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F O R E W O R D

Liv in g  a n d  w o r k i n g ,  as I do, at the end o f the 20th 
century, and waiting with a sense of expectancy for the 
2 1s t, it  m ay be d iff icu lt to  u n d e rs ta n d  whv I should  

welcome a new history o f medicine. After all, I spend my 
life part-subm erged by a sea of learned medical journals, 
ponderous textbooks and exotic medical atlases. So why 
should I -  a pragmatic surgeon — wish to look over 
my shoulder at the history of medicine, or take time 
to nod to the innovators o f form er ages?

The simple answer is that history is im portant, 
and that when I gulp for air to escape the 
deluge of up-to-the-m inute inform ation, it 
is the air o f historical perspective that I 
seek. In fact, this is indispensable if we 
w ant to  try  to  understand the present 
and anticipate trends for the future - 
just as politicians have to learn the 
lessons of ancient and recent wars if 
they want to avoid future conflict.
T he analogy is a c c u ra te , fo r 
hum anity  has been  fighting 
d isease  fo r  c e n tu r ie s  — 
w inning  som e b a tt le s , b u t 
lo sing  o th e rs , to o . In my 
v iew , th e  s to r ie s  o f  such  
b attles, o f the frustra tions of 
researchers, the perseverance of individual 
physicians and the victories and defeats of the 
whole medical profession, should be told — 
and taught — again and again.

But what I find m ost attractive about this 
book is th a t it w orks on several differei 
levels. It gives the facts to those of us in 
medicine who are looking for historical 
p e r s p e c t iv e ; b u t i t  a lso  p ro v id e s  
excellent entertainm ent for the general 
as well as for the medical reader in a way 
that has never, to my knowledge, been attem pted 
before. The authors take you on a fascinating tou r through 
ages and continents, w ith stories o f superstition, bravery, 
eccentricity, extraordinary characters, perseverance against 
the odds, persecution and inspiration: from East to  W est; 
from quacks to humble scientists and then to  Nobel prize­
winners; from witch doctors to  royal surgeons.

You w ill read  in  th ese  pages o f th e  h o r ro rs  and the 
unexpected successes o f the medicine of ancient Greece and 
R om e and th e  D ark  Ages; o f how  th e  bubon ic  plague 
d ec im ated  p opulations in the M iddle Ages; and o f the 
trium phs o f anaesthesia, antisepsis, vaccination and antibi­

otics. But it is not just the stories of triumphs and 
failures and of great m en and wom en that shaped 
the outlines o f m edical h istory: the com pelling  
a d v e n tu re  th a t  has b ee n  th e  d e v e lo p m e n t o f 
medicine has also encompassed phenomena such as 

dogm atism , based on religious o r political 
pow er, plagiarism and betrayal o f the truth  
for personal ends.

Another attractive and unique feature 
o f this book is revealed in its sub-title 

“From  Prehistory  to  the Year 2020”. 
This is no idle boast. Eminent scien­
t is ts ,  d o c to rs  and su rg eo n s  have 
p ro du ced  a fascinating account o f 
the way that they see the science 
and p rac tice  o f m ed ic in e  d ev e l­
oping over the next 30-odd years, 
each in th e ir  chosen  field . This 
is o f  p a r t ic u la r  in te re s t  to  m e, 

covering as it does the implications 
o f gene mapping, aging populations, 

and so on.
You have already been attracted by the concept o f 

A HISTORY OF M EDICINE, and by the carefully 
chosen illustrations that com plem ent the tex t so well. 
Now read on — for sheer pleasure and fun.

Hero van Urk MD 
Professor o f Surgery, 

Head of the D epartm ent o f Vascular Surgery, 
Erasmus University, Rotterdam . 

Secretary of the European Vascular Surgery Society.





The Earliest Medicine
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story of medicine opens with a struggle -  
both for survival and for understanding of a 
world that seemed, to its first human inhabi­
tants, to operate by the whim of powerful 
forces. So, for millennia, humanity practised 

primitive preventive medicine -  for this was all it could 
do -  by appeasing the gods through ritual and sacrifice.

Gradually, a body of knowledge built up, based on 
chance observation and trial and erro r. To people who 
believed that disease was caused by evil spirits, was it not 
logical to  drill the skull o f a person suffering from  a 
blinding headache, in order to  release them? Unconcerned 
that this m ight also relieve intra-cranial p ressure , they 
were simply content the procedure sometimes worked.

And slow ly, in m easured steps over thousands of 
years, the body of m edical inform ation acquired m ore 
flesh, as civilization g athered  pace. F irst, the ancien t 
Egyptians mixed magic spells w ith psychotherapy, while 
using animal fat and dung as their drugs of choice; then

Hammurabi of Babylon codified medical practice, primitive 
and bru tal though it was; nex t, Judaic law laid dow n 
dietary and hygienic proscriptions.

But the first, tentative attem pts to treat medicine as a 
science developed at m ore or less the same time in Greece, 
India and China. Doctors -  for we may now call them so 
-  w ere often wrong, but their approach to the body and 
disease was based on logic, each in their own tradition.

It was a golden age, soon to be torn  apart by the fall 
of Rome, by barbarian hordes, and by the destruction of 
the great storehouse of ancient learning in Alexandria: in 
short, the Dark Ages of medicine.

As the shadow  o f sup erstitio n  fell once m ore on 
Europe, the beam of knowledge was kept alight in the 
Muslim world of the Middle East. Long-forgotten truths 
re turned, embellished, to Europe as the Moors occupied 
Spain and the Crusaders fought for the Holy Land. But this 
re-awakening was cruelly shattered as the medieval world 
was torn  apart by the Black Death.
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H I S T O R Y  O F  M E D I C I N E

P R E H I S T O R I C  HEALTH
A STRUGGLE FOR SURVIVAL

Women survived to 30, but men lived Jive years longer

BECOMING HUMAN w a s  a distinct advantage to our prehis­
toric ancestors. W hile animals lost up to 80 per cent of 
their offspring at or shortly after birth, human beings were 

able to  raise 70-80 per cent o f their children. Human 
beings were also occasionally able to  live beyond 
th e ir rep ro d u c tiv e  years — a very  unusual 
occurrence in animals and this lengthening 
of life proved a human adaptative change 
of major importance.

O u r  p r im itiv e  fo re b e a rs  p ro b a b ly  
suffered fewer diseases than we in m odern 
industrialized societies do. However, earlv 
h u n te r-g a th e re rs  w ere p ro n e  to  ch ro n ic  
diseases, caused by organisms that can survive 
within individuals and be passed (through touch, 
sneezing and breathing or through infected food) to 
o th er m em bers o f a group  — the types o f illness 
afflicting apes and other primates today. Top of the list are 
various b ac te ria l in fec tio n s  and invasions o f in te stin a l 
protozoa (including some causing dysentery). A num ber of 
viruses, herpes among them , are also considered causes of 
ancient human infections, as are intestinal worms.

‘A cciden ta l’ infections from  organism s that norm ally  
complete their life cycles in animal hosts were picked up by 
handling wild animals, butchering and eating them . Hunters 
w ere exposed to  rabies, toxoplasm osis, anthrax, tetanus,

trichinosis and many o ther illnesses. The environm ent was 
also hazardous: the African trypanosomiasis parasite carried 
by tsetse flies gave sleeping sickness; ticks passed on viral 

diseases; anaerobic bacteria in the soil caused, among other 
things, gangrene and botulism.

Because organisms responsible for chronic diseases 
were continually present in the body, human beings 
gradually developed im m unity  and their effects 

became relatively m ild. Accidental infections — 
which only occasionally afflicted human beings 
who, thus, w ere unable to  develop immunity — 
could, though, be quite devastating.

From  th e  ev id en ce , it seem s unlikely  th a t 
d iseases  u n k n o w n  to d ay  a ffe c te d  th ese  ea rlv  

societies. H ow ever, som e illnesses that are now  
quite mild may have been extrem ely virulent.

A H A R D  A N D  V IO L EN T  LIFE 
The earliest nom adic tribes  w ere , how ever, surprisingly 
healthy — tall and with good teeth. Men lived on average to 
35 , w h ile  w om en  d ied  ab o u t five years  e a r l ie r . This 
difference was due not only to  stresses o f pregnancy and

Lacking understanding o f  the 
processes governing life, birth and  
death, prehistoric humans turned

instead to ritual symbols, such as 
fe r tili ty  goddesses A BO VE and 
hunting imagery BEL O W .
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T H E  E A R L I E S T  M E D I C I N E

d an gers  o f c h ild b ir th , b u t also  to  w o m e n ’s p ro b a b le  
responsibility for shifting camp, carrying burdens, collecting 
food and cooking.

Endemic diseases do not account for the short lifespans of 
these people, only their hard nomadic life, the climate and 
warfare. At one site on the Nile, the archaeological evidence 
of projectile wounds suggests that almost half the population 
died violently.

In the M esolithic period  (c.8000 BC), as these early 
peoples began the transition to m ore settled com munities, 
hum ans seem to  have becom e sh o rte r. T he reason  may 
have been a less nourishing d iet, b u t it is also probable 
th a t new  en d em ic  diseases w ere  b eg inn ing  to  have an 
im pact, especially those causing anaemia, such as malaria 
and  h o o k w o rm . It is a lso  fro m  th is  t im e  th a t  th e  
firs t ev idence o f thalassaem ia is fo u nd  -  an in h e rite d  
adaptation of the red blood cells that acts as a protection 
against malaria.

SETTLIN G  D O W N  
By about 5000 BC, many w'andering nomads had settled into 
communities. Initially, this prom oted health and longevity, 
especially among women, as the stresses o f m igration were 
reduced, and it was far easier to care for the sick. There was 
a m o re  c e r ta in  food  s u p p ly , to o , and p e o p le  w e re  
increasingly able to  develop immunity to common infections.

H ow ever, se ttlin g  also had m ajor health  d isadvantages. 
Increased trade brought m ore diseases. P erm anent houses 
made their spread m ore likely, as did the accumulation of 
human waste and the closeness of domesticated animals. Rats 
and other disease-carrying animals w ere attracted to refuse; 
and people staying in one place w ere constantly reinfected 
by parasites, such as the blood flukes responsible for schisto­
somiasis (bilharzia).

As land was cleared for agriculture, non-human primates 
lost their habitats. These animals w ere the primary hosts of 
m osquitoes, and the m alarial parasites and yellow  fever 
viruses they carried. All these now preyed on humans, who 
o ften  chose to  se tt le  n ear m arshes and stream s w 'here 
m osquitoes breed. Malaria, in particular, had an immense 
influence on the future growth of societies and cultures.

Neolithic and early Bronze Age farmers were still not as 
tall as their Paleolithic ancestors had been — indeed, only 
today, and then only in well-off W estern societies, has the 
human frame returned to the stature of that tim e. Nutrition 
was no t particularly  good — the N eolith ic d iet consisted 
mainly o f cereals, and people ate only 10-20 per cent as 
much protein as their forebears had.

As settlem ents became m ore densely populated after 2000 
BC, epidemics o f childhood diseases became possible. Living 
cheek by jowl also undoubtedly led to personality clashes and 
depression - the first signs of m odern stress.

A HOLE IN THE HEAD

Prehistoric people be lieved  th a t pa in  a n d  disease  
orig in a ted  ou tside the body — n ot only f ro m  in juries bu t 
also fro m  evil sp irits. W itch doctors a n d  sham ans were  
em ployed to  exorcise m alevo len t beings, bu t i f  th ey  fa i le d ,  
there  was an operation  th a t  m ig h t do  the trick.

T repannation  — one o f  the very f e w  preh istoric  m edical 
practices f o r  which we have archaeological evidence — 
involved cu ttin g  a sm all hole in the skull, often w ith  an 
in stru m en t resem bling a ca rp en ter’s b i t  w ith  a handle.
The procedure was used to  tre a t  headaches, sku ll fra c tu re s , 
ep ilepsy a n d  some fo rm s o f  m en ta l illness, a n d  i t  was 
em ployed arou nd the w orld  — in N eolith ic G aul an d

Bohem ia, N orth Africa, A sia, Tahiti, N ew  Z ea lan d  an d  
South Am erica.

I t  w as p a rticu la r ly  p o p u la r in an cien t Peru, where  
sh arp  knives o f  obsid ian, stone an d  bron ze  were used. 
Skulls have been fo u n d  w ith  as m an y as f i v e  trepan n ed  
holes. Those who su rv ived  the operation  ( a n d  some did, as 
h ea led  sku lls a t te s t)  h ad  th e ir  wounds covered w ith  a piece  
o f  gourd, stone, sh ell or even s ilver a n d  go ld . In Europe, 
th e  excised rounds o f  sku ll bone were worn as am ulets.

Trepannation  la s ted  w ell in to  the M iddle Ages, an d  
even to d a y  has been taken up by  a f e w  adven tu rou s souls 
who sw ear by  its  a b ili ty  to  expand consciousness.

A male cranium fro m  
Patallacta, Peru, shows fo u r  
trepanned holes — experts 
believe all the wounds had 
healed eventually.

11



H I S T O R Y  O F  M E D I C I N E

E G Y P T I A N  M E D I C I N E
MAGIC SPELLS AS PSYCHOTHERAPY

They fought disease with lettuce, onions and positive thinking

T h e  PEOPLE w h o  SETTLED the Nile Valley believed that 
disease came from evil spirits that en tered  the bodv 
through the m outh, nose or ears and devoured the victim ’s 

vital substance.
To combat these spirits, a magician u ttered  spells over 

the afflicted person and applied ritual rem edies. In the case 
of burns, he swabbed the wound with the milk of a m other 
of a baby boy, and appealed to the goddess Isis by repeating 
words that, according to legend, she had used to rescue her 
son Horus from being burned: “There is w ater in my m outh 
and a Nile between my legs; I come to quench the fire”.

FR O M  SPELLS T O  DIAG NOSES 
As magicians noticed connections between various treatm ents 
and the course of certain diseases, they began to compile 
their observations on papyri. Fragments o f these exist today
— for example, the Ebers Papyrus, dating from 15S0 BC. 
These papyri -  the first systematic classification of medicine
-  give ‘recipes’ for the trea tm en t o f certain diseases and 
symptoms. For instance, the Ebers Papyrus lists 21 ways to 
treat coughs, and it and others deal with at least IS diseases 
of the abdomen, 29 of the eyes and 18 of the skin.

LEFT This statue o f  the physician- 
god, Imhotep, dates from around 
6 0 0  BC. Imhotep, who died in 
2 6 4 8  BC, was a vizier in the court 
o f  Pharaoh Zoser and a royal 
architect (he may have designed the 

f irs t, step-sided pyramid at 
Sagqara); he is also credited with 
writing one of the religious B ooks 

o f  W isd o m . But it was because o f  
his skill as a doctor that people 
sang his praises fo r  more than 
2 0 0 0  years. In 535  BC, he was 
given f u l l  status as a god. The 
Greeks eventually adopted him, 
changing his name to ‘Asklepios’ 
and elevating him to the pantheon 
on Mount Olympus.

A BOVE Ta bes, a mummified computer tomography in an
Egyptian singer from around 90 0  attempt to assess her medical
BC, was recreated in 3D  by condition at the time of death.

The medical profession gradually evolved into three different 
but interacting branches. First, physicians attem pted cures by 
means of internal and external remedies. They used a vast 
num ber o f substances medicinally, ranging from lettuce and 
onions, to  alum , h ippopotam us fat and hum an ex cre ta . 
Physicians became specialized, each concentrating  on one 
area of the body.

Second were the surgeons ( ‘the goddess Sachmet’s priests’ in 
the Ebers Papyrus) who primarily treated external wounds 
and injuries, such as fractures and dislocations. They never 
opened  the abdom en, b u t p erfo rm ed  o perations on the 
outside of the body, such as circumcision, lancing boils and 
cutting out cysts, using delicate scalpels, knives, forceps and 
probes. They also employed red-hot irons to cauterize wounds.

M IN D  O V ER  M A TTER  
The third branch of Egyptian medicine comprised sorcerers 
o r exorcists, who fought evil with incantations and amulets.

Physicians, surgeons and sorcerers alike divided diseases 
into three categories: “It is an ailment I will trea t”, implying 
confidence in a cure; “It is an ailment I will contend w ith”, 
re c o g n is in g  th a t  a c u re  w o u ld  be d if f ic u lt ;  and  “An 
untreatable ailm ent”. Diseases in the last tw o categories, 
esp ec ia lly  th e  th ird , w e re  h eld  to  b e n e fit m o st from  
supernatural intervention. For some diseases the instruction 
was “Thou shalt not put thy hand to  such a thing”. In such 
cases, a soothing rem edy and an incantation were prescribed 
instead o f an opera tio n  o r an active m ed icam ent — the 
rem edy so that the patient had at least some treatm ent, and 
the incantation to give a little solace. The evidence is that 
Egyptian doctors (and their sorcerer colleagues) were aware 
of the pow er of positive thinking.
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T H E  E A R L I E S T  M E D I C I N E

C U R E S  F R O M  T H E  D E A D

The practice  o f  m um m ification  g a ve  the early  E gyptians  
less know ledge o f  an atom y than m igh t be supposed. They 
rem oved the contents o f  the abdom en an d  chest (except the  
heart, which was usually le ft in place) ,  so th ey could  
distin guish  a g re a t m any in tern a l organs. B ut because the  
procedure  was carried  out crudely, th ey  d id  not notice  
th e ir  p lacem ent. And alth ough th ey  re a lized  the  
im portance o f  the h eart — considering i t  the sea t o f  
in telligence an d  o f  life i ts e l f  — th ey  d id  not u n derstan d  the 
circulation o f  the blood.

M um m ification d id  have a profound, i f  more in d irect 
effect on the grow th  o f  m edical science. I t  m ade the 
E gyptians fa m il ia r  w ith the idea  o f  cu ttin g  up corpses, an d  
so encouraged an atm osphere o f  research. E ventually, the  
Ptolom aic ru lers o f  E gypt (320-30  BC) g a v e  th e ir  Greek 
physicians perm ission to stu d y  the hum an body  
system atica lly  by dissection  (see p .19).

M any centuries la ter, an A lexandrian J ew  nam ed  
E lm agar is sa id  to have tre a te d  both Crusaders and  
Saracens w ith  ‘m u m m y’ — a pow der m ade fro m  grou n d-u p  
portions o f  em balm ed cadavers. This ‘th e ra p y ’ was also  
used by Guy de Chauliac  (see p .3 1), surgeon to  Pope 
Clement VI, in the 14th century. ‘M u m m y’ was s till  h igh ly  
regarded  in the ea rly  16th century. Frangois I o f  France 
used to carry a l it t le  pack et o f  it, m ixed w ith  pow dered  
rh ubarb, in case o f  accident since i t  was thou ght to be 
good f o r  bruises an d  wounds, a lth ough  it  was also taken  
in tern a lly  f o r  various a ilm ents. The efficacy o f  the pow der  
p u rportin g  to come fro m  m um m ies bu t a c tu a lly  derived  
fro m  the corpses o f  recen tly  deceased convicts, stu ffed  w ith  
asp h a lt an d  sun dried, is not known.

M um m ification occurred sporadica lly  over the centuries, 
some o f  the E g yp tia n s’ techniques being used to preserve

the bodies o f  H en ri IV  an d  Louis X IV  o f  France. I t  reached  
i ts  apotheosis in 1852, w ith  the em balm in g  o f  A lexander, 
Tenth D uke o f  H am ilton . An ‘E g yp tia n ’ cerem ony was 
carried  out, w ith T. J. P ettig rew , the f i r s t  Professor o f  
A natom y a t  Charing Cross H osp ita l, London, as em balm er 
an d  ch ief r itu a lis t, an d  the body w as la id  to  re s t in an 
ancien t E gyptian  sarcophagus th a t h ad  o rig in a lly  been 
in ten ded  f o r  the B ritish  M useum.

Today, E g yp t’s m um m ies te ll us much abou t the ancien t 
E gyptians them selves. Modern p a la eopa th o log ists  have  
discovered th a t th ey su ffered from  b la d d er an d  kidney  
stones, ga lls ton es, schistosom iasis (b ilh a rz ia ) , a r te r ia l 
disease, gou t, appendicitis , m asto id  d isease an d  a g re a t  
m an y a fflic tion s o f  the eye. R h eu m ato id  a r th r itis  was so 
common th a t v ir tu a lly  a ll skeletons show evidence o f  it; but 
d en ta l decay w as rare, u sually  only app ea rin g  in the  
w ealthy. So f a r  no evidence o f  such diseases as rickets or 
syph ilis has been fo u n d .

B E L O W  The three-stage process o f  
mummification began with the 
removal o f  the body s internal 
organs. The heart and kidneys 
would he replaced while the 
viscera were embalmed and sealed 
in canopic jars  (T O P , M ID D LE). 

The disembowelled body was 
placed in a mound o f  dry natron, 
a natural compound rich in 
common salt, and, more 
importantly fo r  preservation,

sodium bicarbonate. The natron 
soaked up the f u i d s  o f  the body 
b fo re  it was cleaned and 
bandaged. Bandaging was 
extensive and elaborate — 
hundreds o f  strips o f  linen were 
tigh tly  wrapped around joints, 
limbs and eventually the whole 
body. Later, though, the priests 

fo u n d  that too much bandaging 
in fa c t  speeded decomposition, 
and so discontinued the practice.
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H I S T O R Y  O F  M E D I C I N E

THE F E R T I L E  C R E S C E N T
MEDICINE REGULATED BY LAW

I j  the patient died through surgery ... the surgeon lost a hand

LONG BEFORE THE E g y p t ia n s ’ ancestors arrived at the Nile, 
the ‘F ertile  C re sc e n t’ -  m o d ern  Iran , Iraq , Syria, 

Lebanon and Israel -  had seen the rise and fall of num erous 
civilizations. The ‘land between the rivers’ (the Tigris and 
Euphrates), known as Mesopotamia, wras particularly prized, 
and there, in tu rn , the Sumerians, Am orites, Babylonians, 
Elamites and Assyrians held sway.

W h a t w e know' o f  th e i r  m e d ic in e  co m es a lm o s t 
exclusively from  wedge-shaped cuneiform  w riting on clay 
tablets. M ost of the medical ones w ere once p art o f the 
library of Assurbanipal, the ruthless king of Assyria who 
reigned from 668 to about 627 BC. Among the 20,000 
recovered in 1853 from the site of Nineveh (near Mosul, 
Iraq) w ere some 660 of a medical nature, many containing 
texts at least 1000 years old when the tablets were made.

W e do know — from the w orld ’s oldest medical record, a 
Sumerian clay tablet o f about 2150 BC — that the physicians 
washed wounds (unlike the Egyptians), made poultices and 
used bandages. W ounds w ere bathed in beer and hot water; 
poultices were made from materials such as pounded pine, 
prunes, wine dregs and lizard dung -  a list of about 230 
such ‘d ru g s ’ was found  in th e  rem ains o f  an A ssyrian 
pharmacy. They also knew the process of distillation, once 
thought to  be a much later invention, and used it to make 
‘essence’ of cedar and o ther volatile oils.

ABOVE R elie f on a palace wall at a wounded lion by stabbing it in
Nineveh depicts Assurbanipal killing the heart with a sword.

Like the Egyptian papyri, the M esopotam ian tablets  list 
conditions, remedies and prognoses. Some genuine diseases 
are  m e n tio n e d , such  as ja u n d ic e , and  o cc as io n a lly  
relationships between disease and m ethod of transmission are 
given -  for example, sexually transm itted diseases and sexual 
intercourse. However, the ancient Mesopotamians generally 
ap p ro ached  illness w ith  one eye on th e  gods, p lacing  
significance on such esoteric findings as the num ber of nipple 
openings in pregnancy: five or six were bad, seven to ten 
were good. The Babylonians were also excellent astronomers 
and based much of their religious and medical practice on 
astrology and the influence of the heavens.

The medical profession consisted of sorcerers (ashipu) and 
physicians (asu). T he so rc e re rs , em ploying  charm s and 
incantations, worked closely with the physicians, who were 
primarily involved in primitive first aid, the giving of drugs, 
and surgery, being skilled (according to  a tablet quoting 
Assurbanipal) in “the way of operating with the brass knife”. 
W ith  the exception  of the H am m urabi Code (see below), 
there is almost no evidence of what this surgery comprised.

Babylonian medicine combined 
ritual incantations, herbal 
remedies and physical therapy. 
Illness demons, often personified 
by statues, R IG H T , had to be 
identified and then driven fro m  
the a jfic ted  body.

T H E  HAM M URABI C O D E  
The Babylonians w ere possibly the first to regulate medicine 
by law. In 1901, labourers at an excavation at Susa (in Iran) 
uncovered three large fragments o f polished black diorite, 
w'hich, w hen jo ined  to g e th e r , fo rm ed  a p illar over 7 ft, 
(2 .1m ) high, covered in cuneiform  script. Archaeologists 
soon realized it was Babylonian.
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T H E  E A R L I E S T  M E D I C I N E

O L D  T E S T A M E N T  M E D I C I N E

From the O ld T estam ent ( the H ebrew  Bible)  — w ritten  
betw een the 8th an d  3rd  cen turies BC, bu t recording much 
earlier  even ts — i t  is clear th a t the ancien t H ebrew s  
believed disease resu lted  fr o m  d isp leasin g  God, .and th a t  
only p riests  could help.

Although there were m idw ives, circumcisions, f i r s t  a id  
a n d  fra c tu re  trea tm en ts, H ebrew  m edicine excelled in the  
area  o f  public  health . The p rie s ts  a c ted  as p r im itive  
m edical officers o f  health , an d  were keen to  p reven t the  
transm ission o f  d isease fro m  one person to  another.

They were fa n a t ic a l  abou t cleanliness, a n d  dem an ded  
th a t hands a lw ays be w ashed a fte r  h an dlin g  d ead  bodies 
or im pure substances an d  before ea tin g  — a rem arkable  
rule f o r  a desert people, an d  perh aps borrow ed fro m  
E gyptian  priests  durin g th e ir  days under the pharaohs.

A BO V E This 4000-year-old  deity, Gir, an assistant to women
Sumerian cylinder seal depicts the in childbirth.

The p rie s ts  also in sis ted  th a t  refuse be burned  outside  
cam ps a n d  excreta buried.

I f  leprosy  or p la g u e  w as suspected, p a tie n ts ’ clothing  
w as w ashed or burned  a n d  th e ir  houses destroyed  or 
d isin fected  ( even to the p o in t o f  scraping the w alls). 
P a tien ts  were iso la ted  f o r  40  days, a ru le  taken  up by  
m edieva l European G entiles try in g  to d ea l w ith  the Black  
D eath  (see p .30); the Ita lia n  w ord f o r  40  is  q u aran ta , 

fro m  which we g e t  the m odern w ord ‘q u a ra n tin e ’.
P erhaps the best-know n ten ets o f  H eb rew  m edicine are  

those fo u n d  in the Book o f  L eviticus in the B ible th a t dea l 
w ith  hygiene — f o r  exam ple, the proh ib ition s a g a in s t ea tin g  
unclean an im als such as p igs. H ow ever, the a d va n ta g es f o r  
h ea lth  were in c iden ta l by-products o f  w h a t were basica lly  
re lig ious ritu a ls.

T he u p p e r p a r t o f th e  p illa r  show s K ing H am m u rab i 
(c. 1695 BC) receiving the com m ission to  w rite  his laws 
from Shamash, the Babylonian sun god and god of justice. 
Below' this are 282 law's dealing  w'ith social s tru c tu re , 
economic conditions, industries, family life -  and medical 
p rac titioners. Seventeen tell w hat a physician should be 
paid for certain types of w ork and what his responsibilities 
w'ere. For example, the Hammurabi Code specifies that: “If a 
physician has perform ed a major operation on a lord w'ith a 
bronze lancet and has saved the lo rd ’s life ... he shall receive 
ten shekels of silver”.

T h e  w o rk  w as w ell p a id : te n  sh e k e ls  e q u a lle d  a 
carpenter’s income for 450 working days. (Saving the life of 
a com m oner was only w orth  five shekels, and that o f a 
slave, tw'o.) However, there w'ere high risks:

“If a physician perform ed a major operation on a lord ... 
and has caused the lo rd ’s death ... thev shall cut off his 
hand.” These laws only dealt with surgery; bad results from 
drugs or incantations were not subject to  penalty. This wras 
in keeping w'ith Babylonian beliefs: if people became ill, it 
was their owm fault, because they had sinned or had allowed 
a bad spirit to  invade them ; but if a physician m ade a 
deliberate surgical wound and the outcom e was death, that 
w'as the physician’s responsibility.

The following spell f o r  fever sickness’, from  R. Campbell
Thompson’s Devils and Evil Spirits o f Babylonia (1905),
would have been one o f  a battery used by the sorcerers:

Fever hath blown the man as the windhlast,
It hath smitten this man, and humbled his pride ...
His mouth it hath turned to gall So that the moisture therein
hath no sweetness ...
Take a white kid o f Tammuz,
Lay it down facing the sick man and
Take out its heart and
Place it in the hand o f that man ...
Invoke the great gods
That the evil Spirit, the evil Demon, evil Ghost, Hag-demon,
Ghoul, Fever, or heavy Sickness
Which is in the body oj the man,
May be removed and go forth from the house! ...
0  evil Spirit! 0  evil Demon! 0  evil Ghost!
Hag-demon! 0  Ghoul! 0  Sickness o f the heart!
0  Heartache! 0  Headache! 0  Toothache!
0  Pestilence! 0  grievous Fever!
By Heaven and F.arth may ye be exorcised!
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H I S T O R Y  O F  M E D I C I N E

M E D I C I N E  O F  T H E  EAST
AN ALTERNATIVE TRADITION

Pulverized seahorses to treat goitre; elephant skins fo r  sores

THE SYSTEMS OF MEDICINE developed in ancient China and 
India survive today v irtually  unchanged. They differ 
greatly from those of other ancient cultures, which can be 

seen as steps along the way to  m odern W estern medicine.

A N C IE N T  C HINA 
By 400 BC, Chinese medicine had separated from religion 
and magic, and was in the hands of professionals. These 
were organized in a state system and graded according to 
achievement. Lowest were the surgeons, a small group of 
what the Chinese called ‘third-rate graduates’.

Chinese physicians attem pted to cure disease by restoring 
harm ony and balance, betw een the five basic elem ents -  
earth, w ater, fire, wood and metal — of which they believed 
everything was made; and also between tw o opposing, yet 
com plem entary, forces: y i n  and y a n g ,  yin  was the dark , 
moist, female aspect; F/f.vG, the bright, dry, masculine. The 
Chinese belief that one cannot exist w ithout the o ther can be 
seen in the original meanings of the words: y in  m eant ‘shady 
side of a hill’; y a n g  m eant ‘sunny side of a hill’.

Much of what we know about early Chinese medicine is
contained in the Nei Ching (loosely translated as Manual o f
Physic), believed to have been compiled betw een 479 and 
300 BC. It takes the form of a conversation between the
‘golden em peror’ Huang Ti, who is supposed to have lived
betw een 2629 and 2598 BC, and his prim e minister C h’i Po. 
It deals almost exclusively with acupuncture: treating disease

by allowing energy (chi) to  en ter or leave the body at one of 
365 po in ts  (o r 600 , acco rd in g  to  som e schools) along 
meridians, by the insertion of fine needles. The meridians 
are vertical pathways through which chi flows, each related 
to an organ. They do not correspond to the body’s nervous 
system — human dissection was strictlv forbidden in ancient 
China, and physicians knew very little about anatomy -  but 
some seem to  follow known paths o f referred pain, such as 
gallstone pain in the right shoulder blade.

The Nei Ching also describes the 12 pulses to be palpated 
by the physician, six in each wrist. The m ultitude o f qualities 
th a t each one could have are poetically  described — for 
exam ple, ‘sm ooth as a flowing stream ’, ‘dead as a ro ck ’, 
‘like w ater dripping through the roof’, ‘light as flicking the 
skin with a p lum e’ -  and the whole procedure could take 
many hours.

Chinese physicians also used ‘m oxibustion’. A cone of 
moxa — pow dered leaves of the m ugw ort plant was placed 
on a particular acupuncture point and set alight. The warm th 
and resulting blister supposedly increased yang; they certainly 
masked any pain caused by disease by creating a new one.

The Chinese also had an extensive pharm acy of some 
2000 items and 16,000 rem edies, not all herbal; many of 
them  seem strange and even repulsive from  the W estern 
viewpoint. Patients were given pulverized seahorses for goitre, 
snakemeat for eye ailments, octopus ink mixed with vinegar 
for heart disease and elephant skin for persistent sores.

T H E  S U R G E O N  A N D  T H E  G E N E R A L

/Indent China produ ced only one surgeon o f  sufficien t prom inence  
th a t his nam e has come down to us over the centuries: H ua T ’o, who 
is thou ght to  have lived  some 1800y e a r s  ago. One o f  his p a tie n ts  was 
the w arlord  Kuan Yun. When K u a n ’s arm  was p ierced  by a poisoned  
arrow, H ua cut an d  scraped out the wound down to the bone -  while  
the w arlord  p la yed  chess an d  dran k cups o f  wine. This m ay have been 
tak in g  sang-froid  to extrem es bu t h istory  does not record w hether he 
h ad the benefit o f  an y  acupuncture anaesth esia .

Foolishly, H ua be lieved  h im se lf  above politics. W hen K u a n ’s 
b itte re s t enemy, Tsao Tsao, came to him w ith a b a d  headache, H ua  
decided to  tre a t  i t  by trepan n ation  (see p-11). J u st as he was abou t 
to begin, Tsao su dden ly  g o t the notion th a t H ua m ig h t have been 
b ribed  by Kuan to  m urder him an d  h ad  the un fortun ate  surgeon  
executed on the spot.

RIG H T Ancient Chinese surgeon, 
Hua T'o, operates on Kuan Yun s 
arm while his warlord patient 
drinks wine and plays chess.
Hua's ultimate reward fo r  this 
service was execution.
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T H E  E A R L I E S T  M E D I C I N E

ABOVE A page from the N ei about acupuncture treatments
C hing (M anual o f  Physic), between the Emperor and the Prime
recording detailed conversations Minister o f  China.

A N C IE N T  INDIA 
It is impossible to  date the origins of the Indian system of 
medicine now known as the Ayurveda (literally, ‘knowdcdge, 
or science, of life’). Few' w ritten records survive. The four 
Vedas, sacred Sanskrit books that wrere passed dow:n orally 
through the ages, are all that is left.

A y u rv ed ic  m e d ic in e  is b ased  on tw o  t r e a t is e s  
supplementing the Atharva Veda and supposedly composed by 
the men named in their titles: the Charaka Samhita, mainlv 
medical; and the Sushruta Samhita, which deals with surgery. 
N o o n e  k no w s w h en  th e y  w e re  w r i t te n  d o w n , b u t 
researchers have claimed that Sushruta could have lived at 
any time between 1000 BC and AD 1000.

U nlike C hinese m ed ic in e , A vu rv ed ic  m ed ic in e  was 
w rapped  up in re lig ion . D oc to rs  used incan tations and 
watched for portents as often as they adm inistered drugs and 
o pera ted . H ow ever, like the C hinese, they iden tified  a 
variety of points on the body (107 in all) considered crucial 
to health, called marmas. If a person w ere w'ounded in one of 
these marmas, the outcom e was likely to  be fatal -  some of 
them  correspond to major arteries, nerves and tendons.

Indian physicians also believed that disturbances in the 
levels of various substances — in this case, wind (vayu), bile 
(pitta), phlegm (kapha) and blood (rakta) — were responsible 
for disease. It is likely th a t this th eo rv , p icked up bv 
travellers and transplanted to Greece, w'as the origin of the 
idea of the ‘four hum ours’ (see p. 18).

The Indians excelled in surgery. N ow here else in the 
ancient world w'ere operations, both inside and outside the 
bodv, so extensive. Thev had 121 different steel instrum ents 
-  scalpels, probes, trocars, catheters and even magnets to

rem ov e m etal ob jects to  ca rry  o u t a m u ltip lic ity  o f 
procedures: cauterizing fistulae, sewing up w'ounds, draining 
fluid, treating cataracts, removing bladder and kidney stones 
and, m ost rem arkable of all, repairing noses and earlobes 
w ith plastic surgery.

Trainee doctors had to  m em orize the tw o Samhitas and 
o ther Vedic w'orks, and they practised their surgical skills on 
inan im ate o b jects: m aking incisions on p ick les, lancing 
leather bags filled w'ith slime, cauterizing pieces of meat. The 
Sushruta Samhita requ ired  certain  o th er qualities of these 
young m en — as w'ell as purity  o f m ind and a re tentive 
m em ory, they had to have a thin tongue, lips and teeth, a 
straight nose and large, honest, intelligent eyes.

T H E  F I R S T  N O S E  J O B S

The am pu ta tion  o f  body p a r ts  w as a common 
p u n ishm ent in ancien t In dia , an d  qu ite  often i t  was 
the c u lp r it’s nose th a t w as sin g led  ou t f o r  a tten tio n . 
W ith p len ty  o f  opportu n ities f o r  practice  an d  
experim ent -  p ro b a b ly  based  on tr ia l  a n d  error — the  
A yurvedic doctors came up w ith  a n ew  technique: th is 
led  to  the ea rlie st recorded nose restorations.

They w ould cut a lea f-sh a p ed  f l a p  o f  skin fro m  
the fo reh ea d , m aking sure th a t  the end nearest the 
brid g e  o f  the nose rem ain ed  a ttach ed . The f l a p  would  
be brou gh t down over where the nose should be; then  
i t  w ould be tw is te d  sk in -s ide -ou t an d  sewn in to  place. 
Finally, to  keep the a ir  passages open du rin g  healing, 
tw o  po lish ed  wooden tubes w ould be in serted  in to  the  
‘n o s tr ils ’. A sim ila r procedure, rh in oplasty, is s ti ll  
carried  out by  p la s tic  surgeons today.

B E L O W  This picture o f  an astonished the British sahibs
Indian bullock driver, whose and memsahibs when they saw
nose has been successfully it in the October 1794  issue
restored after punitive o f  the G en tlem a n 's

m utilation, completely M agazine o f  C alcu tta .

1 7



H I S T O R Y  O F  M E D I C I N E

A N C I E N T  G R E E C E
THE START OF THE HIPPOCRATIC TRADITION

7 will prescribe treatment to the best o f my ability and judgment ...”

W ITH THE RISE OF GREEK CIVILIZATION, physical ills in the 
W est were no longer blamed on the gods or sin, but 
on imbalance within the body itself.

The theory of the four humours was the basis of much 
medical practice. Like the Chinese and the Indians, the 
G reeks believed in balance. Indeed, the w hole o f th e ir 
civilization could be seen as a search for symmetry. W hen 
the balance between the four hum ours was disturbed, said 
the Greeks, the result was disease.

PRACTITIONERS AND TREATMENT 
D octors w ere usually itin eran t — th eir travels, curiously 
enough, being known as epidemics — bu t some had offices in 
towns. Owning no land, they had no high social standing, 
although they w ere clearly m en of some importance.

They stressed cleanliness, and exam ined w ounds only 
with probes. Questioning their patients closely about their 
symptoms, they looked for things within people’s lives and 
surroundings that might have a bearing on their health. They 
dressed wounds with herbal/m ineral m ixtures (enhemes) and 
with vinegar and wine, all of which had antiseptic qualities. 
They also em ployed tourniquets and auscultation (pressing an 
ear against the chest) -  techniques that, with the passing of 
classical Greek civilization, w ere lost until the 15th century. 
Perhaps m ost im portant was the d octo rs’ belief that they 
w ere  n o t d is in te re s te d  a rb ite rs  b e tw e en  th e  gods and 
humanity, but servants of the sick.

Some of th e ir p ractices w ere , how ever, u nfortunate . 
W ounds w ere bandaged extrem ely tightly, and suppuration 
(the formation of pus) was considered an excellent way to 
eliminate phlegm (any colourless o r white secretion o ther 
th a n  sem en  o r  b re a s tm ilk .)  E ven if  p a t ie n ts  w e re  
haemorrhaging, doctors might start bleeding them elsewhere,

THE F O U R  H U M O U R S
The Greeks be lieved  in the existence o f  fo u r  f lu id s , or 
humours, w ith in  the body, the balance o f  which w as  
v ita l f o r  h ealth . The hum ours corresponded to th e  fo u r  
elem ents, a n d  h ad  the sam e qualities; th ey  were also  
associated  w ith  p a rticu la r  p a r ts  o f  the body.

HUM O UR ELEMENT QUALITIES BOD Y PART
Blood Air H ot and wet Blood
Phlegm Water Cold and wet Brain (pitu itary)
Yellow bile Fire H ot and dry Liver
Black bile Earth Cold and dry Spleen

T H E  H I P P O C R A T I C  O A T H

One o f  the bases o f  m odern m edical ethics, the  
H ippocra tic  oath  was p ro b a b ly  sworn by those a d m itted  
to the school a n d  g u ild  o f  Cos. I t  is  un likely th a t  i t  was 
w ritten  by  H ippocra tes h im se lf

“I swear by Apollo the physician, and by 
Asklepios, Hygeia and Panacea, and all the 
gods and goddesses, and call them to witness 
that ... I will prescribe treatment to the best 
o f  my ability and judgment fo r  the good o f  
the sick, and never fo r  a harmful or illicit 
purpose. I will give no poisonous drug, even i f  
asked to, nor make any such suggestion; and 
likewise 1 will give no woman a pessary to 
cause abortion. I will both live and work in 
purity and godliness ... 1 will ... refrain from  
all deliberate harm or corruption, especially 

from  sexual relations with women or men, free  
or slave. Anything 1 see or hear about people, 
whether in the course o f  my practice or outside 
it, that should not be made public, 1 will keep 
to myself and treat as an inviolable secret ....

A BO V E This engraving o f  a bust notion that disease and ill-health  
by Flemish painter, Peter Rubens, were caused by direct interference
profiles Hippocrates, who did more fro m  the gods, whose interventions
than anyone else to dispel the were unpredictable.
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A BO VE This illustration on a Greek wound wrapped in a double spica
rase depicts Telethos with a thigh bandage — a type still used today.

L O S T  G L O R I E S

The g lories o f  A lexandria  — the Greek c ity  fo u n d e d  in 
E gypt in 331 BC by A lexander the G rea t — were its  
Library, which m a y  have con tain ed som e  700,000  
volumes, an d  its  M useum ( ‘house o f  the M uses’) ,  a 
publicly  fu n d e d  research in stitu te . There w as very  
l i t t le  E gyptian  influence in these H ellen istic  enclaves, 
bu t the P tolem aic ru lers d id  a llow  the dissection o f  
hum an corpses (a n d  perh aps even live  crim in als), a 
taboo am ong the Greeks.

H erophilus, who lived  in the 3rd  cen tu ry BC, was 
the f i r s t  tru e an atom ist, discovering an d  nam ing  the  
p ro s ta te  a n d  the duodenum  (from  the Greek f o r  ‘12 
f in g e r s ’, th is bread th  being the len gth  o f  w h a t he 
fo u n d ). H e also  d istin gu ish ed  a rteries f ro m  nerves, 
a n d  sensory f ro m  m otor nerves, an d  carried  o u t the  

f i r s t  m ethodical in vestiga tion  o f  the brain .
H is contem porary E rasistra tu s d id  n o t h old  w ith  

the fo u r  hum ours theory. When he d issected  the  
h ea rt a n d  fo u n d  i t  h ad  fo u r  on e-w ay valves, he 
surm ised th a t i t  was a pum p, a m achine th a t  h ad  
only ju s t  been inven ted.

The A lexandrian doctors a lso  d iscovered one life -  
saving technique: the lig a tu re  (ty in g  off) o f  blood  
vessels. This en abled  them  to  perform  opera tion s th a t  
h ad before been im possible: rem oval o f  g o itres  an d  
b ladder stones, hern ia  rep a irs  a n d  am pu ta tion s.

A lexandria  declined, b u t n o t before i t  h ad  
educated  its  m ost in flu en tia l stu den t, Galen  
(see p .22). In A D  295, the M useum w as destroyed  
durin g a revolt; then in 391, the L ibrary  w as burned  
by  a Christian mob; a f e w  y e a r s  la ter, C hristians 
lynched the la s t scholar, a wom an ca lled  H yp a tia .

to rem ove any excess o f the hum our, blood. Similarly they 
w ould probably prescribe a purgative, to  induce vomiting or 
diarrhoea; some of these, such as hellebore, could be lethal. 
Finally, an extremely restricted diet would be recommended -  
to  prevent an increase in hum ours.

T h e  b e l ie f  in th e  fo u r  h u m o u rs , and  th e  use o f 
suppuration and blood-letting, persisted for another 2000 
years, until the causes and transmission of disease, and the 
nature of infection, w ere understood.

H IPPO C R A T ES 
T he g re a te s t o f all th e  d o c to rs  o f an c ien t G reece was 
Hippocrates (c.400 BC). A physician and surgeon (although 
perform ing only such m inor procedures as haemorrhoid and 
polyp rem oval), he became the leader of a medical school 
and guild on the Aegean island of Cos. His works, and those 
o f his followers, are contained in the Hippocratic Corpus, over 
70 volum es th a t range from  d e ta iled  case h is to rie s  to  
thoughts on the practice of m edicine, the role of environ­
m ent in health, epilepsy (com monly known as the ‘sacred 
disease’) and prognoses.

It was the Hippocratic school’s concentration on this last 
that made it different from others of the tim e. W hile non- 
H ip p o c ra tic  d o c to rs  w o u ld  e l ic it  sy m p to m s and m ake 
diagnoses, the Cos physicians w ould go one step further and 
try  to predict the outcom e for their patients -  a technique 
that was both brave and reassuring to  those in their care.

TEM PLE M ED ICIN E 
The Greek doctors recognized the spiritual side of healing: 
when all else failed, they w ere quite happy for their patients 
to attend one of the many asklepieia — tem ples to  the patron 
god of physicians, Asklepios (Aesculapius to the Romans and 
really Imhotep [see p. 12] in Greek dress), and his daughters 
Hygeia (health) and Panacea (healing). Asklepios would often 
be accompanied by a snake, the drakon — hence the medical 
symbol o f a snake wound round a staff.

P ilg rim s  to  th e  te m p le s  re la x e d  am o n g  b e a u tifu l 
surroundings and read inscriptions on marble pillars that told 
o f the miraculous cures perform ed by the god. Then they 
w ould bed dow n for the night in the sacred hall, where 
Asklepios would supposedly appear as they slept, to give 
them  a ‘dream drug’ o r even to perform  ‘dream  surgery’.

