f an individual’s chrom osom es may identify risks
o f developing certain inherited diseases. Biologists and geneticists are now
experim enting with the insertion o f new genes into patients with potentially
Above: a scientist using a technique known as
microinjection to introduce foreign or increased
amounts of DNA into the genetic makeup of a
cell. The work is done through a light
microscope and visualized on a VDU screen.
The circular cell is stabilised by a suction tube,
right, while the probe introduces the genetic
material into the cell. The dark area at the
centre of the cell is the nucleus.
Left: a coloured X-ray showing a colonoscope
(red), a flexible endoscope, inside a patient's
colon.

fatal conditions in the hope that the new gene will proliferate and replace the
faulty gene causing the disease. T he im plantation of specific cells is being used
to try and develop a cure for conditions like Parkinson’s disease and diabetes.
T he pharm aceutical industry is always introducing new drugs to the m ar
ket. Many of these prove to be versions of already existing drugs, b u t sometimes
a totally new approach to drug therapy is discovered with exciting potential.
All new developm ents are potentially exciting, b u t will still carry the same
dilem mas for the physician. While doctors becom e increasingly fascinated with
the technology available to help them diagnose and treat patients there is a
sense that many patients are looking for a m ore holistic approach to their care,
and that they are beginning to reject the total m edicalization of their condi
tion. Doctors have to rem ain aware that they are ultimately treating the
individual and it is the needs of the individual that m ust be taken into account.
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