B ELO W  Asklepios, the patron god o f  s ta ff  to hand as a Greek physician 
physicians, watches with his serpent examines the body o f  a patient.
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A N C I E N T  R O M E
CONTINUING THE GREEK TRADITION

Gravestones reported: “It was the crowd oj physicians that killed me’

IN THE EARLY DAYS OF THE CITY, Roman medicine consisted 
of little more than propitiating the gods and reliance on 

traditional folk remedies. Then, in 293 BC, according to the 
historian Livy, a plague ravaged Rome and the city sought 
help from the Greek god Asklepios (the Roman Aesculapius). 
A ship was sent to Greece, and the god came aboard in the 
form of his snake. Approaching Rome, the snake swam to an 
island in the Tiber. A tem ple was erected  there and the 
plague disappeared (a hospital has been on this site ever 
since). This m arked the beginning of Greek influence on 
Roman m edicine; eventually , healing came to  be alm ost 
entirely in Greek hands and remained so for centuries.

Asclepiades of Bithvnia, a man of great natural shrewd­
ness, was the first Greek doctor to succeed in Rome, in the 
1st century BC. He avoided preaching Greek theories and 
rejected manv of the extrem e treatm ents prevalent in Rome, 
his m otto being ‘cito tuto jucunde’ ( ‘swiftly, safely, sweetly’). 
This m o d e ra te  ap p ro ach  — an d , possib ly , his h ab it o f 
prescribing wine in liberal doses — smoothed the acceptance 
of other Greek doctors.

The Greeks established schools of medicine in Rome, all 
influenced by the H ippocratic Corpus. T here w ere th ree 
main groups: the dogmatists, who were keen to understand 
disease and approved  of d issec tion , b u t m o st o f whose 
m edicine was theoretical; the em piricists, who relied  on 
experience and observation to discover effective remedies; 
and the methodists, who believed that doctors should follow 
onlv a few simple rules, which could be learned in about six 
months thus rejecting at a stroke both complicated theories 
and long experience.

T H E  STATUS O F D O C T O R S  
In 46 BC, Julius Caesar granted citizenship to all foreigners 
teaching a liberal art in Rome. This included doctors, most 
of whom were slaves or freed men. W hen Antonius Musa, 
once Mark A ntony’s slave, cured Em peror Augustus o f a 
serious illness in 23 BC bv cold hydrotherapy, he was richly 
rewarded and won immunity from taxation for all doctors.

During the reign of Vespasian (AD 69—79), physicians 
w ere also freed from military service. This, combined with 
freedom from taxation, caused such a boom  in the medical 
profession that, in AD 160, the em peror Antoninus Pius 
restricted the num ber of archiatri, or ‘public physicians’.

Doctors belonged to  one of three groups: independent 
practitioners; physicians attached to a particular family or the 
em peror; and archiatri, who w ere paid by a town to  look 
after its citizens. Until AD 200, when medical licensing was 
in tr o d u c e d , an y o n e , m an o r w o m a n , co u ld  d e c la re  
them selves a d o c to r. T ra in ing  was d ifficu lt to  o b ta in , 
appren tices being d ep en den t fo r learning on d octo rs to  
whom  they  w ere attach ed . H ospitals and in firm aries -

valetudinaria -  were only for w ounded soldiers and found on 
the em pire’s frontiers, o r for slaves and found on farms. 
Only the well-off could afford to  travel to  different medical 
centres such as Alexandria and Ephesus to  obtain a well- 
rounded  education, and m edical texts w ere expensive or 
inaccessible. However, guilds often purchased texts for the 
benefit of m em bers, and medical books w ere also sent to  all 
m ilitary forts. In this way, medical knowledge spread to 
every corner of the em pire.

Social rank depended on wealth and ownership of land. 
Most doctors had neither, though well-educated physicians in 
the households of aristocrats achieved high status. However, 
some w ere famous m ore for th e ir w ealth  than for their 
medical skill. There were far m ore medici, poor physicians 
working out of small side-street shops (tabernae medicae).

In the view of the comm on people, doctors spent their 
time theorizing and arguing among them selves, sometimes 
killing their patients with prom ised cures and then asking for 
paym ent from relatives. M edicine’s bad image was reflected 
in literature -  for example, the historian Pliny w rote:

“There is no doubt that all these [physicians], in their 
h un t fo r pop ularity  by m eans o f som e novelty , do no t 
hesitate to buy it with our lives .... Hence too that gloomy 
inscription on m onum ents: ‘It was the crowd of physicians 
that killed m e’.”

A BO VE Seated at his desk, a 
Graeco-Roman physician reads a 
manuscript in his office in Rome. 
The scene, carved in re lie f on a

sarcophagus dated around AD  
100, also includes the physician s 
medical cabinet with a case o f  
surgical instruments.

W O W U / M  17 ( A A T V  .
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W O M E N  AN D  M ED ICIN E 
W o m en  d o c to rs  (m ed icae) c o n c e n t r a te d , th o u g h  n o t 
exclusively, on female diseases: one inscription refers to a 
medica a mammis -  a female specialist in breast disorders. 
Midwives (obstetrices) were o f enormous help and influence 
before, during and after childbirth . M ost w ere probably 
simple village women who learned their craft by experience, 
but others studied treatises on gynaecology and obstetrics, 
and a few became em inent authorities.

ABOVE The castor oil plant D e  M ateria  M edica  established
(R icin us com m unis,) supplied the him as the undisputed authority on
ingredients for one o f  the hundreds plant medicines — his position was
o f  remedies that the Roman not to be seriously challenged fo r
physician Dioscorides prepared. His more than 1500  years.

H owever, the best-known w riter on gynaecology was a man: 
Soranus of Ephesus, who lived around AD 100. Much of 
what he w rote in his great w ork Gynaecology is applicable 
today. He rejected the Greek idea that the uterus moved 
erratically around a w om an’s body, causing pain. However, 
he and his contem poraries did believe that it was responsible 
fo r ce rta in  m en ta l p ro b lem s. T his idea p e rs is te d , and 
‘hyste ria’ (from  the G reek hustera, ‘u te ru s ’) becam e the 
province o f wom en.

M ED ICA L A M M U N IT IO N  
All doctors used herbal drugs, and a thriving trade developed 
in rarities, such as ‘balsam of M ecca’ and ‘Indian lycium’. 
There was a huge m arket, too , for theriac, a compound of 
over 60 ingredients, including viper meat and opium , which 
was used as a universal panacea.

The Romans com piled a num ber of lists of medicinal 
plants, or herbals. The greatest of them  (which continued to 
be published well into the Renaissance) w-as D ioscorides’ 
five-volume De Materia Medica (c.AD 64). It contains some 
600 rem edies, of which only about 20 per cent w'ould now 
be thought to have any medical benefit.

H ow ever, striking advances w ere made in surgery and 
public health: as many as 200 different medical instrum ents 
w ere known, including the vaginal speculum, one of which 
was found at Pompeii. Unfortunately, the Romans' technical 
c o m p e te n c e  in s u rg e ry  w as h a m p e re d  by a lim ite d  
knowdedge of the anatomy of the body.

H y g ie n e  and  p u b lic  h e a lth  p ro g re s s e d  w ith  th e  
developm ent of sophisticated latrines in m ilitary forts and 
w ealthy  hom es. C lean w a te r reached  th e  pop ulace  via 
impressive aqueducts, some in use today; and magnificent 
public baths became increasingly common.

Concern for hygiene even extended to draining marshes. 
The scholar Marcus Terentius Varro (116-28  BC) anticipated 
the germ theory of disease, advising caution near swamps -  
where malarial mosquitoes breed — “because there are bred 
certain m inute creatures which cannot be seen by the eyes, 
which float through the air and en ter the body through the 
m outh and the nose and there cause serious disease”.

C E L S U S

A work educated  doctors m igh t have consulted was De 
M edicina (On M edicine), w ritten  by  the encyclopaedist 
Cornelius Celsus durin g the reign o f  T iberius (A D  14—3 7). 
This e igh t-volum e work, which has su rvived  fro m  a n tiq u ity  
in its  en tirety , reveals an enorm ous am oun t abou t Roman  
m edical thou ght and practice.

Celsus knew  the difference betw een f re sh  wounds and  
ulcers th a t are slow  to heal; an d  he knew  abou t clam ping  
veins to  preven t haem orrh age (a  num ber o f  Roman fo rcep s  
have been fo u n d  to prove i t) .  H e describes complex su rgical 
operations, including g o itre  an d  ca ta ra c t rem oval, an d  refers 
to  p lastic  surgery, which p ro b a b ly  reached Rome (an d  
Celsus) fro m  India  (see p .17). M ost im p o r ta n t o f  all, Celsus 
was the f i r s t  to record the defin ition  o f  acu te  inflam m ation : 
‘rubor et tu m or cum  calore  et d o lore’ ( ‘redness and  
sw elling w ith  h ea t a n d  p a in ’) .

RIG H T The Roman rectal close comparison with the
speculum (L E F T ) bears modern version (R IG H T ).
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GALEN
The prodigy who wrote three books by the age o f 13 

but held medicine back fo r  1000 years

THE DOCTOR w h o  WOULD INFLUENCE medicine for nearly 
IS c e n tu r ie s  w as b o rn  in  th e  o n c e -G re e k  c ity  o f 
Pergam um  (now  Bergama, T urkey) around AD 

129. Galen was a prodigy, writing three books 
by the age of 13. Later, after becom ing 
accom plished in m athem atics, arch itec­
ture , astronomy, agriculture and philos­
ophy, he turned to medicine and, for 12 i 
years (an astonishingly long period for 
that tim e), studied in his hom e city and 
a t S m yrna , C o r in th  a n d , m o s t 
im p o r ta n t ,  A le x a n d ria . Back in  
P e rg a m u m , h e  s p e n t th re e  y ea rs  as 
‘physician to the gladiators’, using wounds 
as ‘windows’ into the body, to  learn anatomy

In AD 162, the 33-year-old Galen arrived in 
R om e. T o  m ake a n am e fo r h im se lf , he gave p u b lic  
dem onstrations of his anatom ical and surgical skill, often 
before some of the greatest m en of the em pire. O ne of his 
specialities was to  dissect the nerves in the neck of a live

B E L O W  Two 16th-century versions 
o f  Galen's corrective treatment fo r  
disorders o f  the spinal jo in ts echo

A Columna querna quadtata pan- 
n isftrau .

B Laquetpc&tjsdrcundames.
C  Laqucus fupra genu Sc taios.
D  Lorura ihbiHalligacutn.

more the scenes in a torture 
chamber than the routine o f  
orthopaedic surgery.

A Parictctcauatut.
B Columna querna quadrata 

pa n n is l lo ia .
C  Habena p r io r i circundara. 
D  Laqucu*/‘upra genu & u los.

H abena ilibus circumie&a, 
F  PiHilla ad caput &pcdci.
G  Aflcr c  nlia.

pig. As these w ere severed, one by one, the pig continued 
to  squeal; how ever, when Galen cut one o f the laryngeal 

nerves (now also called ‘Galen’s nerves’), the squealing 
stopped, to  the awe of the crowd. Little did they 

know that, w ith this snip, Galen was disproving 
th e  A risto te lian  b e lie f th a t m en ta l faculties 

resided  in the heart; it  was obviously the 
brain , reached via the nerves, that was in 
charge . M any o th e r  anim als cam e u n d e r 
G alen’s knife — even tw o elephants — but 
only tw o known hum an corpses.

As G alen ’s rep u ta tio n  g rew , so did his 
clientele, until it included the em peror Marcus 

Aurelius. Galen also became exceedingly wealthy 
-  he once charged the consul Boethus 400 gold 

pieces (about IS times the going rate) to  make a night 
call on his wife.

T H E  UN ITY  O F  M ED IC IN E 
Through his anatomical studies, Galen added immeasurably 
to  m edical know ledge, even though his concentration  on 
animals m eant that some detail was incorrect when applied 
to  human beings. As well as his w ork on nerves, he under­
stood the ro le  o f b lood in tissue n u tritio n , show ed that 
arteries as well as veins carried blood and dem onstrated the 
effects of injuries at different levels o f the spinal cord. He 
d id  n o t  h es ita te  to  d isag ree  w ith  th e  riva l schoo ls o f 
medicine in Rom e. Perhaps m ost im portant, he constantly 
stressed the unity o f medicine -  head and hand, physician 
and surgeon, logic and experience.

Galen was an arrogant and unpleasant man, who used his 
learning and his verbal skills to  bludgeon opponents into 
subm ission. W hen he le ft R om e abruptly  in AD 166 to 
spend three years in Pergamum, he claimed it was because 
he feared assassination by his rivals. He may have w ritten as 
many as 600 books, but none of those that survive makes 
any m ention of friends and, as far as is know n, not one 
statue was erected to  this great medical talent — perhaps not 
surprising  w hen one rem em bers  th a t he said: “W hoever 
seeks fame need only becom e familiar w ith all that I have 
achieved”. Oddly enough, it was Galen’s contem pt for such 
illustrious forebears as Herophilus and especially Erasistratus 
(see p. 19), w hom  he despised for the Alexandrian’s disbelief 
in the four hum ours, that led him to  w rite at length about 
these medical patriarchs, so that they have been able to  take 
their rightful places in medical history.

But this part of Galen’s writings, and his revolutionary 
w ork on anatomy, did not reach the w orld until the late 
Middle Ages. Unfortunately, the same cannot be said o f the 
rest. Galen elevated the Greek theory of the four humours
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One o f  the methods employed by virtually all Roman doctors was ‘cupping’. A 
piece o f  lint would be lit and placed inside a bell-shaped vessel, usually metal, 
which would then be applied to the skin. The burning would use up 
the oxygen inside the cup, creating a partial vacuum, and the resulting suction

would extract the ‘vicious humour’. There were two different approaches to 
‘cupping’: in 'wet cupping’, the cup was placed over a wound or a deliberate 
cut so that blood could be drawn; in ‘dry cupping’, it was believed that the 
suction on the skin would be enough.

(see p. 18) to  such a position that it becam e the m edical 
equivalent o f holy w rit; indeed, it  la te r becam e p art of 
Church dogma. His massive pharm aceutical w orks -  the 
remedies, none particularly effective, often being translated 
into garbled Latin from the original Greek -  continued to  be 
used for reference for centuries; and his championing of 
blood-letting and what came to be called ‘laudable pus’ was 
responsible for much ill health and many deaths through the 
ages. But, perhaps m ost destructive o f all, Galen believed

that everything was part o f a grand plan, one that only he 
could recognize. Unfortunately, if the evidence did not fit 
that plan, he ignored it o r tried  to explain it away; even if 
he had no ev idence, he w ou ld  sta te  as fact im possible 
assumptions. This grand plan was seized upon by the early 
Christians, who added the concept o f human suffering to  the 
mix. In the centuries that followed, critics o f the plan, and 
so the four hum ours, risked severe penalties. As a result, 
medical progress was held back for well over a millennium.
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T HE M I D D L E  AGES
FROM MONASTERIES TO MEDICAL SCHOOLS

Physicians checked urine, while barber-surgeons advertised with blood

WHEN ROME FELL to Germanic tribes in the 5th century 
AD, th e  c e n tre  o f W e s te rn  le a rn in g  sh if ted  to  
Constantinople (now Istanbul), the capital of the Byzantine 

em pire, which had been Christian for m ore than 150 years. 
T he C h u rc h  sw iftly  g a in ed  c o n v e rts  — and  p o w e r -  
throughout western Europe, and Galen’s less plausible tenets 
were embraced with fervour. The flame of scientific inquiry 
was extinguished.

Suffering was seen as part o f the human condition: as 
people becam e obsessed w ith their souls, they neglected 
th e ir  bod ies; m ed ic in e  becam e a m a tte r  o f fa ith , and 
prescriptions became prayers.

CHRISTIAN CHARITY 
A lth o u g h  th e  C h u rch  d e c re e d  th a t  s ick n ess  w as a 
co n sequence o f sin , caring  fo r th e  sick was an act o f 
C hristian  charity , and th is was the im petus behind the 
foundation of many hospitals. Fabiola (d.AD 399), a wealthy

and health were linked inextricably by particular planets and signs o f
with the cosmos — parts o f  the body the astrological zodiac.

Roman woman, created one of the first, which was followed 
by several hospitals in Byzantium — one, in Constantinople, 
could  accom m odate 7000 patien ts . Religious institu tions 
were established to care for the sick, and in the 1280s, one 
o f these b u ilt the large Santa M aria N uova hospital in 
Florence, Italy, which by the 15th century had 300 beds and 
employed nine doctors. There w ere, in addition, the various 
m ilitary hospital orders founded during the Crusades: the 
Knights Hospitallers o f St John; the Teutonic Knights; and 
the O rder of Lazarus.

By the 13th century, there were about 19,000 hospitals 
in w estern Europe, for the m ost part simply providing food, 
shelter and prayer for pilgrims, the old and the poor as well 
as for the sick.

PRESERVING A N C IE N T  LEARNING 
Many monasteries became healing centres, but their medical 
im portance lies in their preservation, copying and study of 
secular medical books from the past. Initially, these were 
mainly the w'orks of Galen, but only some of them  survived 
and then often in abridged versions, so that his insights into 
anatom y, his be lie f in experim en ta tion  and m uch o f the 
rationale behind his ringing statem ents of fact w ere missing.

Later, the w ork of scholars in the Middle East and Spain 
(see p. 28) trickled into the W est, and medical w riters busily 
translated and absorbed the technical literature o f ancients 
p rev io u sly  u nk no w n  to  th em . They ex p an ded  on th is , 
identifying m ajor them es, enlarging the medical vocabulary 
and com bining physiological theory  w ith w'hat they now  
knew about logic and natural philosophy. This would be the 
basis for the revolutionary w ork of the Renaissance.

R E G U L A T IO N  A N D  T R A IN IN G  
W ith  th e  fa ll o f  R o m e , R om an  m e d ic a l re g u la tio n s  
disappeared. Occasionally, new secular authorities instituted 
their own: 'T heodoric the G reat, the O strogothic king of 
Ita ly  (c .4 7 4 - 5 2 6 ) ,  a p p o in te d  an o ffic ia l to  su p e rv ise  
physicians; and Visigothic Spain established regulations in the 
7th century. H ow ever, regulation, like medical care, was 
generally taken over by the C hurch. D espite this, a few 
secular physicians rem ained, as well as practitioners of folk 
m edicine or magic, who w ere probably the m ost serious 
com petitors to the phvsician-monks.

W estern European society changed rapidly between 1050 
and 1225. As populations, cities and economies grew , more 
sophisticated forms of governm ent w ere created. Literacy 
rates w ent up, and so did the num ber o f secular healers. As 
medicine became increasingly commercial, religious leaders 
to o k  steps to  p rev en t th is ‘in fe c tio n ’ spread ing  to  the 
cloisters. In 1163, at the Council of Tours, monks w ere 
forbidden to practise m edicine “for the sake o f tem poral
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gain”. Then, in 1215, the Fourth Lateran Council prevented 
clergy in the m ajor o rders from  perform ing cautery and 
making surgical incisions. Four years later, in 1219, a papal 
decree forbade non-m onastic clergy to  absent them selves 
from their ecclesiastical duties to  study medicine.

Secular regulation was again found necessary. Roger II of 
Sicily (1095-1154), one of the m ost powerful kings in the 
M editerranean, ordered those desiring to practise medicine 
to be examined by royal officials. His grandson, the Holy 
Roman Em peror Frederick II (1194-1250), then entrusted 
the responsibility for those examinations to the ‘m asters’ of

Salerno (see p .27). Frederick also set fixed fees for medical 
trea tm en t (the poor w ere seen free), and forbade doctors 
from colluding with apothecaries to  fleece their clients by 
prescribing expensive medicaments.

Similar ordinances were passed in Spain in 1283, and in 
G erm any in 1347. By ensuring  th a t d oc to rs  w ere w ell 
trained, and restraining their m ore disreputable practices, 
these regulations did much to elevate physicians’ status.

From  its beginnings in 10th-century Salerno, European 
m edical education grew  rapidly. In 1220, Pope Honorius 
appointed Cardinal Conrad to supervise medical teaching at 
M ontpellier in France. His decree that no one could be 
considered a student there who did not receive instruction 
from an approved m aster established the faculty of medicine 
in W estern medical education. Soon, there w ere prestigious 
schools in Paris and M ontpellier in France, Parma, Bologna, 
Padua and Ferrara in Italy, and Tubingen in Germany, all 
with medical courses lasting four to five years.

D IA G N O SIS A N D  T R EA T M E N T  
The G reek concept o f the four hum ours -  as revised by 
Galen -  was the basis of all diagnosis and treatment. However, 
it had by now evolved into a theory of ‘com plexion’, or 
tem peram ent, which accounted for psychological and social 
as w ell as physical charac te ris tics. An excess o f b lood , 
phlegm, yellow bile o r black bile made a person, respec­
tively, sanguine, phlegmatic, choleric or melancholy, and the 
cold and m oist ‘co m p lex io n ’ o f w om en explained th e ir 
timidity as well as their m enstruation.

L EFT An illum inated manuscript B E L O W  A page from  B o cca cc io 's

depicts a medieval doctor admini- D e ca m ero n  shorn the use o f
stering a potion to his patient. leeches in the Middle Ages.
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On first visiting patients, doctors noted  their appearance, 
listened to their stories, felt their pulses and examined their 
urine. Urine inspection was the m ost comm on m ethod of 
diagnosis -  there were 29 observations to be made -  and the 
u rine flask becam e the symbol o f the docto r. C ontracts 
between towns and doctors often stipulated that the urine of 
all residents would be inspected on demand.

Many m edieval trea tm en ts  -  cupping , b lo o d -le ttin g , 
medications and diet — w ere Roman, but m ore elaborate, 
w ith ritual added to cupping and blood-letting, and most 
prescriptions involving a multiplicity of ingredients.

A BO V E Patients in 13th-century itinerant physician, who travelled
Europe queue up to describe their from town to town attem pting to
ills and receive medicine fro m  their cure the sick.

SU R G E O N S VERSUS PHYSICIANS 
For m ost o f the medieval period , all forms of trea tm en t 
w^ere carried out by physicians. H ow ever, from the 13th 
century, incisions, heat treatm ents and physical manipulation 
(setting fractures, for example ) w'ere increasingly relegated 
to  a separate craft-o rien ted  hierarchy of barbers, barber- 
surgeons and surgeons, the last group prim arily receiving
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their training not from universities, but from a system of 
apprenticeship regulated by guilds. The division of labour 
was not clear-cut, since physicians also carried out cupping 
with heated instrum ents and blood-letting.

Only a few surgeons undertook complicated operations 
and then  only fo r life-th rea ten ing  or ex trem e ly  painful 
conditions, such as bladder stones, urinary obstruction and 
toothache. T here w ere attem pts at anaesthesia to reduce 
pain: sponges were impregnated with opium or mandragora 
and placed in the mouth or nose. However, it is unlikely 
that these worked very well, since contem porary illustrations 
show that it was necessary to  restrain  patients physically 
during operations.

Surgical training improved as Muslim works on surgery 
were translated, first into Latin for the few and then, from 
the 14th century, into the vernacular for the many. Medieval 
surgeons also produced new textbooks, the first being Roger

Frugard of Parm a, whose Surgery (c . 1180) was immensely 
influential. These works culm inated in Guy de Chauliac’s 
massive Great Surgery of 1363, a systematic overview of the 
discipline, which, significantly, made use o f Galen’s work on 
anatom ical physiology -  the first tim e this had happened 
since the 3rd century.

H owever, despite this progress the split between surgeons 
and physicians w idened. M ost barbers and many barber- 
surgeons (who received some form  of medical training) w ere 
illiterate, but all were keen to  carry out the m ore lucrative 
medical procedures to  supplem ent their income from shaving 
and cutting hair. In London in 1307, barbers w ere criticised 
for advertising their medical services — tactlessly, one may 
think — by displaying buckets o f blood and hanging bloody 
rags on poles outside their shops. The University o f Paris 
refused to  adm it students to its medical school until they had 
sworn never to  perform  surgery.

S A L E R N O :  T H E  E I R S T  E U R O P E A N  M E D I C A L  S C H O O L

By the 10th century, the I ta lian  c ity  o f  Salerno was a lrea d y  
fa m o u s as a centre o f  m edical healing, an d  tw o cen turies 
la te r  i t  h a d  developed in to  the f i r s t  m edical school. Legend  
has i t  th a t S alern o’s m edical school w as begun by  a Jew , 
an A rab, a Greek a n d  a Rom an, b u t a lth ou gh  there is no 
evidence f o r  this, i ts  position  south o f  N aples brou ght i t  
in to  contact w ith  both the G reek- a n d  th e  A rab-speakin g  
w orlds, an d  i t  was only some 70 m iles f ro m  the B enedictine  
m onastery  o f  M onte Cassino, where A rabic  m edical works 
w ere tran sla ted .

A t f i r s t ,  Salerno carried  on the tra d itio n  o f  p ra c tica l 
healing ra th er than  bookish learn ing. I t  w as a lso  co­
educational in the m id - l l th  century, one o f  i ts  f in e s t  
practition ers being a wom an, T rotula, who becam e  
im m o rta lized  in fo lk  ta les as ‘D am e T ro t’. Both men an d  
women sought her advice, an d  she w rote ab o u t the m edical 
conditions o f  both sexes. H ow ever, her m ost fa m o u s  work  
was on gynaecology a n d  obste trics — De M ulierum  
Passionibus: “ W herefore I, Trotula, p ity in g  the ca lam ities  
o f  women an d  a t  the urgen t request o f  certa in  ones, began  
to  w rite  th is book on the d iseases which a ffect th e ir  sex”.

Salerno w as a t  i ts  p eak  in the 12th an d  13th cen turies  — 
the t i t le  ‘d oc tor’, m ean in g  physician , was f r s t  used leg a lly  
there in 1180. For the f i r s t  tim e, a curriculum  based on 
m edica l textbooks was estab lish ed . The school’s m ost 

fa m o u s  pu blica tion  w as the  Regim en Sanitatis 
Salernitanum , g e n e ra lly  cred ited  to  A rnold  o f  Villanova  
(1234—1311). E igh t h u n dred  a n d  fo r ty - tw o  lines o f  verse  
h elped  doctors (w ho could not a fford  to buy books) 
rem em ber the advice g iven . For exam ple:

“I f  thou to  h ea lth  a n d  v igou r w ouldst a tta in ,
Shun w e igh ty  cares -  a ll  an ger deem  profane,
From h eavy  su ppers an d  much w ine a b s ta in ”.

A fter Salerno was sacked in the sum m er o f  1194 by the  
H oly  Rom an Em peror, H en ry  VI, i ts  f in e s t  m edical m inds  
g ra d u a lly  le f t  to  estab lish  o th er fa c u ltie s . The Salerno  
m edical school con tin ued to  tra in  doctors u n til the early  
19th century, when i t  w as closed on N apoleon ’s orders.

B E L O W  Roger o f  Salerno attends (L E F T ) and administers a herbal
to a patient with a pla inly visible remedy to a patient with an eye 
abscess fro m  a diseased tooth complaint (R IG H T ).
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A N C I E N T  M E D I C I N E  R E V I V E D
FROM PERSIA TO SPAIN

He described measles and smallpox, then was blinded by his own book

MANY o f  THE MEDICAL w o r k s  of the ancient Greeks and 
Galen reached western Europe by a roundabout route 
that took centuries to complete.

In AD 431, the Church banished Nestorius, the heretical 
p a tria rch  o f C o n stan tin o p le , w ith  his fo llow ers. T h e ir 
descendants fled to Persia where, at Jundi Shapur, they made 
the university and its medical school and hospital a leading 
in tellectual cen tre . T here the N estorians translated  in to  
Syriac all the Greek books they could find, including the 
Hippocratic Corpus and the works of Galen.

W ith the rise o f Islam in the 7th century, medical schools 
spread. In the Eastern Caliphate of Baghdad, Muslim scholars 
and physicians continued to translate Greek works, adding 
their own commentaries.

TH E LEA RNING  O F  ISLAM 
Rhazes (J .925), drawing on his own experience, w rote the 
first accurate descriptions o f m easles and sm allpox, and 
realized  th a t fever could  be a defence against d isease. 
Continens Liber, one of his 200 or so treatises, gained him 
fame, but also made him blind: he offended a mullah, who 
demanded he be beaten on the head with his own book until 
one of them broke; the docto r’s head broke first.

Rhazes was follow ed by Avicenna (9 8 0 -1 0 3 7 ) -  also 
known as Ibn Sina -  whose breadth o f learning m atched 
Galen’s. His Canon Medicina, one million words long, became 
a medical bible, supplanting Galen’s work first in the Arab­
speaking world and then in western Europe until the 17th 
century. He recognized the contagious nature of tuberculosis 
and the dissemination of diseases by w ater and soil; he also

recom m ended the use of cautery instead of the knife, and so 
perpetua ted  the Arab disinclination to  dissect, which had 
originated in horror at the prospect.

Islam spread through N orth  Africa and into Spain and 
south-wrest France, until it was stopped by the Christians at 
the Battle of Tours in AD 732. The W estern Caliphate was 
cen tred  on the Spanish city o f C ordoba, w hich had 50 
h o sp ita ls , 70 p u b lic  lib ra rie s  and  th e  m o st re n o w n e d  
university of the 10th century.

Albucasis (936-1013) was possibly the greatest surgeon of 
the Middle Ages. Born in Cordoba, he w rote al-Tasrif the 
first illustrated book of surgery, which describes procedures 
for opening abscesses, eye surgery and manipulation of spinal 
d efo rm itie s. It also con tains the ea rlies t d escrip tio n  of 
haem ophilia . From  Seville cam e the in tensely  p rac tical 
A v e n zo a r (J . 1 1 6 2 ), w ho  ta u g h t h ow  to  c a rry  o u t 
tracheotom ies and rem ove cataracts and kidney stones.

In 1148, the 13-year-old Maimonides (born Moses ben 
M aim on), scion of a family o f Jewish scholars, fled from 
Cordoba to  Fez in Morocco as the fanatical Muslim sect, the 
Almohades, com pleted their takeover o f Spain. Moving to 
Cairo, he became physician to  the Saracen sultan, Saladin, 
whose Crusader foe, Richard C oeur de Lion of England, 
t r ie d  in vain to  se c u re  th e  Jew ish  d o c to r ’s se rv ic es . 
M aimonides studied the patien t, n o t the disease; he also 
rejected astrology and attem pted to separate medicine from 
religion. He w rote: “Teach thy tongue to say ‘I know n o t ,’ 
and thou wilt progress”.

Some of the works of these men were first translated into 
Latin by the mysterious Constantinus Africanus (c. 1020-87).

THE ONLY DOCTOR TO BECOME POPE

D esp ite  the Church’s a tte m p ts  to  dissu ade them , m an y non­
m onastic clergy becam e doctors. One was P etru s H ispanu s -  
P eter o f  Spain (a lth ou gh  Portuguese)  — who stu d ied  a t  Paris 
an d la te r  ta u g h t a t  Siena. In the m id -13 th  century, he 
com piled  A Treasury- o f  P o o r M en, a m edical compendium  
in which he recom m ended lettu ce  leaves f o r  toothache, 
le ttu ce  seed to reduce sex drive  a n d  the applica tion  o f  p ig  
dung to stop  nose-bleeds.

Following his a ppo in tm en t as physician to the Vatican, 
popes G regory X  (1271-6), Innocent V (1276) an d  A drian V 
(1276) a ll  d ied  in quick  succession. D espite  th is the cardinals  
elected P etru s as pon tiff, p erh aps hoping th a t his m edical 
skills would keep him  h ealth y. H ow ever, w ith in  a y e a r  o f  his 
elevation , in 1276, the ro o f o f  a pa lace he h ad  ordered to be 
b u ilt f e l l  in an d  k illed  him . H is dea th  came as a re l ie f  to  
orthodox clerics who believed he was the an ti-C h rist.
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WOMEN DOCT ORS  IN THE DOCK

Although fo rm a l m edical education an d  practice  spread  
fro m  Salerno — where Trotula h ad  f lo u rish e d  — its  lib era l  
a ttitu d es  d id  not. In England, France a n d  the rest o f  
northern Europe, women were fo rb id d e n  to s tu d y  a t  
university, a n d  were refused licences to  p rac tise  m edicine, 
although they were p e rm itted  to continue working as 
m idw ives an d  ‘wise w om en’.

In Paris in 1322, f i v e  women stood  tr ia l  f o r  prac tis in g  
m edicine w ith ou t a licence. One was Jacqueline Felicie de  
Alm ania: “The sa id  Jacqueline v is ited  the sick f o l k ”, the 
charge read, "... exam ining th e ir  urine, touching, fe e lin g  
an d holding th e ir  pulses, body an d  lim bs .... She was w ont 
to say to the sick fo lk , ‘I w ill cure yo u  by  G od’s w ill, i f  you  
w ill tru s t in m e ,’ m aking a com pact w ith  them  an d  
receiving m oney fro m  th e m ”.

The m ain  w itness a g a in s t her was the surgeon John o f  
Padua. As women could not p ra c tise  as law yers, he s ta ted  
th a t i t  was even m ore im p o r ta n t th a t th ey  n o t p rac tise  
m edicine, since losing a life was m ore serious than losing a 
la w  su it. E igh t o f  D e A lm a n ia ’s p a tie n ts  te s tif ied  on her 
behalf, saying th a t she h ad  been ab le  to  cure them  when 
m ale doctors h ad  fa ile d .

D e A lm an ia  a rgu ed  th a t women w ould receive b e tte r  
trea tm en t fro m  a fe m a le  physician since she could exam ine  
th e ir  “breasts, be lly  an d  f e e t ” a n d  a m ale  doctor could not.

The Court o f  Justice  was n o t convinced, s ta tin g  th a t  “i t  
is certa in  th a t  a m an approved  in the a foresa id  a r t  could  
cure th e  sick b e tte r  than a n y  w om an ”. The f i v e  women  
were a ll  fo u n d  g u il ty  an d  received a m ost severe pen alty: 
excom m unication fro m  the Church.

He had studied medicine and magic in Babylon and Tunisia 
and turned up at Salerno in 1072, bringing with him a great 
collection of Arabian manuscripts. He later became a monk 
at Monte Cassino, where he translated from the Arabic the 
w orks o f Arabian, Jewish and G raeco-Rom an physicians, 
especially those of Galen. This w ork  o f translation  was 
continued in the 12th century by Gerard of Cremona and his

pupils in Spain, and by Burgundio of Pisa, who translated the 
works of Galen from Greek — the beginning of the W estern 
rediscovery of the original ancient texts which was continued 
by the humanists of the Renaissance.

B E L O W  The 1 7th-century illustra- M ed icina, which became a medical
tion on the fro n t binding board o f  bible, shows the great physician
Avicenna s monumental C an on  conducting an al fresco examination.

THE AB B OT  & THE DOCTORS

In the w in ter o f  1150/1 , P eter the Venerable, A bbot 
o f  Cluny, was taken i ll  w ith  a congested chest and  
headaches. Because o f  pressure o f  work, he h ad  
postpon ed his b i-m on th ly  b lood-le ttin g , an d  now  th a t  
he was ill w ith  “the d isease called  c a ta rrh ”, he f e l t  
i t  would be too dangerous. H owever, a f te r  fo u r  
m onths o f  su ffering he tw ice a llow ed  la rg e  am ounts 
o f  blood to be draw n off. H is f e a r s  were rea lized : he 
lost his voice, could no longer preach, a n d  his 
congestion was as ba d  as ever.

The Cluny doctors reckoned th a t the b lood-le ttin g  
h ad cooled his blood a n d  left “sluggish  phlegm  
diffused through the veins a n d  v ita l chann els”. They 
a dvised  h ea tin g  a n d  m oisten in g m edicines, such as 
hyssop, cumin, licorice an d  f i g s  s teeped  in wine. P eter  
was not happy. H e w rote to  an oth er doctor, 
B artholom eus, f o r  advice:

“There were m any an d  varied  discussions abou t 
m y case am ong the m edical p rac tition ers in 
attendan ce. And alth ough w h at th ey  were saying d id  
not seem very reasonable to  me, I g a ve  in to  them . 1 
have used the d ie t an d  m edicines th ey  recom m ended  

f o r  alm ost three m onths a lready, bu t up to  now  I  f e e l  
very little , indeed  scarcely a t  a ll, b e tte r . ”

In his reply, Bartholom eus a greed  w ith  the Cluny 
doctors, b u t took care n o t to  con trad ict h is im p o r ta n t  
p a tie n t overtly. H e su ggested  cupping f o r  the a b b o t’s 
headaches, hot baths, m edica ted  steam  inh alations, 
chest poultices, m outh lozenges a n d  g a rg le s  f o r  his 
la ryn g itis  a n d  chest infection — a n d  a laxa tive  f o r  
good m easure.
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T H E  B L A C K  DE AT H
“ .. the cruelty o f heaven and to a great degree o f  man”

IN THE LATE 1320s, plague erupted in the Gobi desert o f 
Mongolia. W ithin a generation, it had spread east to  China 

w here, in 1351, chroniclers claimed that it had killed two 
thirds o f the population . It was also carried  by M ongol 
nomads along the trade routes west.

A ccording to  sa ilo rs’ sto ries  re p o rte d  by the n o tary  
Gabriele de Mussi, merchants from the Italian city of Genoa 
came under siege from the Tartar army of a Kipchak khan 
ca lled  Jan ib eg . A t th e  Black Sea p o r t  o f  Caffa (n o w  
Feodosiya) in the Crimea in 1346, plague broke out among 
the Tartars, and Janibeg ordered the survivors to  load their 
com rades’ corpses on to  catapults and toss them  over Caffa’s 
walls. As the horrific rain o f cadavers fell, the plague entered 
Caffa. W hen the Genoese fled, they carried w ith them  into 
Europe what came to  be called the Black Death.

Along the circuitous trade routes o f the 14th century, the 
plague cut short the fives o f millions. In Constantinople in
1347, it  struck  dow n thousands o f Byzantines, including 
Andronicus, son of Em peror John Cantacuzene. In Cairo in
1348, up to  tw o fifths o f the population died. In the Nile 
Delta village o f Bilbais, corpses w ere piled so high along the 
roads th a t b andits  to o k  to  h id ing  beh in d  th em  d urin g  
ambushes. Aswan, Antioch, Damascus, Jerusalem, Tunis and 
even Mecca followed -  by 1349, one third of the Islamic 
w orld had perished.

Death marched into Italy via Genoa -  w ith the returning 
merchants — and Pisa in late 1347, and ravaged its crowded 
cities. At Siena, one chronicler wrote:

“They died by the hundreds, both day and night, and all 
w ere throw n in ... ditches and covered with earth. And as 
soon as those ditches w ere filled, m ore w ere dug. And I, 
Agnolo di Tura ... buried my five children with my own 
hands ... And so many died that all believed it was the end 
o f the w orld .”

The hum anist Giovanni Boccaccio w itnessed the Black 
D eath in Florence, and to ld  o f what he had seen in the 
introduction to his Decameron:

“Such was the cruelty of heaven and to  a great degree of 
man that betw een March [1348] and the following July it is 
estimated that m ore than 100,000 human beings lost their 
fives within the walls o f Florence, w hat w ith the ravages 
attendant on the plague and the barbarity o f the survivors 
towards the sick.”

The pestilence spread to  France. At Marseilles, 50-60 per 
cent died; at M ontpellier, only seven o f 140 D om inican

R IG H T  The martyrdom o f  S t adoption as the patron saint o f
Sebastian, portrayed here by plague sufferers echoed a
Andrea M antegna, became traditional association between
symbolic o f  the plague. H is arrows and attacks o f  the plague.
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friars survived. At A vignon, the g rea t surgeon  Guy de 
Chauliac advised Pope Clement VI to flee, but stayed himself 
and caught the disease, amazingly recovering after six weeks. 
In 1350, the army of Alfonso XI o f Castile was besieging 
Gibraltar when the Black Death struck both sides; Alfonso 
refused to  leave his troops and died — the only crow ned 
head of Europe to succumb to the plague.

The Black Death arrived in England, at W eym outh, in 
June 1348, and quickly spread north  to  devastate London. 
The countryside was also harshly affected. In all, about two 
m illion British people perished, half the population. The 
plague reached G erm any in June 1349, Scandinavia and 
northern Scotland the following Decem ber and Russia at the 
end of 1350. Then, having killed perhaps one third or m ore 
of the people of Europe, for some inexplicable reason the 
pandemic halted.

M A KING SENSE O F  IT  ALL 
According to  the Church, the Black Death was G od’s punish­
m ent for the sinfulness o f hum ankind. M edieval doctors, 
however, tended to blame a ‘pestilential atm osphere’ caused 
either by a planetary conjunction or by earthquakes and 
volcanic erup tions th a t had o ccurred  b efo re  the disease 
appeared.

Doctors tried every possible cure and preventive. Gentilis 
o f Foligno w rote that huge fires o f aromatic woods should be 
lit to purify the atmosphere. The University o f Paris medical 
faculty agreed, and stressed that “olive oil, as an article of 
food, is fatal . . .. Bathing is injurious. Men m ust preserve 
chastity as they value their lives”. O thers believed that the 
air had becom e ‘stiff’ and had to  be broken up by loud 
noises. So bells were rung, guns were fired and birds w ere 
released to fly around rooms.

Eventually, doctors came to  recognize the principle of 
contagion, or at least to act upon it. In Milan, they advised 
the reigning Viscontis to  wall up houses in which victims 
w ere found , even if they also im m u red  healthy  fam ily 
members. This drastic measure seems to have paid off: Milan 
lost less than 15 per cent o f its population, the lowest death- 
rate in Italy.

Fleeing the Black Death simply spread it fu rther, and 
doctors ran away like everyone else. In Venice, this led to 
surgeons being allowed to practise like physicians, to  make 
up the numbers. But physicians and surgeons alike found that 
nothing they did made any difference. As Guy de Chauliac 
was to  w rite: “The disease was m ost hum iliating for the 
physicians, who w ere unable to  render any assistance”.

TH E  T R U T H  REVEALED 
Only in 1894, during an epidemic in Hong Kong, was the 
plague bacillus Pasteurella pestis identified and found to  be a 
disease of black rats and o ther rodents, spread by their fleas. 
W hen all the rats died, the fleas would look for new  hosts: 
human beings. The plague bacillus is ex trem ely  virulent: 
laboratory mice die after being infected w ith three bacilli -  
and fleas can disgorge up to 24,000 in one bite.

T here are th ree hum an types o f the disease. Bubonic 
plague, the m ost com m on, is characterized  by ‘bub oes’, 
large, inflamed and painful swellings in the groin and armpit; 
in septicaemic plague, the bacilli en ter the bloodstream . Both

are caused directly by flea bites. Pneumonic plague is highly 
c o n ta g io u s , e sp ec ia lly  in  c ro w d e d , p o o rly  v e n tila te d  
build ings: severe p neum o nia  o ccurs and the bacilli are 
presen t in coughs. Death occurs quickly w ith pneum onic 
plague -  w ithin three o r four days -  and even faster with 
the septicaemic variety: 24 hours. In all three types, internal 
bleeding causes large bryises to appear on the skin — hence 
the nam e, the Black Death.

In 1932, with sulphonamide drugs (see p. 107), there was 
finally an effective treatm ent for the plague. Yet within 50 
years there w ere reports -  persistent, though unconfirmed — 
that a strain o f plague bacillus resistant to all medicinal and 
con tro l m easures had been developed for bacteriological 
warfare by the US army.

FLAGELLANTS AND J EWS

M ass h ysteria  w as also a characteristic  o f  the Black  
D eath . In 1348, the ‘B rotherhood o f  th e  F la g ella n ts’ 
-  whose aim  was to  induce God to  stop  pu n ish ing  the  
w orld  w ith  the p la g u e  — sprang  up; om inously, this 
b iza rre  sect was p a rticu la r ly  common in Germ any. 
L arge grou ps w ould m arch f ro m  town to town, 
s tr ip p e d  to the w a ist an d  w hipp ing  them selves w ith  
m e ta l- tip p e d  scourges — fre q u e n tly , though, carrying  
the infection w ith  them.

Much m ore serious was the persecution  o f  the 
Jew s. Claim s th a t  th ey  h a d  s ta r te d  the p lagu e  by  
poison ing w ells w ere fu e lle d  by  the confessions, a t  a 
tr ia l  in the Swiss town o f  Chillon in S ep tem ber 1348, 
o f  Jew s who h ad  been to rtu red . In Basle, a ll  Jew s  
were pen n ed  up in a wooden bu ild in g  a n d  burned  
a live  — a prac tice  th a t  also  fo u n d  fa v o u r  in 
G erm any, a lth ou gh  sim ple  s la u g h ter a lso  sufficed: a t  
lea s t 2000 Jew s w ere m u rd ered  in Strasbourg; 12,000  
in M ainz; 600 in Brussels. In J u ly  1349, the 
F lagellan ts led  the people  o f  F rankfurt to  the Jew ish  
q u a r ter  f o r  a w holesale m assacre. N ot u n til the  
a p p a llin g  H olocaust o f  W orld W ar II w ould the Jew s  
again  suffer such persecution .

B E L O W  A woodcut fro m  the 
Nuremberg Chronicle, 
published in 1493, depicts 
the tragic scene in Cologne,

Germany, where thousands o f  
Jews were burned alive after 
claims that they had started 
the plague.
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The Renaissance and 
the Enlightenment

s the Black D eath swept through Italy in 
£  /M  1347 and 1348, taking its terrible toll, the 
^  /  M pretensions o f the physicians and barber- 

surgeons w ere stripped bare. But within 75 
years  o r so , th e re  w as an n ew  a ir  o f 

en q u iry  in m ed ic in e  as the R enaissance began . This 
remarkable explosion of creative energy, in which classical 
texts w ere analyzed and reassessed, and humanist thought 
began to replace dogma, soon spread throughout Europe, 
helped by the invention of printing.

In Italy, Leonardo da Vinci, among others, spearheaded 
the new interest in anatomy; while on the battlefields of 
Europe surgeons learned better how to cope with savage 
wounds. Medicine’s new sense of science was m atched by 
a new appreciation of the status of the profession, as royal 
colleges were formed and charters given.

And so, on this m ore solid base, medicine grew into 
the age o f E n lig h ten m en t — tw o  c e n tu r ie s  th a t saw

B r i ta in ’s G lo rio u s  R e v o lu tio n  o f  1 6 8 8 , A m e r ic a ’s 
D eclaration  of Independence o f 1776 and the French 
Revolution of 1789. But these events did not occur in a 
vacuum. They w ere reflections o f an attitude of mind: a 
rejection of .social and religious constraints; a belief that 
progress in science and technology would lead to a utopian 
existence; and, as far as medicine was concerned, a dete r­
m ination that one day all diseases would be conquered — 
or so they w ere convinced.

Scientific and technological progress certainly played its 
p a rt in m ed ic ine, as G alen ’s e rro neou s theo ries  w ere 
finally overthrow n, the circulation of the blood was under­
stood, m icrobes w ere revealed by the m icroscope, and 
smallpox vaccination was introduced.

But th is co n fid en ce  in fu tu re  h ea lth  led  to  som e 
extraordinary and bizarre twists in the story of medicine. 
For the 18th cen tury  was also the cen tury  of naivete, 
when quacks and charlatans made fortunes.



ABOVK Rem brandt’s T h e  A n ato m ical Lesson , o f  1632.



H I S T O R Y  O F  M E D I C I N E

T H E  R E N A I S S A N C E
DISCOVERING THE FABRIC OF THE BODY

Night-time dissections and battlefield injuries led to new insights

Thf. 1 5 t h -  a n d  1 6 t h - c e n t u r y  ‘ r e b i r t h ’ , or renaissance, 
in medicine as in the arts and other branches of learning 
centred on the rediscovery of ancient Greek and Roman 

works in their original form. Some were known, but others 
had never been seen before, in particular those on medical 
philosophy, anatomv and classical surgery. The invention of 
printing, around 1455, led to  an explosion in the publication 
and d istribu tion  of these w orks, and o f o th er re latively  
inexpensive medical books.

R ED ISC O V ER IN G  T H E  BODY 
Bv the late Middle Ages, medical schools were again carrying 
out human dissection (w ith ecclesiastical perm ission), but 
only rarely  -  and in circum stances hardly conducive to  
learning. The professor, in long robes, sat on high in a great 
chair reading his anatomy lecture, w ith the cadaver on a 
tabic below him. A junior colleague — the ostensor -  pointed 
out the line of incision, and a third -  the menial demonstrator 
— did the actual cutting.

This procedure was radically changed by M ondino d e’ 
Luzzi (c. 1 2 7 5 -1 3 2 6 ) , w ho tau g h t at the U niversity  o f 
Bologna and acted as his own demonstrator. His anatom y 
textbook, the Anathomia, is considered the first m odern work 
on the subject, but despite his ‘hands o n ’ experience, it is 
full of inaccuracies passed down from Galen and Avicenna. 
His teaching methods w ere, however, a major advance, and 
soon spread to other medical schools.

It was that com plete ‘Renaissance m an ’, Leonardo da 
Vinci (1452-1519), who first reproduced exactly what he 
saw, in 750 anatomical drawings. Dissecting at night (and 
possibly in secret), he drew  the uterus as a single cavity with 
the foetus in its true position, showed the actual curvature of 
the spine, carried out extensive work on the heart and the 
m ovem en t o f b lo od , and m ade th e  first cross-sectional 
drawings of the body. Unfortunately, his pioneering w ork 
remained hidden for m ore than 300 years, and others had to 
forge on w ithout knowdedge of his discoveries.

In 1543, Andreas Vesalius, the cantankerous 29-year-old 
Flemish Professor of Anatomy at Padua, published De Humani 
Corporis Fabrica (The Fabric o f  the Flu man Body). Like Mondini, 
he dissected personally, and his great work showed for the 
first tim e how' nerves penetrated muscles, the nutrition of 
bone, the true relationship of the abdominal organs and the 
structure of the brain.

Tw'o of Vesalius’s assistants also made m ajor findings. 
Gabriel Fallopio described the internal workings of the ear, 
the anatomy of bones and muscles, and the sex organs: the 
tubes leading from the ovaries to the uterus are named after 
him. Bartolom m eo Eustachio studied the kidneys and the 
head, describing the anatomy of the teeth and, in particular, 
the ‘Eustachian tubes’ from the throat to the middle ear.

The true circulation of the blood continued to elude these 
pioneers. H owever, in 1546, a form er Professor of Anatomy 
at Paris, the Spanish-born Michael Servetus, com pleted a 
theological w ork entitled The Restoration of Christianity, which 
rather surprisingly, included the first description of the circu­
lation of the blood in the lungs. Then another Italian (known 
chiefly  as a b o ta n is t) , A ndrea C esalp ino  (1 5 1 9 -1 6 0 3 ) , 
stumbled across not only the pulmonary circulation but the 
systemic circulation as well. He may not have realized the 
im portance of what he had discovered, and his wmrk m et 
with very little response.

R IG H T A dissected torso fro m  the 5 th  
Book o f  D e  H um ani C o rp o ris  

Fabrica  by Andreas Vesalius, one o f  a 
series commissioned by the Flemish 
anatomist. Ihe torso, falsely coloured 
using modern techniques, shows the 
liver, stomach and intestines in their 
true positions.

G U N S H O T  W O U N D S  A N D  SURGERY 
During the Renaissance, surgery made great progress, w'hile 
medicine rem ained the province of book-oriented physicians, 
or ‘leeches’, so called because of the blood-sucking w'orms 
they attached to  patients to bleed them . Many fine surgeons 
of the Middle Ages had gained experience and knowdedge on 
the battle fie ld  -  fo r exam ple , the British surgeon John 
Arderne (1307—c. 1390), who served in the H undred Years’ 
W ar -  and dealt not only with slashes and punctures from 
sword and lance but also w ith gaping, dirt-filled wmunds 
caused by bullets from the newdy invented guns and artillery. 
Surgeons initially believed such wounds w ere poisoned, for
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the majority became septic, and to get rid o f the poison (and 
stop bleeding), boiling oil was poured on to the shattered 
flesh — an agonizing experience that many soldiers did not 
survive. The b arb er-su rg eo n  A m broise Pare (1 5 10 —90) 
changed all that. In 1536, at the siege o f Turin, his supply of 
boiling oil ran out, so, instead he used a concoction of egg 
yolk, rose oil and tu rpen tine to  dress w ounds. He later 
w rote in his Method o f  Treating Wounds (1545) that injuries so 
treated were less painful, free of swelling and less inflamed 
than those cauterized w ith boiling oil — “I dressed him and 
God healed him”, he said modestly. Pare also developed a 
m ethod  o f liga tu re  (tying off b lood  vessels) th a t m ade 
amputations far m ore successful; however, thigh amputations 
required skilled assistants to tie the required 53 ligatures, 
and these were not generally available. Soldiers also had the 
German surgeon Fabricius Hildanus (1560-1634) to thank 
for improved treatm ent of gangrene and burns.

T H E PHYSICIANS O R G A N IZE  
Perhaps as a result of the doctors’ failure to  get to grips 
w ith  th e  B lack D e a th , ‘p h y s ic ’ b e c a m e  in c re a s in g ly  
concerned  w ith  practica (the p articu lars  o f diseases and 
treatm ent). How ever, little new was discovered, and the 
reputation of physicians among common folk was low. Small 
w onder that Shakespeare w rote — in Timon o f  Athens (1607) — 
“Trust not the physician;/His antidotes are poison”.

To bolster their status, physicians created  professional 
structures for themselves, in order to prevent anyone not 
properly  trained (and, in effect, wom en and Jews) from  
practising. In England, in 1423, they joined briefly with the

B ELO W  The ‘miracle o f  the black century, returned centuries later to 
leg ’. According to legend, Saints amputate the ulcerated leg o f a 
Cosmas and Damian, doctor- Christian and replace it with the

undiseased leg o f  a dead Moor.

surgeons to  keep the un trained  out o f both  professions. 
T h en , nearly  a ce n tu ry  la te r , in 1518, six physicians, 
including Henry VIII’s doctor Thomas Linacre, and Cardinal 
W olsev, then at the height of his pow er, w ere granted a 
charter by the King to  form the Royal College of Physicians: 
it could license doctors, and prosecute, fine and imprison 
unlicensed practitioners.

THE ILL-FATED QUEEN

The execution o f  M ary Queen o f  Scots by E lizabeth  I 
in 1587 was n o t only p o litica lly  in e p t bu t h ard ly  
necessary, as both her Scottish a n d  English ph ysi­
cians knew  she was dying.

Before she w as 18, M ary h ad  h ad  the ‘preva ilin g  
f lu x ’, dysen tery, m a la ria , sm allpox a n d  the ‘green  
sickness’ (p ro b a b ly  iron-deficiency a n a em ia ). W hile 
Queen o f  France (1 5 5 9 -6 0 ), she f i r s t  show ed signs o f  
recurring illness, w ith  abdom in a l pa in , vom iting  
a n d  bouts o f  h ysteria , th a t was to la s t u n til the end  
o f  her life. Some h isto rian s now  believe th a t  these  
w ere sym ptom s o f  porph yria  (th e  ‘R oyal d isea se ’) ,  an 
h ered ita ry  condition f ro m  which severa l o f  her  
descen dants suffered, m ost n o ta b ly  G eorge III.

Its effects on M ary’s a b ility  to  ru le  were d isastrous 
a n d  she often a ppeared  close to  death . In 1566, her 
courtiers ordered m ourning dress, as th e ir  queen la y  
seem ingly  d ead  a t  fed b u rg h , bu t her surgeon,
A rn ault, rev ived  her by bandagin g  her b ig  toes, legs 
an d arm s tigh tly , pouring w ine in to  her m outh an d  
g iv in g  her a ‘c lyster’ (an  enem a). A fter her husband  
Lord D a rn ley ’s m urder in 1567, M ary h ad  a com plete 
m en ta l a n d  physical breakdow n, during which she 
m arried  the E arl o f  Bothwell. H er arm y  d eserted  her, 
B o th w e llfled , a n d  she was im prisoned in Loch Leven 
castle, where she h a d  a m iscarriage o f  tw ins. Later, 
as a s ta te  p rison er o f  the English, she was prescribed  
cinnamon w ater, unicorn’s horn an d  ba th in g  in wine 
(E liza b eth  com plained o f  the cost), a n d  allow ed  to 
‘take the w a ters’ a t  Buxton Spa.

D esp ite  her illnesses, M ary re ta in ed  her charm  
a n d  proved  very  dangerous f o r  tw o  o f  her doctors, 
E dw ard  A tslow e a n d  Jam es Good. Im plica ted  in p lo ts  
to  f r e e  the Scottish queen, A tslow e w as tw ice tortu red  
on the rack in the Tower, a n d  Good w as im prisoned.

W hen she was beh eaded  in 1587, the 4 4 -year-o ld  
M ary  was a lm ost p erm a n en tly  lam e a n d  h a d  to  be 
h elped  to the scaffold. She also  h a d  oedem a o f  the  
legs (d ropsy) an d  
p ossib ly  chronic 
n ephritis.

R IG H T Mary Queen o f  Scots 
is portrayed in widow's 
attire after the death o f  
her husband, Frangois II, 
in 1560 , when he was 16 

years old.

brothers martyred in the 4 th
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P A R A C E L S U S
‘Medicine ... deals with the processes o f life”

REN AISSAN CE R E BEL  P h ilip p  A u ro e lu s  T h e o p h ra s tu s  
Bombastus von Hohenheim  — later appropriately, hut 
erroneously, linked with the origins of the w ord ‘bom bastic’ 

— was born near Zurich in 1493. Before he died 48 years 
later, he had styled himself ‘Paracelsus’ — implying that he 
was greater than the great Roman encyclopaedist Celsus -  
and had earned his niche in medical history as standard 
b earer for freedom  o f scientific inquiry and the cen tral 
position of the patient in medicine.

P aracelsus’s m edical stud ies led him  to  a surp rising  
co n c lu s io n : “W h en  I saw th a t n o th in g  re s u lte d  fro m  
[doctors’] practice but killing and laming, that they deemed 
most complaints incurable ... I determ ined to  abandon such 
a miserable art and seek truth  elsewhere”.

He travelled all over western Europe, the Middle East, 
Russia and Turkey, and to virtually all the major medical 
centres of the tim e, making friends and enemies in equal 
measure (Paracelsus was a difficult young man, egotistical 
and dogmatic, as well as kind and generous), and talking to 
doctors, barber-surgeons, gypsies, vagabonds, witches and 
midwives in his search for ‘tru th ’.

Paracelsus returned to Europe ten years later, setting up 
practice in Strasbourg. His reputation  grew . In 1527, he 
accepted the post of tow n physician in Basle, his duties to 
include lecturing to local medical students and supervising

B ELO W  A woodcut fro m  
Paracelsus's master work O p us 

C hyrurg icu m , published in 1565,

shows a surgeon removing a 
bladder stone during a well- 
attended operation.

apothecaries. He lasted one year — this was hardly surprising, 
considering his unorthodox behaviour.

Paracelsus harked back to  the simplicity o f Hippocrates 
and C elsu s  and  h a te d  th e  e la b o ra tio n s  o f G alen  and 
Avicenna, as well as much current medical practice. This was 
reflected in his lectures: “The best o f our popular physicians

A BO VE The Flemish painter, 
Quentin Massys, painted this 
portrait o f  the iconoclastic Swiss 
physician Paracelsus, who

vehemently attacked the teachings 
o f  Galen and Avicenna, and tried 
to return to the simplicity o f  
Hippocratic medicine.

are the ones who do the least harm. But unfortunately some 
poison their patients w ith m ercury , and o thers purge or 
bleed them  to  death. There are some who have learned so 
much that their learning has driven out all their common 
sense, and there are others who care a great deal m ore for 
their own profit than for the health of their patients”. To
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em phasize his p o in t , he p itc h e d  th e  boo ks o f  G alen , 
Avicenna and other masters o f medieval medicine on to a 
bonfire in a public square.

His students w ere afraid of the effect that this wild man 
would have on their careers; the apothecaries were alarmed 
w h en  he s ta te d :  “[M ed ic in e ] d o es  n o t  c o n s is t  o f 
compounding pills and plasters and drugs o f all kinds, but it 
deals with the processes o f life, which m ust be understood 
before they can be guided”.

So in 1528, Paracelsus was off on his travels again. He 
spent time in mining communities, and was the first to link 
an occupation w ith certain  diseases; he also noticed  the 
connection  betw een  the incidence o f chronic go itre  and 
congenital mental handicap.

N ext, Paracelsus experim ented with chemicals, rejecting 
the approach then cu rren t, in which five or m ore dilute 
medicines would be tried  in case one worked, in favour of 
m ore concentrated drugs given one at a time (even if these 
sometimes caused violent side-effects and occasionally death). 
In this, he was the forerunner of pharmaceutical chemistry.

Above all, Paracelsus believed in the pow er of nature and 
the imagination to cure the body and the mind. The patient 
had to  be tre a te d  as a w ho le ; d ie t, su rro u n d in g s, the 
behaviour of doctor and carers -  all these and m ore could 
have a profound effect on recovery.

LEFT After puncturing the forearm  
of his patient, a harher-surgeon 
collects the resulting spout o f  
blood. A lthough the common

practice o f  such blood-letting did  
some harm, it was thought to 
lower the patient's temperature and 
create a calm state o f  mind.

In fairness, lest this all seems too good to be true , it must 
be added that Paracelsus, in many ways ahead of his time, 
also had a theory of the universe based in part on supernat­
ural creatures, sylphs, nymphs and gnomes from the folklore 
o f the m ountain villages he visited. He also believed that 
toothache could be transferred to a tree , and that wounds 
cou ld  be cu re d  by ru b b in g  a specia l o in tm e n t on the  
weapons that had caused them.

A fter P arace lsus’s d ea th , his rep u ta tio n  reached  new 
heights. Shakespeare linked him with Galen in All’s Well That 
Ends Well (which m ust have made the Swiss-born rebel turn 
in his grave); in 1835, R obert Browning’s career took off 
with the publication of his dramatic poem Paracelsus.

And in 1982, the heir to  the British th ro n e , Prince 
Charles, said in a lecture to  the British Medical Association:

“W e could do worse than to  look ... at the principles he 
so desperately believed in, for they have a message for our 
t im e : a tim e  in w hich sc ience  has te n d e d  to  becom e 
estranged from nature -  and that is the m om ent when we 
should rem em ber Paracelsus”.

THE STARS AND THE DOCTORS

From the tim e o f  the B abylon ians, a stro logy  h ad  a 
place in m edicine. D octors took in to  account such 
th in gs as the conjunction o f  p la n e ts  when deciding  
the tim e f o r  g a th erin g  m edicin al p la n ts , g iv in g  
m edicine or perform ing b lood-le ttin g .

In the 14th century, inn um erable  trac ts  explained  
the Black D eath  pandem ic by m eans o f  the s ta te  o f  
th e  heavens. Even the g re a t  m ed ieva l surgeon Guy de 
Chauliac lin ked  prognoses w ith  constella tion s — f o r  
exam ple, believing a neck wound received when the  
moon w as in Taurus to  be p a rticu la r ly  dangerous.

In 1424, an E nglishm an, W illiam  Forest, sued  
three surgeons f o r  m aim in g  his r ig h t han d  during  
trea tm en t. The verd ic t w ent a g a in s t him:

“ W illiam  Forest, p la in tiff , when the moon was 
d ark  an d  in a b loody sign, n am ely  under th e  very  
m alevo len t constella tion  A quarius, was seriously h u rt 
in the sa id  muscles. We fu r th e r  declare th a t any  
defect o f  the a foresa id  r ig h t han d  is due to the  
aforesa id  co n ste lla tio n ”.

A strology p ro b a b ly  p la yed  an even g re a te r  p a r t  in 
m edicine in the 15th an d  16th centuries, w ith  the  
inven tion  o f  p rin tin g . One o f  th e  ea rlie st p r in ted  
docum ents is a ca lendar p u b lish ed  in M ainz, in 1462, 
show ing the best astro log ica l tim es f o r  b lood-le ttin g . 
Sm all m edical alm an acs an d  calendars such as this 
w ere common, som e d isp layin g  the signs controlling  
p a r ts  o f  the body, fro m  Aries a t  the h ead  to Pisces a t  
the f e e t .  M any  volvelles w ere a lso  p r in te d  — these  
were revolving concentric discs fro m  which constella­
tion a n d  zod iac  ca lib ra tion s could be worked out.
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THE E N L I G H T E N M E N T
THE OVERTHROW  OF GALEN

He could remove a bladder stone in 45 seconds — without pain relief

IN 1603, THE BRITISH DOCTOR William Harvey jo tted  down: 
“The m o vem en t o f the b lood  occurs con stan tly  in a 
circular manner and is the result of the beating of the heart”. 

H o w ev er, th is m o m en to u s  in sigh t -  w hich o v e rth re w  
Galen’s theory that the body daily manufactures and elimi­
nates large quantities o f blood -  did not reach the outside 
w orld until 1628, when Harvey published his m asterpiece 
Exercitatio Anatomica de Motu Cordis et Sanguinis (Anatomical 
Treatise on the Movement o f  the Heart and Blood).

Two reasons have been given for Harvey’s delay. First, 
he was w orried about how his findings would be received by 
the m edical establishm ent. (R ightly, for the diarist John 
Aubrey records that, after Harvey published De Motu Cordis, 
“it was believed by the vulgar that he was crack-brained; and 
all the physicians w ere against his opinions, and envied 
him”.) Second, he embarked on a long series of experim ents 
to prove that he was correct.

H arvey’s experience typifies the m edical scene in the 
Enlightenm ent o f the 17th and 18th centuries, w ith most 
physicians (mercilesslv lampooned by the French dramatist 
M oliere) perpetuating the antiquated theories of the Middle 
Ages, while anatomists, phvsiologists and physicists endeav­
o ured  to  describe  the u n iverse  (and the hum an body) 
according to  scientific principles -  a th irst for discovery 
summed up by the philosopher Emmanuel Kant’s slogan for 
the era: ‘Dare to know ’.

A BOVE The English artist, William  
Hogarth, satirizes the medical 
profession and its grisly obsession 
with the human body in T h e  

A nato m y Lesson.

B E L O W  A woodcut fro m  William  
H arveys treatise illustrates the 
one-way system o f  valves in the 
veins and its role in the circulation 
o f  blood.
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T H E  R E N A I S S A N C E  A ND T H E  E N L I G H T E N M E N T

SCIENCE T O  TH E  FO R E  
Many doctors and scientists who did discard the theories 
(and trea tm en ts) of the past grabbed wildly at any new 
theory that might explain all the new discoveries about the 
bodv. One group, the iatrochemists -  among them  Jan van 
H elm ont, Sylvius, Georg Ernst Stahl, Friedrich Hoffman, 
Albrecht von Haller and John Brown — believed in a ‘vital 
force’ that could be balanced chemically o r by increasing or 
decreasing stimuli. Another, the iatrophysicists inspired by 
Descartes, saw the body as a machine whose workings could 
be understood in term s of mechanics and chemistry.

In 1661, Robert Boyle, the ‘skeptical chymist’, rejected 
A risto tle’s four elem ents and instead proposed an exp eri­
mental theory of the elem ents, thus transform ing alchemy 
into scientific chemistry. In addition, he revealed that air was 
necessary for life. Six vears later, Boyle’s form er assistant 
Robert Hooke inserted a bellows into a d og’s trachea to 
demonstrate that the key to respiration was the alteration of 
blood in the lungs.

ANA TO M ISTS A B O U N D E D  
Bv the end of the 17th centurv, at least half of all the struc­
tures of the body had been named after their discoverers — 
G raafian  fo llic le s , th e  c irc le  o f W illis , T u lp ’s valve, 
Cow-per’s glands. In addition, in 1761, Giovanni Battista 
M orgagni pub lished  a book  d escrib ing  over 500 p o s t­
m ortem s, comparing diseased organs with normal ones and 
linking symptoms to abnormalities within the body. He thus 
d em o lished  fo r ev er the th e o ry  o f th e  fo u r h u m o u rs  
(although years passed before m ost physicians abandoned it).

Following Harvey’s discovery, blood transfusion between 
anim als was a tte m p te d  w ith  som e success in 1654 by 
Francesco Folli in Italy. In 1667, Richard Lower in Britain 
twice transfused a divinity student, A rthur Coga, with the 
b lood of a sheep (m aking the fo rtu n a te  Coga a m in o r 
celebrity). In France, the mathematician Jean-Baptiste Denys

also carried  o u t hum an-anim al transfusions, b u t although 
initially successful (through pure luck, as we now  know), 
manv deaths occurred later and the practice was outlawed.

At the end of the 16th century, the com pound m icro­
scope was accidently discovered by the D utch spectacle- 
makers Hans and Zacharias Jansen. Using one, Robert Hooke 
first described cells (and coined the w'ord in the process), 
and in 1660, an Italian, Marcello Malphigi, discovered the 
missing link in H arvey’s theory: the tiny capillaries that 
connect the arteries and veins. H ow ever, it wras a Delft 
draper, Anton von Leewrenhoek (1632—1723), who popular­
ized the medical use of the microscope, describing sperm a­
tozoa, red corpuscles and striped voluntary muscles, as well 
as protozoa and bacteria.

In 1709, Gabriel David Fahrenheit, a German physicist, 
invented the alcohol therm om eter and, five years later, the 
m ercu ry  th e rm o m e te r and te m p e ra tu re  scale that stood 
medicine in good stead for almost three centuries (see p. S3).

Gradually, scientific and medical research ceased to be an 
activity o f isolated m en of genius, but m ore organized in 
academ ies — such as the Accademia dei Lincei in Rom e 
(1601); the Royal Society in London (1662), which grew out 
o f inform al tavern  m eetings o f a group Boyle called the 
‘Invisible College’; and the Academie Rovale des Sciences in 
Paris (1666).

T R EA T IN G  PATIENTS 
W ith this peering into, naming and measuring of the body 
and its functions, the scientific and medical community often 
seem ed to  lose sight o f the p rim e purpose of m edicine: 
treating patients.

O ne who did not was Thomas Sydenham (1624—89), an 
English Puritan wrho fought w ith Crom well. He relied on 
observation and comm on sense — according to  one w riter, 
“he shut his books and opened  his eyes to  look at the 
patient”. Sydenham was a proponent o f the ‘life force’, and

THE RETURN OF THE PLAGUE

The p lagu e  d id  not d isappear a fte r  the Black D eath  o f  the  
14th cen tury  (see pp. 30-1); sm aller ou tbreaks occurred  
over the centuries. In 1664, 24,128 d ied  o f  i t  in 
A m sterdam . By J u ly  1665, a t  lea st 1000 a week were dying  
o f  p lagu e  in London. Sam uel Pepys rew rote  his will, 
confiding in his d ia ry  “the town grow in g  so unhealthy, 
th a t a m an cannot depen d upon liv in g  tw o d a y s”.

W hile the doctors a rgu ed  theory, the common fo lk  re lied  
on am ulets an d  tobacco ( Eton schoolboys h ad  to sm oke or 
be f o g g e d ) .  The desolation  o f  these tim es w as v iv id ly  
described by D an iel Defoe in his docum en tary novel 
A Jou rn al o f  the Plague Year (1722). By the end o f  1665, 
between 75,000 an d  100,000 h a d  succum bed in London, 
approxim ate ly  20 p er cent o f  the c a p ita l’s popula tion . 
Elsewhere in England, the epidem ic continued u n aba ted  
through 1666.

The p lague never recurred in E ngland w ith such 
virulence. I t is w idely believed th a t i ts  m em ory lives on in 
the nursery rhym e ‘R ing-a-R ing  o ’ Roses’: the ‘roses’ refer to 
the red spots th a t appeared  over the buboes, an d  ‘A-tishoo! 
A-tishoo! We a ll f a l l  down!’ recalls the v io len t sn eezing  
th a t accom panied pneum onic p lague.

A BOVE A town crier wanders the occupants o f  the houses: “Bring
plague-ridden streets o f  London out you r dead”. Almost 20  per
in 1665 , calling to the cent o f  Londoners died.
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H I S T O R Y  O F  M E D I C I N E

J E N N E R ’S B R E A K T H R O U G H

Smallpox  (Variola m ajor) rep laced  the p lagu e  as the  
fo rem o st epidem ic disease. The f i r s t  reason ably  effective  
m ethod o f  control in the early  18th cen tury was vario la tion  
— inserting pus fro m  a sm allpox pustu le  in to  a scratch on 
someone unaffected. In 1168, the ‘in ocu la tor’ Thomas 
D im sdale  tre a te d  the Russian em press C atherine the G reat, 
her son an d  her court, an d  was rew arded  w ith a f e e  o f  
110,000, an ann ual pension o f  £500 an d  the rank o f  baron.

U n fortun ately, vario la tion  could som etim es lead  to a 
f a t a l  a ttack  or f a i l  to g ive  protection , an d  a ll who 
underw ent i t  becam e infectious an d  h ad  the p o ten tia l to  
spread  the disease.

It was common know ledge in the w est o f  E ngland th a t  
m ilkm aids who con tracted  cowpox (Variola vaccinae) never  
caught sm allpox. In 1774, fa r m e r  Benjam in Jesty, using a 
stocking needle, inocu lated  his wife an d  tw o sons w ith  pus  

fro m  a cowpox pustu le. News o f  th e ir  subsequent im m u n ity  
to sm allpox spread, even tu a lly  reaching the ears o f  E dw ard  
Jenner (1749—1823j ,  g ra d u a te  o f  the E dinburgh M edical 
School an d  f r ie n d  o f  John H u n ter  (see p.41).

For alm ost 20 yea rs , Jenner s tu d ied  d a iry  workers and  
in 1796 he p u t his theory to scien tific  tes t by vaccinating  
e igh t-year-o ld  Jam es Phipps w ith  cowpox a n d  then, six 
weeks la ter, w ith  sm allpox: the boy proved  to be immune. 
A fter inoculating 23 others, Jenner pu blish ed  his f in d in g s  
in 1798. H is fo rm  o f  vaccination ra p id ly  g a in ed  popu larity , 
and by the end o f  1801, abou t 100,000 people in B rita in  
had been vaccinated.

The K ing o f  Spain then decided to vaccinate his 
colonies. In 1803, 22 children who h ad  never su ffered fro m

sm allpox were chosen a n d  tw o  were vaccinated. They a ll se t 
sa il f o r  the Am ericas, a n d  every ten days, tw o  more were  
vaccin ated  fro m  the arm s o f  the previou s pa ir. Thus when 
th ey  a rr ived  in Caracas in Venezuela, the liv in g  vaccine 
a rrived  w ith  them, an d  over 50,000 people  were tre a te d  in 
South Am erica alone. A nother sh ip  w ith  26 children, sa iled  
to the Philippines, M acao an d  Canton, where B ritish and  
A m erican m issionaries carried  the vaccine in to  the 
h ea rtla n d  o f  the Chinese in terior.

W ith J en n er’s vaccination , sm allpox could be controlled, 
an d  by  1975, i t  h ad  been e rad ica ted  (see p p .212-3).

A BOVE French artist Constant vaccinating a child against
Desbordes records a doctor smallpox early in the 19th century.

all his treatm ent was designed to revitalize it, w ith prescrip­
tions for fresh air, horse-riding, beer and simple remedies 
contained in such new standard works as Nicholas C ulpeper’s 
Physicall Directory (1649), now commonly known as Culpeper’s 
Herbal. Sydenham was one of the first to describe individual 
diseases and to prescribe the first effective drug for a specific 
disorder -  ‘Peruvian bark’, later to be known as ‘quinine’, 
as a treatm ent for malaria.

H erm ann Boerhaave, a professor at the U niversity of 
Leiden in Holland between 1718 and 1729, is said to  have 
doffed his hat at every m ention of Sydenham’s name, and the 
Englishman’s reliance on common sense certainly seems to 
have rubbed off on the Dutch doctor. He was an extrem ely 
popular lecturer (when he recovered from an attack of gout, 
the bells of Leiden rang out), and the thousands of students 
who flocked to hear him learned sound clinical practice 
reco rd in g  case h isto ries, finding o u t about disease and 
treatm ent at patients’ bedsides, and recognizing the need for 
science rather than abstract theories.

O ne o f B oerhaave’s best s tu d en ts  was G erhard  van 
Swieten. He joined the court of Empress Maria Theresa in 
Vienna and transformed the university there into one of the 
most im portant centres for medical study in Europe. Among 
its students were the mavericks Franz Mesmer (see p. 43) and 
Eranz Gall (see p .73)  as well as the m ore orthodox  Leo 
Auenbrugger, who, while working in Spain in 1761, devised 
percussion tapping the chest to  establish the condition of 
the lungs and heart.

Another of Boerhaave’s students, Alexander M onro (1697- 
1767), succeeded to  the chair o f anatom y at Edinburgh 
University in 1720, when he was only 22 -  a post later held 
by his son and grandson (both called Alexander), a medical 
dynasty spanning 126 years.

A m ong the E d inb urgh  g rad u a te s  w ere  th e  tw o  c o ­
founders of the University of Pennsylvania Medical School, 
the firs t in N o rth  A m erica: W illiam  Shipper and John 
M organ. O ne Edinburgh g raduate , W illiam  W ithering , a 
notable botanist, listened with interest to  the country folk of 
his native S hropsh ire as they  described  th e  benefits  o f 
foxglove tea for ‘dropsy’ (the oedema that often accompanies 
heart and kidney failure). Then in 178S, he w rote An Account 
o f  the Foxglove, an im portant study of digitalis, the primary 
drug in foxglove leaves, and its use in the trea tm en t o f 
cardiac disease.

T H E  SU R G E O N S 
During the Enlightenm ent, surgeons at last achieved equal 
status with physicians. They tended to be m ore innovative, 
since many of the new anatomical discoveries and instru­
ments gave them m ore scope.

By 1718, the French surgeon J. L. Petit -  a surgeon’s 
assistant at the age of seven had invented an effective 
to u rn iquet for thigh am putations, which contro lled  blood 
flow while the surgeon carried out all of Pare’s ligatures (see 
p.35). Claudius Amyand, surgeon to  George II, perform ed 
the first appendectomy in 1736, while dealing with a boy’s
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T H E  R E N A I S S A N C E  A ND  T H E  E N L I G H T E N M E N T

LEFT Before anaesthesia and 
antisepsis, surgical operations were 
horrendously painfu l and exposed 
the body to a host o f  injections.
Leg amputations were, perhaps, the 
most gruesome. First, a primitive, 
vice-like tourniquet was fix e d  
around the thigh to reduce the 
flow  o f  blood to the leg. Then, as 
the patient howled in agony, held 
down by half-a-dozen strong men, 
the surgeon severed the limb with a 
knife and saw often within the 
span o f  a minute.

hernia. However, such abdominal surgery was still rare in an 
era in which there were still no antiseptics.

William Chesclden (1688—1752), considered one of the 
g reatest surgeons o f his day, could perform  a lithotom y 
(bladder stone removal) in 45 seconds. (Considering that the 
procedure was carried out w ithout anaesthetic, his speed was 
a blessing for patients.) Percivall Pott, Cheselden’s appren­
tice, achieved lasting renown for his description of the low er 
leg fracture he himself suffered, which now bears his name. 
P o tt was also the first to  link cancer w ith a particu la r 
substance and occupation — scrotal cancer with the soot to 
which chimneysweeps who worked naked w ere exposed.

Perhaps the m ost famous surgeons o f the era were the 
H unter brothers. William (1718-83) studied at Edinburgh

u n d e r th e  firs t A lex an d er M o n ro , b ecom in g  a su p erb  
anatom ist and a ‘surgeon-m an-m idw ife’. John (1728 93) 
eventually surpassed his bro ther in fame and achievement. 
Very d ifferen t from  his d ignified, vain sibling, he “m et 
tem ptation in a rollicking spirit — with a w ine-bottle in his 
hand and a doxv on his knee”. He was, however, dedicated 
to  his work, particularly comparative anatomy: he collected 
at least 65,000 anatomical, embrvological and pathological 
specimens, including the skeleton of Byrne, the 8-foot-tall 
‘Irish G ian t’, w hose rem ains he pursued  even while the 
unfortunate man was still alive.

T o g e th e r, the H u n te r b ro th e rs  — som bre anatom ist- 
obstetrician and boisterous pathologist-investigator — raised 
surgery to the rank of a scientific profession.

THE SECRET OF CHAMB ERL E N' S  FORCEPS

Som etim e before his dea th  in 1631, P eter Cham berlen (th e  
Elder) ,  surgeon to  Queen Anne (consort o f  Jam es I o f  
England)  an d  w idely  known as a ‘m a n -m id w ife ’ (o b s te tr i­
cian), in ven ted  a p a ir  o f  obste tr ica l fo rcep s  — tw o curved, 
hollow  m eta l b lades th a t could be inserted  sep a ra te ly  in to  
a w om an’s pe lv is an d  around her ch ild ’s head, then  
brought togeth er an d  locked in p lace w ith  a pin  a n d  used  
to p u ll out the baby. The inven tion  rem ain ed  a fa m ily  
secret f o r  abou t 130 y ea rs  — w ith  the help  o f  a certain  

f in a n c ia lly  in sp ired  deceit.
H is nephew, D r P eter Cham berlen -  a qu a lified  obste­

trician — was rum oured to  have specia l in stru m en ts to  
assist women in labour, bu t i t  was D r P e te r ’s son H ugh  
who m ade the m ost o f  the m ystique an d  the com m ercial 
possib ilities o f  the forceps. H e used to  arr ive  a t  a de livery  
w ith tw o men carrying a la rg e  g ilt-co vered  box contain ing  
the forceps. The p a tie n t was blin dfolded, the m idw ife  
ushered out, an d  as the fo rcep s  were read ied , bells were  
rung a n d  wooden sticks h it togeth er to d isgu ise  the sounds 
m ade by the m eta l blades.

In 1610, H ugh Cham berlen approached M auriceau, 
physician to the French king, offering to  sell — f o r  10,000  
crowns — an in stru m en t g u a ra n teed  to  de liver an y  woman  
in 15 m inutes. M auriceau in stru cted  H ugh to de liver a 
woman d w a r f  w ith  a deform ed pelvis: a f te r  stru g g lin g  f o r  
three hours, H ugh a d m itted  d e fea t an d  the sale  was off.

In 1693, he fo rm e d  a corporation in p a rtn ersh ip  w ith  
R oger Roonhuysen in A m sterdam . This becam e so influen­
t ia l  th a t  no one could ob ta in  a licence to p rac tise  m edicine  
w ith ou t f i r s t  purch asing a p a ir  o f  the C ham berlens’ 

fo rcep s, which were sold  a t  a fa b u lo u s  price.
When th e  A m sterdam  obste tric ian  R a th la w  was refused  

a licence, he p ersu aded  a  fo rm e r  stu d en t o f  R oonhuysen’s 
to  g ive  him  a draw in g  o f  the in stru m en t an d  pu b lish ed  i t  
in 1732. The fo rcep s soon came in to  g en era l use, often w ith  
disastrou s resu lts due to the lack o f  sk ill o f  those who used 
the instrum en ts.

L EFT Peter Chamberlen 
(1 6 0 1 —83), nephew o f  the 
man who invented the 
obstetrical forceps, was a 
qualified doctor — unlike 
his uncle, who was a 
barber-surgeon. The form er 
went on to become a 
member o f  the Royal 
College o f  Physicians, 
graduating to physician to 
the King, Charles I.
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H I S T O R Y  O F  M E D I C I N E

THE G O L D E N  AGE OF Q UA C K S
A C E N T U R Y  O F N A IV E TY

Talking black cats, bone-setters, and animal magnetism
 ̂ Y A u a c k ’ IS AN ABBREVIATION of the 16th-century term  
^ ^ ‘q u a c k s a lv e r’ -  a p e rso n  w ho se lls  sa lves by 

‘quacking’, or noisy patter. During the Enlightenment, there 
w ere still plenty of these medical pedlars, many achieving 
notoriety and fame, and some acquiring immense fortunes.

PISS-PROPH ETS AN D  W O R M  D O C T O R S  
Some practices harked back to medieval times and before. 
T he ‘p is s -p ro p h e ts ’ — in c lu d in g  th e  G erm an  T h e o d o r 
Myersbach, who had a medical degree from Erfurt -  made 
grea t play o f exam ining u rine. John M oore, the ‘w orm  
doctor’, made money by exploiting the fear that evil worms 
caused all disease.

The ex-footman Joshua ‘Spot’ W ard developed ‘W ard’s 
d ro p s ’, cure-all pills consisting  m ainly o f an tim ony , an 
emetic. W hen George II dislocated his thum b, W ard gave 
the digit a violent wrench and the King kicked his shins, but 
finding himself cured, rew arded the charlatan handsomelv. 
And when the Apothecaries Act of 1748 was passed, to keep 
unqualified pill-makers out o f m edicine, W ard’s pills were 
specifically excluded.

Joanna Stephens concocted a m edicine -  consisting of 
snail and egg shells, herbs and soap -  that supposedly cured 
bladder and gallstones. In 1738, at the height of her fame, 
she announced that she would reveal the recipe for £5000, 
an enorm ous sum . W hen public subscription only raised 
£1365, a parliamentary commission (including the surgeon 
William Cheselden) recom m ended the am ount outstanding 
be paid from public funds.

Gustavus Katterfelto, appeared in London in 1782 as an 
influenza quack, with tw o ‘talking’ black cats. He claimed 
that, with his ‘solar m icroscope’, the “insects which caused 
the late influenza outbreak will appear as large as birds”.

Showmanship was all. K atterfelto’s coach arrived in Durham 
p rec ed ed  by tw o  black servan ts  b low ing  tru m p e ts  and 
d is tr ib u tin g  h an db ills . D r S m ith , the ‘d ancing  q u a ck ’, 
travelled with four outriders in a yellow- coach that bore a 
coat of arms with the m otto  Argento laborat Jaber — ‘Smith 
works for m oney’.

BO N E-SETTER S A N D  S T O N E -C U T T E R S  
O ther alternative practitioners may have been as show'y as 
the charlatans, but some w ere actually very good at what 
they  d id . ‘C razy Sally’ M app, physically  repu ls iv e  and 
enorm ously strong, came from a long line of bone-setters 
(primitive orthopaedic surgeons). In 1736, she set up shop at 
Epsom, a fashionable w-atering-place, and was so successful 
that the tow-nsfolk offered her a retainer of 300 guineas a 
year. W hen she m oved to  London, she wras even consulted 
by the queen.

T he self-sty led  ‘C h e v a lie r’ John  T ay lo r, a qualified  
physician, was skilled in treating eye problem s, particularly 
cataracts. He claimed to have cured the kings of Poland, 
Denm ark and Sw-eden, the pope, and the 88-ycar-old Johann 
Sebastian Bach (Bach died, blind, at 65). He did, however, 
trea t the B ritish king, G eorge II, and afterw ards styled 
himself -  with remarkable pomposity and self-confidence -  
‘O phthalm inator Pontifical, Imperial and Royal’.

The Frenchman Jacques Beaulieu (1651—1714) was in a 
class by himself. At 46, he received a licence to practise as a 
‘s tone-cu tter’ (lithotomist) from Louis XIV. For security on 
his travels and to  take advantage o f free hospitality , he 
d o n n e d  th e  h a b it and  b lack  b ro a d -b rim m e d  h a t o f  a 
Franciscan friar and called himself ‘Frere Jacques’ ( ‘Brother 
John’), the name by wdhch he is still rem em bered in the 
children’s song.

L EFT A visit to the dentist in the 
1 7th century usually meant 
subjection to a largely unqualified 
tooth extractor, as in this painting  
by Theodor Rombouts.
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T H E  R E N A I S S A N C E  A ND  T H E  E N L I G H T E N M E N T

L EFT Jacques Beaulieu, known more 
popularly as Frere Jacques, 
travelled Europe as a lithotomist 
and hernia specialist. In 1704, 
magistrates in Amsterdam made 
him a g ift o f  his portrait and a set 
o f  gold pieces, which he sold, 
donating the proceeds to the poor.

Frere Jacques travelled all over Europe practising his craft. 
In 1701, he returned to Paris and perform ed 38 lithotomies 
and 14 hernia operations w ithout a single death — a record 
that stood for decades. In his 19-year career, he perform ed 
some 4500 lithotomies and 2000 hernia operations, before 
dying rich and leaving a fortune to charity.

A n o th e r p ra c ti t io n e r  w ho s tra d d le d  th e  w o rld s  o f 
o r th o d o x  and  d u b io u s  m e d ic in e  w as F ran z  M e sm er 
(c. 1733—1815). Born in Germany, a graduate of the Vienna 
Medical School and a friend of Mozart, he moved to  Paris, 
and set up a ‘Magnetic Institute’. It became fashionable to 
attend M esm er’s sessions, where people stood, holding or 
touching hands, round a chemical bath and in contact with 
an iro n  r in g , w h ile  M e sm er m ad e e la b o ra te  r i tu a l  
movements. The aim was to restore clients’ health through 
‘animal m agnetism’ — according to M esmer, a healing force 
transm itted from the cosmos. For w hatever reason — the 
ex c item en t o f the occasion, M esm er’s hocus-pocus, the 
tension arising from the circle of people -  many patients 
w ent into hypnotic trances and felt better on coming to.

M esm er’s popularity  was such that the Academie des 
Sciences set up a commission to investigate his claims. In

A BO VE Franz Mesmer claimed he by the use o f  his hands, to restore 
could harness ‘animal magnetism’ his patients to health.

1784, the mem bers -  including Benjamin Franklin (then US 
ambassador to France) and D r Guillotin -  reported: “The 
im agination w ithout the m agnetism  produces convulsions, 
and ... the m agnetism  w ithout the im agination produces 
n o th in g ” . H ow ever, w hile d ebunk ing  ‘m esm erism ’, the 
commission had stumbled upon a profound truth: the power 
o f the imagination over health and well-being. It is for this, 
and for his practical methods of hypnotism, that M esmer -  
who was certainly not a fraud -  is rem em bered today, as a 
p ioneer of psychiatry.

DR G R A H A M ’S CELESTIAL BED

The tw in  appea l o f  science an d  sex was exp lo ited  by the  
Scottish ‘m asterqu ack’ Jam es G raham . In 1780, he opened  
the ‘Tem ple o f  H e a lth ’ in London, w here f o r  a f e e  o f  tw o  
guineas, v is itors (la d ies a lw ays veiled) could hear a lecture  
by ‘D r ’ G raham  on the benefits o f  h ea lth , sex a n d  beauty, 
assisted  by his scan tily  dressed ‘goddesses o f  h e a lth ’.

H owever, the m ain d ra w  w as the ‘C elestia l or 
M agnetico-electrico b e d ’. Costing £10,000, i t  was 12ft 
(3 .7m ) long an d  9ft (2 .7m ) wide, su pported  by 40  g lass  
p illa rs an d  topped  by a dom e contain ing sw eet-sm ellin g  
spices an d  essences. A t its  
h ead  was inscribed ‘BE 
FRUITFU L, M U LTIPLY  
A N D  REPLENISH  THE 
E A R T H ’. The m a ttress was 
stu ffed  w ith sta llio n s’ ta ils.
W ithin the f r a m e  were 
16801b (762kg) w eigh t o f  
m agnets, ‘con tin ually  
pouring fo r th  in an 
e v e r f  owing circle’, an d  the  
bed i ts e l f  could be p ivo ted  in 
any direction an d  til te d  a t  
a lm ost any angle. G raham

prom ised  th a t an y  couples th a t  w ish ed to  conceive could, on 
p a ym en t o f  £50 (a n d  som e p a id  h u ndreds), spend  the n igh t 
in the bed, ‘accom panied by  soft m usic’ a n d  enjoying  
‘su perior ecs tasy’.

The bed  was in itia lly  im m ensely popular, a lth ough  no 
one knows w hether i t  d id  the trick, bu t, by  1783, in teres t 
h ad  waned, a n d  G rah am ’s E lixir o f  L ife (a t  £1000 a b o ttle )  
also  ceased to sell. A fter a f e w  a tte m p ts  a t  rega in in g  fa m e  
— such as a venture into ‘e a r th -b a th in g ’ — he re tu rn ed  to 
Scotland where, in 1794, he d ied  insane.

LEFT M ud baths were high on 
the list o f  Dr Graham's health 
treatments, whereby clients were 
encouraged to enjoy health and 
vigour, preserving — even 
exalting — their personal beauty.
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n the second half of the 18th century, Britain’s 
Industrial Revolution had laid the foundations 
for a following century of imperial affluence -  
enjoyed, too, by the other colonial powers of 
Europe and a United States that was opening 
up its country confidently and energetically.

This prosperity gave the men (and, later, the wom en) 
o f m edicine and science both the breathing space to 
indulge them selves in re search , and th e  re so u rce s , 
financial and technological, to take advantage of it. Some 
of the basic instrum ents o f medicine were invented: the 
stethoscope, for example, the hypodermic needle and a 
usable therm om eter; and other machines w ere devised 
that could take physiological measurements, such as the 
sphygm om anom eter. W ith  data ab o ut p a tien ts  now  
available, theories of biochem istry, physiology and the 
transmission and processes of disease could now be put 
fo rw ard , te sted  and m odified, giving the a rt o f the 
physician a solid scientific base. The skill of the surgeon, 
too, developed — primarily at the expense of wom en, 
for experim ents in gynaecological surgery paved the way 
for the development of invasive surgery of all the body. 
And out of surgery came a new search for methods of 
pain relief: a century that opened with opium, alcohol or 
laughing gas as the only choices, closed w ith aspirin 
freely available.

But the cen tu ry  was n o t ju st a confid en t m arch 
towards scientific certainties and social order. It was in ter­
rupted by horrific conflicts: the Napoleonic and Crimean 
wars, for exam ple, in Europe, and the Civil W ar in 
A m erica. N evertheless, som e good came from  these 
conflicts  -  n o t leas t, th e  new  s ta tus  o f w om en  in 
medicine, as nursing became a profession. Certainties were 
undermined, too, by Charles Darwin’s work on evolution, 
and Sigmund Freud’s ideas on the subconscious mind.

The Nineteenth Century



ABO VE T h e  A gnew  C lin ic , by Thomas Eakins (1844—1916).



H I S T O R Y  O F  M E D I C I N E

R E L I E V I N G  PAIN
FROM LAUGHING GAS TO COCAINE

a patient preparing fo r  an operation was like a condemned criminal’

FROM VERY EARLY TIMES, attem pts w ere made to find drugs 
to relieve pain -  to make m ore types of surgery possible 
and to reduce or eliminate the aches and pains of illness and 

of everyday life. Tw o kinds o f pain re lie f w ere sought: 
anaesthesia, both general (pain-free unconsciousness) and 
local (the num bing of particular parts o f the body); and 
analgesia, the blunting of the conscious perception of pain.

The discovery of medical anaesthesia and analgesia is, 
ultimately, a story of trium ph. For one thing, general anaes­
thesia removed one of the tw o major barriers to surgery -  
the other being the danger of infection -  and both methods 
of pain relief have benefited countless numbers of people. 
However, it is also, in some cases, a tragic story, littered 
with episodes of b itter disappointment and suicide.

“A N E W  ERA O F T O O T H -P U L L IN G ”
O ver the cen turies, opium , henbane and m andrake ro o t 
were popular choices in attem pts to induce general anaes­
thesia (as was making patients dead drunk), but it was soon 
recognized that the effective dose could also be lethal. Thus, 
from the 17th century, doctors gradually faced reality and

stopped trying, even though this m eant that their patients 
w ould undoubtedly have to  suffer agony. Consequently, as a 
veteran of anaesthetic-less surgery was to  recall in 1848, “a 
patien t preparing for an operation was like a condem ned 
criminal preparing for execution”.

H ow ever, the solu tion  was draw ing closer. In 1799, 
Hum phrey Davy (who would later be better known as the 
British inventor o f the m iners’ lamp) made up a quantity of 
nitrous oxide and, on inhaling it, felt so good that he burst 
into gales o f laughter. ‘Laughing gas’ had been born, and 
Davy -  who noted  at one stage that the gas relieved his 
toothache — invited acquaintances to share this experience. 
Soon ‘laughing gas parties’ w ere being held on both sides of 
the Atlantic, but no one thought this jolly jape could have 
any medical application. The same was true of ether, which 
Michael Faraday (Davy’s form er assistant and another future 
scientific pioneer) showed to  have a similar effect to nitrous 
oxide in 1815. Soon, ‘ether parties’, too, w ere all the rage 
among the fast set.

Just nine years later, Henry Hickman, a doctor in the 
small English tow n of Ludlow, published the results o f his

LEFT This 18 70  engraving has 
generally been thought to be o f  the 

Jirst operation in which ether was 
used as an anaesthetic, by William  
Morton in October 1846  (see 

p .4 7 ) .  In fa c t, it is more likely 
that the scene depicts Horace 
W ells’s unsuccessful attempt to use 
nitrous oxide as an anaesthetic 
prior to pulling a tooth, also at 
Massachusetts General Hospital, in 
early 1845.
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experiments anaesthetizing animals with both carbon dioxide 
and nitrous oxide, and suggested that this m ight prove useful 
in surgery. The British and French medical establishments 
branded him a crank, and Hickman died, broken-hearted, at 
the age of 29.

W hen C rawford Long, the dashing Am erican country  
doctor of Jefferson, Georgia, took part in ‘ether frolics’, as 
well as enjoying the ‘sweet kisses’ he got from female partic­
ipants, he noticed that, when his giggling companions fell 
over, they felt no pain. He decided to see il this effect could 
be used medicinally and, in 1842, successfully gave ether to 
a boy named James Venable before excising cysts from his 
neck. However, for some reason, Long did not publish his 
discovery until 1849.

In the m eantim e, the H artfo rd , C onn ec ticu t, den tis t 
Horace Wells had become interested in the nitrous oxide 
demonstrations of the showman ‘Professor’ Gardner Colton. 
W ells w anted  to  find o u t if  the gas could be used for 
painless tooth extraction, and decided on himself as the first 
victim. In 1844, Colton administered the gas while Dr John 
Riggs pulled out one of the molars of his friend W ells. 
W hen Wells regained consciousness, he exclaimed: “A new 
era of tooth-pulling!”

W ells started to give public demonstrations of his own. 
In early 184S, during one at Massachusetts General Hospital 
in Boston, the patient (who was having a tooth extracted) 
did not receive enough of the gas and groaned a great deal.

Although he later testified that he had felt far less pain than 
he had ex p ec ted , m any o f the d o c to rs  in the audience 
derided W ells’s attem pts. Totally humiliated, Wells gave up 
experim entation  and dentistry , and started  selling ch loro­
form , to  w hich he soon becam e add icted . A rrested  for 
hurling sulphuric acid at tw o p rostitu tes on New Y ork’s 
Broadwav in 1848, he com m itted suicide in jail.

“N O  H U M B U G ”
An erstwhile partner of W ells’, W illiam Thomas M orton — 
who, already a dentist and ow ner of a false teeth factory, 
was studying m edicine at H arvard U niversityt — was told 
about e th e r ’s longer-lasting  painkilling pow er (m aking it 
suitable for m ore operations) by one of his professors, Dr 
Charles Jackson. M orton experim ented on his pet spaniel, 
him self and a dental patient. Then in O ctob er 1846, he 
persuaded the surgeon John Collins W arren to allow him, 
before another audience at Massachusetts General, to anaes­
thetize G ilbert A bbott before W arren  rem oved a tum our 
from  the young m an ’s neck. Using his new ly inven ted  
in h a le r , M o rto n  was su ccessfu l, and W a rre n  d ec la red  
solemnly to the gathered medical m en: “Gentlem en, this is 
no hum bug”.

M orton was also looking to make a profit. Adding ingre­
dients to colour ether in its liquid form and change its smell, 
he announced that he had invented a new gas: Letheon. His 
commercial plans soon w ent awry, however, when doctors

P A I N L E S S  C H I L D B I R T H

Jam es Young Simpson, Professor o f  M idw ifery  a t  
Edinburgh, h ad  become d issa tisfied  w ith  e th er in obste tric  
cases. H e h a d jo u n d  the h eavy bo ttle s  d ifficu lt to  carry  up 
the m any steps o f  the ten em en t blocks where his p a tie n ts  
w aited , an d  he w orried  th a t th e  new ly  in ven ted  g a s  lig h t  
m igh t cause the e th er to  explode.

Simpson decided to try  chloroform, which h ad  been 
discovered v ir tu a lly  sim ultaneously  in the U n ited  States, 
France an d  G erm any in 1831/2 . In 1841, a f te r  experi­
m en ting on h im se lf a n d  fr ie n d s , he used i t  on a woman ju s t  
before she ga ve  b irth . Simpson thou ght the resu lts so good  
th a t, w ith in  a week, he ga ve  i t  to  30  or so o f  his pa tien ts . 
H e la te r  com m ented th a t, w ith chloroform, “the n a tu ra l  
process [ o f  childbirthJ goes on w ith  m ore re g u la rity  when 
n ot under the influence o f  the w ill o f  th e  p a t ie n t”.

H owever, when the news g o t out, Simpson faced  an 
uproar. S tra itlaced  physicians c la im ed th a t  pa in  in labou r  
was a biological necessity. Scottish churchmen cried, 
“H eresy!” — f o r  h ad  n ot God to ld  Eve: “In sorrow  thou  
sh a lt bring fo r th  ch ild ren ”?

Although Simpson continued to use chloroform, the  
outcry d id  n o t die down u n til 1853, when Queen Victoria 
consented to have chloroform f o r  the b irth  o f  Prince  
Leopold. The vo la tile  liq u id  was adm in is tered  by John  
Snow, B r ita in ’s f i r s t  spec ia list an aesth etis t, who w ould go  
on to achieve w orld renown in the f  e ld  o f  public  h ea lth  
(see p .58). When Victoria h ad  chloroform f o r  her la st  
confinem ent in 1857, the a n a esth e tic ’s position  in obste trics  
was secure f o r  more than a century, u n til n itrou s oxide an d  
a ir machines, pe th id in e, an d  la te r  ‘n a tu ra l’ ch ildb irth  
came in to  vogue  (see p p .152-3).

A BO VE Dr Simpson’s chloroform wear: the lead sides o f  the fa ce
inhaler o f  1847 . It must have mask were moulded to the
been extremely uncomjortable to patient's features.
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LEFT This painting, by Robert 
Hinckley, shows John Collins 
Warren about to remove a tumour 

from  the neck of house painter 
Gilbert Abbott, after he had been 
anaesthetized by William Thomas 
Morton. The operation, performed 
at the Massachusetts General 
Hospital on 16 October 1846, was 
a milestone in surgery: it was the 

f  irst at which ether anaesthesia 
had been used successfully.

discovered that what he was trying to sell them was simply 
e th e r, and M orton  n ever regained  th e ir confidence. In 
addition, he was now being unfairly accused of responsibility 
for W ells’s suicide, and when he read a magazine article 
crediting D r Jackson with the discovery of surgical anaes­
thesia, he was furious. It proved too much: a few days later, 
at the age of 48, he died of a stroke.

As for Charles Jackson, although he gained much acclaim 
for his part in the discovery, he had by now becom e an 
alcoholic and, after M orton’s death, was found screaming at 
his graveside. He was com m itted to an asylum for the insane 
for the rest of his life.

T H E YANKEE D O D G E  
News of M orton’s dem onstration had soon reached Britain 
and the ears o f R obert L iston. O ne o f the m ost w ell- 
regarded surgeons o f his day, Liston operated in a bottle 
green coat and rubber boots, and was famed for his speed: 
clasping the bloody scalpel betw een  his teeth  to free his 
hands, he once amputated a leg in 2 ’/2 minutes -  and, in the 
rush, cut off the patien t’s testicles.

On 21 Decem ber 1846, having acquired an inhaler similar 
to M orton’s, Liston waited while a colleague, Peter Squire, 
gave the e the r to  the patien t, a b u tle r called Frederick 
C h u rch ill, w ho was to  have his leg am p u ta ted . T hen , 
watched by a num ber of students -  including Joseph Lister 
(see pp.62-3) -  Liston began, his knife flashing. The surgeon 
outdid himself: the leg was on the floor in 26 seconds. 
Liston turned to the students and said: “This Yankee dodge, 
gentlemen, beats mesmerism hollow'”.

The French w riter Guy de Maupassant (1850-93) would 
have agreed. He believed that he w rote better if he had “a 
little something” beforehand -  that is, ether, which he took 
to relieve his severe and frequent headaches.

‘C O C A  K O L L E R ’
General anaesthesia could prove dangerous, and in any event, 
deep unconsciousness was not needed for a num ber of less 
invasive operations. The search was on for a substance that 
would simply numb a particular area.

Coca leaves had been used for centuries in South America 
for medicinal and pleasurable purposes. Its active chemical — 
cocaine was isolated in 1859, and during the next 25 
y e a rs , it  w as p ro m o te d  as a t r e a tm e n t  fo r m o rp h in e  
addiction and (for a time) as an ingredient in soft drinks. 
In 1883, Sigmund Freud, then a young physician in Vienna, 
wras looking for a way to  m ake enough m oney so th a t 
he could  m arry  his sw ee th eart M artha Bernays, and he 
decided to  find out if there was a specialized medical use for 
cocaine. Following “some dozen” experim ents on himself, he 
recom m ended the drug for a variety of ailments, but it did 
not actually w'ork.

Freud m entioned cocaine’s tongue-num bing capacity to 
his friend, the ophthalmologist D r Carl Koller. Koller was 
desperately looking for something that would keep the eye 
from moving during operations and which would dull pain. 
Cocaine proved to  be the answ er — and the eye docto r 
became known as ‘Coca K oller’.

Cocaine’s ability, w'hen injected, to  numb extensive areas 
wras d iscovered bv W illiam  H alsted , fa ther o f Am erican 
surgery -  with drastic results (.see pp.90-1). (The drug later 
became subject to federal control in the United States when 
its abuse wras perceived as a danger — primarily by white 
S ou therners who m isguidedly believed th a t many blacks 
indulged in it [in fact, m ost were too poor to afford it], and 
that the w'ildness it engendered would lead them to attack 
white comm unities.)

In 1883, doctors had found that needles could be inserted 
in to  th e  spinal canal to  wdthdrawf flu id . T w o G erm an 
r e s e a rc h e rs  — A u g u st B ier and  his a s s is ta n t A ug u st 
Hildebrandt -  decided to see if they could induce anaesthesia 
of the low er body by injecting cocaine into the spinal canal. 
W ith  H ildebrandt as guinea pig, Bier w ithd rew  a small 
am ount o f spinal fluid and, in its place, injected a cocaine 
solution. As H ildebrandt’s legs grew  num b, Bier drew one 
needle through his assistant’s skin and drove another into his 
thigh bone; then he squeezed his skin with forceps, placed 
the end of a lighted cigar against his flesh, and hammered his 
shins. P oor H ild eb ran d t’s in juries m ade possible all the 
techniques of spinal anaesthesia that we have today.
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T H E  T R E E  A N D  T H E  F L O W E R :  T H E  S T O R Y  O F  A S P I R I N

The m ajority  o f  the pa in  suffered by h u m an ity  is not 
caused by su rgery or acu te  injuries, f o r  which anaesth esia  
can be used, bu t the pain  caused by chronic disorders, such 
as a rth ritis , or sh ort-term  conditions, such as headaches 
an d toothaches. For these m iseries, an oth er sort o f  drug  
was needed, one th a t w ould e lim in a te  the pa in  while  
allow ing people to carry on w ith  th e ir lives.

In the sum m er o f  1758, the Rev. E dw ard Stone, o f  
Chipping Norton, in Oxfordshire, England, was suffering  
anoth er o f  his bouts o f  f e v e r  an d  rh eu m atic  tw inges. By 
accident, he chewed on a tw ig  o f  the w hite  w illow  tree  
(Salix alba), an d desp ite  i ts  “ex traord in ary  b itte rn e ss”, he 
was astou nded to  f in d  th a t i t  re lieved  h is “a g u e ”. H e  
devised  a m ethod o f  dryin g  an d  pu lver iz in g  the bark, an d  
then experim ented to discover the best dosage. O ver the  
next f i v e  yea rs, he g a ve  his rem edy to 50 others, a n d  i t  
“never fa i le d  in the cu re”. E nthusiastic a t  his discovery, on 
25 A pril 1763 he w rote to the E arl o f  M acclesfield,
Presiden t o f  the R oyal Society, bu t w as ignored.

In the 1820s, the Swiss ph arm acist Johann S. F. 
Pagenstecher began ex tractin g  a substance fro m  the leaves 
o f  the p la n t  Spirea ulm aria, com m only called  m eadow sw eet 
an d w ell known as a pa in  re liever in fo lk  m edicine. 
P agen stecher’s report in a  scien tific  jo u rn a l was rea d  in 
1835 by the Germ an chem ist K arl Jacob Lowig, who, using  
the extract, ob ta in ed  an acid  he called  ‘sp irsa u re ’ — la te r  
to be known as salicylic acid. I ts m olecular stru ctu re  was 
discovered in 1853 by K a rl Friedrich G erh ardt, a chem istry  
professor a t  France’s M on tpellier U n iversity . H e also  tr ied  
to m odify i t  to  e lim in a te  its  ra th er severe side-effect — the  
pain fu l irrita tio n  o f  the stom ach lin in g  — b u t h e jo u n d  the  
procedure so tim e-consum ing th a t he abandoned  the drug  
as “o f  no fu r th e r  sign ifican ce”.

Salicylic acid  was then used only by  people  whose pain  
was worse than th a t caused by the dru g i ts e l f  One o f  these  
wax a H err H offm an, who lived  in the Germ an town o f  
E lberfeld a n d  wax cripp led  by a r th r itis . H is son Felix 
worked as a chem ist a t  the huge B ayer dru g p la n t nearby, 
and in 1895, he decided to try  to  
change salicylic acid  to  end his 

f a th e r ’s suffering. H e sim p lified  
G erh a rd t’s m ethods a n d  came up 
with acetylsalicylic acid. H offm an  
then took home a sm all p h ia l o f  the  
compound an d  g a ve  i t  to his fa th e r ,  
who h ad  h i s j i r s t  p a in -free  n igh t f o r  
years. I t  was soon fo u n d  to  be not 
only a pa inkiller, bu t also to reduce  

fe ve rs  an d  in flam m ation .
H offm an ’s colleague H einrich  

D reser reckoned th a t  the new  drug  
worked so w ell because i t  sp lit  in tw o  
in the blood. To te s t his theory, he 
sw allow ed some sodium  acetyl-  
sa licyla te  a n d  then period ica lly  
exam ined his urine f o r  the next 12 
hours. H e fo u n d  traces o f  salicylic  
acid  bu t none o f  the com bined  
acetylsalicylate: the compound d id  
indeed ‘s p l i t ’.

In 1899, H offm an a n d  D reser in ven ted  a new  nam e f o r  
th e ir  n ew  drug: aspirin  - a  f o r  ‘a c e ty l’, spir f o r  the Spirea  
p la n t fa m ily  an d  in to  round it  off. The fo llo w in g  y ea r , the  
Bayer dru g com pany took out p a ten ts  on aspirin , on the  
in term ed ia te  compounds in its  m anu facture a n d  on the  
design o f  the m an u factu rin g  equ ipm ent, an d  began to  
m ake huge am oun ts o f  w h at w as to  become th e ir  
bestsellin g  produ ct a ll over the world.

In 1914, in an tic ipa tion  o f  the ou tbreak  o f  w ar an d  a 
h a lt in su pp lies fro m  G erm any, the B ritish  governm en t 
offered a p r ize  o f  £20,000 to anyone in B rita in  or the  
B ritish  Com m onwealth who could come up w ith  a new  

fo rm u la tio n  f o r  asp irin  th a t w ould circum vent B a yer’s 
p a ten ts . When the A u stra lian  govern m en t a d d ed  an oth er  
£5000 as an incen tive, the chem ist George N icholas took up  
the challenge. U sing p r im itive  equ ipm ent, an d  having  been 
alm ost b lin ded  by an e th er explosion a t  his labora tory , he 
devised  a process th a t y ie ld e d  excep tion ally  pu re  asp irin  — 
a n d  won the p rize .

Following G erm an y’s defea t, the B ritish  Alien  
P roperties Custodian confiscated the nam e ‘a sp ir in ’, an d  
th e  B ayer com pany lo st i ts  exclusive r ig h ts  to  both the  
nam e a n d  the m anu facture o f  the drug. Am ong the f ir m s  
th a t  began to m ake the com pound w as G eorge N icholas’s; 
his p rodu ct ‘Aspro™’ becam e the b ig g est se lling  aspirin  
ou tside the U n ited  S tates. In the US, the S terlin g  drug  
com pany  — even though no longer connected w ith  the  
orig in a l G erm an en terprise  — continued to  m a rk e t th e ir  
asp irin  as ‘B a yer’, w ith  its  w ell-know n cross tradem ark .

B ut the Rev. S ton e’s discovery o f  w illow  bark a ll  those 
y e a r s  before d id  n o t rem ain com plete ly  unnoticed. In 1826, 
tw o Ita lia n s  fo u n d  the b a rk ’s ac tive  in g red ien t was salicin, 
an d  three y e a r s  la te r  a French chem ist succeeded in 
ob ta in in g  its  pure fo rm . In 1839, an o th er Ita lia n  chem ist 
p rep a red  salicylic ac id  from  salicin, an d  fro m  then on, the  
active  in g red ien t in asp irin  could be ob ta in ed  fro m  both  
the w illow  a n d  the m eadow sw eet. I t is now  m ade syn th eti­
ca lly  (from  pheno l), using a m ethod  not very  d ifferen t fro m  

one devised  by  H erm an K olbe o f  
S trasbourg in 1874.

I t was only in 1971 th a t  
researchers in B rita in  came up w ith  
a t lea s t one reason w hy aspirin  
works. P rostag landins, a grou p  o f  
horm one-like su bstances fo u n d  in 
v ir tu a lly  a ll  the tissues o f  the body, 
seem to increase the se n s itiv ity  o f  
nerve endings a t  s ites  o f  in flam m a­
tion — a n d  asp irin  a p pears to  
in terfere  w ith  the effective action o f  
these substances.

A sp irin  e ve n tu a lly  becam e p a r t  o f  
a g ro u p  know n as n o n -stero id a l  
a n ti- in fla m m a to ry  dru gs (N S A ID s), 
which now  in c lu des th e  m ore recen t 
dru g, ibu profen . In th e  1980s, 
asp irin  w as su perceded  by  p a ra c ­
e ta m o l —f i r s t  used in 1893, b u t j i r s t  
m a rk e te d  in 1953 — as a p o p u la r  
p a in k ille r  f o r  a l l  ages.
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O P I U M
The miracle cure that addicted millions

Opium IS DERIVED from dried juice from seed capsules of 
the white Indian poppy (Papaver somnijerum). How it 
acts on the body and mind depends on the relative propor­

tions of the m ore than 20 alkaloids it contains, including 
m orphine, codeine, narcotine and papaverine. Some are 
depressants, others stim ulants. But one thing is certain - 
opium is highly addictive.

FR O M  P O T IO N S  T O  LA UD A N U M  
Opium has been used for millenia as a medicinal and recre­
ational drug. Sumerian writings 4000 years old refer to  it, 
and relics o f Stone Age lake dwellers in Switzerland give 
evidence of it. The pharmacies o f ancient Egypt and Persia 
dispensed opium, and it was im portant in the medicine of 
Rome and classical Greece. (If the poet H om er is to  be 
believed, Helen of Troy used it to relieve her sorrows.)

The extensive w ritings o f the medieval physicians and 
scholars of the Arab world (see pp.28-9), which extolled the 
efficacy of the drug, ensured its spread. It was also a major 
co m p o n en t o f th e r ia c , a rem ed y  o f G a len ’s tim e  th a t 
remained popular for centuries.

By the 16th cen tu ry , opium  was w ell established in 
western European medicine. Paracelsus (see p .36) called it 
the ‘stone of im m ortality’, and the Dutch physician Franz de 
la Boe, known as Sylvius (1614-72), swore that he could not 
practise w ithout it. Even Shakespeare mentions it, in Othello 
(1602-4): “N ot poppy nor m andragora/N or all the drowsy 
syrups of the w orld/Shall ever medicine thee to that sweet 
sleep/W hich thou o w ’dst yesterday”.

In the m id -1 7 th  ce n tu ry , th e  ‘English H ip p o c ra te s ’, 
Thomas Sydenham (see p. 39) first dissolved opium in alcohol 
to make the tinc tu re  know n as ‘laudanum ’. This became 
wildly popular w ith the fashionable classes, and although 
addiction was recognized, it was rarely a cause for concern.

O PIU M  W ARS 
Bv the 19th century, the opium trade was a significant part 
of British commercial life. In 1827, 17,0001b (7750kg) were 
im ported, primarily from Turkey; by 1859, this amount had 
almost quadrupled. Opium preparations were sold not only 
bv pharmacies but by, among others, shoemakers, factory 
workers, tailors and rent collectors. The many conditions for 
w hich  o p ium  w as u sed  in c lu d e d  c h o le ra , d y s e n te ry , 
toothache, flatulence, insanitv and the menopause.

E xport m arkets flourished. The East India C om pany, 
which grew opium poppies in Bengal, im ported  the drug 
illegally into China in exchange for silver to pay for tea and 
silk. The trade increased from no m ore than 400 chests of 
opium annually in the mid-18th century to 100 times that 
amount in 1839.

ABO VE A seed capsule oj the opium relieve untold misery; i f  unwisely,
poppy — i f  used wisely, its products they cause it.

China grew concerned about the m oral dangers of the drug 
— and even m ore about the drain on silver reserves. The 
prospect of opening m ore of China to  general trade spurred 
the British on to push the drug. China resisted, and there 
was a crackdow n on the opium  trad e rs: th e  adm irab le 
Commissioner Lin alone saw to  the destruction of m ore than 
20,000 opium chests at Canton.

The result was two wars that are still rem em bered by the 
Chinese and others for the naked aggression shown by the 
British, made even m ore odious by the opium connection. 
After the First O pium  W ar. (1 8 4 0 -4 2 ), China lost Hong 
Kong and five treaty ports were opened. The Second Opium 
W ar (1 8 57 -6 0), an Anglo-French ven ture, led to  further 
losses o f Chinese sovereignty and the legalization of the 
opium trade.

“T H E  MILK O F  PARADISE”
Back in Britain, opium had becom e fashionable among the 
Romantic w riters and poets. Samuel Taylor Coleridge’s Kubla
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Khan (1797) -  w ith its images o f a sacred river, “stately 
pleasure dome”, “sunless sea”, and a frenzied poet who has 
drunk “the milk of Paradise” -  was inspired by an opium- 
induced dream. Thomas de Quincey won his place in litera­
ture with his remarkable work Confessions o f  an English Opium 
Eater in 1822.

Pillars of society also indulged in opium. Clive of India, 
conqueror of Bengal, died in convulsions in 1774 after taking 
double his usual dose. King George IV was prescribed it for 
insomnia; the Duke of W ellington took laudanum to calm 
h im self afte r a d ay ’s d rin k ing , and in 1866, fo llow ing  
trea tm en t for back pain, Florence N ightingale (see p .79) 
commented: “Nothing did m e any good, but a curious new ­
fangled operation of putting opium under the skin”.

In the United States, the im portation  of crude opium  
grew from the time of the Civil W ar. Between the years 
1898 and 1902, when the US population rose by only 10 
per cent, the im portation of opium increased by 500 per 
cent and morphine 600 per cent. Much of it was used in 
patent medicines (see pp. 82-3); even baby-soothing remedies 
contained opiates. By 1900, it was reckoned that 250,000 
Americans were addicts.

T H E  B EGIN NIN G  O F  C O N T R O L  
T h ro u g h o u t th e  19th  c e n tu ry , c o n c e rn  a b o u t o p iu m  
increased . In 1803, th e  2 0 -year-o ld  G erm an  pharm acy  
assistant F riedrich  S ertu rn e r surm ised  th a t th e re  was a 
specific com ponent of opium that gave pain relief, but only 
when sufficiently concentrated. Using ammonia, he separated 
the various constituents of the drug, and called the narcotic

substance he discovered ‘m orphine’, after M orpheus, the god 
of sleep. O ther researchers soon isolated codeine.

T hese d isco veries, th o ug h  o f g rea t m edical b en efit, 
brought increasing m orphine and codeine abuse, exacerbated 
by the g rea te r availability o f the hypoderm ic syringe. In 
1898, tw o new opium extracts w ere added to  the list. The 
E. Merck drug company of Germany introduced Dionin, the 
first commercially available semi-synthetic morphine deriva­
tive (now used as a cough sedative); and Bayer enthusiasti­
cally w elcom ed H eroin  (d iacety lm orphine) — the ‘hero ic 
d rug’ -  which, they said, had “the ability of m orphine to 
relieve pain, yet is safer”.

Restrictive legislation was first passed in Britain in 1860 
in an attem pt to control the new  substances. In the United 
States, much of the fear that opium engendered had its roots 
in the prejudice against the opium-smoking Chinese of the 
W est C oast. Calls fo r the c o n tro l o f op iates (and , by 
inference, of the Chinese) increased and the im portation of 
smoking opium was prohibited in 1909.

Although patent m edicine m anufacturers lobbied fever­
ishly, the US Pure Food and Drug Act of 1906 and its later 
am endm ents  finally p u t paid to  the legal availability o f 
addictive drugs over the counter. It was not until 1914 that 
the Harrison Narcotic Act gave the US governm ent control 
over the sale of opium and its derivatives. By 1938, 25,000 
doctors had been tried  for narcotics offences and 3000 of 
them  sent to  prison.

B E L O W  Scientists at the drug 
company Bayer pose proudly in

1900, after producing heroin, the 
so-called ‘heroic’ drug.
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M E D I C A L  T E C H N O L O G Y
MICROSCOPES, SPHYGMOMANOMETERS AND SYRINGES

An American giant helped show the way to diagnosis o f lung disease

T
h e  1 9 t h  CENTURY w a s  th e  a g e  o f  th e  m a c h in e ,  a n d  w h ile  

d o c to r s  an d  m e d ic a l te c h n ic ia n s  d id  n o t  c o m e  u p  w ith  

a n y th in g  as s p e c ta c u la r  as t h e  s te a m  e n g in e  a n d  in d u s tr ia l 

w e a v in g  m a c h in e s , a d v a n c e s  w e r e  m a d e  in  th e  in s t r u m e n ts  

a v a ila b le  fo r  r e s e a r c h ,  d ia g n o s is  an d  t r e a t m e n t .

B EYOND T H E  N A KED EYE 
At the beginning of the century, microscopes had improved 
little from those of the Enlightenment. Then, in 1830, the 
B ritish  sc ie n tis t J. J. L ister w orked  o u t a fo rm u la  to  
d e te rm in e  the best distance b etw een  the tw o lenses of 
different materials that made up the achromatic lens, so that 
both chromatic and spherical distortions could be eliminated. 
This opened up m icroscopy to  an abundance of m odern  
app lications. H ow ever, it was le ft to  the G erm ans 
including Robert Koch (see p. 57) and Rudolf Virchow (see 
p. 65) -  to bring microscopes to a high level of development.

Another inventive German, Herm ann Ludwig Ferdinand von 
Helmholtz, not only established that muscles are the main 
source o f heat in anim als, m easured the speed of nerve 
impulses and studied the mechanism of hearing, but in 1851 
also invented the ophthalmoscope. Previously, eye disorders 
could only be investigated with the naked eye or a magni­
fying glass. Now it was possible to see right to the back of 
the eye, to  the end of the optic nerve -  an extension of the 
brain itself.

B L O O D  A N D  BREATH 
In 1628, W illiam Harvey (see p .38) w rote that blood spurted 
from cut arteries as if under som e kind of pressure. The 
clergyman and am ateur scientist Stephen Hales was fascinated 
by this phenom enon. According to a repo rt he published in 
1733, he inserted a glass tube at least l i f t  (3.4m ) long into 
the artery of a horse; the extent to which the blood in the 
tube rose indicated the force of pressure within the artery.

There the m atter rested  until 1828, when the French 
physiologist Jean Poiseuille discarded the long glass tube for 
a U-shaped one containing m ercury. The m ercury’s weight 
counterbalanced the pressure of the blood, and the distance 
th a t th e  m etallic  e lem en t m oved cou ld  be re co rd ed  in 
m illim etres. Poiseuille also dem onstrated that blood pressure 
was the same wherever it was measured on the body.

In 1881, Samuel Siegfried von Basch developed the first, 
ra th e r in accu ra te , sph yg m o m an om eter (from  the G reek  
sphugmos, ‘pulse’) to m easure blood pressure from outside 
the body. Fifteen years later, Scipione Riva-Rocci, an Italian 
physician, produced a m odel with an inflatable arm band, 
which is virtually the same as that used today. His inventive­
ness is still rem em bered in some countries where the symbol 
‘R -R ’ represents blood pressure.

To measure another activity of the body, John Hutchinson 
devised  the sp iro m e te r, w hich gauged the lu n g s’ ‘vital 
capacity’ — the am ount o f air breathed out with as much 
force as possible following the deepest breath possible. He 
recorded the vital capacities o f m ore than 2000 people, and 
in 1846 published his findings, claiming that his invention 
was better at detecting lung disease than either percussion or 
auscultation (see box).

O ne unusual experim ent seemed to bear him out. W hen 
Freem an, the A m erican giant -  who was m ore than 7ft 
(2.1m ) tall — visited England, Hutchinson took spirom etric 
readings o f his lung capacity. Two years later, he repeated 
the tests and found a 20 per cent reduction in Freem an’s 
v ita l capacity . A y ear la te r , th e  g ian t d ev e lo p ed  fatal

RIG H T One o f  the first device was modified a number o f
spirometers, dating fro m  the late times over the fo llow ing  years,
1840s. Less than efficient, the but soon went out o f  use.

A BO VE The achromatic microscope 1830, and used by his son, Joseph
invented by Joseph Jackson I.ister in (later Lord) Lister (see p .6 2 ) .
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LEFT A fu rther attem pt to design an efficien t spirom eter.

tu b ercu losis . H ow ever, H u tch in so n ’s s p iro m e te r cou ld  
record deficient capacities in perfectly healthy people, and 
doctors w ere never sure if a low m easurem ent indicated 
disease. As a result the spirom eter soon w ent out of use.

B ELO W  T H E  SKIN 
Syringes have a long history: Galen used one to inject blood 
vessels in the brain; Leonardo da Vinci filled the, spaces 
within the brain w ith wax from  a syringe; and W illiam  
Harvey injected blood vessels with dve in his work on blood 
circulation. All w ere basically the same: a tube containing a 
piston plunger, ending with a pointed, open-ended extension.

T hen, in 1713, the French surgeon D om inique Anel 
developed a small syringe w ith  an ex trem ely  fine tube 
(cannula), which he used to treat diseases of the tear ducts. 
This was modified over the decades, but essentially remained 
restricted to  openings already present in the body or to cuts 
made in the skin.

The last alteration produced the hypodermic syringe with 
its very fine, hollow needle through which drugs and other 
liquids could be injected directly into the tissues below the 
skin. In 1853, Alexander W ood of the Edinburgh medical 
school simply modified the cutting point of the needle of an 
existing syringe and introduced the hypodermic ‘m ethod’.

M EASURING T EM PE R A TU R E  
Today, a clinical therm om eter is a basic diagnostic tool - 
one of the least complex items in a d octo r’s bag. But it took 
many centuries for the medical significance of tem perature to

be understood; and several m ore centuries before a practical 
therm om eter was devised.

The first, crude therm om eter was invented in the 16th 
century by the Italian scientist, Galileo. It was refined by 
Santorio Santorio (1561-1636), working in Padua, Italy, who 
spent his life assembling medical statistics, including body 
tem perature, and published them  in Ars de Estatica Medicina 
( The Art o f  Statistical Medicine) in 1614 it contained a 30- 
vear record of his bodily functions.

T he British scientist R ob ert Bo vie was unim pressed , 
however. In 1683, he spoke of the therm om eter as “a work 
o f needless curiosity, or superfluous diligence”. And so the 
story rested for a while, w ith m inor revivals. Gabriel David 
Fahrenheit (1686-1736) developed a m ercury therm om eter 
and fixed three tem perature standards: for a m ixture of ice, 
w ater and sea-salt (0°); the freezing point of w ater (32°); 
and the external body tem perature (96°). Herman Boerhaave 
(see p .4 0 ) used this to investigate fever cases in Holland; and 
Anton de Haen (1704-76) introduced the therm om eter at 
the O ld Vienna School.

But the therm om eter was still bulky, slow and im prac­
tica l. T hen , in the m id -19th  c e n tu ry , th e  story  gained 
m om entum . In 1868, Carl W underlich (1815-77), Professor 
of Medicine at Leipzig, published The Temperature in Diseases, 
based on data from  25,000  patien ts; he also in troduced  
tem perature charts. Unfortunately, his therm om eter was 1ft 
(30.5cm ) long and took 20 minutes to  register. But in the 
north of England, Sir Thomas Clifford Allbutt (1836-1925) 
had devised, in 1867, a 6-inch (15 .25cm ) th erm om ete r, 
which registered quickly and accurately. The therm om eter 
was ready to take its place in medical diagnosis.

H E A R I N G  T H E  H E A R T

The ancien t Greeks h ad  prac tised  auscu lta tion  — lis ten in g  
to the sounds o f  the lungs an d  the h ea rtb ea t by pressin g  
an ear a g a in st the chest w all. This technique was lost u n til 
the Renaissance, when i t  becam e an in teg ra l p a r t  o f  every  
doctor’s practice.

In 1816, the French physician Rene Theophile  
H yacinthe Laennec was confronted w ith  an extrem ely  
plum p you n g  woman w ith  a h eart condition . Overcome 
with em barrassm en t a t  the thou ght o f  pressing his ear 
a g a in st her tru ly  am ple f le s h , he reca lled  h aving  seen a 
child tapp in g  a log while anoth er lis ten ed  a t  the f a r  end. 
Laennec rolled  a sh ea f  o f  p apers in to  a cylinder and, 
applying th is to the w om an’s chest, h eard  her h ea rtb ea t  
“with much g re a ter  clearness an d  d istin ctn ess than I h ad  
ever done before”.

H e soon abandoned his p a p er cylinder, developin g  
in stead  the f i r s t  tru e stethoscope: a wooden tube abou t 9 
inches (23cm ) long an d  V /2 inches (4cm ) in d iam eter.
Before his dea th  fro m  tuberculosis in 1826, a t the age o f  
45, he had in ven ted  m ost o f  the term s now  used to describe  
chest sounds an d  m atched m any w ith  chest diseases.

Wooden stethoscopes were used u n til abou t 1850, when 
p lia b le  tubing was introduced. In 1852, the Am erican  
doctor George P. Cammann added  tw o earpieces f o r  
binau ral sound, an d  in 1878, when the m icrophone was 
invented, it was connected to the o ther end to a m p lify  the  
sound to b e tte r  effect.

T raining an d  experience are needed to  in terp re t the infor­
m ation  e lic ited  fro m  a stethoscope correctly. As a result, 
w ith  the adven t o f  easier d iagnostic  tools such as X -rays, 
the stethoscope is not as im p o rta n t today  as i t  was in 
L aennec’s tim e — bu t it is s ti ll  a useful, an d  p ortab le , tool.

A BO VE Laennec s im proved stethoscope, m ade o f  wood.
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SAVING M O T H E R S
SEMMELWEIS AND CHILDBED FEVER

The story o j “one o f medicine's martyrs ... one o f its far-shining names”

CHILDBIRTH TODAY is USUALLY a time of great joy; once 
labour is finished and the m other at last holds her new 
baby, there is little w orry about her health. However, in the 

past, many m others died within a week or tw o of giving 
birth from a disease called ‘childbed’, or puerperal, fever: a 
high tem perature, pain in the lower abdomen, swelling of 
the pelvic tissues, abscesses, peritonitis, septicaemia, delirium 
and heart failure.

Childbed fever was particularly common in women who 
delivered in hospital -  and in the 19th century, these were 
almost always the poor, since the m ore w ell-to-do invariably 
gave birth at home.

PREFEREN TIA L VICTIMS 
One who refused to see the disease as the ‘curse of Eve’ was 
a Hungarian doctor, Ignaz Semmelweis. In 1847, as a 28- 
year-old assistant at the Vienna Lying-in Hospital, he noticed 
a striking difference between the incidence of deaths from 
childbed fever in the hospital’s two obstetric wards: in ward 
n o .l ,  9.9 per cent of newly delivered m others died (and

sometimes as many as 29.3 per cent); in ward n o .2, it was 
3.9 per cent. W ard n o .l became notorious, and patients 
would beg tearfully not to  be placed in it.

T he d o c to rs  in ch arge  o f  th e  h o sp ita l , like o th e rs  
elsewhere in Europe, w ere certain that childbed fever was 
caused by a ‘miasma’ -  an infectious vapour -  present in the 
atm osphere. Semmelweis could not accept this, for surely 
th e  m iasm a w o u ld  a ffe c t b o th  w ard s  eq u ally?  O th e r  
suggested causes w ere just as unsatisfactory.

Semmelweis found that ward n o .2 was run almost exclu­
sively by m idw ives, who w ere careful about cleanliness; 
w ard  n o . l  was the p ro v ince o f m edical s tu d en ts , w ho 
entered directly from the dissecting room s w ithout washing 
their hands, wearing the same blood- and tissue-splattered 
coats in which they had perform ed autopsies. W hen one of 
Semm elweis’s friends died of blood poisoning from  a cut 
received while dissecting, having developed many of the 
same symptoms as the victims of ward n o . l ,  he was sure of 
the cause of both. Something — Semmelweis called it ‘putrid 
particles’ — was being transferred from the cadavers of the

A BO V E lgnav. Semmelweis (1 8 1 8  — 
65), the Hungarian doctor and 
pioneer o f  antisepsis in maternity 
wards, to whom every mother o f  
today owes a debt. Semmelweis’s 
ideas oj hygiene were ridiculed 
during his life, hut vindicated after 
his death by Pasteur and Lister.

L EFT A colony o f  M ycop lasm a 

ham inis — a rare cause oj childbed 
fever — cultured from the vagina of 
a woman suffering from sepsis after 
childbirth. Before Semmelweis’s 
ideas were taken up, infections such 
as this made giving birth a highly  
dangerous business.
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T H E  P O E T  A N D  T H E  “ T E R R I B L E  E V I L ”

Sem m elw eis’s crucial d iscovery was fo re sh a d o w ed  fo u r  y ea rs  
earlier by a theory proposed by a Boston g yn a eco lo g is t/ 
obstetrician  who la te r  becam e the dean o f  the H a rva rd  
m edical fa c u lty . B e tte r known today  as a p oet a n d  essayist
-  his A u tocrat o f  th e Breakfast-Table f i r s t  a p p ea red  in 
the  A tlantic M onthly in 1 8 5 7 /8  -  O liver W endell H olm es 
was the f i r s t  to  p u t togeth er evidence th a t su ggested  th a t 
childbed fe v e r  was an infectious disease.

In 1843, he read  his pap er  On the Contagiousness of  
Puerperal Fever a t  a m eetin g  o f  the Boston Society o f  
M edical Im provem ent. U sing num erous exam ples, he 
showed how  the infection h ad  spread  fro m  physician, nurse  
or m idw ife  as th ey  m oved fro m  au topsy  rooms or fro m  
a tten d in g  in fected  p a tie n ts  to the  
bedsides o f  new ly de livered  
m others. H olm es offered no 
suggestions as to w h a t m ig h t cause 
the fe ve r; he sim p ly  p resen ted  the  

fa c ts , add in g  his own common 
sense recom m endations.

Like Sem melweis, H olm es’ ideas 
m et w ith  fo rce fu l opposition . The 
em inent Professor Charles D.
Meigs, o f  P h iladelph ia , who the  
y e a r  before h ad  ru led  th a t  
childbed fe v e r  was sim p ly  “a grou p  
o f  diverse in flam m ation s w ith in  
the b e lly”, was p a rticu la r ly  
scathing, tak in g  g re a t  exception to  
the idea th a t the hands o f  doctors
— gentlem en  all, according to

M eigs — could be unclean. A lthough a f e w  doctors were  
convinced by  H o lm es’ theory an d  took steps to  im plem en t 
it, m ost d id  not. ( Sem m elweis does n o t seem to have h eard  
o f  it, an d  came up w ith  his own qu ite  in depen den tly .) 
H olm es’ rep ly  to his critics was couched in the sam e  
e leg a n t lan gu age as h is essays: “M edical logic does not 
a p p ea r to  be ta u g h t or p ra c tised  in our schools”.

B ut H olm es could not le t  the m a tte r  drop. In 1855, he 
pu b lish ed  an expanded version o f  his essay, re tit led  
Puerperal Fever as a Private Pestilence. (H is new  refer­
ences inclu ded one f o r  a p a p er  by an ‘M. S em m eliveis’ 
jsicJ.J H olm es’ passion ate  concern h ad  not d im inished: “I 
beg to  be heard, on b e h a lf  o f  th e  women whose lives are a t  

stake, u n til som e stron ger voice 
sh all p lea d  f o r  th e m ”.

U nlike Sem m elweis, H olm es 
lived  long enough (u n til  1894J to  
see his theory proved  correct. The 

before he died, he w rote w ith  
sa tisfaction: “O thers h ad  cried out 
w ith  a ll  th e ir  m ig h t a g a in s t the  
terrib le  evil before I d id  ... B ut I 
th ink  I sh rieked  m y w arn ing  louder 
an d longer than any o f  them  ... 
before the li t t le  arm y o f  m icrobes 
h ad  m oved up to  su pport m y  
position  ”.

LEFT Oliver Wendell Holmes — 
poet, essayist and master 
obstetrician.

dissecting rooms into a wound: the small cut on his friend’s 
hand or the large ‘w ound’ left behind after the placenta 
separates from the uterus following childbirth.

The young doctor must have been elated at his discovery, 
but he was also filled w ith guilt. He, too , had dissected 
many bodies, primarily to find out why so many of these 
poor women were dying: “Consequently m ust I here make 
mv confession that God only knows the num bers of women 
whom 1 have consigned prem aturely to  the grave”.

A V O IC E IN TH E  W ILDERNESS 
Semmelweis acted quickly. Much to their surprise and anger, 
he insisted that the students wash their hands with a solution 
of lime chloride before entering ward n o .l .  The results w ere 
conclusive: within one year, the m ortality rate in the ward 
fell to just over 3 per cent, and the following year, it further 
declined to 1.27 per cent.

If S em m elw eis  e x p e c te d  c o n g ra tu la t io n s  fro m  his 
colleagues when he published his excellent results, he was to 
be disappointed: his suggestions w ere ignored. Despite the 
danger to his future prospects, the Hungarian refused to be 
silent, and in the ensuing row , he called his opponents 
“m urderers”. The director of the hospital, a D r Klein, made 
sure that Semmelweis’s contract was not extended.

F o rced  to  leave V ien n a , S em m elw eis  r e tu rn e d  to  
Budapest to practise gynaecology and obstetrics. H ere, too, 
his new theories m et with resistance, but he spent all his

spare time writing the book that he thought would finally 
vindicate him. The Cause, Concept and Prophylaxis oj Childbed 
Fever was finally published in 1861, but, having been born of 
a medical dispute, it proved to  be terribly long, confusing 
and, above all, quarrelsom e — and did not convince anyone 
of anything.

As tim e  w e n t o n , S e m m e lw e is  b ec am e  c lin ic a lly  
depressed, and on 1 August 1865, he was adm itted to a 
lunatic asylum. Twelve days later, he was dead. During one 
of his last operations, he had cut his hand and the wound 
had becom e infected. Ignaz Semmelweis died of streptococcal 
blood poisoning -  the same infection from which he had 
tried so hard to shield the m others under his care.

Semmelweis was finally vindicated in 1879. At a meeting 
of the Academy of Medicine in Paris, an em inent gynaecolo­
gist began to  p o u r scorn  on the H un g arian ’s theory  of 
contagion. He was suddenly in terrupted  by the great French 
scientist Louis Pasteur (see p p .5 6 -9 )  w ho, m ounting  the 
platform , began to draw on the blackboard a series of small 
c irc les  jo in ed  to g e th e r  in a chain th e  s tre p to c o c cu s  
bacterium . “There you are!” he said. “T hat’s what i t ’s like!” 
Semmelweis’s methods w ere also later found to  be well in 
advance of Joseph Lister’s antiseptic surgery (see pp.62-3).

The Hungarian doctor is now  regarded, according to the 
medical historian Fielding H. Garrison, as “one of m edicine’s 
m artyrs ... one of its far-shining nam es, for every child­
bearing woman owres something to him ”.
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DI S EAS E T R A N S M I S S I O N
FROM MIASMA TO MICROBES

The removal o f a parish pump handle stopped an epidemic returning

BEFORE t h f . 1 7 t h  c e n t u r y , how diseases spread was a 
mystery. A 2nd-centurv Roman, Marcus Terentius Varro, 
had made a stab at resolving the problem  when he w rote 

about “minute creatures which cannot be seen by the eyes” 
and that might cause malaria (see p. 94). There the m atter 
rested — until 1S46, when the Italian physician Fracastorius 
(see p. 100) hypothesized on “seeds of contagion” that could be 
passed from person to  person. However, his w ork had little 
impact, and it was only in 1683, when Leeuwenhoek, with 
the help  o f his m ic ro sco p es  (see p .4 0 ) ,  rev ea led  the 
existence of protozoa and bacteria, that the pieces o f the 
puzzle began to fall into place.

Nevertheless, the vast majority of doctors and scientists 
continued to believe that diseases were caused and spread by 
certa in  com binations of c lim ate , en v iro n m en t and poo r 
hygiene, or, as in the case of childbed fever (see pp.54-5), bv 
an ill-defined ‘miasma’ in the air -  theories that were very 
little different from those of the physicians who had tried to  
come to terms with the Black Death in the 14th century (see 
p. 30). F.ven many of those researchers who looked a little 
further became sidetracked bv the enticing theory of ‘sponta­
neous generation’ — the supposed formation of new life in 
decaying m atter. Evidence for this came from the apparentlv 
miraculous appearance of maggots in ro tten  meat, and the 
theory was clung to even in the face of Francesco R cdi’s 
experiments of 1668, which showed that, if vou keep flies 
away from the m eat, no maggots appear.

In the 19th century, scientists began to identify certain ' 
microbes that were at least intimately associated with certain

diseases. H owever, wrere these germs the causes o f particular 
illnesses or simply innocent bystanders? The w ork of Louis 
Pasteur and R obert Koch would answer the question.

W IN E , BEER A N D  MILK 
Louis Pasteur was born in 1822 in the Jura mountains on the 
F rench side o f th e  b o rd e r w ith  S w itzerland . W ith  the 
en cou ragem en t o f som e em in en t scien tis ts , he took  up 
chem istry, eventually becom ing a professor at Strasbourg, 
Lille and then Paris. Pasteur remained a scientist all his life, 
and never had any medical training. Yet by lucky accident he 
ultimately gave m ore to  medicine than perhaps any doctor 
before or since.

The first piece o f luck was Pasteur’s appointm ent at Lille, 
a wine-growing and beer-m aking centre. Fie was asked to 
look into the ferm entation process, and he found that the 
ferm entation of sugar into alcohol, and the souring of milk, 
were all due to  the action of micro-organisms.

Now  another question arose: how  did these m icrobes 
come to be present — were they spontaneously generated or 
w ere they already in the air? By a series o f experim ents, 
Pasteur demolished the old theory, proving that life could 
only come from life, that the ‘germ s’ involved — yeasts and 
bacteria -  w ere, indeed, already in the atmosphere and that 
microbes w ere the cause, and not an effect, of ferm entation, 
putrefaction  and infection . These last tw o  findings w ere 
eventually to lead Joseph Lister to  develop antiseptic surgery 
(see pp.62-3).

Pasteur also devised a m ethod of elim inating m icrobes 
from milk. W ith ‘pasteurization’ — the heating of milk to a 
certain tem perature for a certain am ount of tim e — this vital 
part o f the diet could no longer spread such deadly diseases 
as tuberculosis and typhoid.

After spending three years in the south of France investi­
g ating  silkw orm  d iseases th a t w ere  d estro y ing  the silk 
industry  th ere , Pasteur becam e convinced that epidem ics 
among animals and humans could be controlled using the 
appropriate scientific measures. W ith this thought (and much 
o f his p rev io u s w o rk ), he tran sfo rm ed  h im se lf from  a 
scientist researching alone in his laboratory into a public 
servant concerned with humanity a trend that could be 
seen in the entire scientific/medical community during this 
century. He had also changed himself from a chemist into a 
brand new  type of scientist: a bacteriologist.

Then, in 1868, tragedy struck: at the age of 46, Pasteur 
was felled by a stroke. At first, his life was in danger, but 
a fte r a long and tedious convalescence, he regained his

L EFT Louis Pasteur, in a tribute handicapped by a succession o f
from Prench magazine Le P e tit  strokes, Pasteur’s influence on the
Jo u rn al, in 1895 . Though evolution o f  medicine was immense.
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health, although the cerebral haemorrhage had left his left 
arm and leg permanently weakened. However, he was able 
to forget about this as he became increasingly absorbed in his 
studv of infectious diseases.

O N  TH E  TRAIL O F  A N TH R A X  
W hile Pasteur showed that bacteria in general could cause 
disease, it was up to  a G erm an country  d oc to r, R obert 
Koch, 21 years Pasteur’s junior, to  dem onstrate which of 
these micro-organisms caused which diseases.

In his prim itive hom e labora to ry , w ith  a m icroscope 
bought by his wife with her housekeeping money, Koch first 
developed a method of growing bacteria on a solid medium 
(first gelatin, then agar jelly with added nutrients), which 
could be sampled to produce a ‘pure cu ltu re’ of a particular 
microbe. Then, expanding on rules first expounded by his 
form er teacher, the anatomist Jakob Henle, in 1840, Koch 
came up with the four ‘Henle-Koch postulates’. These must 
still be fulfilled today before any bacterium can be stated to 
be the cause of a disease:

1. A specific organism must be identified in all cases of an 
infectious disease.

2. Pure cultures of the organism m ust be obtained.
3. Organisms derived from pure cultures m ust reproduce 

the disease in experimental animals.
4. The organisms m ust be recovered from  the exp eri­

mental animals.
In 1876, after using these methods and following his own 
ru les, Koch was able to  show th a t a la rge, rod-shaped  
bacillus (discovered in 1849) causes anthrax.

Koch w ould go on to  reveal the bacillus that causes 
tuberculosis (1882), as well as (in Alexandria and Calcutta in 
1883/4) the ‘comma bacillus’ ( Vibrio cholerae) responsible for 
cholera, and its transm ission through drinking w ater (see 
p. 58). He also travelled to South Africa to study rinderpest,

India to investigate plague and Java to look into the cause of 
malaria. In his honour, the German governm ent built the 
Institute for Infectious Diseases in Berlin in 1891, and he 
was awarded a Nobel prize in 1905.

Hearing of Koch’s anthrax experim ents, Pasteur decided 
to carry out some of his own. W hen he filtered solutions of 
anthrax bacilli through mem branes fine enough to hold back 
th e  m ic ro b e s, he found  th a t rab b its  in jec ted  w ith  the 
resulting filtrate did not becom e infected with the disease.

Pasteur then began to w onder w hether it w ere possible 
to immunize animals (and possibly people) against anthrax, as 
Jenner had done for smallpox (see p. 40). The French scientist 
had first to  create weakened (attenuated) bacilli. Initially, he 
tried adding weak antiseptics to  his cultures; later, he settled 
on incubating the cultures at a relatively high tem perature 
for eight days. On 28 April 1881, Pasteur injected 24 sheep, 
one goat and six cows with his new vaccine; he repeated this 
on 17 May. Two weeks later, both this group and another 
com prising  29 unvaccinated  anim als w ere in jected  w ith 
virulent anthrax bacilli. Pasteur and his assistants left; they 
would retu rn  two days later to examine the animals.

W hen they did, on 2 June, they were greeted with loud 
cheers: all the vaccinated animals w ere well, and the unvac­
cinated ones w ere either dead or dying.

Pasteur w ent on to develop vaccines against the animal 
diseases chicken cholera and swine erysipelas. Through his 
re search , he found th a t m edic ine no lo n ger had to  be 
d e p e n d e n t on th e  lucky  d isc o v e ry  o f som e n a tu ra lly  
occurring immunizing agent such as cowpox. Instead, it was 
possible to  create vaccines containing m icrobes with dim in­
ished virulence as a result of poisoning or heating them , or 
allowing them to remain in culture for long periods.

B E L O W  In 1892 , Death warns that Hamburg has just decanted 2 2 0 0
a ship fro m  cholera-ridden souls, possibly injected, into the US.
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J O H N  S N O W  A N D  T H E  B R O A D  S T R E E T  P U M P

In 1817, a new  disease crept out o f  India a n d  advanced  on 
Europe. By 1832, i t  h ad  reached London, where more than  
7000 people  died. The epidem ic d isappeared , only to return  
( th is  tim e via  A fghan istan)  in 1848; i t  would rem ain  in 
B rita in  u n til the end o f  the fo llo w in g  yea r . This tim e, 7000 
Londoners d ied  in one m onth alone.

Following an incubation  o f  ju s t  one to six days, the  
disease began w ith  fa in tn e ss  an d  sw eatin g , a n d  then a 
sudden an d  com plete evacuation o f  the bowels -  v ictim s 
were often struck down in the stree t. R epea ted  bouts o f  
diarrhoea fo llo w ed , u n til noth ing em erged b u t w a ter an d  

fra g m e n ts  o f  the m em bran e lin in g the in testin es. Sufferers 
becam e despera tely  th irsty , b u t when th ey  drank, they f e l l  
p rey  to  violent vom iting a n d  retching. Soon th e ir  bodies 
would app ea r to shrink; some people  would lose a q u a rter  
o f  th e ir body w eigh t through loss o f  f lu id . This d eh ydra ­
tion, a change in the a c id /a lk a li  balance in the blood an d  
a loss o f  potassium  (resu ltin g  in a d isturbance in the  
electrical im pu lses o f  the h ea rt)  would be ra p id ly  le th a l. 
More than h a lf  o f  the v ictim s died.

The m ain sign o f  th is d isease is diarrh oea. The Greek  
word f o r  th is is kholera — hence ‘ch o lera ’.

D r John Snow was one o f  the f i r s t  specia list an aes­
th e tis ts  (see p .48), bu t th is  was not the lim it o f  his 
in terests. H e was fa sc in a te d  by  cholera, an d  fo llo w in g  the  
1 8 4 8 /9  epidem ic, he w rote a p a m p h le t abou t it. Since the  
m ain sym ptom s a ffected  the in tes tin es an d  not the lungs or 
the body in genera l, Snow said , the ‘cholera po ison’ 
thou ght responsible could not be in h aled  as a ‘m ia sm a ’, 
bu t m ust en ter the body via  the m outh a n d  the d igestive  
tract. The copious am ounts o f  d iarrh oea a n d  vom it would  
dry, infect bed linen an d  clothes an d  spread  as dust, to  be  
touched an d  in gested  by others, who would in turn  
succumb to the disease. Even m ore would f a l l  victim  by  
drink ing w a ter con tam in ated  by  su fferers’ fa eces . Snow ’s 
theories abou t the d isease ’s transm ission were, however, 
given  l it t le  credence.

In 1853, cholera again  struck B rita in , bu t by June  
1854, only a fe w  cases h ad  a ppeared  in London. Then in 
July, there was a sudden upsurge an d  133 died. This 
outbreak p a led  in to  insignificance when, betw een 29  
A ugust a n d  11 Septem ber, n early  700 people  d ied  in a 
sm all area o f  Soho cen trin g on B road S tree t (now  
Broadwick S tree t) com prising in cred ib ly  overcrowded  
houses (54 people lived  in one), workshops an d  taverns.

The local h osp ita ls were soon overw helm ed an d  took on 
extra nursing staff. One o f  these was Florence N igh tin gale  
(see p p .78-9), who w rote to  her fr ie n d , the novelist 
E lizabeth  Gaskell: “One poor g irl, loathsom ely f i l th y ,  came 
in an d  was dead  in hours. I h eld  her in m y arm s ... I ben t 
down to hear: ‘P ray God yo u  m ay never be in the d espa ir I 
am in a t  th is t im e .’”

D r Snow, who lived  nearby, im m ed ia te ly  suspected  the  
affected  a re a ’s w a ter supply. A lthough there was w a ter  

fro m  the m ains, th is was tu rn ed  on f o r  only tw o hours a 
day, M onday to Saturday. The rest o f  the tim e, residen ts  
depen ded on the pu m p a t  the corner o f  B road an d  
C am bridge stree ts , which was so renow ned f o r  the q u a lity  
o f  its  w a ter th a t people  fro m  o ther neighbourhoods would  
come to sam ple it.

D r Snow fo u n d  th a t  th e  pu m p w a ter was indeed  
sp a rk lin g ly  clear, a n d  f o r  a m om ent he h esita ted . B ut 
when he p lo tte d  a ll  the cholera dea th s betw een 27  A ugu st 
an d  2 Septem ber, he fo u n d  th ey  were a ll  c lu stered in an 
area no m ore than  500 y d s  (450m ) across, a t  the centre o f  
which was B road Street. H is pu m p w a ter  sam ples also  
began to  show signs o f  con tam in ation  a f te r  tw o  days.

D r Snow decided to  act, and, on 7 Septem ber, he 
addressed  the B oard o f  G u ardians responsible f o r  the
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Parish o f  St Jam es in which B road S tree t was 
situ a ted . The officials were sceptical o f  the doctor’s 
theories, b u t a ll arou nd them , people were dying an d  
none o f  th e ir o ther efforts seem ed to  be m akin g any  
difference. Besides, the action th a t D r Snow w an ted  
them  to take was sim p lic ity  itself: the rem oval o f  the  
han dle o f  the B road S tree t pum p. They agreed.

The epidem ic ended three days la ter; no one 
(including John Snow)  ever su ggested  th a t  the  
rem oval o f  the pum p han dle h ad  an yth in g  to do w ith  
i ts  d isappearance. H ow ever, in its  a fterm a th , the  
B oard o f  H ealth  carried  out an in qu iry  a n d  came to  
the conclusion th a t the epidem ic h ad  been caused by 
“some atm ospheric or o ther w idely  d iffused  agen t 
s till  to be d iscovered”; the B road S tree t pu m p an d  its  
w ell were com pletely exonerated.

Then in Novem ber, the com m ittee o f  the St 
J a m es’s Church vestry  decided to  fo rm  its  own 
com m ittee o f  inquiry, on to which D r John Snow was 
co-opted. I t  was decided to g o  fro m  door to  door, 
in terview in g  a ll the residents. One question the  
com m ittee w an ted  answ ered was w hy som e people  
h ad rem ain ed  untouched while others, often those 
who lived  next door or even in the sam e build ing, 
h ad fa lle n  victim  to the disease.

The f i l th y  conditions d id  n o t seem to  be a cause. 
H en ry W hitehead, anoth er o f  the m em bers o f  the St 
J a m es’s inquiry, comm ented: “ W an t o f  cleanliness 
was by  no m eans more characteristic  o f  the d iseased  
than o f  the su rv ivors”. H owever, the in qu iry  d id  

f in d  th a t, desp ite  the sew age system , there were s till  
m any outdoor privies, which often overflow ed th e ir  
contents in to  the sew ers a n d  surrounding soil.

Following the in terview s o f  the B road S treet 
residents, the s ta tis tic s  spoke f o r  them selves: o f  the  
13 7 people who h ad  drunk w a ter fro m  the pum p, 80 
h ad  caugh t cholera; o f  the 297 who h ad  n ot used the 
pum p, only 20 h ad  become ill. Then H en ry  
W hitehead discovered th a t the f i r s t  cholera victim  
h ad been a five -m o n th -o ld  b aby  g ir l  liv in g  next to  
the pum p. H er m oth er h ad  w ashed her d ir ty  nappies 
in w a ter th a t was then dum ped  in to  a p r iv y  in the  

f r o n t  o f  the house, only a J e w  f e e t  Jrom  the pum p. 
The drain  fro m  the p r ivy  to th e  sew er leaked  ba d ly  — 
rig h t in to  the w ell fe e d in g  the pum p.

When other fa m ily  m em bers h ad  become ill, they  
h ad been ten ded  in u psta irs rooms an d  th e ir  slops 
h ad sim ply  b e e n f u n g  out the back w indow.
H owever, when the b a b y ’s f a th e r  h ad  succum bed to  
the disease, he h ad  been nu rsed in the f r o n t  kitchen  
an d his slops deposited  in the privy. B ut by  th is tim e, 
D r Snow h ad  persu aded  the B oard o f  G u ardians to  
rem ove the pum p handle, an d  a resurgence o f  the  
epidem ic had, unbeknow nst to them , been avoided.

John Snow’s theories were vin d ica ted , b u t the  
w orld s t i ll  ignored them. Recognition f o r  his achieve­
m en t would have to w a it f o r  P a steu r’s work on germ  
theory an d  K och’s iden tifica tion  o f  the cholera  
microbe — long a fte r  Snow had died, in 1858, a t  the 
trag ica lly  early  age o f  44.

Pasteur then turned his attention towards rabies and, much 
against his will, the immunization of humans (see pp.60- I) .

T H E  FO L L O W E R S  
Pasteur and Koch are im portant not only for their scientific 
work, but also for the influence thev had on generations of 
scientists and doctors.

The Russian zoologist Ilya Metchnikoff (1845-1916) was 
studying sea anemones in Sicily when he noticed that they 
contained amoeba-like cells that w ere able to engulf small 
particles and even bacteria. In 1888, after quarrels erupted 
betw een Metchnikoff -  by then the non-medical director of a 
scientific institute in the Ukranian city of Odessa -  and his 
medical subordinates, he left the institute and w ent to  Paris, 
w h e re  he b e c a m e  P a s te u r ’s m o s t d e v o te d  p u p il . 
Remem bering his observations in Sicily, the Russian (who, 
whatever the w eather, always w ore overshoes and carried an 
umbrella) eventually developed his theory of phagocytosis -  
the destruction of bacteria by the white corpuscles in the 
blood -  for which he was awarded a Nobel prize (sharing 
w ith Paul Ehrlich; see pp. 100-1) in 1908.

Emil von Behring spent some time at Koch’s institute in 
Berlin before becom ing a professor. His greatest achieve­
m ents w ere the discovery o f im m unizations against both 
diphtheria (1890) — for which he received the Nobel prize in 
1901, the first awarded for medicine and physiology — and 
tetanus (1892) by injections of serum containing antibodies 
against the relevant m icrobe. This he called ‘antitoxin’, a 
term  he introduced into medicine. His work has saved the 
lives o f countless millions of children.

The Japanese bacteriologist Shibasaburo Kitasato worked 
under Koch for six years before returning to his home to 
found an institute for the study of infectious diseases. He 
collaborated with von Behring on tetanus, and in 1894, he 
identified the bacillus responsible for plague (a discovery that 
w as also m ad e, in d e p e n d e n tly , by the Swiss sc ie n tis t 
A le x a n d re  Y ers in ). F o u r y ea rs  la te r ,  he  iso la te d  th e  
bacterium  that causes dysentery.

By the end of the 19th cen tury , the m ajority  o f the 
bacteria causing com m on diseases had been identified by 
Pasteur, Koch or one of their followers.

BELOW Robert Koch (1 8 4 3 -1 9 1 0 ) , together with Louis Pasteur, 
the German c o u n ty  doctor who, influenced generations of scientists.
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R AB I E S
.. the sick person is tormented ... with thirst and the Jear o j water

RABIES MAY BE a relatively rare disease, but when it strikes 
it is also one of the w orld ’s m ost appalling.

P eople in fected  by th e  virus usually firs t develop  a 
headache and v o m itin g , fo llow ed  by a h igh fev e r and 
powerful spasms of the jaw , throat and breathing muscles. It 
is at this stage that hydrophobia -  te rro r at the sight and 
sound of w ater -  may appear; how ever, no t all victims 
develop this, and some have the same violent reaction to a 
slight breeze across the face. Delusions and hallucinations 
then  set in , o ften  w ith  b iting  and spitting . Sw allow ing 
becomes impossible, the spasms increase in frequency and 
intensity, until finally paralysis, coma or exhaustion sets in. 
Death usually comes as a result of heart failure o r suffocation 
in about four days.

A minority of rabies victims develop different symptoms. 
Following a high fever, paralysis sets in, first attacking the 
area w h ere  th e  v irus f irs t e n te re d  the body and th en  
progressing inexorably upwards.

The virus responsible is present in the saliva o f infected 
animals — foxes, squirrels and many others, but especially 
dogs — and is m ost often transm itted to  other animals and 
humans by bites (although a lick on an open wound will also 
transm it the disease). Humans develop rabies within 20-90 
days, depending on how far away the bite is from the brain. 
W ithout m odern treatm ent, the condition is invariably fatal.

D IA N A ’S H O U N D S  
Rabies has been w ith us since the very earliest times. In 
G reek  m y th o lo g y , th e  h o u nd s th a t p u rsu e  and savage 
Actaeon after he has seen the goddess Diana bathing are 
supposed to represent rabid dogs. The Roman w riter Celsus 
(see p .21) described it: “a m ost w retched disease in which the 
sick person is torm ented at the same tim e with thirst and the 
fear of w ater, and in which there is but little hope”.

Celsus recom m ended throwing patients w ithout warning 
into a pond and holding them  under until they are forced to 
swallow w ater. As well as am putation of the limb that had 
been bitten, another early treatm ent was to swallow a hair 
of the rabid dog or lay one on the bite — the grisly origin of 
the hangover cure: the 'hair of the dog that bit you’.

The first known epizootic (an epidemic affecting animals) 
occurred in the Franconia region of Germany in 1271. By 
the 18th century, rabies was widespread in Europe and the 
N orth American colonies, and when the disease appeared in 
London in 17S2, the Governm ent issued orders for all dogs 
to be shot on sight.

In 1794, Sam uel B ardsley, a d o c to r w ork ing  in the 
northern English city of Manchester, w rote a paper in which 
he was perhaps the first to  describe rabies as a specific and 
identifiable disease. He stated that rabies was not generated

A BO V E An anti-rabies vaccination 
at the Pasteur Institute, in Paris.

Pasteur was criticised, baselessly, f o r  
‘infecting’ patients with the disease.

spontaneously bu t com m unicated  from  animal to  animal. 
Reckoning that the incubation period averaged less than two 
m onths, he recom m ended  th a t all dogs com ing in to  the 
British Isles should be confined in quarantine for that length 
of tim e, and that those showing signs of the disease should 
be killed. Unfortunately, Bardsley’s sensible suggestion was 
ignored for m ore than a century, and rabies raged on.

E N TE R  PA STEU R  
A severe outbreak of rabies in the Jura mountains of France 
lasted from  1803 to 1835. Louis Pasteur (see p .56) was born 
there in 1822, and he may later have been attracted to the 
idea o f a rabies vaccine because he had witnessed the havoc 
and misery caused when a rabid w olf rampaged through his 
hom e village.

He began his research  in 1880, first looking fo r the 
organism responsible. Despite ascertaining that the disease 
affected the cen tra l nervous system , and theorizing  that 
whatever caused it should be found there as well as in the 
saliva, he failed completely to  identify the correct m icrobe. 
(This is hardly surprising, since the rabies virus is so small 
that it can be seen only under an elec tron  m icroscope.) 
Because o f this, Pasteur could n o t fulfil the H enle-K och  
postulates (see p .57), and he had to tackle the disease from 
another direction.
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He began by injecting rabies-riddled material (usually nerve 
tissue) into rabb its’ brains. W hen rabbit after rabbit had 
been injected with the same virus, a consistent incubation 
period of about six days was produced, much shorter than 
would happen normally. The virus that acted in this way was 
called ‘fixed virus’, and it seemed to  have been weakened: 
dogs inoculated with it sometimes did not produce rabies.

By 1884, Pasteur had developed a m ethod whereby he 
injected ‘fixed virus’ into rabbits and rem oved their spinal 
cords after they died of the disease. He w ould then suspend 
the cords over a vapour of potassium hydroxide to  dry them 
o u t. T he m o re  the cords d ried  o u t, th e  few er v iruses 
survived, until, after tw o weeks, most w ere ineffective.

He decided to make a series o f 14 graduated vaccines, 
the strongest comprising emulsified infected spinal cord that 
had dried for one day, the weakest from cord that had dried 
for 14 days. He then set up an experim ent with 42 dogs: 23 
each received 14 injections, starting with the weakest vaccine 
and ending w ith the strongest, one in jection  a day; the 
remaining 19 dogs w ere the control group. At the end of 
the tw o w eeks, all the dogs w ere exposed to  the rabies 
virus, either by having it injected in their brain o r b lood­
stream , or by being bitten by a rabid animal. None of the 23 
immunized dogs got rabies; 13 of the contro l group did. 
Pasteur la ter showed that, because the rabies incubation 
period is so long, vaccination worked even if dogs had been 
infected for some time.

T H E  BOY JO SE PH  
Pasteur hesitated over inoculating humans -  rabies was so 
terrible and always fatal -  although he certainly did consider 
vaccinating himself. Fate made up his m ind for him.

O n 6 July 188S, a nine-year-old Alsatian boy, Joseph 
M eister, and his m other appeared at the door o f Pasteur’s 
laboratory . T w o days befo re , Joseph had been b itten  14 
times by a dog thought to be rabid, and his doctor, knowing 
that there was nothing he could do, had suggested that the 
boy and his m other com e to  Pasteur.

The scientist was to rn  -  he desperately wanted to  save 
the boy, but his reputation was also at stake. He consulted 
tw o of his assistants, both physicians, to  help him make up 
his m ind. They both urged him to  vaccinate Joseph.

His m ind made up, Pasteur ordered the 14-day series of 
increasingly virulent injections (containing a total o f up to 
0.09oz [2.5g] of animal spinal tissue). Because he was not 
medically qualified (and therefore could not legally carry out 
p ro c e d u re s  on h u m an s), and  becau se  he was p artia lly  
p ara ly zed  from  his s tro k e , P as te u r ca lled  in  P ro fesso r 
G rancher o f the Hopital des Enfants Malades in Paris to  
inoculate Joseph. Halfway through the series o f injections, 
th e  b oy  d e v e lo p e d  a h e a d a c h e , an d  P a s te u r  had  th e  
nightmare thought that this presaged the rem ainder of the 
symptoms. But it passed, and Joseph M eister stayed well.

Shortly  a fte r, P asteur was approached  by his second 
patient. A 14-year-old shepherd lad, Jean-Baptiste Jupille, 
from  Pasteur’s hom e district o f the Jura, had been severely 
b itten  by a rabid dog as he tried  to  p ro tec t some o ther 
children. Again the injections; again the nerve-wracking wait 
— b u t Jean-Baptiste, too, survived.

O ver the next IS months, the vaccines w ere received by 
at least 2490 people. The first failure was Louise Pelletier, 
who only sought Pasteur’s help 37 days after she had been 
b itten  on the face; by then, the disease had taken hold and, 
despite the treatm ent, she died. Then o ther deaths occurred 
that could not be explained away so easily (it is probable 
th a t they resu lted  from  in tense allergic reactions to  the 
anim al spinal tissue), and w hile P asteur rece ived  m uch 
praise, criticism, too , began to  m ount.

O ne argum ent the scientist could not ignore was that, 
while rabies was still a rare disease, he was actually infecting 
patients w ith the virus. Accusations of ‘homicide by careless­
n e s s ’ fo llo w e d , and  th e  c o n tro v e rs y  sp re ad  fro m  th e  
Academy of M edicine into the political arena. W hile the 
public dug into their pockets to fund ‘Pasteur Institutes’ in 
Paris and elsewhere in Europe as well as in South America 
and Mexico to  honour the great scientist, Pasteur himself 
was deeply upset by the criticism, and in 1887, he suffered 
tw o serious strokes. W hen he died eight years later, he was 
still working to  im prove his vaccines.

Pasteur’s w ork was vindicated in 1915, when a ten-year 
study revealed that, o f 6000 people who had been bitten by 
a confirmed rabid animal, only 0 .6  per cent o f those who 
had received his vaccines had died, compared to  16 per cent 
of those who had not.

A statue of Jean-Baptiste Jupille now stands in front of 
the Pasteur Institu te. W hen Joseph M eister grew  up, he 
never forgot w hat Pasteur had done and returned to Paris 
where he became gate-keeper at the Institute.

R A B I E S  T O D A Y

In 1891, 103 y ea rs  a f te r  D r B ardsley  f i r s t  su ggested  
i t, the B ritish  governm en t estab lish ed  qu aran tin e  f o r  
a ll im ported  an im als th a t could be in fected  w ith  
rabies. W ithin f i v e  yea rs , the d isease h a d  d isa p ­
p eared  fr o m  B rita in , an d  the country is s ti ll  clear, 
desp ite  a b r ie f  re lapse fo llo w in g  W orld W ar I  when 
re turn ing  soldiers sm uggled  in th e ir  pe ts . A u stra lia  
an d certa in  o ther islands also rem ain  f r e e  o f  rabies.

H owever, in the rest o f  Europe, N orth Am erica  
and elsewhere, rab ies is endemic, an d  because i t  
exists in an im als in the w ild, w ill continue to  be so. 
Laws com pelling A m erican dog owners to  have th e ir  
p e ts  inocu la ted  w ith rab ies vaccine have g re a tly  
reduced the incidence o f  hum an rab ies in the US, 
although ra b id  skunks an d  squ irrels s t i l l  pose a risk, 

as do fo x e s  in conti­
n en ta l Europe. W ith  
the bu ild in g  o f  the 
Channel Tunnel, 
B rita in , too, is now  
th rea ten ed  w ith  a 
re turn  o f  the disease.

L EFT A structural model o f  
a rhabdovirous particle — 

the bullet-shaped rabies 
virus, invariably fa ta l  
without treatment.
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J O S E P H  L I S T E R
THE FIRST ANTISEPTIC OPERATION

Carbolic and tin jo il helped cut post-operative mortality rates to 5%

ANYONE ENTERING HOSPITAL for surgery in the 1860s was, 
acco rd in g  to  Sir Jam es S im pson , th e  d o c to r  w ho 

popularized chloroform anaesthesia in childbirth (see p .47), 
“exposed to  m ore chances of death than was the English 
soldier on the field of W aterloo”.

The reason seems sim ple today: “W hen alm ost every 
wound was foul with sappuration,” w rote another contem po­
rary doctor, “it seemed natural ... to postpone the cleansing 
of hands and instrum ents until the process of dressings and 
probings had been finished.” As a result, open wounds often 
became infected and, all too  frequently, limbs had to be 
amputated. The m ortality rate of patients in hospital from all 
causes was ab o u t 12 p e r c e n t, b u t the ra te  fo r those 
following amputations could climb as high as SO per cent.

LAUDABLE PUS 
Despite the work of such men as Ignaz Semmelweis who had 
cut maternal deaths from puerperal fever in the late 1840s 
(see pp.54-5), doctors still believed that disease in general -  
and rampant hospital infection in particular -  was due simply 
to  ‘bad a ir ’. And since suppura tion  was held to  be an 
inevitable part of wound healing, the presence of “laudable 
pus” -  that oft-repeated phrase attributed to the 2nd-century 
Greek physician Galen (see pp. 22-3) -  was still cheerfully 
recorded in patients’ case notes.

But Joseph L ister did n o t view  p u tre fac tio n  w ith  such 
equanim ity. After many years research into the causes of 
inflammation he understood that wound sepsis was not due 
to “something in the air”, and became a convert to the “germ 
theory” of disease and “the beautiful researches of Monsieur 
P as teu r” (see p p .5 6 -9 ). L ister chose carbolic acid as his 
antiseptic agent -  “having heard of its rem arkable efficacy in 
disinfecting sew age” — and perform ed  his first antiseptic 
opera tio n  in M arch 1865. T his, a w rist o p e ra tio n , and 
another a couple of weeks la ter to  rese t the bones in a 
compound leg fracture, failed because of what Lister later 
term ed “im proper m anagem ent”.

B R EA K T H R O U G H  
Then came the breakthrough. On 12 August 1865, an 11- 
year-old boy, James Greenlees, suffered a com pound fracture 
o f the left leg when he was run over by a cart. He was 
taken to Glasgow Royal Infirmary, where Lister first washed 
the wound with a solution of carbolic acid and linseed oil, 
then dressed it with a sheet of tin foil to prevent evapora­
tion. Except where the acid had burned the skin, the leg -  
both the bone and the wound -  healed perfectly, and young 
James walked out of the Infirmary six weeks later. In other 
hands, he w ou ld  ce rta in ly  have lo st his leg and, qu ite  
possibly, his life.

T H E  U N P U N C T U A L  C H I E F

Joseph L ister was born in London on 5 A pril 1827, the son 
o f  Joseph Jackson L ister  (see p.52). Following a b r illia n t 
s tu d en t career a t  U n iversity  College, London, he m oved to  
Edinburgh to  work f o r  Professor Syme, whose daugh ter, 
Agnes, he m arried  in 1856. A religious, shy wom an, Agnes 
w as devoted  to Joseph, and, like him, 
very unpunctual. She was both his 
a ssis tan t an d  secretary, f o r  these were 
lean y ea rs  f o r  the you n g doctor: “Poor 
Joseph an d  his one p a t ie n t ,” 
m urm u red long-su fferin g Agnes.

But, in 1859, L ister becam e Regius 
Professor o f  Surgery a t  G lasgow  
U n iversity  and, tw o  y ea rs  la ter, 
surgeon a t G lasgow  R oyal Infirm ary, 
where he w as to  perfect his an tisep tic  
techniques. H e also fo u n d  tim e to  
im prove the ran ge o f  su rgical 
liga tures, choosing absorbable  ca tgu t 
in preference to silk  — silk could not be 
absorbed, was an irr i ta n t and  
increased the risk o f  sepsis.

In 1869, fo llo w in g  the dea th  o f  his fa th e r - in - la w , L ister 
ascended to the chair o f  su rgery a t  E dinburgh U niversity, 
where his fa m e  grew . A lthough a bad  com m unicator, L ister 
w as a b r illia n t dem on stra tor, a n d  much loved by his 
stu den ts, who ca lled  him  ‘C h ie f ’: th ey  were h orrified  when 

he w as in v ited  to  take  the chair a t  
K in g ’s College, London, in 1877, an d  
700 sign ed  a p e titio n  asking him  to  
stay. N evertheless, L ister w ent to  
London, where he w as g iven  a cold 
welcome b y  th e  suspicious m edical 
estab lish m en t.

D esp ite  this, L ister becam e  
P residen t o f  the R oyal Society in 1895, 
a n d  o f  the B ritish  Association in 1896. 
The fo llo w in g  y e a r  he w as created  
Baron L ister o f  Lyme Regis, and, in 
1902, he received the O rder o f  M erit. 
H e d ied  in 1912, having  lived  to see  
the u n iversa l acceptance o f  his 
techniques an d  know ing he h ad  saved  
the lives o f  thousands.
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These pioneer antiseptic procedures, which Lister published 
in The Lancet in 1867, provoked a m ixture o f bew ilderm ent 
and abuse. “This carbolic acid fuss,” w rote one of Lister’s 
critics, “is frivolous and unscientific”; others pointed out that 
they had tried carbolic acid w ithout success. Lister countered 
by saying that it was the m ethod, not the carbolic acid, that 
was vital any chem ical capable o f d estro y ing  m ic ro ­
o rgan ism s was as g o o d . N urses  also o pp o sed  L is te r ’s 
technique, resenting the ex tra  w ork involved in keeping 
operating theatres germ -free. But Lister persevered. A year 
after his first successful operation, he extended the principle 
of antisepsis to the drainage of life-threatening abscesses.

ROYAL A PPR O V A L 
It was Lister’s famous carbolic sprav, introduced in 1870 to 
“destro y  m icrobes in  the a ir”, th a t a t tra c te d  the m ost 
invective. However, the spray gained acceptance a year later 
when Lister used it on Queen Victoria during the lancing of 
an abscess in her left armpit. The monarch was very pleased 
w ith  th e  o u tc o m e , and  fa sh io n  fo llo w e d  h e r  le ad . 
U nfortunately, though, Lister did not enjoy the fruits of 
royal patronage for long: Victoria was very annoyed with Lister 
when he refused to  condemn the practice of vivisection.

Another reason why Lister had difficulty in gaining accep­
tance among his peers was that he was a far from brilliant 
co m m u n ica to r. His wrr i t te n  acco u n ts  o f th e  an tise p tic  
principle were and still are extremely heavy going. N or 
was this reserved man, who fought a life-long stam m er, a 
good public speaker. Invariably arriving late at the podium, 
he cam e across as e a rn e s t, h u m o u rle ss  and d u ll, and 
frequently overran his allotted time. But he was a compelling 
demonstrator: as one visitor to  his wards put it, those who 
saw him in action came away “driven to be lief’. In later 
years, Lister came to accept that he could only spread his 
doctrines effectively and persuasively by means of his fasci­
nating personal demonstrations.

In any event, it wras becom ing clear th a t L ister wras 
c o rr e c t  — only  2 p e r c e n t o f th e  o p e ra t io n s  th a t  he 
performed resulted in death; after his ideas gained general 
acceptance, the general m ortality rate following surgery fell

A BO V E Lister’s f i r s t  antiseptic 
spray, introduced in 1870 , relied 
on hand-power to atomize the 
carbolic acid. Later, Lister 
connected the device to a steam 
pump for greater efficiency. But 
only Queen Victoria’s endorsement 
gave it credibility.

B ELO W  Lister with his surgical 
team in Victoria Ward, K ing’s 
College Hospital, London, in the 
1890s. By now, Lister was at the 
height oj his considerable fame 
and reputation: President oj the 
Royal Society and Baron Lister of 
Lyme Regis.

to about 5 per cent. In fact, although aseptic methods were 
later developed -  by William Halsted at Johns Hopkins (see 
pp .90-1), and Johann von Micuhcz at Breslau, among others 
-  from 1865 on, medicine wras to be divided into the pre- 
Lister and post-Lister ages.

G eorge B ernard  Shaw-, the Irish m an o f le tte rs  and 
playwright, carped, “The f in  de siecle stank o f carbolic acid”. 
Nevertheless, Lister had opened the way for really innovative 
surgery — a whole range of operations that could now be 
v en tu red  w ith  g reatly  reduced  risk. L is te r’s w ork  even 
compelled the German pioneer in orthopaedics, George H. 
Strom ever, to burst into poetry:

Mankind looks grateful now on thee 
For what thou didst in surgery 
And Death must often go amiss 
By smelling antiseptic bliss.
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C O M M U N I T I E S  OF CE L L S
THE W O R K  OF BERNARD AND VIRCHOW

A Frenchman and a German take a new look at the basis o f disease

ALMOST a l l  ‘ d i s c o v e r i e s ’ are the sum of the w ork of 
many individuals. However, sometimes a man or woman 

can take an imaginative leap and transform our thinking on a 
subject that, for years, has been considered settled. So it was 
with tw o men -  one French, the o ther Germ an -  who, 
together, altered for ever the way w e look at life at its most 
basic level: the cell.

CLAU DE BERNARD 
Bernard’s greatest ambition as a young pharmacy student was 
to be a dramatist. At least one o f his plays — Rose du Rhone -  
was perform ed in Lyon in 1833 when he was just 20, but 
after he had finished his five-act historical drama Artur de 
Bretaigne, a critic persuaded him that his true metier was 
medicine and medical research.

Moving to Paris, he became a student of the physiologist 
Francois Magendie at the College de France. Magendie was a 
fanatic when it came to rejecting all previous theories and 
only believed what his eyes could see from his experiments. 
These generally involved vivisection; hundreds of animals 
perished at his hands. B ernard fo llow ed in his m a s te r’s 
footsteps; his wife, on the other hand, was a supporter of 
the French equivalent of the Royal Society for the Prevention 
of Cruelty to Animals (they separated in 1870).

In 186S, in his Introduction to the Study o f  Experimental 
Medicine, Bernard set out a system whereby conclusions could 
only be drawn from experim ents, which would then lead to 
fu rther questions and fu rther experim ents. There was no 
room for purely speculative hypotheses in his world.

Over the vears, as evinced by the m ore than 300 papers 
and books he published between 1834 and 1878, he made 
major contributions in a num ber of areas. In his study of 
digestion and carbohydrate metabolism, he proved that, like

plants, animals could synthesize complex substances (previ­
ously it had been thought that animals could only break 
down fats, sugars and proteins). He found that, as well as 
producing bile, the liver could manufacture glucose with the 
assistance of a substance he named glycogen. (It was later 
discovered that the liver did this d irectly , by converting 
glycogen into glucose.) He also w orked out the digestive 
function of the secretions of the pancreas: they split fat in 
the duodenum  into a fatty acid and glycerol, which could 
then be absorbed.

B ern a rd  also  s tu d ie d  b lo o d  vesse ls  and  h ow  th e ir  
d iam e te rs  (and thus th e  flow  o f b lood  in th em ) w ere  
regulated by nerves. In addition, through his work on carbon 
m onoxide, he found that it was the red  corpuscles that carry 
oxygen from the lungs to  the rest of the body; and his inves­
tigation  o f the effects on m uscles o f cu ra re , the South 
American arrow  poison, would later lead to this being used 
as an adjunct to  anaesthetics during operations.

H owever, Bernard’s main achievement was his concept of 
the unchanging ‘internal env iro n m en t’ (milieu interieur) in 
which live communities o f cells — the basic units of all living 
things, discovered by Theodor Schwann in 1839. The entire 
hum an body, said B ernard , did n o t have to  adapt to  a 
co n tin u ally  changing en v iro n m en t in o rd e r  to  surv ive. 
Rather, the fluids that bathed the cells -  blood and lymph -  
had to be altered. This was done by changes in the amount 
of w ater they contained, tem pera tu re  regulation (through 
skin flushing and sw eating), alterations in oxygen supply 
(such as through panting) and blood pressure, and changes in 
th e  a m o u n ts  o f c e r ta in  ch em ica ls  (c a lled  co lle c tiv e ly  
electrolytes) in the blood. This concept -  now expanded and 
called ‘hom oeostasis’ -  is today the crux of much emergency 
treatm ent and is vital in surgery.

L EFT An 1899 painting by 
L ’Hermitte o f  Claude Bernard 
vivisecting a rabbit. To modern- 
day sensibilities, this is an 
appalling image; 19th-century 
morality, however, was more 
pragmatic and Bernard's work 
undoubtedly led to the saving o f  
many lives.
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Bernard’s later years were disturbed by ill health, which he 
blamed on the upset of his own milieu interieur — he even 
claimed that French setbacks during the Franco-Prussian wrar 
of 1870-71 were responsible for his bad digestion. W hen he 
died in 1878, the French nation made up for having worried 
him: he was the first scientist ever to be given the honour of 
a state funeral.

R U D O L F V IR C H O W  
The son of a Pomeranian farm er, Virchow could be consid­
ered the ‘Renaissance m an’ of the 19th century, so wide- 
ranging were his interests and accomplishments. After taking 
his degree in 1843, he w orked as a pathologist in Berlin and 
founded the m edical jou rnal th a t is now  called , in his 
honour, Virchow’s Archiv. In 1848, that year of revolutions, he 
was sent to  Silesia to  investigate a typhus epidem ic. His 
report condemned the governm ent for the conditions there

and for refusing to provide the Polish population with even 
basic sanitary facilities. The governm ent prom ptly  banned 
him from Berlin. Virchow moved to  W iirzburg, where he 
was P rofessor o f Pathology until his re tu rn  to  Berlin in 
1855, and began in earnest his study of cells.

W hen Schwann had discovered these in 1839, he had 
th o u g h t th a t they  arose spontaneously  from  a form less 
ground substance he called ‘blastem a’. The pathologist Carl 
von Rokitansky of Vienna, who carried out and described 
m ore than 30,000 autopsies, surmised that conditions that 
affected the blood caused the blastema to produce abnormal 
cells resulting in disease — a theory that was simply the four 
h u m o u rs  in d isgu ise , and w hich  succeed ed  in sully ing  
Rokitansky’s reputation.

N ow  Virchow discovered that omnis cellula e cellula -  
‘every cell comes from a cell’: all cells are multiples of one 
cell, the fertilized ovum (egg), which itself is derived from 
cells from tw o parents and on back through the ancestral 
line. All these cells live in what he called -  using a political 
analogy — a ‘cellular dem ocracy’ o r ‘republic of the cells’, in 
which cells are social classes ancf the organs and tissues are 
their territory . In addition, he said, all diseases come from 
abnormal changes within cells, and these abnormal cells in 
tu rn  multiply through division.

V irc h o w  p u b lish e d  h is fin d in g s  in  his b o o k  
Cellularpathologie in 1858, and from then on, each disease had 
to  be looked at differently. No longer w ere organs seen as 
statically diseased; instead, it was understood that processes 
continued within the cells of which the organs were made.

V irchow ’s theory of the origins o f cells was vital for 
medicine, but his ideas on how disease starts, while they 
w ere b rilliantly  effective in describ ing  w hat happens in 
cancers, w ere not adequate to  explain many o ther condi­
tions. For one thing, he concentrated  wholly on internal 
events in cells, and did not take into consideration what 
effect external factors could have. The problem  was that 
Virchow was sceptical o f Pasteur’s germ  theory, primarily 
because he feared it would reawaken the concept of disease 
as a living en tity , w hich had en thused  -  and m isled -  
doctors during the Enlightenm ent and before.

W hile many medical researchers applauded his findings 
and others criticized them , Virchow continued his w ork, 
d escrib ing  leukaem ia fo r the firs t tim e , co llec tin g  and 
m ounting 23,000 specimens, devising the fifth sign of inflam­
mation (disturbed function; see p .21) and o ther im portant 
tasks. But he had other interests, too.

Having retained liberal political views from  his days in 
Silesia, he co-founded the Progressive Party and was for 
many years its leader. In 1860, he was elected to a seat in 
the Prussian Parliam ent, w here his debates with Bismarck 
almost led to a duel, and from 1880 to  1893, he was a 
m em b er o f the R eichstag , w here he cham pioned  social 
reform  and public hygiene. In his spare tim e, he carried out 
a huge in v estig a tio n  in to  th e  physical an th ro p o lo g y  of 
G erm an children , as well as looking into ta ttoo ing, lake 
dw ellings and o th er sub jects. In 1879, he accom panied 
Heinrich Schliemann to the excavations of what they thought 
was Troy (it turned out to be too old) and w rote a book 
about their discoveries.

V irchow ’s 80th birthday in 1901 was celebrated  as a 
national holiday, and when he died of heart disease a year 
later, he, like Bernard, received a state funeral.

T H E  C E N T U R Y  O F  E P O N Y M O U S  
D I S E A S E S

Whereas, during the Renaissance a n d  E nlightenm en t, 
m any body p a r ts  were n am ed a fte r  those who f i r s t  
described them, the 19th cen tury sa w  m edical men  
describing scores o f  d ifferen t d iseases an d  conditions 
an d nam ing them  a fter  them selves. The fo llo w in g  is 
ju s t  a selection.
A ddison’s disease: Thomas Addison (1855)
B a n ti’s disease: Guido B anti (1882)
Basedow ’s disease: K a rl von B asedow  (1840)
B ell’s palsy: Sir Charles B ell (1828)
B rig h t’s disease: R ichard B righ t (1827)
Cheyne—Stokes respiration: John Cheyne an d  W illiam  

Stokes (1818)
Colies’ fra c tu re : A braham  Colles (1814)
C orrigan’s pulse: Sir Dom inic John Corrigan (1832)  
D u pu ytren ’s contraction: G uillaum e D upuytren  (1831) 
G raves’ disease: R obert G raves (1835)
H odgk in ’s disease: Thomas H odgkin  (1832)
Jacksonian epilepsy: John H ugh lings Jackson (1875)  
K o rsa k o ff s syndrome: Sergei K orsakoff (1887)  
M eniere’s syndrome: Prosper M eniere (1861)
P a g e t’s disease: Sir Jam es P a g et (1876)
P arkinson’s disease: Jam es Parkinson (1817)  
R eyn au d’s disease: M aurice R eynaud (1862)
Stokes—A dam s attack: W illiam  Stokes a n d  R obert 

Adam s (1826) 
von R ecklinghau sen’s disease: Friedrich von 

Recklinghausen (1882)
W eil’s disease: A d o lf W eil (1886)
W ilm s’ tum our: Max W ilms (1899)

LEFT Richard Bright (1 7 8 9 — 
1858)  ivas the archetypal 
19th-century polymath: he was 
a zoologist, biologist, geologist 
and doctor. Wearing the latter 
hat, he described, in 1827 , 
Bright’s disease — a collection 
o f  kidney disorders in which 
albumin is present in the urine 
and there is often dropsy.
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B AC K T O  BASI CS
THE BEGINNINGS OF GENETICS

1How extremely stupid not to have thought o f that3

FOR SOME TIM E, scientists had been puzzling over the 
question of inheritance. Animal and plant breeders had 
for centuries been developing stronger, m ore fertile or m ore 

productive specimens simplv by concentrating their efforts 
on individuals with these characteristics, but no one knew 
why this worked. Many suggestions had been put forward, 
but there  was no t yet a coheren t theory  that explained 
everything that was happening.

VOYAGES O F DISCOVERY 
As a young m an, C harles D arw in (1 8 0 9 -8 2 )  p re fe rred  
collecting expeditions to studying medicine or theology. He 
was a great disappointment to his father, R obert, a doctor: 
“You care for nothing but shooting, dogs and rat-catching, 
and you will be a disgrace to yourself and all your family!” 
he once exclaimed. Robert was persuaded against his better 
judgm ent to allow his wayward son to serve as the official 
naturalist on the research vessel HMS Beagle, which set sail 
in Decem ber 1831. For the next five years, the younger 
Darwin would travel to South America, the Pacific islands 
and beyond, and what he saw and learned on that voyage 
would provide him with enough food for thought to last a 
lifetime of study and analysis.

Following his re turn  to  England, Darwin read Thomas 
M althus’ Essay on Population, in which the dour economist 
co m m en ted  th a t all species ten d  to  p ro d u ce  far m o re  
o ffspring  than can be ex p ec ted  to  reach  re p ro d u c tiv e  
maturity. Darwin began to speculate that those offspring that 
did survive might have some favourable characteristic that 
their m ore unfortunate brothers and sisters did not, and that 
this favourable characteristic might be passed down through 
generations, eventually — over many generations — changing 
an entire species and enabling it to survive. He w rote down 
his new theory in a short essay, which he expanded to  book 
length in 1844.

L EFT D arw in’s theory that 
humans shared a common ancestry 
with apes led to a storm of 
controversy, as this cartoon from  
T h e  L on d o n  S k e tch  B o o k  

shows. Benjamin Disraeli, British 
Prime M inister and novelist, 
commented: “The question is, 
whether man is descended jro m  
the apes or the angels. 1 am on 
the side o f  the angels”.

However, before he could publish, another, very superficial 
w ork on evolutionary theory came out and touched off a 
furor$. The subject was now in the spotlight, and Darwin 
knewr that he would have to  treat it thoroughly if the critics 
w ere not to  ride roughshod over his work. He retreated to 
his hom e and his family in Kent, to  spend the next 15 years 
reading, thinking and classifying barnacles. His health began 
to  fail: from having been a robust youth, he could now work 
no m ore than four hours a day, and he constantly visited 
doctors and dubious hydrotherapy establishments (see pp. 84-5).

Finally, in 1858, Darwin began to  w rite down all his 
conclusions. The result was On the Origin o f  Species, published 
in 1859, which was, and remains, an extraordinary book. 
Darwin examined all the available evidence to come up with 
a th eo ry  on how  species change, o r evo lve, over tim e 
through natural selection , which the philosopher H erbert 
Spencer would later encapsulate in the phrase ‘survival of the

ABO VE This photograph o f  a 
human skeleton, side-by-side with 
one from a gorilla, at once shows 
the evident similarities between the

two, and looking with the eye of 
prejudice, shows why many 
scientists and churchmen refused to 
believe the connection.
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f i t te s t’ . A fter read ing  th e  book , th e  em in e n t b io logist 
Thomas Huxley could only sigh: “How extrem ely stupid not 
to have thought of that!”.

For all his pains, D arw in’s theory (or ‘Darwinism ’ as it 
cam e to  be know n) crea ted  an u p ro a r th ro u g h o u t the 
W este rn  w orld , for tw o  reasons. F irst, by s tating  th a t 
species change, he was contradicting the literal teaching of 
the Bible, that the w orld and all the species on it w ere 
created bv God at the same time. Second, when he said that 
higher species evolve from lower ones, he included humans; 
this m eant that humans were in some way ‘related’ to  other 
primates -  the monkeys and apes and this was completely 
unacceptable to many people.

“A LITTLE T R IC K ”
However, Darwin could not explain how various characteris­
tics w ere inherited from generation to  generation, to enable 
species to change and survive. That piece of the puzzle came 
from a monk in the town of Brno, now in Czechoslovakia 
but at that tim e a part of the Austro-Hungarian em pire.

Johann Mendel wras born in 1822, taking the name of 
Gregor when he entered a monastery in 1843. A lack of 
family money decided his vocation, for the Church would 
pav for his education. At Vienna in the early 1850s, he 

studied under Franz Unger, who, some years before 
Virchow' (see p .6 5 ), taught that all p lant cells 

arise from other previously existing ones. He 
also said that variants develop within natural 

populations, which are then passed on to 
succeeding generations. This view contra­
dicted that held by o ther scientists, and 
Mendel decided to carry out experim ents 
to decide the issue.

Between 1856 and 1863, he planted 34 
varieties of edible peas and crossed 12 of 

them to see how' often various characteristics 
reappeared in succeeding generations of hybrids; 

he then repeated  the experim ent using French and 
bush bean plants. His resu lts  w ere expressed in sim ple 
mathematical ratios, one o f the first biological studies to  
em ploy sta tistics. He found th a t ce rta in  ch a rac te ris tics  
reappeared in fairly precise ratios; the ones that occurred 
most often he called ‘dom inant’ and the others he called 
‘recessive’. He believed that these characteristics w ere passed 
on from plant to plant as ‘particles’, o f w'hich each plant had 
tw o, one from each parent.

M endel published an account o f his w’ork  in a local 
naturalist journal in 1866, but although a few scientists 
noted his findings, they made no impact and were forgotten. 
In 1878, Mendel, then abbot of his monastery, was asked 
how he had achieved the beneficial changes in the pea plants 
in his garden. “It is just a little trick”, he replied, “but there 
is a long story connected with it that would take too long to 
tell”, and he changed the subject.

It was only in 1900, 16 years after his death, that his 
w ork was rediscovered  and fully apprec ia ted . From  the 
1920s, population geneticists such as J. B. S. Haldane (see 
p. 116) m elded together M endel’s and D arw in ’s w ork to 
come up with a coherent explanation of evolutionary change. 
However, the Final piece of the puzzle would not be slotted 
into place until 1953, when Francis Crick and James W atson 
discovered the structure of DMA (see pp. 160 3).

G A L T O N  A N D  E U G E N I C S

Fascinated  by s ta tis tic s  an d  a keen observer, Francis 
G alton (1822—1911) h a d  in itia lly  s tu d ied  m eteoro­
logy, an d  w as a p ion eer in the ca ta logu in g  o f  f in g e r ­
p rin ts . H ow ever, when his cousin Charles D a r w in ’s 
O n  the Origin o f  Species was p u b lish ed  in 1859, he 
began to  concen trate on h ered ity  and, in p articu lar , 
the inh eritance o f  ‘n a tu ra l a b i li ty ’.

H e th u m bed  through b iograph ica l dictionaries, 
n otin g  th a t a la rg e  proportion  o f  d istin gu ish ed  scien­
tists, m ilita r y  men, sta tesm en , ju r is ts , p a in ters, poets 
an d composers were re la te d  by blood. Therefore, he 
said , n o t only are physica l fe a tu r e s  in h erited , bu t 
also  ta len t an d  character. H e den ied  th a t eminence  
in a p a rticu la r  f i e ld  was depen den t on e ith er social 
a d va n ta g e  or d isadvan tage. In heritance was all, and  
thu s i t  w as “qu ite  p rac ticab le  to  produce a h igh ly  
g if te d  race o f  men by ju d iciou s m arriages during  
severa l consecutive g en era tio n s” -  a system  he would  
call ‘eugen ics’ (lite ra lly , ‘w ell b o rn ’) .

These ideas, which he discussed in his book 
H ereditary  Genius (1869), were taken  up en th u sias­
tica lly  by m an y people both in B rita in  a n d  in the  
US, where fe a r s  th a t the country w as being sw am ped  
by im m ig ra n ts o f  ‘in fe r io r’ q u a lity  g a v e  a dded  
im petus. The Eugenics Society w as fo u n d e d  in London 
in 1907, a n d  alth ough  its  m em bersh ip  never 
nu m bered  m ore than  a b o u t 800 a t its  peak, i ts  
influence w as considerable in such f ie ld s  as b irth  
control, a r tif ic ia l insem in ation , sex education, 
m arriage  gu idan ce, abortion  reform , fa m ily  
allow ances an d  taxation .

From the beginning, eugen ists were d iv ided  
betw een those advoca tin g  ‘p o s itiv e ’ eugenics — 
encouraging those perceived  as ‘f i t ’ to  have more  
children  -  a n d  those p lu m pin g  f o r  ‘n e g a tiv e ’ eugenics 
who were in fa v o u r  o f  discouragin g a n d  even 
p reven tin g  the ‘u n f it’fro m  breeding. The ‘n e g a tiv e ’ 
eugenists were p a rticu la r ly  concerned abou t the  

fe c u n d ity  o f  the low er orders o f  society  an d  the  
m en ta lly  han d icapped  a n d  ill. M u tila tin g  s te r i liza ­
tion opera tion s were carried  out by gynaeco log ists on 
su pposedly  ‘h ysterica l’ or insane women, an d  a large  
nu m ber o f  s ta te  leg isla tu res in the US pa ssed  law s 
allow in g the fo rc ib le  s te r iliza tio n  o f  women in 
m en ta l asylum s. Through the 1930s, n eg a tive  eugenic 
ideas took an even m ore s in is te r turn , cu lm ina ting  in 
the ex term ination  by the N a z is  o f  thousands o f  
m en ta lly  han d icapped  people  a n d  the genocide o f  
Jews, g ypsies a n d  others.

A fter W orld W ar II, overt in teres t in eugenics 
receded. H ow ever, in 1986, Singapore becam e the  

f i r s t  dem ocratic country to a d o p t an openly eugenic 
policy: fe m a le  g ra d u a tes  were offered p a y  rises a fter  
g iv in g  b irth , w hile n on -g ra d u a tes were prom ised  
housing g ra n ts  i f  th ey  a g reed  to  be s te r ilized . In 
add ition , i t  is sa id  by som e th a t eugenic theory can 
be seen in the practice  o f  gen etic  counselling, when 
prospective  p a ren ts  o f  h an dicapped  children are  
offered the option o f  abortion .
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W O M E N  U N D E R  T H E  KNI FE
EXAMINATION AND SURGERY

“One o f the most important discoveries o j the age fo r  the relief o j suffering’

BY THE LATE 1 8 t h  CENTURY, surgeons were eager to tackle 
abdominal operations, but the problems involved in any 
procedure in this area were enormous. W ith no anaesthesia, 

patients w ere subjected to excruciating pain, and speed, not 
skill, made surgical success m ore likely. Antisepsis was also 
unknown, and if the person under the knife did not die of 
shock, he or she usually succumbed to infection.

Still, the surgeons w ere keen to try , prim arily in the 
prevailing spirit of research and experim entation, although 
there were some eager to spare humanity pain and suffering 
through surgical cures. Gradually, they focused on w om en’s 
diseases, and from  the ovaries, they eventually extended  
their expertise to the rest o f the body. Along the way, 
how ever, many of them  w ere harshly criticised for their 
methods and their attitudes towards their patients.

W O M E N  AN D  D O C T O R S  
W o m en ’s diseases w ere  n o t a m edical specialty  at the 
beginning of the 19th century. They were either treated by 
general surgeons or by physicians, depending on the precise 
nature of the complaint.

W o m en , especially  those o f the m idd le  class, w ere  
considered nervous, frail, swooning creatures, and m en had 
an exaggerated sense of delicacy when dealing with them.

This m ade exam ination o f th e ir genital organs extrem ely  
difficult: touch alone was usually employed, and as late as 
the 1870s, W illiam Goodell o f the University of Pennsylvania 
Hospital Dispensary w ent so far as to urge his students to 
keep their eyes fixed firmly on the ceiling while making their 
first vaginal examination.

Use of the speculum, which had been invented at least as 
early as classical Rome (see p-21), caused grave concern. It 
was felt to  erode a w om an’s decency, and some doctors 
even believed that it gave sexual gratification. Philadelphia’s 
C harles D. Meigs (see p. 55) co n gra tu la ted  w om en  who 
refused to  be examined in this way.

“1 co n fess  I am  p ro u d  to  say th a t in th is  co u n try  
generally”, declared Meigs, “there are wom en who prefer to 
suffer the extrem ity o f danger and pain rather than waive 
those scruples of delicacy which prevent their maladies from 
being explored.”

Despite these ‘scruples’, the speculum came into general 
use, but the treatm ents that followed the diagnoses differed 
little from those of previous centuries. As well as the usual 
blood-letting, purging and starvation, the uterus m ight be 
prodded into what was considered (usually erroneously) a 
b e tte r position, and the cervix m ight be cauterized w ith 
pow erfu l caustics o r a re d -h o t iron . Even leeches w ere 
placed on the cervix to reduce swelling, inflammation and 
vaginal discharges. Disturbingly, one medical book of 1864 
advised doctors to count the leeches inserted into the vagina 
and those th a t, after feeding, d ropped  off, so th a t they 
would not lose any.

LO SIN G  OVARIES 
N one o f these trea tm en ts  was particularly  effective, and 
many wom en continued to  suffer, particularly from ovarian 
cysts -  tissue masses often filled with fluid, which grew out 
from one of a w om an’s ovaries and which could become so 
enorm ous that the victims looked as if they w ere in late 
pregnancy (one is known to have weighed 1491b [68kg]). 
Many sufferers were confined to their beds; some cvsts were 
cancerous. Faced w ith such te rrib le  disability, it was not 
surprising that some wom en w ere prepared to  do almost 
anything to be well once m ore, but until 1809, there was no 
effective treatm ent.

In D e c e m b e r  o f  th a t  y e a r , th e  E d in b u rg h - t ra in e d  
American surgeon Ephraim M cDowell received a message 
asking him to  ride 60m i (96km ) cross country  from  his 
office in  th e  fro n tie r  to w n  o f D an v ille , K en tu ck y , to

LEFT A bashful compromise to 
overcome the reluctance o f  fem ale  
genital examination was portrayed 
in 1822  hy Jacques-Pierre

M aygnier — the woman stands as 
the physician kneels, both 
apparently completely unconcerned 
by what is happening.
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exam ine 4 7-year-o ld  Jane T odd C raw ford . Because her 
abdom en had sw elled , Mrs C raw ford  th o u g h t she was 
pregnant, but although she began to have pains, labour had 
not begun. The local doctors had conferred and agreed that 
the delivery would be too complicated for them.

W hen McDowell arrived, he soon realized that, rather 
than pregnancy, Mrs Crawford’s swollen belly was caused by 
an enormous ovarian cyst. Consequently, as McDowell later 
w rote: “I gave to the unhappy woman information of her 
dangerous situation. She appeared willing to  undergo an 
e x p e rim e n t” . M cD ow ell re tu rn e d  to  D an v ille , to  be 
followed a few days later by Mrs Crawford, who had ridden 
on horseback through the forests and had forded several 
rivers to reach him.

The 25-minute operation took place at M cDowell’s home 
on Christmas Day. While his patient sang hymns to turn  her 
mind from the agony, the surgeon removed 151b (7kg) of a 
“dirtv gelatinous substance” from Mrs C raw ford’s cyst and 
then the Fallopian tube and the ovary that had contained the 
cyst, the latter weighing in at 7'/2lb (3.4kg). His patient was 
up and about five days later, and lived in good health for 
another 31 years.

Today, we would say that McDowell had perform ed a 
salpingo-oophorectomy (removal of the ovary and Fallopian 
tube on one side), but in the 19th century, the procedure 
was called an ‘ovariotom y’. The fact that M cDowell was 
w orking in the U nited  States had m uch to  do w ith  his 
agreeing to tackle such a risky operation: American medicine 
was far less regulated than in Britain and the rest of Europe; 
there were fewer constraints on trying something new; and, 
esp ec ia lly  in th e  S o u th , som e d o c to rs  (a lth o u g h  n o t 
McDowell) took advantage of the opportunities provided by 
slavery to provide subjects for their research (see p. 70).

W hen, eight years later, McDowell sent a description of 
his o p era tio n  fo r pub lica tio n  in B rita in , the new s was

A BO V E In 180 9  and in his own reached John Lizars at Edinburgh
home, American surgeon Ephraim University some eight years later.
McDowell operated on Mrs In 1824 , Lizars performed the fir s t
Crawford to remove her ovarian British ovariotomy on a woman
cyst by abdominal section. News o f  whose abdomen was so large she
the operation — and its success — looked nine months pregnant.

received with hostility and incredulity. Despite this, the first 
successful ovariotom y was perform ed there  in 1824, and 
betw een  1838 and 1855, it was carried out at least 200 
tim es. H ow ever, the death rate was 44.5  per cen t, and 
controversy raged within the medical establishment between 
those who claimed that ovariotomv was the only solution to 
a grave and dangerous condition, and those who believed 
that the operation itself was too dangerous. O ne of the latter 
was the surgeon R obert Liston (see p.48) who labelled the 
ovariotomists ‘belly rippers’. Some doctors were also said to 
perform  ovariotomies either to  make a name for themselves 
or to make money, or both.

French doctors considered the operation a wholly Anglo- 
American invention and said that no p ruden t p ractitioner 
would ever resort to it. They also likened it to vivisection -  
th e  o p e ra tio n  was only being  d on e, th ey  said, so th a t 
surgeons could practise pelvic surgerv and carry out research 
on the internal organs in a live wom an. This w orry was also 
found in Britain: in 1888, during Jack the R ipper’s gruesome 
serial killings, a rum our circulated that ‘Jack’ was really a 
vivisecting surgeon from the University o f London.

The desire for knowledge at almost any cost was certainly 
a factor in the ovariotom y’s increasing popularity with British 
and A m erican surgeons (from  1843 to  1883, John and 
W illiam  A ttlee o f Pennsylvania p erfo rm ed  465 betw een  
them ) — and even the French scientist Claude Bernard (see 
p .64) was in favour of it for this reason. However, it cannot 
be denied that, especially in the early decades of its use, it 
also helped a great many of the surviving wom en.
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D R  S I M S  A N D  T H E  S L A V E  W O M E N

Prior to 1852, one o f  the m ost a p p a llin g  conditions th a t 
women h ad  to suffer was vesico-vagin al or rec to -vag in a l 

f is tu la , in which a hole develops in the vagin a a n d  extends 
into, respectively, the b ladder or the rectum  ( and  
som etim es both). I t comm only occurred fo llo w in g  m ism an ­
aged  labour, when the h ead  o f  the b aby  pressed  too long  
a g a in st the tissues o f  the vagina, deprivin g  them  o f  blood  
an d allow in g gan gren e  to se t in. The resu lt was incurable  
incontinence. The skin betw een the su fferer’s legs becam e  
inflam ed, covered in sores an d  in to lera b ly  itchy, and  
because o f  the sm ell, she was fo rc e d  to re tre a t fro m  society.

The em inent Berlin surgeon Johann Friedrich 
D iejfenbach wrote th a t “the cure f o r  such an evil is the  
p r ize  f o r  which we a ll la b o u r”. The m an who won the  
p r ize  was Jam es M arion Sims, who, upon g ra d u a tio n  fro m  
m edical school in 1835, se ttle d  in M ontgom ery, A labam a.

Sims has become a f ig u r e  o f  im m ense controversy in 
recent y ea rs. Following his dea th  in 1883, he was h a iled  as 
the fa th e r  o f  gynaeco logy’, y e t  fe m in is t  h istorian s have  
condem ned him f o r  n o t only experim entin g on women, bu t 
on black slave women, an d  becom ing rich in the process.
The tru th  seems to lie  som ewhere in betw een.

In 1845, Sims was called to v isit a black slave g ir l  called  
Anarcha, who fo llo w in g  a th ree -d a y  labou r developed a 
vag in a l f is tu la  lead ing  to both her b la d d er a n d  rectum . 
Although Sims was touched by  her suffering, a n d  th a t  o f  
tw o other slaves, Lucy an d  Betsey, who h ad  vesico-vagin al 

f is tu la e , i t  was pro b a b ly  the challenge o f  f in d in g  a cure 
th a t in sp ired  him . Soon he h ad  fo u n d  fo u r  m ore slaves  
with the sam e condition, a n d  w ith  th e ir  ow n ers’ consent, he 
began to opera te  — w ith ou t anaesth esia , try in g  a v a rie ty  o f  
techniques a n d  a lw ays fa i lin g . Along the way, he in ven ted  
a new  speculum, a new  ca th eter a n d  a new  su tu re using  
silver wire an d  silk thread. Finally, as Anarcha un derw en t 
her 30th operation  in fo u r  yea rs, he w as successful.

In 1852, Sims pu blish ed  a description o f  his work, la te r  
describing i t  ( w ith  typ ica l im m odesty) in his au tob iograph y  
as “one o f  the m ost im p o r ta n t discoveries o f  the age f o r  the  
re lie f  o f  su ffering h u m a n ity”.

H e then m oved to N ew  York an d  estab lish ed  the  
W om en’s H osp ita l, the f i r s t  o f  its  k ind in the U n ited

S tates. H is s ta tu e  now  stan d s opposite  the N ew  York 
A cadem y o f  M edicine; sa d ly  there is no m em oria l to the  
pain  a n d  suffering o f  Anarcha, Betsey, Lucy an d  the rest o f  
Sim s’ ‘experim en ts’.

A BO VE A step-by-step illustration Henry Savage's T h e  Su rg ery ,

o f  Dr. James Marion Sims's Surgical Path olog y and Surgical

fam ous operation to close a vesico- A n ato m y o f  th e  Fem ale  P elv ic

vaginal fis tu la  adorns the pages o f  O rg an s (1882).

BATTEY A N D  BAKER B R O W N  
But it was the attitude towards women in general of 19th- 
centurv doctors — almost all of them men — that seems to 
have co loured  th e ir acceptance o f operations on fem ale 
re p ro d u c tiv e  o rg an s . T he p h y sic ian  T ho m as R ad fo rd  
defended caesarean sections (w ith  a m o rta lity  ra te  very- 
sim ilar to  that of ovariotom ies) by arguing that, since a 
w om an’s main reason for living was her ability to  bear 
children, if the organs involved in this did no t function 
because of disease, then it did not m atter so much if she lost 
her life during  an opera tio n  to  fix th em . The b rillian t 
scientist Rudolf Virchow (see p.65) took the argument even 
further. “W oman is a pair of ovaries with a human being 
a tta c h e d ”, he w ro te , “w hereas  m an is a hum an b eing  
furnished with a pair of testes”.

N ot all doctors w ere as b lunt as V irchow , but many 
shared his belief. To them , a w om an’s uterus and ovaries

were not only involved in the reproduction of the species 
but they were also the source o f much illness -  both physical 
and psychological. The result was that, on both sides o f the 
Atlantic, and especiallv with the advent o f anaesthesia, there 
was an increasing num ber o f ovariotomies for the treatm ent 
of such relatively m inor conditions as period pain and such 
spurious diseases as ‘m enstrual epilepsy’, regardless of the 
very real sym ptom s th a t w ere p roduced  by the ensuing 
prem ature menopause.

From 1872, the American surgeon R obert Battey popular­
ized an operation he called ‘normal ovariotom y’, in which 
c o m p le te ly  n o rm a l o v a rie s  w e re  re m o v e d  to  re lie v e  
‘sym ptom s’ in w om en who w ere considered insane, hyster­
ical, unfaithful to their husbands or just plain unhappy. Dr 
Elizabeth Blackwell (see p S l )  claimed that this extension of 
the operation to the treatm ent of m ental conditions was the 
result of doctors’ prurigo secandi ( ‘itch to cu t’), but this is not
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the whole story. Some doctors, such as William Goodell, 
advocated ‘Battev’s operation’ to prevent a woman transm it­
ting the ‘tain t’ of her supposed insanity to her descendants — 
a d irec t reference to  the eugenics craze (see p .6 7 ) then 
sweeping across Britain and the US, where the operation was 
particularly popular.

The use of surgery to control women reached its dubious 
apotheosis with the work of Isaac Baker Brown, a London 
surgeon who specialized in removing the clitoris and, thus, a 
w om an ’s sexual feeling. Baker Brown and his disciples 
performed clitoridectomies on women whom they (or their 
husbands) felt w ere suffering from uncontrolled sexuality, as 
evinced by masturbation or ‘nymphomania’. In a num ber of 
cases, one o f th e  p rim ary  ‘sy m p to m s ’ fo r w hich  th e  
operation was recom m ended was that the woman wanted a 
divorce, which had only become possible in Britain in 1857.

In 1867, at the height of his success, Baker Brown was 
su d d e n ly  faced  w ith  ru in , b e in g  e x p e lle d  fro m  th e  
Obstetrical Society and forced to resign from the Medical

Society of London. However, the reason for this was not the 
fact that Baker Brown had been responsible for the m utila­
tion of hundreds of wom en, but that he had carried out the 
operatio n  w itho u t inform ing many o f his patien ts o f its 
consequences and, m ore im portantly to the doctors, because 
he was guilty of self-prom otion. Baker Brown w ent to the 
U n ite d  S ta te s , w h e re  his o p e ra t io n  b ecam e s tan d a rd  
treatm ent for many years.

FR O M  OVARIES T O  T H E  BRAIN 
The controversies over ovariotomies and clitoridectomies also 
revealed profound tensions betw een surgeons and the physi­
cians who w ere gradually becoming known as ‘obstetricians’ 
concerning the question: W ho is qualified to perform gynae­
cological operations? This was to lead to the formation, in 
B ri ta in , o f  th e  R oyal C o lle g e  o f  O b s te tr ic ia n s  and 
Gynaecologists in 1929, and the unitv of practitioners in this 
specialty throughout the w orld.

The gynaecological surgery  o f the 19th cen tury  had, 
however, a far greater influence, for it truly opened the way 
for invasive surgery. In 1873, the em inent British surgeon Sir 
John Erichsen declared: “The abdom en, the chest and the 
brain [will] be for ever shut from the intrusion of the wise 
and humane surgeon”, but by the end of the century, none 
of these parts of the body was any longer off-limits to the 
surgeon’s scalpel.

For in stan ce , the G erm an surgeon  T h eo d o r B illro th  
(1829-94), a friend of Brahms and one of the first to follow 
L ister’s antiseptic procedures, devised m ost of the operations 
still perform ed on the stomach, intestines and thyroid gland. 
A tum our was first rem oved from the brain in 1884, and 
two years later, an oesophagus was reconstructed. And blood 
loss during all sorts of operations was limited by the British 
surgeon  and keen o va rio to m is t T hom as S pencer W ells, 
whose ‘Spencer Wells forceps’ are still in com mon use.

ABOVE A set o f  19th-century 
obstetrical instruments that may 
look fearsome but, in fact, 
represented a major advance Jor  
women by easing the rigours of 
difficult childbirth.

RIG H T Recognized as one o f  the 
most able o j  British surgeons, Sir 
Thomas Spencer Wells, skilfully 
performed abdominal operations for 
many years. The forceps he 
invented were designed to clamp 
the bleeding ends of open blood 
vessels — when the two blades are 
closed over the vessel, a catch locks 
them firm ly in position.
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THE DAWNING OF PSYCHIATRY
FRO M  CRU EL SPECTACLE T O  LEGAL P R O T E C T IO N

Patients in special chairs whirled at 100 revolutions per minute

F
r o m  EARLIEST TIMES, people thought that the mentally ill 
w ere possessed by demons, and ‘treatm ents’ as extrem e 
as trepannation (see p .l  1) and as fatal as being burned at the 

stake were carried out. Then, in the great surge of learning 
o f the Renaissance, new voices began to be heard.

Paracelsus (see p .36) rejected the supernatural, theorizing 
instead that the cause of unreasonable behaviour could be 
serious emotional disturbance. After his son was beheaded 
for poisoning his w ife, the m edical hum anist G eronim o 
Cardano (1501-76) w rote a treatise in which he described 
immorality as a disease of the spirit, saving that there was a 
difference between those who did w rong through wickedness 
and those who fell foul o f the law through ‘passion’. And in 
his book of 1563, De Praestigiis Daemonum, Johann W ever, 
co u rt physician to  the D uke o f C leves, m aintained that 
w itches w ere sim ply unhappv people  w hose m inds had 
become unhinged.

Unfortunately, the study of the mind and mental illness 
did not, after these promising beginnings, keep pace with the 
extensive investigations of the body and physical disease that 
followed. Until well into the 19th century, there was little 
or no distinction drawn betw een mental illness and mental 
handicap, and problems of the personality were ignored for 
almost as long. For instance, the American doctor, Benjamin 
R ush, a signatory  o f the D ec laration  o f In d ep en dence , 
believed that the brains o f the insane were overcharged with 
blood; th erefore , the cure was ‘h e ro ic ’ b lood le tting  and 
purging, which sometimes killed patients in the process.

The mentally ill were rejected by society and gradually 
came under the care, first, o f the C hurch, and then  of 
governm ent asylums. The most famous of these -  London’s 
Bethlem Royal Hospital, com monly known as ‘Bedlam ’ -  
was a popular sightseeing spot, with tours costing a penny 
undertaken by the fashionable rich of the capital city. Here, 
as elsew here, the insane, dressed in rags, w ere herded  
together with no heat, little lighting and poor ventilation,

chained and gagged if they w ere violent o r difficult and 
ducked in cold water to  bring them  to their senses.

TH E  FIRST REFO RM S 
Interest in a different, kinder way of treating the insane -  
what came to  be called ‘moral care’ -  increased in Britain as 
people became familiar with the insanity o f the king, George 
III. Possibly suffering  from  the ra re  h ere d ita ry  disease 
porphyria, he had five distinct periods of insanity before his 
final breakdown and death in 1820.

From  the end of the 18th cen tury , the Q uaker Tuke 
family ensured that at least some of Britain’s insane would 
receive p roper trea tm en t. In 1792, the wholesale tea and 
coffee m erchant W illiam Tuke and his son Henry form ed a 
society of like-minded people in York to  im prove the care of 
the mentally disordered, and, four years later, they founded 
the York R etreat, a hospital for 30 patients that, in contrast 
to  Bedlam and its like, was clean, quiet and orderly. Inmates 
w ere treated like guests, often being invited for tea with the 
superintendent and m atron, and for an extra fee, they could 
be looked after by th e ir own servants. (W illiam ’s great- 
grandson Daniel Hack Tuke carried on the family tradition: 
he became president of the Medico-Psychological Association, 
the forerunner of the Royal College of Psychiatrists; and his 
scathing report of 1885 on asylums in the United States and 
Canada resulted in major reform s there.)

In 1792, in the midst of the French Revolution, Philippe 
Pinel was placed in charge o f the 17th-century asylum of 
Bicetre in Paris. The horrors o f the revolution were never 
far away: in September o f that year, 162 Bicetre prisoners 
(including 43 under the age of 18) w ere butchered by the 
m ob, led by the chief warden.

The following year, Pinel bravely (some said foolishly) 
decided to test a theory — that madness was the product of 
the deprivation of liberty and m ovem ent -  and unchained a 
group of 49 inmates. One man escaped but was soon caught,

LEFT In the courtyard o f  La 
Salpetriere, Paris, (part oj the 
same hospital that contained the 
Bicetre asylum)  Dr. Philippe Pinel 
presides over the 4 9  mental 
patients liberated from their 
chains. An advocate o f  a more 
humane treatment o f  the insane, 
Pinel believed tha t patients who 
were manacled grew agitated and 
dangerous. Kindness, on the other 
hand, prompted sociability and 
encouraged confidence.
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R E A D I N G  T H E  B U M P S

Like M esmer, F ranz J o se f  G all (1 7 5 8 -1 8 2 8 ) w as one o f  the  
m avericks o f  the Vienna m edical school. A ta len ted  
an a tom ist an d  physio logist, he cla im ed to have discovered  
26 organs in the brain  ( la te r  increased to  42), each respon­
sib le f o r  a p a rticu la r  m en ta l fu n ctio n . The la rg er  these  
organs were, he said , the b e tte r  th ey  w orked a n d  the m ore  
they affected  the overa ll shape o f  the  
skull, which could be stu d ied  to  discover a 
person ’s person a lity  an d  ch aracter tra its .
G a ll’s ‘science o f  p ro tru sion s’ even tu a lly  
g rew  in to the pseudo-science o f  phrenology.

The practise  o f  phren ology g re w  
ra p id ly  durin g the early  decades o f  the  
19th century. People flo ck e d  to phren olog­
ical surgeries to  have th e ir  ‘bu m ps’ f e l t  
an d th e ir heads m easured a n d  weighed: 
those o f  superior in te llec t avera g ed  24 to  
25in (61 to 64cm)  in circumference, and, 
because w om en’s brains weigh less than  
m en ’s, this was sa id  to  account f o r  th e ir

low er in te llec tu a l pow ers (th e y  w ere also su pposed to be 
stron ger in ‘a n im a l fa c u l t ie s ’) .

P hrenology becam e fa sh io n a b le  even am ong the upper  
classes. Queen Victoria h a d  h er ch ild ren ’s heads ‘re a d ’, an d  
the n ovelist G eorge E liot tw ice h ad  h er h a ir  sh aved  o ff  to  
m ake i t  easier f o r  the ph ren olog ist to  g e t  a t  h er cranium.

The comic w riter  M ark Twain, au th or o f  
such A m erican classics as  Tom  Sawyer, 
was a confirm ed critic: when, in d isgu ise  
an d  g iv in g  a fa ls e  nam e, he h ad  his 
bum ps read , he was to ld  th a t he lacked a 
sense o f  humour.

Phrenology reached its  peak  in the  
m id-1800s. Thereafter, i t  declined, b u t i t  
s t i l l  m a in ta in s a fo o th o ld  in the West.

attem pt to predict the 
child's potential and 
capabilities.

and the experim ent was deemed a success. Although, before 
and after this, Pinel made great headway in his classification 
of various forms of mental illness, his aim at Bicetre w;as 
m ore a m atte r o f hospital adm inistration: chaining m ade 
inmates worse, and that was inefficient.

IN C A R C ER A T IO N  
Unfortunately, Pinel’s system depended on individuals with 
forceful personalities to manage these ‘open’ asylums. There 
being few people like this, the trend was towards the incar­
ceration of the insane in new, ever bigger hospitals. These at 
least w ere healthier places than the Bedlams of old, and 
provided m ore care than the almshouses and local jails into 
which manv mentally ill people were throw n and then put 
out of mind.

Some lay people began, like the Tukes before them , to 
take an in te re st in the w elfare o f the m entally  ill. For 
e x a m p le , fro m  th e  1840s th e  fo rm id a b le  A m erican  
campaigner Dorothea Dix investigated the abuse and neglect 
of these unfortunate people outside state care. By striking 
out at public indifference and lobbying state legislatures, she 
was eventually credited with the establishment of m ore than 
30 state asylums.

Doctors began to see mental disease as far less curable 
than they had in the glory days following the w ork of the 
Tukes and Pinel, and in the large factory-like asylum s, 
patients received less individual attention. However, this was 
the age o f the machine, and some of the new psychiatric 
specialists — called ‘alienists’, because their charges w ere 
‘alienated’ from society came up with mechanical methods 
of treatm ent. Patients were strapped into the newfangled 
strait jackets and fastened into ‘tranquillizer chairs’. Some, 
whirled at speeds of up to 100 revolutions per m inute in 
special beds, chairs, cages and padded  ho llow  w heels, 
became incontinent, vom ited and fainted. Placed under a 
‘douche’, inm ates w ould be hit on the head w ith w ater 
throwm down from varying heights. There is no evidence 
that any of these methods had the slightest beneficial effect.

How ever, the cause of the mentally ill was advanced in at 
least one sphere -  that of the law. By the m id-19th century, 
most W estern nations had passed legislation that prevented 
to  some extent the abuse o f incarceration, and ensured that 
asylums w ere licensed and inspected. In addition, m ental 
illness as a legal defence finally came into force in 1843. In 
that year, Daniel McNaughten was tried in London for the 
m u rd er o f Edw'ard D rum m ond , private secretary  to  the 
Prim e M inister, Sir Robert Peel (the intended victim), and 
was found not guilty on the grounds of insanity.

T H E  D ISCO VER Y  O F T H E  U N C O N S C IO U S  
Meanwhile work was progressing slowly towards at least an 
inkling of how the mind works. O ne of the first neurologists 
was Jean-M artin  C harcot (1 8 2 5 -9 3 ) o f La Salpetriere in 
Paris. C o n cen tra tin g  on th e  physical o rig ins o f m en ta l 
d isorders, he exam ined each of his patients in com plete 
silence, so that his scrutiny w'ould be unbiased. In the late 
1870s, he became fascinated by hysteria, a form of emotional 
instability that he was sure had a physical basis.

Charcot experim ented with the application of metals and 
magnets, to see if these had any effect on his patients. Then 
he tu rn ed  to hypnosis -  which he considered a form  of 
‘experim ental hysteria’ — wrhich was still suffering from the 
M esm er scandal of 1784 (see p.43). From 1878, C harcot 
d em o n stra te d  the effects o f hypno tism  on a varietv  o f 
patien ts during  lectures at La S alpetriere . H ow ever, his 
subjects tended to be sensitive ‘som nam bulists’, and o ther 
p ractitioners w ere unable to  achieve the same results. In 
addition, a num ber of doctors wrere taken to court, accused 
of having seduced their patients while under hypnosis; and 
crim inals claimed to  have been forced to rob while in a 
trance. As a result, the use o f hypnotism fell into disrepute.

Despite this, C harcot’s efforts w ere not in vain. Among 
his students was a young Viennese doctor, Sigmund Freud, 
who only abandoned hypnotism when he discovered other 
methods that could m ore effectivelv reach into the ‘mental 
darkness’ that was the unconscious (see pp. 118-21).

7 3



H I S T O R Y  O F  M E D I C I N E

T HE G R E A T E S T  HAP P I NE S S
ACTION ON PUBLIC HEALTH

“Suffering and evil are nature's admonitions, they cannot be got rid of”

SINCE THE TIME OF WlLLIAM HARVEY, th e  b o d y  h ad  b e e n  

v ie w e d  as a m a c h in e  t h a t  o n ly  h a d  t o  b e  u n d e r s t o o d  

m e c h a n ic a lly  o r  c h e m ic a lly  in  o r d e r  to  b e  c u r e d . H o w e v e r ,  

as h a rd ly  an y  e f fe c t iv e  c u r e s  w e r e  d is c o v e re d  (o n ly  th e  s c ie n ­

t i f i c  b a s e s  o f  s o m e  d is e a s e s ) ,  a f e w  p e o p le  a t t e m p t e d  to  

e l im in a te  th e  e x te r n a l  c a u s e s  o f  ill  h e a lth .

FIG H TER  AGAINST FILTH 
At the forefront of the fight was British civil servant Edwin 
C hadwick (1 8 0 0 -9 0 ) , a fo llow er o f th e  econom ist and 
philosopher Jeremy Bentham whose utilitarianism professed 
the m otto: “The greatest happiness of the greatest num ber”. 
Through his work on the Factory Act of 1833 and the Poor 
Law' A m endm ent Act o f 1834, C hadw ick cam e to  the 
conclusion that ill health was the direct result of poverty. In 
1842, he w ro te A Surrey into the Sanitary Condition o f  the 
Labouring Classes in Great Britain, w hich has b ecom e a 
m onum ent in the history of public health.

Much of Chadwick’s evidence was already apparent to 
many. The great cholera epidemics (see pp.56-9) had shown 
the conditions under which the poor were living, especially 
in rapidly growing cities. Charles Dickens w'rote about the 
almost indescribable squalor w'ithin which a large proportion 
of British citizens tried to survive. Among the many facts 
that Chadwick and his team uncovered w'as that deaths from 
infectious diseases w'ere almost exclusively confined to the

LEFT Clearing up the slums where 
barefoot Victorian children played  
became a top priority fo r  Edwin 
Chadwick and the civil servants 
who fo llow ed him — though 
opposition in high places meant 
that this was often an uphill 
struggle.

RIG H T The public works inspired by 
the zeal of Sir Edwin Chadwick 
laid some of the foundations fo r  
the establishment o f  the British 
welfare state.

poor parts o f towns, and that only 12 per cent of Britain’s 
urban areas had pure w ater supplies.

C had w ick  re co g n iz ed  th e  n eed  fo r rad ica l re fo rm , 
including a comprehensive medical service and a centralized 
Board of Health with full-time medical officers to implement 
the changes he advocated, among them  “the removal o f all 
refuse from habitations, streets and roads, and the im prove­
m ent o f the supplies o f w ater”.

H owever, the laws that he pushed through Parliament in 
1848 w'ere w'eak. Except for areas with unusually high death 
rates, their im plem entation was no t com pulsory, and the 
Public Health Act wras limited to  five years and to London 
alone. Despite all the evidence of suffering and wastage of 
human resources, there w'as opposition in high places. The
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ABO VE St Thomas’ Hospital, Thames, was opened by Queen

standing proudly beside the river Victoria in 1871 .

Economist thundered: “Suffering and evil are natu re’s adm oni­
tions, they cannot be got rid o f ’.

W hen, in 1854, the Public H ealth Act cam e up for 
renewal, it was defeated. The Board of Health was disbanded 
and Chadwick was pensioned off, “so that”, he rem arked, 
“dirt and disease would be left alone”. Although a magnificently 
com petent administrator, Chadwick was unable to adapt to 
the prevailing political wind: “Unable to bend”, w rote his 
biographer, “he was made to be broken”. His opponents 
crowed. “W e prefer to take our chance with cholera and the 
rest rather than be bullied into health,” said The Times.

Nevertheless, Chadwick’s ideals lived on. A royal commis­
sion revealed that, in places, infant mortality was as high as 
250 per 1000. In the 1860s and 1870s, various Acts of 
Parliament paved the way for an overhaul of public sanita­
tion, slum clearance and rehousing, together with improved 
safety standards for food and drugs. In addition, with agricul­
tural advances and better food distribution, a higher nutri­
tional standard was achieved. All this resulted in far better 
health for the general public. For example, in 1869, there 
w ere 716 deaths from typhus in London; by 1885, this had 
been reduced  to  28; and, at the beginning of the 20th 
century, to  none.

Industrialization and its problem s hit Britain first, and this 
was w here sanitary m easures w ere first adopted . O th er 
W estern countries gradually followed suit. In the US, the 
New York M etropolitan Board of Health, founded in 1866, 
was responsible for cutting infant m ortality by two thirds 
within 50 years. In France, the cholera epidemics influenced 
Napoleon III to rebuild Paris in the 1850s.

A PUBLIC H O SPITA L SYSTEM 
Most of the great hospitals of Britain w ere built by 1760. 
They w ere charitable institutions dedicated to the care of 
poor people who had fallen sick. H owever, they soon began 
to exclude children, pregnant w om en and people suffering 
from  infectious diseases, and gradually becam e voluntary, 
depending on subscriptions from  potential patients. Later, 
they excluded those with chronic illnesses, m ental disorders 
and other maladies that were expensive to  treat. The result 
was a chronic shortage of hospital care.

In 1861, when the population of England and Wales had 
c lim bed  to  20 m illio n , th e re  w ere  only 117 hosp ita ls  
containing fewer than 12,000 beds in total.

The very poor could be trea ted  at one of the pauper 
hospitals, established by Poor Law boards as the ill person’s 
alternative to the workhouse. In 1867, Parliament authorized 
the construction of infirmaries separate from  workhouses, 
and to  a standard similar to that o f the voluntary hospitals. 
Thus, the beginnings of a public hospital system could be 
seen, which w ould reach fruition  in the National Health 
Service (see pp. 140-1).

O ther European countries developed hospitals on m ore or 
less the same lines but primarily under governm ent auspices. 
In the US, how ever, such institutions as the Pennsylvania 
Hospital of Philadelphia (1751) and the New York Hospital 
(1791) set the pattern of private medicine that, with few 
exceptions, still exists today.

D O C T O R S  A N D  C O N S U L T A N T S

In the 19th century, d ifferin g  p a tte rn s  o f  m edical 
practice  were estab lish ed  throu ghou t the world. In 
A ustra lia , g en era l p rac tition ers (G P s) h ad  open 
access to hospita ls, and could also un dertake m ajor 
surgery. In B rita in , the m edical profession h ad  
become f a i r l y  evenly d iv ided  betw een GPs an d  consul­
tan ts, alth ough a consu ltan t w as often, as the  
British M edical Jou rn al p u t i t  in 1816, sim p ly  “a 
p rac tition er am ong the r ich ” a n d  not the specia list 
he or she has now  become. A m erican practice  d id  not 
a t f i r s t  conform to an y  set p a tte rn , bu t then large  
num bers o f  doctors s ta r te d  to  spec ia lize . Today, there  
are very  f e w  GPs in the US.

In B rita in  a n d  elsewhere, th e  d istin ctions w ith in  
the profession depen ded on w hether doctors (both  
surgeons an d  physicians) h eld  an a p p o in tm en t a t  a 
vo lu n tary  h ospita l. This w as p a rticu la r ly  im p o r ta n t  

f o r  surgeons, whose sta tu s  increased through th e ir  
hosp ita l work.

The licensing o f  doctors h ad  begun in E nglan d in 
Tudor tim es. By 1830, some 13 Am erican s ta tes  h ad  
passed  law s to license doctors, bu t in the fo llo w in g  
decade, th ey  were repealed . This was due to three  

fac tors: pressure fro m  irreg u la r prac tition ers, such as 
hom oeopaths an d  Thom sonians (see pp .82-83); 
dissatisfaction  o f  p a tie n ts  who were w orried  abou t 
the extrem e trea tm en ts th ey  were receiving; an d  a 
gen era l d istru st o f  s ta te  regu lation . Licensing was 
not re in stitu ted  in the US u n til the 1870s.
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THE R E S U R R E C T I O N  MEN
They went on strike when the surgeons refused to pay another 

two guineas per corpse

S
INCE THE TIME OF HENRY viil, only executed criminals were 
legally available for dissection in the British Isles -  a form 

of after-death  punishm ent. W ith  the increase in m edical 
schools and research, cadavers w ere soon in extrem ely short 
supply even the great W illiam  Harvey was reduced to  
dissecting the bodies of his father and sister.

A crim inal su b cu ltu re  soon arose . M edical s tu d en ts  
moonlighted as graverobbers to supplement their income and 
provide bodies for their own studies. However, professional 
gangs soon m usc led  in on w hat was a fa irly  lu c ra tiv e  
b u s in ess , and th ese  ‘re s u r r e c tio n  m e n ’ w e re  ac tive ly  
supported by respectable surgeons and anatomists.

SIR ASTLEY C O O P E R  A N D  TH E  B O R O U G H  G A N G  
The surgeon Sir Astley Cooper (1768-1841) was an inspira­
tion to a whole generation of doctors at the medical school 
of G uy’s Hospital, London. He was also the first to stream ­
line the delivery o f bodies, w orking hand in glove w ith 
resurrection m en known as the Borough Gang.

ABOVE Surgeon Sir Astley Cooper, 
benefactor o f  the resurrectionists, 
located and named the ligaments

that support the breasts — today, 
these are snipped and shortened in 
cosmetic operations.

The Borough boys w ere highly professional. On Sundays, 
w hen m ost funerals took  place, they w ould  reco n n o itre  
various burial grounds, and take orders from  their surgeon 
clients. During the rest o f the w eek, they would dig up the 
corpses, deliver them  to the medical schools, and send any 
surplus to the Edinburgh school.

T hey  fo llo w ed  ex ac tin g  ru le s . T he p o s itio n  o f any 
pebbles, shells or o ther m arkers -  placed on graves by suspi­
cious relatives — w ere noted before removal. The graverob­
bers would then dig down to  uncover only the head of the 
coffin, carefully placing the soil on a cloth. They wrould prise 
up the exposed part o f the coffin lid and rem ove the corpse 
by placing a rope round its neck or hooking the shroud. 
O nce th e  corpse was free , it w ou ld  be s tripp ed  o f its 
shroud, w'hich would be put back into the coffin. (Taking a 
shroud was theft; taking a body was no t.) After stuffing the 
body into a sack, the soil would be carefully tipped back into 
the grave and any markers carefully replaced. Even though 
graverobbing was illegal, the fines w ere minimal -  and were 
almost always paid by the surgeons.

In O c to b e r  1811 , th e  B orough  G ang d em an d ed  an 
increase in the price o f an adult corpse from  three guineas to 
five. The Anatomical Club, to  which all teachers of surgery 
belonged (including Sir Astley), decided to resist — and were

G R A V E R O B B I N G  IN T H E  U S A

Two grou ps who h ad  l i t t le  influence a n d  could offer 
only slig h t resistance — blacks a n d  w hite  pau pers  — 
were the fo cu s o f  bodysnatchers in the U n ited  S tates.

In 1788, both f r e e  a n d  slave blacks p e titio n ed  the  
N ew  York C ity Common Council to  h a lt  the rem oval 
by  m edica l s tu den ts o f  th e ir  d ea d  loved ones, 
p ro testin g  th a t  th e  stu d en ts “m an gle  th e ir  f le s h  out 
o f  a w anton curiosity, a n d  then expose i t  to B easts 
an d B ird s”. The Council ign ored  the p e titio n . When 
the bodies o f  som e w e ll-respected  w hites w ere also  
snatched, a tw o -d a y  rio t ensued du rin g  which the  
Colum bia M edical School was ran sacked a n d  a 
n u m ber o f  c ity  physic ian s h arangu ed.

A lthough 17 s ta tes  h ad  passed  a n a tom y  law s by  
the ea rly  1880s, the su pp ly  o f  lega l, unclaim ed bodies 
was s till  too sm all: in M aryland, in 1893, there were 
only 49  cadavers f o r  the 1200 stu den ts a t  B a ltim o re’s 
m edical schools. L egisla tion  d id  l i t t le  to stem  the  
trade , a n d  as la te  as the 1920s gravero b b ers in 
Tennessee were su pplyin g  th e  fo u r  m edical schools in 
N ashville, a n d  sending a n y  bodies surplus to  
requ irem en ts to Iowa City.
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immediately faced with a strike by the resurrection  m en. 
The surgeons refused to budge. The gang held out for a 
m onth, but finally agreed to  compromise at four guineas.

T H E  TALE O F  BURKE A N D  HARE 
Some bodysnatchers decided to  skip the hard  w ork  and 
supply medical schools with freshly m urdered corpses. The 
most famous w ere two Irish emigrants living in Edinburgh: 
William Burke and William Hare. They, too , w orked closely 
with a surgeon -  Robert Knox, the m ost popular anatomist 
at Edinburgh’s medical school.

In November 1827, an old pensioner named Desm ond 
died at the doss-house run by H are’s com m on-law  wife, 
owing £4 in back rent. Hoping to  recoup his loss, Hare, 
w ith Burke, rem oved D esm ond’s body from  its p au p e r’s 
coffin and took it to Knox, who gave them  nearly twice that 
am ount. Thrilled by this easy m oney, the tw o no longer 
waited for their victims to die: they hurried  the process 
along by suffocating them  after getting them  drunk. In this 
wav, at least 16 Edinburgh residents lost their lives.

One was old Abigail Simpson; Knox himself com m ented 
favourably on the freshness o f the body. Another was Peggy 
Haldane, a beggar in the Grassmarket. After her disappear­
ance, her daughter Mary began to haunt the streets of the 
area, crying and asking if anyone had seen h er m other. 
Burke got rid of this nuisance on his own.

Burke and Hare finally ran out o f luck after they killed 
old Madge Docherty. A couple lodging with Burke discov­
ered her body under a bed and reported  it to  the police. 
Before the law arrived, Burke and Hare bundled the corpse

LEFT This watercolour o j  1775 , by 
the fam ous British cartoonist 
Thomas Rowlandson, shows 
resurrection men being surprised by 
Death as a nightwatchman.

Pre-dating Burke and Hare by 50  
years, Rowlandson's comment shows 
how commonplace the practice o f  
body-snatching had become. But 
anatomists still needed corpses.

into a tea chest and had it taken straight to  K nox’s house, 
where it was found the next day.

Burke and his lover Helen McDougal w ent on trial on 
Christmas Eve, 1828; Hare and his com mon-law wife turned 
King’s evidence. The jury acquitted McDougal -  “Nelly, 
you are out o f the scrape!” exclaimed Burke — but found her 
lover guilty. Burke was hanged on 18 January 1829 before a 
crow d of 25,000 people; his body was sent for dissection. 
No charges w ere ever b rought against the fo rtunate  and 
privileged Robert Knox.

A C H A N G E  IN T H E  LAW  
In 1828, a com m ittee of Parliam ent had been appointed to 
look into the study of anatomy and the obtaining of bodies 
for dissection. Its first witness was Sir Astley Cooper.

In August 1832, the Anatom y Act was passed. N ow , 
anyone w ithout a licence who was in possession of a body 
for anatomical purposes could be imprisoned or fined. The 
Act also made it legal for all unclaimed bodies — that is, 
those of paupers -  to  be used for medical research. As the 
British psychiatrist Ann Dally has w ritten: “W hat had long 
been a feared and hated punishm ent for m urder became a 
punishm ent for poverty”.

A BO V E Two unsavoury characters, 
Messrs Cruncher and Son, hail fro m  
the pen o f  Charles Dickens in his 
story T h e  T a le  o f  T w o  C ities, 

published in 1859 . Inspired by the

sensational stories o f  body-snatching 
in the f ir s t  quarter o f  the 19th  
century, Cruncher and Son were 
bank messengers by day and 
resurrectionists by night.
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R E T U R N  OF T H E  W O M E N
NURSING AND FEMALE D OCTORS

A ‘wild swan’ founded a profession — through sheer force o f will

FROM t h e  1 4 t h  CENTURY, w om en found it increasingly 
difficult and ultimately impossible to become physicians 
and surgeons. Entry into medical schools was forbidden to 

them , as was membership of the organizations that licensed 
and regulated doctors.

In the new hospitals built in the 19th century, women 
formed the basis of the nursing staff. Yet they were — if not 
as slatternly and in tem perate as the nurse-m idw ife Sairey 
Gamp in Charles Dickens’s Martin Chuzzlewit (1843—4) — at 
least illiterate, ill-trained and ill-paid. However, even before 
Mrs Gamp began entertaining Dickens’s readers, steps were 
being taken to transform nursing.

N U R SIN G  SISTERS 
The firs t sign o f re fo rm  was th e  P ro te s ta n t deaconess 
m ovem ent in northern  Europe in the early 19th century. 
Sober young wom en w ere gathered together in ‘m other- 
houses’ to undertake good works, particularly visiting and

BELO W  Philanthropist Elizabeth Fry 
reads the Bible to women prisoners 
at Newgate prison, I.ondon. She

founded soup kitchens throughout 
the capital and campaigned 
ceaselessly fo r  prison reform.

assisting the sick at hom e. These w om en w ere similar to the 
Roman Catholic Sisters of Mercy, begun in Ireland in 1831, 
but unlike them , they took no vows.

The Reverend Theodor Fliedner (1800-64), the Lutheran 
pastor of the German village of Kaiserwerth, saw the work 
of M ennonite deaconesses in Holland, and in England, he 
m et Elizabeth Fry, the Quaker prison reform er. Both experi­
ences led him and his wife Friederike to set up, in 1836, 
their own three-year course for nurse-deaconesses, who as 
graduates, could dispense medicines and nurse acutely ill and 
convalescent patients. By 1864, the school had trained some 
1600 deaconesses, and motherhouses had been set up as far 
afield as Milwaukee, in W isconsin, and Constantinople.

In 1840, Elizabeth Fry visited Kaiserwerth and, on her 
re tu rn  to  London, founded the Institute o f N ursing. The 
w om en who jo ined w ere w ell-to -do  and religious. They 
called them selves P ro testant Sisters o f C harity, but when 
th e r e  w e re  p ro te s ts  th a t  th is  sm ack ed  to o  m u ch  o f 
Catholicism, they changed their title to ‘nursing sisters’ (a 
term  still in use in British hospitals). However, unlike the 
Kaiserwerth nurses, they received no classroom instruction 
and w-ere trained only for practical home nursing.
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A BOVE The daughter o f  a care o f  the sick. Her achievements
prosperous fam ily, Florence in this field  owe much to her
Nightingale decided, at an early determined andjearless personality
age, to devote her whole lije to the regardless o f  whom she upset.

Nursing as an act of Christian charity was taken up by the 
Church of England, and especially bv adherents of the. ‘High 
C hurch’ (Anglo-Catholic) movement. A num ber of nursing 
sisterhoods w ere established, the m ost im portant being St 
Jo h n ’s H ouse (1 8 4 8 ), w hich u n d e rto o k  th e  system atic  
training of middle-class Anglican ‘ladies’. In 1856, St John’s 
House took over full responsibility to r nursing at K ing’s 
College Hospital in London, and the following year, Sister 
Mary Jones established a five-year training school.

N U R SIN G  IN T H E CRIM EA 
A nother visitor to  K aiserw erth was Florence Nightingale 
(1820—1910). Born into a wealthy middle-class familv, her 
earlv and continuing obsession with the care of the sick was 
a mystery to  her parents: “W e are ducks”, w ept her m other, 
“who have hatched a wild swan”. Forbidden to becom e a 
nurse, Florence read every hospital and public health report 
she could, and made alliances with powerful friends within 
the British establishment.

Finally, when she wras 31, she was allow ed to go to 
Kaiserwerth for three m onths. Two years la ter, she was 
appointed  superin tenden t o f the small Establishm ent for 
Gentlewomen during Illness, in London, and turned it into 
what she knew a hospital should be.

In 1853, Britain, France and Turkey w ent to war against 
Russia in the Crimea. There was an outcry when it was 
realized that, while French soldiers were being cared for by 
Catholic Sisters of Charity, British soldiers had to make do 
with untrained male orderlies -  and the soldiers were dying 
like flies. Florence Nightingale and her friend Sir Sidney 
H erbert, then in the W ar Office, simultaneouslv w rote to

A BO VE Toiling in the heart o f  the soldiers at the Battle oj Inkerman,
conflict, Sisters o f  Charity assist a fo u g h t in 1854 during the
doctor as he tends wounded French Crimean War.

each other, she asking and he requesting that she take a party 
of nurses to the front.

On 4 N ovem ber 1854, Nightingale and 38 nurses arrived 
at the Barrack Hospital in Scutari, where 1800 wounded and 
sick m en lay in poorly ventilated, rat-infested wards with 
virtually no sanitation. W ithin six months, and in the face of 
almost intractable opposition from the staff, Nightingale had 
transform ed the place -  through sheer force of will. The 
death rate fell from about 40 to 2 per cent.

Florence Nightingale wras not, however, the only nurse to 
make an im pact in the Crimea. Mary Seacole (1805-81), 
having served in Panama and Cuba during cholera and yellow 
fever epidemics, w'rote to the British governm ent from her 
native Jamaica asking to join Nightingale, but being black she 
was refused. Undaunted, she financed her own journey to 
the Crimea, where she set up ‘The British H otel’ between 
Balaclava and Sebastopol, with a hospital on the upper floor 
w here she saved the lives of many hundreds o f soldiers. In 
1867, she w-as honoured wdth the ‘Seacole Fund’, raised to 
care for her in her old age and supported by, among many 
others, Q ueen Victoria.

ABOVE By 1915 , when this image nurses and the International Red
appeared on the front cover o f  the Cross had come to play a vital role
French magazine L e  Flam beau , in the support-services fo r  the troops.
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LADIES B O U N T IFU L  
By 1856, w hen  N ig h tin ga le  re tu rn e d  to  E ngland , th e  
‘Nightingale Fund’, raised from the British people to express 
th e ir g ra titu d e , had reached  a staggering £ 5 0 ,0 0 0 . She 
decided to use part o f it to found a school of nursing in 
conjunction with St Thom as’ Flospital in London. The school 
opened in June 1860.

Nightingale’s aim was “to train training m atrons” — that 
is, to produce graduates who would take untrained staff in a 

hospital and train them  to their high standards. The St 
John’s House school, on the o ther hand, simply 

trained nurses. Florence Nightingale and Sister 
Mary Jones w orked  closely to g e th er and 

they came up w ith  the concept o f the 
district nurse, to provide health care in 
the homes of the poor.

T he N ig h tin g a le  m a tro n s  o fte n  
p ro v e d  to  be im p e r io u s  “lad ies  
b o u n t ifu l” w ho f re q u e n tly  had less 
practical nursing experience than those 
they had come to train. St John’s House 

nurses w ere criticized for their adherence 
to  the High Church, and some were m ore

LEFT Formal, starched, English nurse o f  the 1900s
prim and proper, an wears her award proudly.

concerned for their patients’ spiritual welfare than for their 
physical well-being. Gradually, though, hospitals opened non­
sectarian nursing schools that enrolled women of all classes 
and trained all nurses (including potential matrons) in the 
same careful way.

Florence Nightingale’s influence on nursing was immense: 
she set the standards for a new  style o f caring. H er book, 
Notes on Nursing (1859), becam e requ ired  reading for all 
those within the profession that she had helped to found:

“[Nursing] has been limited to  signify little m ore than the 
administration of medicines and the application of poultices. 
It ought to signify the proper use of fresh air, light, warm th, 
cleanliness, quiet, and the proper selection and administra­
tion of d iet.”

Nightingale School graduates emigrated to  many countries 
around the w orld  w here they set up nursing schools: in 
Sweden (1867), Australia (1867), the United States (1873), 
Canada (1874) and Denmark (1897). Nightingale’s work also 
inspired Jean Henri Dunant's work on the Geneva Convention 
and, in 1864, the International Red Cross.

Florence Nightingale was not satisfied with simply trans­
forming nursing. H er amazing energy enabled her to  study 
and make recom m endations on military and civilian hospitals, 
sanitation in India, and infirmaries and workhouses for the 
poor. In 1907, she received the O rd er o f M erit, one of 
Britain’s highest awards.

M E N ,  W O M E N  A N D  M I D W I F E R Y

As early  as the 18th century, a f e w  men such as the  
surgeon W illiam  H u n ter  (see p.4-1) h ad become “m an-  
m id w ives”. B ut f o r  the m ost p a r t , m idw ifery  was restric ted  
to  women. H owever, as the body began to be v iew ed  as a 
m achine an d  m edical in stru m en ts were increasingly  
developed, ch ildb irth  came to be seen as a m echanical 
procedure, more su ited  to  m en ’s ta len ts. According to  
A ugustus G ranville, fo u n d er  o f  the O bste trica l Society o f  
London in the 1830s, women were “u n fitted  by n a tu re  f o r  
a ll scientific m echanical em ploym en t”, a n d  w ith in  tw o  
decades, th is opinion was reinforced by the adven t o f  
an aesth esia  durin g ch ildb irth  (see p .47).

By the 1840s, severa l m edical schools in B rita in  h ad  
added  m idw ifery  to  the curriculum, an d  in the next decade, 
the R oyal Colleges o f  Physicians an d  Surgeons began to  
a w a rd  dip lom as in m idw ifery. H owever, m an y o f  the new  
specia list “o b ste tr ic ia n s” be lieved  th a t  th ey  w ould never 
achieve th e ir r ig h tfu l s ta tu s  while there were s till  
m idw ives, m any o f  whom were un trained.

The N igh tin gale  W ard, ded ica ted  to  tra in in g  nurses in 
m idw ifery, opened a t  K in g ’s College H o sp ita l in 1862. 
H owever, the M idw ives In stitu te  ( la te r  the R oyal College o f  
M idw ives), fo u n d ed  in 1881, pressed  f o r  more an d  b e tte r  
tra in in g , an d  f in a l ly  sa w  the M idw ives Act reach the  
s ta tu te  book in 1902. This p rov ided  f o r  su pervised  tra in in g  
an d reg istra tio n  o f  a ll m idw ives in E ngland an d  Wales, 
an d m arked  the m om ent when m idw ifery  becam e an e s ta b ­
lished profession f o r  B ritish  women.

In A m erica, the opposite occurred. By 1910, the propor­
tion o f  b irth s in the U n ited  S ta tes su pervised  by m idw ives  
h ad  declined to a b o u t 50 p e r  cent. M ale obste tric ian s ra iled  
a g a in st the practice, prom otin g science an d  reform  in 
opposition to the m idw ives who were, they said , “hopelessly

d irty , ign oran t an d  in co m p eten t”. U n der in ten se pressure, 
s ta te  a fte r  s ta te  passed  leg isla tion  ou tlaw in g  m idw ives an d  
restric tin g  m idw ifery  to  reg istered  obste tric ians.

In Canada, the M edical A ct o f  1869 m ade i t  illeg a l f o r  
anyone to p ra c tise  m edicine w ith ou t f i r s t  ob ta in in g  a 
u n iversity  degree an d  being licensed by  the College o f  
Physicians a n d  Surgeons. This d isqu a lified  v ir tu a lly  a ll  
m idw ives, an d  by 1899, th ey  a tte n d e d  on ly  abou t 3 p e r  cent 
o f  b irth s in O ntario.
B E L O W  A cartoon fro m  17 93  scientific instruments, overcame the
satirizing the somewhat pompous more down-to-earth domestic
way the man-midwife, with his woman midwife.
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N U R SIN G  IN T H E U N IT ED  STATES 
Two months after the outbreak of the Civil W ar in April 
1861 , th e  re d o u b ta b le  D o ro th e a  D ix  w as a p p o in te d  
‘Superintendent of the United States Army N urses’. At first, 
she demanded very high standards: “No woman under 30 
years need apply ... very plain-looking w om en... no bows, 
no curls, no jewelry, and no hoop skirts”. But as the war 
progressed and hundreds of thousands of soldiers required 
nursing, she reconciled hersell to taking virtually anyone.

Among those who excelled was the tiny black woman 
Harriet Tubman (1820-1913). Before the war, she had been 
dubbed the. ‘C o n d u c to r o f the U nd erg rou n d  R ailro ad ’, 
having led m ore than 300 slaves to  freedom on 19 clandes­
tine trips to the South. During the Civil W ar, she nursed on 
the Sea Islands off South Carolina. In recognition ol her 
outstanding work, a Union general urged Congress to grant 
her a pension, which she finallv received in 1892.

Perhaps the m ost famous nurse o f the Civil W ar was 
Clara Barton (1821-1912). In 1862, she became the first to 
work directly at the front, earning her the nickname ‘Angel 
of the Battlefield’. After the war, she travelled to Europe to 
study the work of the International Red Cross, and estab­
lished close contact with Florence Nightingale. In 1882, she 
founded the American Red Cross and, two vears later, was 
responsible for the ‘American am endm ent’ to the Geneva 
Convention, which enabled the Red Cross to  be active in 
peacetime emergencies as well as wartime.

W O M E N  D O C T O R S  
The real name of the first m odern woman doctor in Britain 
is unknown. In 1865, an autopsv revealed that ‘Dr James 
Barry’, who had graduated from Edinburgh’s medical school 
and served with distinction at the Battle of W aterloo and in 
South Africa, had, in fact, been a woman.

The first wroman to become a doctor in her own right 
Elizabeth Blackwell (1821-1910). She graduated from 

v ^rkl Medical School in the United States, 
'■'4 Irom Britain in 1832.

loved to 
859, she 
)r by the 
year, the 

studied at

low in D r 
rery medical 

necaries was 
ie necessary 

iied  privately 
ake her final 

ie licence from 
oegin practising

ABOVE The successful nursing of the recovered, giving rise to the notion 
Sisters o f  Charity often turned the that the nurses were guardian
hearts oj the war-wounded as they angels protecting them from death.

In August 1876, Parliam ent, swayed by popular opinion, 
finallv passed a bill allowing wom en to  attend university and 
becom e d octo rs. Across the A tlan tic , A m erican medical 
schools reluctantly began to open their doors; by 1894, 10 
per cent of the students at 18 medical schools wrere female.

th Pechy passed 
il School, against 
body, only to be 

. medical degrees, 
e BMA.
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AN A L T E R N A T I V E  PATH
PATENT CURES AND COMPLEMENTARY MEDICINE

Laxatives, vegetable compounds and herbel remedies made fortunes for some

I N THE 1 9 t h  CENTURY, many people still viewed doctors 
with suspicion, condemning them for spending their time 
propounding theories ra ther than finding solutions to  the 

n eeds o f com m on p eo p le . But th is  was n o t th e  only  
problem . W orking-class people simply could not pay for 
doctors’ services, and they w ere easy prev for anyone with a 
persuasive manner who had a cheap nostrum  to sell.

The 19th century was the age of patent medicines — those 
bearing p ro prie tarv  nam es p ro tec te d  by tradem arks and 
in tended for self-m edication. “Since professional practice 
chiefly consisted  in giving a g rea t many d ru gs”, w ro te  
George Eliot in Middlemarch (1871—2), “the public inferred 
that it might be better off with m ore drugs still if only they 
could be got m ore cheaplv”.

O ne of these agents was ‘D r .’ A lbert Isaiah Coffin, who 
claim ed to have learned many m edical secrets from  the 
native Americans. In 1838, Coffin arrived in England where 
he soon had a large following, his own team of agents and a 
chain of ‘Friendly Botanico-Medical’ societies.

A farm labourer by the name of Boot came under the 
spell of one of the agents. B oot’s son Jesse (1850 1931) 
found that he had a gift for making herbal remedies and, at 
the age o f 13, left school to help his m other in her tiny 
herbal shop in Goose Gate, Nottingham. In 1877, Mrs Boot 
handed over the shop to  Jesse. W ithin six years, he had 
opened ten branches in Nottingham  and surrounding towns 
and, in 1892, began to manufacture drugs. W hen he died in 
1931, Jesse Boot -  by then the first Baron T ren t -  had more 
than 1000 ‘Boots the Chem ist’ shops, and today the firm is 
one of the w orld ’s largest retail pharmacists.

O IN T M E N T S  AN D  PILLS 
O ne o f the m o st successful British p urveyors o f paten t 
medicines was Thomas Holloway (1800—83). W hen he set 
himself up as an im p o rt-ex po rt agent in London in 1828,

T H O M SO N ISM  A N D  B O O TS T H E C HEM IST 
The drugs concocted by doctors usually containing such 
poisons as antimony and m ercury -  w ere often as m istrusted 
as th e ir m an u fac tu rers: from  about 1770, the verb  ‘to 
d o c to r ’ had com e to  have an a lte rn a tiv e  m eaning: “to  
adulterate, to tam per with, to falsify”.

One reaction to this was a renew ed interest in herbalism. 
The barely literate Samuel Thomson (1769 1843), of New 
Hampshire, developed a simple theory of disease: all ills are 
produced by cold and anv treatm ent that generates heat will 
aid recovery. His favourite herbal remedy was lobelia inflata, 
th e  ground  seeds of w hich caused vom iting  and heavy 
sweating. (The use of the herb in remedies is now banned in 
the United Stales.) Having patented his ‘Thomsonian’ system 
in 1813, he appointed agents across America.

ABOVE A la te -19th-century, 
mahogany medical chest contains 
bottles oj drugs and patent 
remedies, and syringes.

RIG H T Forerunner o f  the modern 
dispensing pharmacist, an 
apothecary mixes up medicines in 
his shop, using pestle and mortar.
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T H E  S P R E A D  O F  H O M O E O P A T H Y

‘H o m o eo p a th y  m eans ‘like d isease ’, a n d  is a system  o f  
m edicine based on choosing rem edies th a t m im ic the  
sym ptom s o f  the a ilm ents th a t th ey  are m ean t to  cure. This 
criterion was used by both H ippocra tes  (see p .118) and  
Paracelsus (see p. 136), bu t w as expanded on by the  
Germ an doctor Sam uel H ahnem ann (1755—1843).

In the la te  1780s, H ahnem ann g a ve  up his m edical 
career, d isgu sted  a t  the extrem e trea tm en ts he h a d  been 

fo rced  to carry  out. H e developed an in teres t in the use o f  
quinine to  tre a t m a laria  and, a fte r  some self­
experim entation , came to the conclusion th a t quin ine works 
because i t  produces some m a la r ia l sym ptom s. The 
sym ptom s, he reasoned, were sim p ly  signs o f  the b ody’s 

f i g h t  aga in st disease.
When H ahnem ann began experim entin g on his fa m ily  

an d fr ien d s, he fo u n d  th a t his p a tie n ts  often g o t worse

before th ey  g o t b e tte r . To overcome this, he began to d ilu te  
his rem edies m ore a n d  more, sh aking each successive 
dilu tion  to m ake the m ost o f  the in fin itesim a l am oun t o f  
the dru g left. H e fo u n d  th a t, paradoxically , the sm aller  
the dose, the g re a te r  the effect. In 1811, he pu b lish ed  his 

f in d in g s  in the  H om oeopath ic M ateria M edica.
H ahnem ann m oved to France, where his hom oeopathic  

trea tm en ts  were m ore effective than orthodox m ethods in 
the typh us epidem ic th a t fo llo w e d  N apoleon ’s re tre a t fro m  
Moscow in 1812. H om oeopathy sp rea d  ra p id ly  a f te r  th a t.
In 1825, i t  a rr ived  in the U n ited  S tates, a n d  in 1833, the 
A cadem y o f  H om oeopathy h ad  been esta b lish ed  in 
A llentow n, P ennsylvan ia, an d  three y ea rs  la ter, the  
H ahn em ann M edical College was th riv in g  in P hiladelph ia . 
I t reached E nglan d in 1832, a n d  by 1849, a la rg e  homoeo­
p a th ic  h osp ita l h a d  been fo u n d ed  in London.

one of his best lines was an ointm ent from an Italian client, 
Felix Albinolo, which began to sell briskly after Holloway 
ob ta in ed  a testim o n ia l from  a surgeon  at St. T h o m as’

ABOVE Eno, health s winged ailing livers, courtesy oj the
messenger, offers a fru it salt for Beecham family.

Hospital. Disregarding Albinolo’s protests, Holloway decided 
to  m ake his ow n o in tm en t, and spent huge am ounts o f 
money on advertising £5,000 in 1842, growing to £50,000 
per annum by his death. He accumulated a fortune, and gave 
well over £1 million to various charities, including a college 
for ladies in Egham Hill, Surrey, now part o f the University 
o f London and called Royal Holloway College.

The Beecham family became another successful purveyor 
o f patent medicines. In 1847, Thomas Beecham (1820 1907) 
began selling ‘Beecham’s pills’ -  a m ixture of laxative drugs 
-  in the north of England. Ten years later, he found that 
local press advertisem ents boasting that his pills were “worth 
a guinea a box” paid off. However, it was his son Joseph 
who spent the m ost on advertising -  £ 120 ,000  in 1891 
alone. The Bccchams’ firm was soon w orth millions, and the 
family thrived: the grandson of the fo rm er shepherd boy 
became the world-famous conductor Sir Thomas Beecham.

“SA VIO U R O F  TH E  H U M A N  RA CE”
In 1 8 7 3 , 5 4 -y e a r-o ld  Lydia E stes  P in kh am  o f  L ynn , 
M a ssa c h u se tts , began  se llin g  th e  re m e d y  th a t  w o u ld  
transform her into perhaps the first millionairess in America. 
‘Lydia E. P in k h am ’s V egetab le  C o m p o u n d ’, o rig in ally  
m arketed as a cure for “all female weaknesses”, was soon 
proclaimed as “the greatest rem edy in the w orld”, a panacea 
for virtually any complaint.

Mrs. Pinkham’s sympathetic face, the image of everyone’s 
old m other, appeared on every bottle and in virtually every 
newspaper in the United States. “W rite to  me about your 
fem ale trou b les”, Mrs Pinkham  com m anded the n a tio n ’s 
w om en, and the wom en did, receiving in re turn  personal 
letters from Mrs Pinkham even after she died in 1883.

Bv 1881, the Pinkham family w ere grossing $30,000 a 
month. H owever, the popularity o f the Compound probably 
had m ore to do with the fact that tw o bottles of the m ixture 
were the equivalent of one bottle o f whisky. Perhaps this is 
why British medical students sang in praise of Mrs Pinkham: 

“And so we drink, we drink, we drink to Lydia Pink,
The saviour o f the human race,
She invented the Vegetable Compound,
Most efficacious in every case”.

B  It is i» t  too much to say Hunt 
S  m aits have been published, 
H  tested and approved IiteraUj! 
B  fre.ii pole to pole, a n d  tbat its 

cosmopolitan popularity tod, 
presents one of I tic m o sts®  
illustrations of commerctd 
enterprise to be found in o 
trading record s..
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H Y D R O T H E R A P Y
TAKING THE WATERS

Treatment with ‘dripping sheets’, ‘lamp baths’ and wet stomach packs

THF. MEDICINAL QUALITIES of w ater have been known for 
thousands of years: the ancient Greeks and, particularly, 
the Romans (see pp.20-1) w ere great fans. In the Middle 

Ages, water was viewed with distrust and bathing discour­
aged but, by the m id-18th century, immersion in water was 
again seen as a good thing.

FATAL CU RE 
In the early 1750s, Dr Richard Russell w ent bathing at the 
small English seaside village of Brighthelmstone. W ith the 
publication of his Dissertation on the Uses o f  Sea Water in the 
Diseases oj the Glands in 1754, visitors flocked there, trans­
forming the village into the fashionable health spa that would 
later be known as Brighton. H ere, said D r Russell, they 
could avail themselves o f “that vast collection of waters ... 
which the omniscient C reator of All Things seems to have 
designed to be a common defence against the corruption and 
putrefaction of Bodies”.

Saltwater bathing mav well have helped many people, but 
for some, it proved fatal. In 1796, the Scottish poet Robert 
Burns was told to stand up to his armpits in the freezing 
w aters of the Solway Firth for tw o hours a day. Shortly 
after, the 37-year-old Burns died of rheumatic fever.

Such rugged treatm ent was not to  the taste of the dandies 
o f English soc iety , w ho tu rn ed  to  inland tow ns w here  
sulphurous springs could be found. They w ent to Tunbridge

RIG H T A health spa poster features and daughter of Asklepios, Greek 
Hygeia, Greek goddess of health god oj physicians.

M A L V E R N  W E L C O M E S  D A R W I N

In 1842, m any o f  P riessn itz’s trea tm en ts were transposed  
in m odified  fo rm  to the English spa o f  M alvern by tw o  
doctors: Jam es Wilson (1 8 0 1 -6 1 ) an d  Jam es M anby G ully  
(1808—83). Soon, abou t 6000 visitors were descending on 
the spa every y ea r , am ong them  
Charles Dickens w ith  his wife K ate, 
an d  A lfred, Lord Tennyson. In March  
1849, Charles D arw in  a rr ived  w ith  his 

fa m ily  f o r  a three-m on th  visit, during  
which the scien tist hoped th a t G ully  
could tre a t the g idd in ess, nausea, boils 
and headaches th a t p la g u ed  him.

H e was prescribed  the ‘dripp in g  
sh ee t’ — a w et sh eet d ra p ed  over him  
through which his skin w as ru bbed  
vigorously  -  a n d  the ‘lam p b a th ’, 
during which D arw in  w as h ea ted  by a 
sp ir it lam p  u n til he stream ed  w ith

sw ea t an d  then was ru bbed  v io len tly  w ith  cold, w et towels. 
The sc ien tist w as a lso  to ld  to  w ear a w et stom ach pack a t  
a ll tim es except du rin g  m eals, a n d  to  clim b up the steep  
hills n ea rb y  fo u r  tim es a day.

D arw in com plained th a t, by the end  
o f  his tim e a t  M alvern, he h ad  turn ed  
in to  a w alk in g  a n d  ea tin g  machine, 
bu t he d id  f e e l  much im proved. H e  
v is ited  G u lly’s e stab lish m en t fo u r  more  
tim es and, in the in terim , carried  out 
the d octor’s instructions a t  home. H e  
bu ilt h im se lf  an ou tdoor douche an d  
bath  in his g arden , an d  h ad  his 
butler, Parslow , rub a n d  sluice him .

LEFT Portrait o f  Charles Darwin as an old 
man, ravaged by his treatments, painted by the 
English artist John Collier.
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Wells for a cure for colic, to Epsom to partake of Epsom 
salts, and to Bath once revered bv the Romans to be rid 
o f their boredom . H ere, in the lavish Pum p Room , the 
overindulgent drank w ater containing some 30 minerals and 
elem ents, which gushed out o f the earth  at a constan t 
tem perature of 120°E (49°C). Bath retained its popularity 
even in the slightly more restrained earlv 19th century: “Oh! 
who can ever be tired  of Bath?” w ro te  the novelist Jane 
Austen, in Nonhanger Abbey (1798).

M EDICINE W A TERS 
Taking the w aters also becam e fashionable in the N ew  
W orld. Saratoga -  “the place o f the medicine waters of the 
great spring” — was the Mohawk name for a collection of hot 
springs in the m ountains of N ew  York State. In 1774, 
Saratoga Springs becam e N orth  A m erica’s first p leasure 
resort, visited by, among others, George W ashington and 
A lexander H am ilton . By the m id -1 9 th  cen tu ry , various 
medical establishments had been set up there. For instance, 
the Remedial Institute offered a selection of baths (Turkish, 
Russian, Roman and electro-therm al), as well as compressed 
and rarified air and vacuum treatm ents.

In western Virginia, another group of springs also became 
established as a resort. W arm  Springs was a favourite of 
Thomas Jefferson, but after he staved in the water for two 
hours (instead of the recom m ended 15 minutes), he w rote 
to a friend that this had so damaged his health that he had

LEFT In 1901 , some 5 1 ,0 0 0  rock below Carlsbad, a spa town
visitors bathed in the 17 warm Jormerly in Austria but now
springs that escape Jrom the hard Carlovy Vary in Czechoslovakia.

never fully recovered. In the m id-1830s, a D r Goode set up 
a spout bath in the neighbouring town of H ot Springs, and 
soon it became a firm fixture on the society circuit, visited 
bv Henry Ford, John D. Rockefeller, Andrew Mellon and 
the Vanderbilts.

D IS C O M F O R T  IS G O O D  
In E urope, V icto rian  w o rth in ess  was g ettin g  a grip  on 
society, and the point o f w atering  holes was no longer 
pleasure but discomfort -  for the good of body and soul. At 
W iesbaden, visitors w ere compelled to  drink w ater resem ­
bling hot chicken soup and subm erge themselves in baths 
co v ered  in d irty  scum . A t E ranzenbad, they  sub m itted  
themselves to mudpacks of black ooze. At Aix-la-Chapelle, 
the vapour baths were the dubious attraction: “You breathe, 
swallow, live in brim stone”, w rote one com m entator.

H owever, it was the w ater university of Grafenberg, high 
in th e  m o u n ta in s  o f  A u s tr ia n  S ilesia  (n o w  J e se n ik , 
Czechoslovakia), that exploited the V ictorians’ masochism. 
Run by Vincenz Pricssnitz (1799-1851) on Spartan lines, it 
offered a full range of treatm ents: head baths (patients would 
lie on the floor with the backs of their heads in basins of 
cold w ater); w et stomach packs, o r N eptune’s girdles; and 
th e  w et sheet tr e a tm e n t, fo r w hich p a tien ts  w ou ld  be 
w rapped, mummy-fashion, from shoulders to ankles in wet 
bandages, covered in a blanket and left for four hours.

It was, though, the cold douche, or fire engine treatm ent, 
that was the m ost alarming. As patients held on grimly to 
grab rails, icy w ater w ould be poured over them from a 
height of up to  20ft (6m ), the force likened by one victim to 
s tand ing  u n d e r a falling load o f  g ravel. P ricssn itz  also 
invented the ascending douche, which sent chill spouts of 
w ater up from the floor to trea t the genitals.

Priessnitz’s establishment became immensely popular. In 
1839 alone, it played host to one roval highness, one duke, 
one duchess, 22 princes and princesses, and 149 counts and 
countesses. In the 1840s, it was flooded by m em bers of the 
British upper classes willing — and brave enough -  to  make 
the 10-day carriage journey.

RIG H T English caricaturist Thomas 
Rowlandson satirizes the interest in 
drinking mineral water in his 
1815 cartoon entitled  Sailors 

D rin kin g  th e  Tu n b rid g e 

W a te rs . The woman (L E F T ) offers 
a glass o f the water, saying: "Be 
assured it is an excellent beverage 
for gentlemen who have been a 
long time at sea”.
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Medicine Before 
W orld W ar II

^  4  I. y the end of the 19th century, the emphasis 
M  m  W  o f m ed ic in e  in E urop e and A m erica was 
P  m beginning to shift. No longer did research con- 

u  W  centrate on the infectious diseases that had once 
spread through continents. Instead, scientists 

were m ore concerned with chronic degenerative disorders.
There w ere several reasons for this. First, manv o f the 

epidem ic diseases, such as cholera and sm allpox, w ere 
u n d e rs to o d , if  n o t y e t c o m p le te ly  c o n tro lle d  — th e  
influenza pandemic of 1918-19 was to claim 20 million 
lives — by vaccination, new treatm ents and public health 
m easures. Second, the increased availability o f medical 
care, together with the growing perception  that illness 
belonged in the hospital rather than the home, m eant that 
m ore symptoms that were not immediately life-threatening

Advances in general scientific understanding, and in the 
techno logy  available, also h elp ed  th e  investigation  o f 
disease: the workings of the endocrine system were unrav­
elled, for example, and insulin discovered; radiation was 
harnessed, and X-rays used for. diagnosis; electron m icro­
scopes, ECGs and EEGs, allowed the body to be probed in 
detail as never before.

But the advances in medicine and science were paral­
leled by great strides in the technologv of warfare, as the 
super.pow ers of the world girded themselves for conflict. 
In a terrible irony that seems to sum up the age, Alfred 
N o b e l le f t  th e  fo r tu n e  he had  m ad e by in v e n tin g  
a m anageable form  o f dvnam ite to  establish an annual 
series of prizes that would encourage medical and scien­
tific research. The carnage caused by explosives during



ABOVK T h e  Doctor, painted by Sir Lake Fildes in 1891.
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P R A C T I C E  AND E D U C A T I O N
AT THE TURN OF THE CENTURY

Britain's Harley Street was “the valley o j the shadow oj death”

I N 1900, PATIENTS u n d e r  a docto r’s carc had only a 50 per 
cent chance of being b e tte r off than if they and their 
diseases had been left alone.
Infectious diseases were the great killers: in the United 

States, pneum onia, tuberculosis, gastrointestinal infections 
and diphtheria were responsible for m ore than a third of all 
deaths. However, in the docto r’s little black bag were only a 
handful of remedies that acted specifically against infection: 
quinine for malaria, m ercury for syphilis (see p. 100), ipecac 
fo r am oebic d y sen te ry  and the d ip h th e ria  and te tan u s  
antitoxins that w ere still not universally accepted.

There had been progress, however, particularly in such 
areas as the state o f Massachusetts. H ere, vaccination had 
almost eliminated smallpox, some public health measures had 
been adopted, cholera had been virtually w iped out and 
typhoid fever was in decline. But in other parts of the US, 
and in other countries, public health was hampered by a lack 
of knowledge of how infections spread and by a dearth of 
vital statistics.

T H F  BEGINNING O F SPECIA LIZA TIO N  
Bv the turn of the centurv, it was impossible for individual 
doctors to know everything about the body. As a result, 
many began to specialize in certain parts or systems of the 
body or in certain diseases. It became quite acceptable for 
doctors to  admit openly that particular ailments were outside 
their range, and for them  to refer patients to other doctors 
with specific expertise.

By 1910, sweeping and widespread include visits by public vaccinators
measures to eradicate infectious to places o f  work, such as this
diseases had gone so fa r  as to printing works A BO V E.

In Britain, the new ‘consultants’ banded together in centrally 
located group practices. The m ost famous grouping was in 
and around Harley Street, a fashionable housing development 
in central London. From the 36 doctors who had taken 
premises there by 1873, the medical population exploded 
until, by the end of the century, there w ere 157 and the 
area had acquired the nickname ‘The valley of the shadow of 
death’. O ne of the first to  put up his shingle was D r Arthur 
Conan Doyle, author of the Sherlock Holmes stories.

This pattern o f medical specialization proved so popular 
in the United States that, by 1890, there were few doctors 
in general practice. Am erican patients could choose their 
own doctors for specific problem s (instead of being referred

J O H N S  H O P K I N S  M E D I C A L  
S C H O O L

The sh in ing exam ple o f  m edical education  a g a in s t  
which A brah am  Flexner com pared a ll  others was the  
Johns H opkins M edical School an d  h osp ita l in 
B altim ore, M arylan d  —  the re su lt o f  a bequest o f  
$7  m illion  f ro m  the Q u aker m erch ant an d  banker, 
Johns H opkins.

The m edica l school, u n fettered  by  tra d itio n  could  
be in n ova tive  The heads o f  various h o sp ita l d e p a rt­
m en ts also h eaded  the corresponding d ep a rtm en ts o f  
th e  school. The m edica l school s ta f f  — who, f o r  the  

f i r s t  tim e, were h ired  fu l l - t im e  an d  re lieved  o f  
earn in g m oney fro m  p r iv a te  prac tice  — were the 

f in e s t  in the US. M em bers inclu ded W illiam  Osier, a 
C anadian reg a rd ed  as the g re a te s t m edical teacher 
o f  his gen era tion , an d  the b r illia n t b u t f la w e d  
W illiam  S. H a ls te d  (see p .90). These m en were not 
only f in e  teachers b u t also researchers in th e ir  own 
r ig h t, a n d  Johns H opkins h a d  w e ll-equ ipped  la b o ra ­
tories in which th ey  could carry  ou t th e ir  work.

The h osp ita l opened in 1889 b u t the m edical 
school w as unable to open u n til 1893 because o f  a 
sh o rtfa ll o f  $500,000. In 1890, a w om en ’s com m ittee  
offered to don ate  $200,000, b u t only i f  women were 
a d m itted  to  the m edical school on equ a l term s w ith  
men. (The f i r s t  class to  g ra d u a te , in 1897, would  
consist o f  15 men an d  3 w om en.) M ary E lizabeth  
G a rre tt then agreed  to m ake up the balance, b u t on 
one condition: s tu den ts h ad  to have a bach elor’s 
degree fro m  a good  college a n d  a read in g  know ledge  
o f  French an d  G erm an. W illiam  O sier la te r  confessed  
th a t  he w as lucky to g e t  in to  Johns H opkins as a 
professor, since he w ould never have been a d m itted  
as a stu den t.
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M E D I C I N E  B E F O R E  W O R L D  W A R  II

LEFT The clean and sterile 
enviroment o f  Theatre A at St 
Bartholomew's Hospital, London, 
epitomizes the advances made in 
attitudes to surgical procedure, 
around 1920 . Operating personnel 
wear masks, hats and gowns; the 
operating table is adjustable in 
height and inclination; a battery 
o f  ceiling lights provides bright 
illumination; and the latest 
equipment fo r  anaesthesia stands at 
the ready.

to  a consultant bv their family doctors as in Britain and 
elsewhere), but sometimes it was difficult to know which 
specialist to choose.

The referral system was also prone to  corruption. There 
w ere rum ours (and some proof) that referrals w ere occasion­
ally unnecessary and only made so that the tw o doctors 
could split the fees.

M EDICAL E D U C A T IO N  IN N O R T H  AM ERICA 
One of the greatest obstacles to an im provem ent in health in 
th e  US and C anada was bad m edical ed u ca tio n . Many 
doctors still learned their cratt through apprenticeships, and

num erous students who attended the 15 5 medical schools in 
operation in 1910 had not even finished high school.

The American Medical Association (AMA) was acutely 
aw are of these educational shortcom ings but fe lt th a t it 
would be unethical for doctors to  criticize o ther doctors. It 
asked th e  C arnegie F oundation  for the A dvancem ent o f 
Teaching to  launch an ind ep en dent investigation, and in 
1908, Abraham Flexner was commissioned to  carry it out.

Flexner visited every medical college in N orth America. 
He did n o t en ligh ten  those co llege ad m in is tra to rs  w ho 
assumed that he was advising the Carnegie Foundation on 
grants: hoping to qualify, they enthusiastically pointed out all 
their schools’ faults. Flexner was appalled by what he discov­
ered. W hen asked if there was a physiology laboratory, the 
dean of one school w ent to  get it, returning with a small 
pulse-measuring instrum ent. O thers simply granted medical 
degrees on receipt of fees for non-existent tuition.

In 1910, Flexner published his report, Medical Education in 
the United States and Canada. In it, he recom m ended:
• a reduction in colleges to 31.
• at least tw'O years of college education prior to entry.
• teachers to  be full tim e, not practising physicians.
• learning from observation of patients, not just from books 

and lectures.
• medical schools to become integral parts of universities.
• fees from students not to be the sole source of funding. 

W ithin ten years, 46 American colleges had closed. This
had a num ber o f unforeseen consequences. Many of them 
had been the only places in w hich w om en could study 
m edicine, and only tw o black m edical schools rem ained 
open. The greater educational requirem ents m eant that many 
newly arrived immigrants and their children, as well as black 
people, w om en and poor whites, w ere shut out of medicine. 
Flexner also did not take into consideration the need for 
doctors in an expanding population: in 1910, 4400 doctors 
had graduated; by 1920, this num ber had declined to 3047.

L F .F T  American artist Thomas 
Eakins captures a poignant moment 
in his painting  T h e  G ross C lin ic  

(1875). Samuel Gross, Professor of

Surgery at Jefferson College, 
Philadelphia, pauses mid-operation 
and offers words o f  comfort to the 
patient s companion.
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W I L L I A M  S T E W A R T  H A L S T E D
THE FATHER OF AMERICAN SURGERY

The drug addict who invented rubber gloves and revolutionized surgery

W
ILLIAM STEWART HALSTED’s entry into medicine came as 
a surprise to  many of his fellow graduates at Yale: 
prior to becoming a student at the College of Physicians and 

Surgeons in New York in 1874, he had devoted most of his 
time to football, baseball, gymnastics and rowing. However, 
the young man excelled and was awarded his medical degree 
with honours.

In November 1878, Halsted travelled to Vienna. For the 
next two years, he studied there and at the other G erm an­
speaking medical centres that had overtaken London and 
Paris as leaders in research, learning from such luminaries as 
the surgeon Theodor Billroth.

Soon after his re tu rn  to  N ew  York in 1880, Halsted 
became one of the m ost successful young surgeons in the 
city, appointed to a variety of hospital posts and entertaining 
incessantly. Then in 1884, the year in which the w ork of 
Carl Koller (see p .48) was published, Halsted and a few 
colleagues began to investigate cocaine.

C O C A IN E  A D D IC T IO N  
The young m edical m en soon became aware of cocaine’s 
intoxicating and sinister side-effects. Some became addicted, 
including Halsted, and all but him were eventually destroyed 
by their addiction.

H alsted ’s w ork  d e te rio ra ted  sharply. W hen his friend 
William W elch realized what was happening, he arranged for 
Halsted to  go on a cocaine-free cruise (Halsted broke into 
the ship’s medical stores). Then, after the addict had spent 
some months in a psychiatric hospital, W elch offered him a 
research post in Baltimore, where, as Professor of Pathology, 
he was involved in the planning for the new' Johns Hopkins 
Medical School. W ithin six months, Halsted wras back in the 
psychiatric hospital; it was probably at this tim e that he

BE L O W  The amphitheatre at Johns 
Hopkins Medical School, Baltimore, 
provides a modern, clean setting fo r

William Halsted to conduct an 
operation while simultaneously 
leaching a rapt audience.
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switched from cocaine to m orphine in an attem pt to gain 
control of his addiction.

On his release in 1889, the 36-year-old H alstcd was 
appointed Associate P rofessor o f Surgery at the m edical 
school (on the recom m endation of W elch, who believed, 
wrongly, that Halsted was off m orphine), and then was made 
full Professor as well as Surgeon-in-Chief of the hospital. It 
was the beginning of a stunning career that spanned 33 years.

H ow ever, th is H alsted  was very  d iffe re n t from  the 
exuberant doctor who had captivated New York. He was 
rem ote and uncom m unicative, sharply sarcastic if pressed, 
p ro ne  to  d isappearing  from  the m edical school at odd 
mom ents and to making mysterious trips to Europe, from 
which he would retu rn  in bespoke suits from London and 
handmade shoes from Paris.

T R A IN IN G  T H E N A T IO N 'S  SU RG EO N S 
As a surgeon, Halsted was now highlv cautious. Yet this very 
cautiousness ushered in the new ‘surgery of safety’, where 
care was taken not to injure patients’ tissues m ore than was 
absolutely necessary, with the result that they recovered far 
quicker and in better shape.

H alsted also adopted  an equally cautious approach to  
tra in ing . A fter receiv ing th e ir  m edical d eg rees, fo rm er 
students would become interns for one year. Above them  
were assistant residents, the survivors of the previous year’s 
internship. At the top, a single house surgeon (chief resident) 
chosen from the previous batch of assistant residents, was in 
charge of all surgical patients at Johns Hopkins. The young 
surgeons at each level were responsible for the training of 
the ones below, and the house surgeon was trained person­
ally by Halsted. The whole procedure, from intern to house 
surgeon, took about eight years.

Halsted trained 17 house surgeons during his years at 
Jo h n s  H o p k in s . E leven  e s ta b lis h e d  s im ila r  re s id e n c y  
programmes at other medical schools throughout the U .S., 
from which a further 166 chief residents graduated; in this 
w ay, H a ls ted ’s m ethods gradually  becam e the s tandard  
throughout the country. The finest Halsted house surgeon 
was Harvey Cushing (1869-1939), who developed the basic 
principles of neurosurgery.

Halsted’s plodding research methods resulted in a series 
of exceptional operations. His experim ents w ith intestinal 
sutures and his knowledge of anatomy led him to invent the 
Halsted II p rocedure for repairing  inguinal hernias. The 
recurrence rate for his patients 7 per cent has been 
im proved  only slightly  since. H alsted  also m ade g rea t 
advances in the surgery o f the bile d uct, in testines and 
thyroid gland, as well as for arterial aneurysms and breast 
cancer (see box).

RUBBER GLOVES 
T oday , H alsted  is p erh ap s m o st fam ous fo r in v en tin g  
equipm ent that m ade an enorm ous difference to  aseptic 
surgery . H alsted used m ercu ric  ch loride as a sterilizing  
solution, and in the w inter o f 1889/90 , one of his nurses 
complained that the chemical was causing dermatitis on her 
hands and arm s. H alsted  asked th e  G o o d y ear R u b b er 
Company to run up some thin rubber gloves. These proved 
so successful they first became standard w ear in H alsted’s 
operating room , and then in operating room s worldwide.

H A L S T E D  A N D  B R E A S T  C A N C E R

H a ls te d  believed  th a t  when cancer o f  th e  breast 
sp rea d  to o ther p a r ts  o f  the body, i t  d id  so through  
the lym ph system . In the la te  1890s, he devised  an  
operation  called  a ‘rad ica l m astec tom y’, in which the  
breast, a ll  the lym ph g la n d s in the n earest a rm p it  
an d the m uscles o f  the chest w a ll w ere rem oved. This 
becam e the trea tm en t o f  choice f o r  b rea st cancer (see  

pp . 198-9  ̂ f o r  the next 75 yea rs.
I t  has been su ggested  th a t  th is m u tila tin g  

operation  w as easier f o r  H a ls ted  an d  his fo llo w ers  to  
ju s tify , because they f e l t  th a t m ost women who 
un derw en t it, being p a s t th e  m enopause, no longer 
h ad to  b reastfeed  or be sexually  a ttra c tive . In any  
event, in 1931, th e  British M edical Jo u rn al reported  
th a t  the sam e percen tage  o f  women su rv ived  a fter  
less severe surgery, an d  today  serious questions have  
been ra ised  regard in g  H a ls te d ’s operation .

T he nurse w hose co m p lain t had been  th e  germ  o f this 
in v en tio n  was C aro line H am p to n , w ho , in June 1890, 
became H alsted’s wife. In her own way, Caroline was as 
strange and unusual as her husband, but despite this, their 
marriage was a great success.

In 1922, Halsted was operated on for gallstones by two 
of his form er house surgeons, using a technique invented by 
Halsted himself. The operation was a success, but Halsted 
died -  on 7 September — of post-operative pneumonia. It 
was later revealed that his consum ing drug addiction had 
never left him and he had continued to take large doses of 
morphine to the end of his life.
B E L O W  Prior to operating on a simplified the repair o f  inguinal
patient, Halsted holds an X -ray up hernias — the Halsted II procedure; 
to the light. The professor the survival rate has only improved
developed a technique that slightly since his day.
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L A N D S T E I N E R  AND B L O O D
THE A-B-O AND RHESUS SYSTEMS

A small monkey from India helped solve the mystery o f stillbirths

A
t t e m p t s  AT BLOOD t r a n s f u s io n s  had been m ore or less 
abandoned after the unsuccessful experim ents o f the 
E nlightenm ent (see pp .3 8 -4 1 ). In the 19th cen tury , new  

research revealed that transfusions were m ore likely to  work 
if b lood was exchanged b etw een  m em bers o f th e  sam e 
species. M oreover, advances in the an tiseptic con tro l o f 
bacteria reduced the danger o f infection during transfusions. 
Yet there was still the inescapable fact that a good propor­
tion  of those transfused had ex trem ely  had reactions to  
donors’ blood.

B L O O D  G R O U PS 
In 1900, K arl L an d s te in e r (1 8 6 8 -1 9 4 3 ) , an A u strian  
physician working at the University of Vienna, set himself 
the task of investigating what factors might be responsible for 
the unsuccessful tranfusions.

He made a series of 30 m ixtures using samples of blood 
from himself and five colleagues. He found that mixing the 
blood of some individuals with that of others caused the red 
cells to clump together, o r agglutinate. But this agglutination 
did not happen with all the different sets of mixtures.

L a n d s te in e r co n c lu d ed  th a t w h e th e r  o r n o t c lu m p in g  
occu rred  d epended  on the p resence o r absence o f tw o 
a n tig e n s  (su b s ta n c e s  th a t  cause th e  b od y  to  p ro d u c e  
antibodies) on the surfaces of the red  cells. He labelled these 
antigen A and antigen B.

The red  cells from tw o of his colleagues carried antigen 
A (group A) and two carried antigen B (group B): when blood 
from each group was mixed together, clumping would occur. 
W hen the blood of another colleague and Landsteiner’s own 
produced no clumping when mixed with samples from either 
group, he decided that these blood cells carried no antigens 
and named their blood group ‘O ’ (for ‘n il’).

L an d s te in e r was very  luckv . Since his e x p e rim e n ts  
involved so few people, it was statistically possible for all of 
them  to have had blood of the same group, especially since 
it was later discovered that blood groups are not equallv 
distributed. For instance, in Britain, 46 per cent of people 
are group O and only 9 per cent are group B.

Discs packed with haemoglobin to 
capture oxygen, red blood cells

B E L O W  carry antigens - proteins 
that distinguish their blood group.
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In fact, it was not until 1902 that he realized, after further 
experiments, that he had missed another blood group — AB, 
in which the red cells carry both antigens. To date, at least 
14 different blood systems have been discovered.

D esp ite  th e  en o rm o u s  s ign ificance of L a n d s te in e r’s 
discovery of the A -B -0 system, the laurels w ere slow in 
coming. His work received so little initial recognition that 
researchers elsewhere — ]. Jansky in Prague in 1907, and W . 
L. Moss of Johns Hopkins, Baltimore, in 1910 -  indepen­
dently came to the same conclusions. It was only in 1930 
that Landsteiner received a Nobel prize for his work.

In the meantime, he had emigrated to the United States and 
was w o rk in g  at th e  R o c k e fe lle r  In s t i tu te  fo r M edical 
Research in New York, w here in 1927 he uncovered  a 
further blood system -  the MN blood groups. And, in 1936, 
his book The Specificitj o f  Serological Reactions helped  to 
establish  th e  science o f im m uno logy . H e co n tin u ed  to  
work towards discovering m ore about the nature of blood — 
a m atte r th a t becam e o f even g rea te r im p o rtance w ith 
W orld W ar II and the necessity for battlefield transfusions.

T H E  RHESUS FA C T O R  
In 1939, two American scientists, Philip Levine and Rufus 
Stetson, reported an unusual case. A woman had had a still­
birth after eight months of pregnancy. She had lost a great 
deal of blood during the delivery and was given a transfusion 
of her husband’s b lood which, like hers, was g roup O. 
Despite this apparent com patibility, she suffered a severe 
reaction. Levine and Stetson showed that the w om an’s blood 
serum  caused red  cells from  her husband to  agglutinate. 
W hen  they m ixed her serum  w ith  red  cells from  104 
donors, all group O , clumping occurred in 80 of the samples.

Levine and Stetson concluded that the w om an’s red cells 
lacked a h ith erto  unknow n an tigen. She had developed  
antibodies after exposure to it from her unborn baby, who 
had inherited the antigen from its father. W hen the woman 
had received her husband’s blood, her antibodies attacked his

red cells, causing them  to clump together and producing the 
severe reaction that she barely survived.

At the tim e, Landsteiner was experim enting with blood 
tranfusions from the little Indian Rhesus m onkey (Macacus 
rhesus) into rabbits and guinea pigs. He found that the anti- 
Rhesus antibodies produced by the rabbits and guinea pigs 
no t only caused the m o nkey’s red  b lood cells to  clump

B E L O W  The legacy o f  Landsteiner's line — saved the lives o f  hundreds
work on blood groups, blood o f  thousands o f  soldiers wounded
transfusions — even on the fro n t during World War II.

to g e th er b u t also those o f six o u t o f seven w hite New 
Yorkers. Both the monkey and the majority of New Yorkers 
m ust, surm ised Landsteiner, have an antigen in com m on, 
which he called the ‘Rhesus factor’. Thus the blood of the 
m onkey  and o f the affected  N ew  Y orkers was ‘Rhesus 
p o s itiv e ’ (Rh+) and th e  u n affec ted  b lo od  was ‘R hesus 
neg ative’ (R h-). O th e r researchers d iscovered  th a t anti- 
Rhesus antibodies could be found in the serum of those who 
had experienced bad reactions after transfusions with suppos­
edly compatible blood.

However, as im portant as this discovery was -  making 
blood transfusion virtually safe -  it also had immense impli­
cations for the health o f unborn  babies. In 1941, using 
Landsteiner’s findings, Levine and Stetson discovered that the 
woman who had had the stillbirth was Rh- and her husband 
was Rh+. O ther wrom en who had had stillbirths w'ere investi­
gated, and many also proved to  be Rh-. In addition, many of 
their stillborn babies had died from a blood disease called 
erythroblastosis foetalis, which was already recognized as 
recurring in some families w ithout anybody knowing why. 
Now they did. The researchers realized that this was just one 
o f a range of diseases with one cause -  Rhesus incompati­
bility betw een  m other and baby. The diseases w ere now 
re n a m e d  ‘h a e m o ly tic  d isease  o f  th e  n e w b o rn ’. W ith  
Landsteiner’s w ork, it became possible for w om en to  be 
tested for the antigen, and treatm ent developed.
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T R O P I C A L  M E D I C I N E
MALARIA AND SLEEPING SICKNESS

“0  Death, where is thy sting? Thy Victory, 0  Grave?”.

FOR m a n y  y e a r s , scientists had suspected that insects w ere 
involved in the transmission of diseases, especially tropical 
ones. But it was only at the turn of the 20th century that 

they w ere established as actual carriers o f some diseases. 
However, finding out exactly how the insects communicated 
these illnesses to humans was a far m ore difficult task.

M O S Q U IT O E S  AND MALARIA 
O f all the infectious diseases, malaria (mal aria, ‘bad air’) has 
affected the m ost people. As a result, it has been partly 
responsible for the decline of great civilizations, among them 
classical Greece, the Roman empire and ancient Cevlon. As 
early as the 2nd centurv BC, the Roman scholar Marcus 
Terentius Varro (see p .21) said that swamps, the breeding 
grounds of m osquitoes, w ere areas to avoid. But no one 
began to pinpoint the true cause of malaria until the 19th 
century, when several doctors theorized that the mosquito 
could be a carrier, or vector, for yellow fever (see pp. 96-7).

T he b rea k th ro u g h  cam e d urin g  th e  in v estig a tio n  of 
another disease — elephantiasis, a gross enlargem ent of the 
legs and testicles. Patrick Manson became intrigued with this 
disease following his appointm ent (from 1866) as a medical 
officer to the Chinese Imperial M aritime Customs on the 
islands of Formosa (now  Taiwan) and Amoy (now  Hsai- 
men). In the 1870s, he heard that Timothy Lewis in Calcutta 
and Joseph Bancroft in Brisbane had discovered the parasitic 
filarial worm  in elephantiasis sufferers. Manson then devoted 
seven years to finding out at what point in its life cycle the 
filarial worm  could penetrate a human blood vessel, there­
after to lodge in a lymph node and cause such an obstruction 
that enormous swelling occurred.

The deadly scourge o f  malaria is 
transmitted by fem ale  mosquitoes — 
the species A BOVE is A nopheles 

gam biae. The fem ale  has distinctly 
fewer bristles than the male on her

antennae. The female s belly is 
swollen after a meal o f  human 
blood — a rich environment in 

which the malaria parasite, 
P lasm odium , can develop.

Improved sanitation and preventive water in the pools and swamps near
medicine are deemed the best 
preventive against the A nop heles 

mosquitoes. In 1949 , UNESCO 

health experts A BOVE studied the

Marbial, H aiti. Measures were then 
taken to drain the water, or keep it 
moving, depriving the mosquitoes o f  
their breeding habitat.

Manson w ondered if the Culex m osquito might be an in ter­
mediate host in the w orm ’s life cycle. He dissected hundreds 
of m osquitoes, and found that, inside their stomachs, the 
membranes containing the worm  embryos had broken down. 
Thus released, the worm s could bore through the insects’ 
stom achs in to  th e ir  th o rac ic  m uscles. T he w orm s then 
m etam orphosed, developing mouths and alimentary canals, in 
preparation for their entry into humans.

Manson came to the conclusion, albeit erroneously, that 
the mosquitoes died as they laid their eggs in w ater, and 
their corpses, containing cargoes of filarial w orm s, w ere then 
drunk by humans. However, his discovery that mosquitoes 
acted as interm ediate hosts to a disease was to have profound 
consequences for the future.

“I K N O W  THIS LITTLE T H IN G ”
Ronald Ross never wanted to be a doctor, preferring to play 
music and compose poetry. However, in 1881, succumbing 
to parental pressure, he entered the Indian medical service. 
To his surprise , he found him self in terested  in the ro le 
mosquitoes might play in the spread of disease, and in 1892 
he began to concentrate on malaria.
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LEFT Marauding clusters o f  
Plasm odiu m  merozoites are the 
culprits responsible for the 
shivering, fe ve r  and sweating 
suffered by malaria victims. Every

now and then, these merozoite cells 
enter a red blood cell and divide 
in two — not sporadically, but as a 
synchronized offensive that the 
body is unable to handle.

The malaria parasite — the Plasmodium, a protozoan slightly 
smaller than a bacterium — had been discovered in victims of 
the disease by the French scientist Charles Laveran in 1880. 
In 1894, on leave in London, Ross visited Manson, who had 
returned perm anently to  Britain in 1889. Manson showed 
him the parasite and discussed with him the ways in which it 
might enter a human host, not forgetting to  m ention the 
part the mosquito played in the filarial w orm ’s development.

Ross returned to India and continued his research, with 
Manson encouraging him by letter: “Look on it as a Holy 
Grail and yourself as Sir Galahad, for be assured you are on 
the right track”.

On 20 August 1897 -  thereafter known as ‘Mosquito Day’ 
by Ross and his disciples — he located in the stomach wall of 
an Anopheles m osquito the oocysts that are the interm ediate 
stage of the Plasmodium life cycle. Once he was sure of the 
parasite’s presence, he was then able to follow its history 
within the mosquito: first, as a zygote in the stomach; then 
as an oocyst in the stomach wall; and finally as a mature 
sp o ro z o ite  th a t reaches th e  m o sq u ito ’s p ro bo sc is  and , 
ultim ately, a human host when the insect bites and injects its 
saliva preparatory to sucking blood.

Ross never abandoned his poetry, and on ‘Mosquito Day’ 
he w rote a poem of thanksgiving: “I know this little thing/A  
mvriad m en will sav e ./O  Death, w here is thy sting?/Thy 
Victory, O Grave?”. But it was for his w ork on malaria that 
Ross received his Nobel prize in 1902.

O nce it was certa in  that m osquitoes carried  m alaria, 
eradication  program m es could be devised. Following the 
p io n eerin g  w ork  o f C olonel G orgas (see p. 97) and Sir 
Malcolm W atson in Malaya, the US Public Health Service 
started a w ar on the m osquito in the southern states. The 
incidence of malaria dropped by SO per cent and, by 1927, 
it had been largely elim inated  from  A m erican cities and 
tow ns. W hen, in the 1940s, D D T w-as used against the 
insects, it seemed a miracle wreapon. H owever, DDT later 
proved to be very harmful to the environm ent.

S L E E P I N G  S I C K N E S S

RIG H T Resting in fro n t  o f  his quarters, one 
o f  the main collaborators o f  the Bayer 
expedition to Africa in 1 9 2 1 /2 2  considers 
how best to tackle the endemic disease o f  
sleeping sickness in his area.

As w hite European em pire  builders p en e tra te d  Africa in  
the la te  19th century, one o f  the m ost p u z z lin g  d iseases 
they came across was w hat, in those illib era l tim es, was 
called ‘Negro le th a rg y ’, or ‘sleeping sickness’. Victims 
even tu a lly  becam e so drow sy th a t th ey  would s ta rve  f o r  
w an t o f  energy to  ea t, an d  could d ie  o f  an y  opportu n istic  
infection. Epidem ics were known to w ipe ou t whole comm u­
nities, an d  i t  seem ed th a t  the opening up o f  territo r ies by  
the Europeans was spreadin g  it.

A fter a p a rticu la r ly  ba d  epidem ic  
in U ganda, the B ritish  governm en t 
sen t out a commission to stu d y  the  
disease. One m em ber was the Ita lia n  
doctor, A ldo C astellani, who in 
N ovem ber 1902, while carrying out 
post-m ortem s, discovered the presence  
o f  unknown p ro tozoa  in the sp ina l 

f lu id  o f  v ictim s o f  sleeping sickness.
The fo llo w in g  y ea r , the commission  

was jo in ed  by  Colonel D a v id  Bruce, 
who h ad  been working on n agan a, a  
re la ted  disease in livestock. H e had

estab lish ed  th a t  n agan a  was sp rea d  by the tse tse  f l y  
(Glossina palpalis) fro m  w ild  an im als to  dom estica ted  
ca ttle  an d  horses, a n d  was caused by  a p ro tozoan  ca lled  a 
trypanosom e. H e an d  C astellan i now  fo u n d  trypanosom es in 
the sp in a l f lu id  o f  70 p e r  cen t o f  sleep ing  sickness victim s. 
Bruce w ent on to discover th a t  the tse tse  f l y  was also  
in vo lved  in the sp rea d  o f  w h a t came to  be known as hum an  
trypanosom iasis.
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m L L u  vv rn \
“I shall never forget the expression o f alarm in his eyes 

when I last saw him alive’’

I N JUNE 1900, four American medical researchers m et for 
the first time in Havana, Cuba, then under American rule 
following the Spanish-American war two years earlier. Their 
brief was to form a Yellow Fever Commission to investigate 

yellow  fever, the disease responsible for at least 35,000 
deaths in the city during the previous half century and which 
was now decimating American troops.

Yellow fever (yellow jack) starts with a high tem perature, 
which drops to  below normal after tw o or three days. The 
skin takes on a characteristic yellowish tin t — a sign that the 
liver has becom e involved. Victims are nauseous and, in 
severe cases, blood from haemorrhages produces vomito negro 
(black vomit). Sufferers may now begin to recover, but for 
many a deceptive rem ission period  is follow ed by m ore 
intense jaundice, a recurrence of. vomito negro and blood in 
the urine. A feverish com a can then  lead inexorably  to  
convulsions and death.

In 1900, yellow  fever was endem ic in the New  W orld , 
having probably arrived th ere  from  Africa w ith the first 
slaves. It had cut a swathe through the Americas in the 17th 
and 18th centuries, killed 8101 people in New Orleans in 
1853 and produced a m ortality rate o f 94.5 per cent in Rio 
de Janeiro in 1898. Many thought that, because it tended to 
occur in hot, dam p, filthy places, it was the resu lt o f a 
‘miasma’. H owever, as early as 1807, D r John Crawford of 
B altim ore, M aryland, m ade the first connection  betw een  
mosquitoes and vellow fever, and the work of Manson and 
Ross (see pp .94-5) seem ed to  corroborate this.

In Havana, a doctor called Carlos Finlay had been trying 
to prove for 19 years that mosquitoes w ere responsible for 
yellow fever, but all o f his 104 experim ents had p ro ved ' 
unsuccessful. To his great excitem ent, and possibly his relief, 
the American researchers — James Carroll, Jesse W . Lazear, 
Aristides Agramonte and their leader W alter Reed -  agreed 
to  test his theory.

SELF-EX PER IM EN TA TIO N  
Because no animals w ere known to suffer yellow fever, the 
researchers agreed that they would be their own first experi­
m ental subjects. Before they could start, W alter Reed was 
called back to  the US, w here he rem ained throughout the 
Yellow Fever Comm ission’s initial work.

Using Aedes aegypti mosquitoes raised by D r Finlay, the 
remaining three researchers began. Lazear allowed some to 
bite yellow fever patients and then his arm. After a tense 
wait, nothing happened. Carroll repeated the exercise and, 
w ithin four days, developed a severe case o f the illness, 
complicated by an apparent heart attack. However, because 
he could have picked up the disease elsewhere in Havana, his 
illness proved nothing. Then a soldier, who had not had any 
contact with yellow fever, volunteered to  be bitten by the 
same m osquito that had bitten Carroll. He came down with 
a mild attack of the fever -  the first p roof that mosquitoes 
spread the disease.

By chance, Lazear was bitten while working in a yellow- 
fever ward, and this tim e he became ill w ith yellow fever. 
However, unlike Carroll, who recovered, Lazear’s condition 
w orsened, and on 25 September 1900, he died. Carroll later 
w rote, “I shall never forget the expression of alarm in his 
eyes when I last saw him alive”. W alter Reed, who had
Like the A n op h eles mosquito that hairs on her antennae. LEFT The
transmits malaria, it is only the head o f  a fem a le  A edes aegypti

female  A ed es aegypti mosquito has been magnified 4 5  times in the
tha t transmits yellow  fever. In scanning electron micrograph. The
addition, the fem a le  can be beginning o f  the proboscis can be
distinguished in the same way — seen at the bottom oj the picture,
the relatively sparse number o f  below the large compound eyes.
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C L E A N I N G  U P  C U B A  A N D  T H E  C A N A L

The Am erican C hief San ita ry  O fficer in H avan a, Cuba, 
Surgeon-M ajor W illiam  Gorgas, p ro b a b ly  su pp lied  the m ost 
convincing evidence a g a in st the  Aedes m osquito. In 
F ebruary 1901, fo llo w in g  the Yellow  Fever C om m ission’s 
successful experim ents, he ordered the qu aran tin e  o f  a ll 
suspected victim s o f  the d isease ( to  p reven t m osquitoes 
b itin g  them  an d  thus picking up the illness) an d  the  
destruction o f  a ll m osquito breedin g places. By Septem ber, 
y e llo w  fe v e r  h ad  been erad ica ted  in H avan a.

In 1888, the French h ad  abandoned  construction o f  a 
canal through P anam a linking the A tla n tic  to  the Pacific, 
p rim a rily  because o f  y e llo w  fe ve r:  in one m onth alone — 
October 1884 — 654 workers h ad  d ied  o f  it. The A m ericans 
took over and, in 1904, began build ing, w ith  G orgas in 
charge o f  the m edical d epartm en t. W ith thousands o f  non- 
im m une workers abou t to  arrive , the p o ten tia l fo r d isaster  
was immense. Curiously, G orgas m et w ith  com plete opposi­
tion from  the governor o f  the Canal Zone, G eneral G. W. 
D avis, who exclaimed: “Spending a do lla r on san ita tion  is 
as good as throw ing i t  in to  the B ay!”.

H owever, in N ovem ber 1905, when a y e llo w  fe v e r  
epidem ic began an d  a ll the workers tr ied  to  leave, G orgas 
was given  the go-ah ead . A pu m ped  w a ter su pp ly  was 
in sta lled  an d  a ll dom estic w a ter receptacles rem oved; traps  
were set f o r  m osquitoes to la y  th e ir  eggs (which were then

returned to Cuba in O ctober, would confess: “1 have been 
so ashamed of myself for being in a safe country, while my 
associates have been coming down with yellow fever”. Later 
that month, he announced the Yellow Fever Com mission’s 
find ings at a m ee tin g  o f th e  A m erican  P ub lic  H ea lth  
Association.

INVIOLABLE DATA 
C arroll’s severe case and the soldier volun teer’s mild one 
were not accepted as sufficient p roof that yellow fever and 
mosquitoes w ere linked. (Lazear’s illness and death w ere 
considered inadm issible as evidence). In o rd er to  obtain 
data that would be beyond suspicion, the researchers set up 
an ex p erim en t in iso lated  hospital te n ts  in th e  C uban 
countryside, which they named Camp Lazear in honour of 
their dead colleague.

Soldier volunteers w ere split into tw o groups. O ne lived 
among the clothing and bedding of yellow fever victims to 
see if it contained anything contagious. The o ther group was 
isolated from yellow fever victims and from mosquitoes and 
other insects. Its members w ere allowed to be bitten only by 
m osquitoes deliberately infected by the researchers from 
yellow fever patients. None in the first group contracted 
yellow fever; 80 per cent o f those bitten by the infected 
mosquitoes did. All 23 volunteers survived.

The researchers realized that the m osquitoes have to  
incubate the disease b efo re  tran sm itting  it: D r F in lay’s 
experiments had not worked because he had not waited long 
enough. And, in 1901, Carroll discovered that the microbe 
responsible for yellow fever was one of a group that had just 
been recognized: the viruses (see pp. 108-9).

B E L O W  A group o f  three nurses, relaxed off-duty, outside a yellow
working fo r  the US Marine fever  hospital in a photograph
Hospital Services, looking less than dated 1898.

disposed of); u n dergrow th  was burned; a l l  rem ain in g  
m osquitoes were h u n ted  down. By Sep tem ber 1906, the la st  
y e llo w  fe v e r  victim  h ad  d ied  in the Canal Zone.

BELO W  A lethal cluster o f  yellow  give rise to internal
fever virus particles: these kill cells haemorrhaging throughout the
in the liver and kidneys, and also body, with fa ta l  effect.
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A R C S  AND I M P U L S E S
DISCOVERIES IN NEUROLOGY 

Frogs' hearts and leech muscles help in the discovery o f neurotransmitters

By t h e  l a t e  1 9 t h  c e n t u r y ,  scientists had revealed many 
o f the functions o f the brain and spinal cord  — the 
central nervous system. These revelations had begun in 1766 

when the Swiss biologist Albrecht von Haller showed that 
some nerves carry impulses from the central nervous system 
to the muscles to stimulate them into action, while others 
carry sensory impulses from the body to the brain. Thus, it 
is the brain not the body part that ‘feels’ sensation. Seventy 
years later, the British doctor Marshall Hall dem onstrated 
that reflex actions still occur even when the spinal cord has 
been severed from  the brain. H ow ever, these m en and 
o thers w ere unable to  explain how  the nervous system  
works as an integrated whole.

“TH E PH IL O S O P H E R  OE T H E N ER V O U S SYSTEM” 
In 1891, the British scientist, Charles Scott Sherrington 
(1857—1952), became interested in spinal reflexes — contro l­
ling such activities as sneezing, coughing and recoiling from 
pain. W orking at the University of London, he undertook a 
m assive series o f anim al ex p erim en ts  during  w hich he 
untangled and identified the nerves leading to and from the 
spinal cord and the brainstem.

A BO V E The reflex arc: ivhen a connection with motor nerves in the
candle heats the hand sensory nerves spinal cord; these trigger arm muscles
transmit a pain impulse to a direct to remove the hand from the flame.

Then he decerebrated a num ber of animals, removing the 
upper parts o f their brains so that only the primitive brain­
stems and spinal cords w ere left. He experim ented on these 
“brain less b easts” to  d iscover the action  o f the cen tra l 
n e rv o u s  sy s tem  w ith o u t th e  in te r fe re n c e  o f th o u g h t. 
Sherrington was able to establish the existence of the reflex 
arc: the path by which sensorv signals are gathered together 
and passed th rough  the decision-m aking cen tral nervous 
system, which reacts by turning related muscles on and off.

Sherrington then realized that reflex arcs do not work 
in d ep en d en tly ; ra th e r , thousands o p e ra te  to g e th e r in a 
coordinated ‘system of systems’. Sensory signals might have 
one specific mission, but once they have passed through the 
central nervous system, they might be joined by others. The 
nerve leading to  the muscle might be shared by many reflex 
arcs — what Sherrington called the “com m on p a th ”. This 
nerve’s activity would then be a summation of signals from a 
num ber of sources.

Sherrington’s earlv discoveries - which led one scientist 
to describe him as the “philosopher of the nervous system” 
w ere published in 1906 in his book The Integrative Action of 
the Nervous System, a classic o f neurophysiology.

TRA N SM ISSIO N  O E N ERVE IMPULSES 
Sherrington could not have reached his conclusions without 
his acceptance (before many others) o f the neurone theory 
put forward by the Spanish histologist, Santiago Ramon v 
Cajal. This theory stated that each nerve cell branches, and 
each branch m eets another at a junction. To describe the

L EFT Sir Charles Sherrington, who arcs following experiments with 
established the existence o f  reflex decerebrated animals.
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junction, Sherrington coined the term  ‘synapse’. According 
to the British scientist, Cajal “solved at a stroke the great 
question of the direction of nerve currents”. It was for this 
and other research that Cajal shared the 1906 Nobel prize.

The question of how these nerve currents arc transmitted 
from  nerve to  n erve, across synapses, to  th e ir ta rg e ts , 
remained unanswered. In 1914, Henry Hallett Dale, working 
in Britain, isolated a compound called acetylcholine from the 
ergot fungus. He later found that, when applied to certain 
nerve endings in a m uscle, the acetylcholine produced a 
response in that muscle. Then the G erm an scientist O tto  
Loewi discovered that a similar substance secreted bv the 
vagus nerve had an effect on a frog’s heart. In 1929, Dale 
and H. W . Dudley established that acetylcholine occurred 
naturally in animals: after mincing 24 horse spleens obtained 
from  a s laughterhouse, they w ere  le ft w ith  an e x tra c t 
containing 334 mg of acetylcholine.

In a further series of experim ents, Dale forced a special 
solution through the tissues of a muscle in which a m otor 
nerve was being stimulated electrically. The same solution 
was then applied to a muscle Irom a leech, making it react 
in exactly the same way as if acetylcholine had been applied. 
So acety lcholine m ust be sec re ted  by m o to r nerves in 
response to electrical stimulation. Later experim ents showed 
that acetylcholine was the chemical agent by which nerves 
worked on muscles -  the first neurotransm itter identified.

H owever, if nervous impulses were transm itted chemi­
cally, w ouldn’t their action be continuous rather than brief 
and transitory as their name implied? Loewi was puzzled, but 
then he read Dale’s paper in which he stated that acetyl­
choline might be broken down by an enzyme. Loewi looked

BELOW A false-colour electron The nerve cells are yellow-green;
micrograph scan o f  the grey matter also shown are nerve fibres and
in the cerebral cortex of the brain. sensory receptors.

for just such an enzyme, and in 1926, he and a colleague 
discovered cholinesterase in a frog’s heart. It was the alter­
nating production  of acetylcholine and cholinesterase that 
produced nerve impulses. Loewi and Dale shared the 1936 
Nobel prize for their com plem entary discoveries.

A L L -O R -N O T H IN G  
Researchers had theorized that the electrical activity o f a 
nerve fibre did not change: it gave all o r nothing. However, 
th is ‘a l l-o r -n o th in g ’ th eo ry  cou ld  n o t be p ro ved  until 
someone measured the electrical activity of a single fibre 
an impossibility until the invention of amplifiers capable of 
detecting the few millivolts involved.

The British scientist Edgar Adrian (1889 1977) devised 
such an amplifier and a way of showing the tiny electrical 
differences involved: a special oscillograph recorded  on a 
moving strip of photographic film. He and Detlev W . Bronk 
spent many tedious hours slicing through the nerves of small 
animals to  obtain single nerve fibres. They connected  an 
in tact part o f a nerve to  the am plifier and recorded  the 
impulses of the single fibre.

Throughout these experim ents, Adrian found that the all 
or-nothing theory held true. H owever, an increased stimula­
tion would bring into play increasing numbers of nerve fibres 
and so stimulate more muscle cells until contraction occurred.

In addition, Adrian discovered in the 1920s that a nerve 
adapts to  a stimulus by first responding and then ceasing to 
respond even though the stimulus continues. In this way, we 
are able to sense our environm ent w ithout being inundated 
by millions of signals every second of our lives.

Adrian shared the 1932 Nobel prize with Sherrington, for 
their work on describing the nervous system. In 1949, the 
92-year-old  S herrington set the stage for la te r research: 
“Aristotle, 2000 years ago, was asking, ‘How is the mind 
attached to the bodv?’ W e are asking that question still”.
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S YPHI LI S
Until 1910, “A night with Venus meant 

a lifetime with Mercury”

I N  1494, THE POX-RIDDLED cosmopolitan army of Charles 
VIII of France was forced to break the siege of Naples and 
disband. As the troops returned hom e, they generated the 

first syphilis epidemic to  hit Europe. The disease acquired its 
name in 1S30, when the hum anist Fracastorius published 
Syphilis, or the French Disease, a poem  in which Syphilis, a 
shepherd, offends Apollo and is punished by a pestilence.

A num ber of theories have tried to  explain how syphilis 
could have appeared in Europe. O ne is that C olum bus’s 
sailors (and perhaps the captain himself) brought it back from 
th e  N ew  W o rld ; a n o th e r th a t i t  was a lready  p re se n t, 
masquerading as another disease (such as leprosy) and, in 
1493/4, took on a particularly virulent form . More recently, 
however, it has been proposed that, because the microscopic 
spirochetes ( Treponema pallidum) responsible for syphilis are 
identical to  those that cause yaws, bejel and pinta in the 
tropics, syphilis m ust be the same disease, adapted for a 
m ore tem perate climate.

The original epidemic moved swiftly, producing hideous 
disfigurement and causing many victims to  die in the early 
stages. G radually , h ow ever, the in fection  changed to  a 
chronic form. After the initial sores on the genitals and the 
som ew h at la te r  ra sh , th e  m ic ro -o rg an ism s can rem ain  
dorm ant for up to 25 years. Then, serious heart damage may 
occur, or damage to  the spinal cord leading to paralysis, or a 
form of insanity known as ‘general paralysis of the insane’ 
(G P I) m ark e d  by c h a ra c te r  changes and d e lu s io n s  o f 
grandeur. At one tim e, as many as 10 per cent of patients in 
insane asylums w ere suffering from GPI.

The Renaissance was m arked by the reigns o f such syphil­
itics as Charles VIII, Frangois I, H enry VIII and Ivan the 
Terrible, believed to  have been in the final throes o f the 
d isease  w h en  he s la u g h te re d  m o re  th an  3 00 0  o f  his 
opponents. Artists such as Diirer and Cellini w ere afflicted, 
and the g rea t hum anist D esiderius Erasm us com m en ted  
cynically that a nobleman w ithout syphilis was either not 
very noble or not much of a gentleman. The list o f em inent 
syphilitics grew  relentlessly: Cardinal Richelieu, P eter the 
G re a t, C a th e r in e  th e  G re a t , G oy a , K ea ts , S c h u b e rt, 
N ie tz c h e , L ord  R an d o lp h  C h u rc h i ll ,  G au g u in , D e 
Maupassant, Oscar W ilde and Emil von Behring.

D E FIN IN G  TH E  DISEASE 
Syphilis was often confused with gonorrhoea, and in 1767, 
the British surgeon John H unter (see p.41) decided to  self­
experim ent to  settle the question. He infected him self with 
pus from a patient known to  have gonorrhoea, and waited 
for the symptoms to  appear. Unfortunately, the patient also 
had latent syphilis, and when H unter developed symptoms of 
both diseases, he decided that they were the same.

The spread of syphilis was m irrored  by an increase in quack 
re m ed ie s . H o w e v e r, early  in th e  in itia l ep id em ic , th e  
mercury-containing ointm ent, unguentum Saracenicum, proved 
effective and, for 400 years, m ercury  rem ained the only 
reliable therapy. It was said that “A night with Venus m eant 
a lifetim e w ith M ercury”. H ow ever, m ercury is a poison, 
and those prescribed it suffered hair and teeth loss, stomach 
pains and m outh ulcers; in fact, many preferred the horrors 
o f syphilis to the treatm ent.

It was not until 1879, when the German bacteriologist 
A lb ert N eisser iden tified  the gonococcus, th a t scientists 
finally agreed that gonorrhoea and syphilis were actually two 
diseases. Then, in 1905, Fritz Schaudinn and Eric Hoffmann 
identified the corkscrew T. pallidum, and the following year, 
August von W assermann developed a test that could diagnose 
symptomless syphilis.

SEEKING T H E  M A G IC  BULLET 
In 1908, Paul Ehrlich (1854—1915) shared the Nobel prize 
w ith Elie M etchnikoff for their w ork on im m unity. For 
years, Ehrlich had been seeking a specific chemical that could 
kill m icrobes causing a specific disease, just as an individual’s 
own antibodies, which Ehrlich called “magic bullets”, zero in 
on invading bacteria.

Since th e  m id -1 9 th  c e n tu ry , th e  G erm ans had been  
m aking g rea t headw ay in inven ting  syn thetic  dyes, and 
E hrlich  th o u g h t som e m ig h t selective ly  d es tro y  m ic ro ­
organism s. He tested  com pounds containing arsenic, and

A BO VE Two patients with syphilitic pustules, fro m  an 1885  engraving.
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A BO VE Paul Ehrlich, discoverer o f  
the synthetic “magic bullet”,

Salvarsan, in his laboratory in the 
early 1900s.

found that one — which he called 606 because it was his 
606th experim ent — killed the T. pallidum responsible for 
syphilis. On 19 April 1910, he announced his findings at the 
Congress o f Internal Medicine at Wiesbaden.

Initially, there w ere severe shortages of the drug, soon 
renam ed ‘Salvarsan’, and doctors from  all over the world 
arrived  at E h rlich ’s labo ra to ry  in F rank fu rt to  beg for 
supplies. At first, Ehrlich said Salvarsan should be injected 
intramuscularly, but reports came back of disasters caused by 
careless technique, and, in O ctober 1910, he said that all 
injections should be made intravenously. However, doctors 
w ere still unused to  injecting into veins and som e even 
believed that they had to cut the vein before injecting and 
then tie it off, making it useless for further injections.

By 1914, only 109 deaths w ere attributed to  Salvarsan 
therapy — many fewer than for m ercury trea tm en t — and 
Ehrlich soon developed a m ore soluble version, which he 
called ‘Neo-Salvarsan’. In the meantim e, moralists had begun 
a campaign against the drug, saying that, by curing syphilis, 
Ehrlich was rem oving the fear that had kept people from 
fo rn ic a tio n . Q uack s, to o , cam e o u t against S alvarsan, 
resentful o f losing many of their best clients. Ehrlich died in 
1915, exhausted by w ork and the criticism he was receiving.

As W orld W ar I approached, American doctors became 
concerned that, as with aspirin (see p .49), supplies o f the 
Germ an-m anufactured Salvarsan w ould be disrupted. They 
were also dismayed at the great increase in price -  from  
$3.50 for a dose to $35.00 -  which threatened programm es 
devised to treat working-class patients. In O ctober 1917, the 
US C ongress abrogated  the G erm an p a ten ts , u nd er the 
Trading with the Enemy Act, and American manufacturers 
began to make a Salvarsan-like product called Arsphenamine.

For all its g re a t advance in th e  tre a tm e n t o f syphilis, 
Salvarsan was still no t a very good drug, requiring many 
painful injections before a cure could be pronounced. It was 
n o t until the advent o f penicillin  (see pp. 136-7)  that the 
spread of syphilis was slowed.

B E L O W  Reminiscent o f  today’s 
AID S campaign, this 1 9 30  French

poster commands attention to the 
threat o f  syphilis.

R e p u b l i q u e  F r a n c a i s e
M»n»sicreduTravoil.de I H ygicne.de t A ssistance e t d e ia

Faifces-vous soigner de suite parVOTOE m£decin ou aox dispensaires antiuen^riens.
demander leur liste au M I N I S T E R  E  o e  L* H Y G I E N E  

    *****
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THE E N D O C R I N E  S Y S T E M
THE DISCOVERY OF HORMONES

Injections o f pulverized testicles helped reveal the endocrine orchestra

I N 1893, THE SCIENTIST George Oliver went to University 
College, London, to see the physiologist Edward A. Schafer 
(known as Sharpey-Schaefer after W orld W ar I). Schafer was 

measuring a dog’s blood pressure, and was irritated by the 
interruption. W hen Schafer had finished, Oliver asked him if 
he would repeat the m easurem ent after injecting the dog 
with an extract of adrenal gland he had brought. This time 
the blood pressure reading w ent almost off the scale.

The tw o scientists investigated  the p ro p e rties  o f the 
extract, hut w ere unable to isolate the active ingredient: 
adrenaline (epinephrine in the US). Jokichi Takamine and 
Thomas Bell Aldrich achieved this independently in 1901, 
however, and three years later, Friedrich Stolz synthesized it. 
Adrenaline was the first horm one to be synthesized -  even 
though the term  ‘horm one’ had not yet been invented.

On 16 January 1902, William Maddock Bayliss and his 
brother-in-law  Ernest Henry Starling introduced hydrochloric 
acid into a dog’s duodenum that was connected to the rest 
of the body only by its blood vessels. They found that, in 
response, the dog’s pancreas began to  secrete pancreatic 
juice. The two scientists realized that the duodenum must

be secreting a substance that travels through the bloodstream 
to  s tim u la te  th e  p an cre as . T hey  ca lled  th is  su b stan ce  
‘secretin’. “It was”, reported their colleague Charles Martin, 
“a great afternoon”.

A brand new field now opened up: the study of chemical 
messengers that travel from one organ (primarily a ductless, 
o r ‘endocrine’, gland) to  o ther parts of the body via the 
b lo o d stream . T hese m essengers reg u la ted  various body 
systems -  a concept that Claude Bernard had presaged with 
his ‘internal environm ent’ (see p .64). A term  for these new 
substances had to  be fo u nd , and tw o  C am bridge dons 
suggested ‘horm ones’, from the Greek hormao, meaning ‘to 
excite or arouse’. Starling first used the term  in 1905.

T H E  PITU ITARY AN D  T H E  T H Y R O ID  
In 1909, Henry Hallett Dale (see p .99) produced an extract 
from the posterior lobe of the pituitary gland, whose active 
horm one -  oxytocin -  stimulates contractions of the uterus 
during childbirth (see pp. I SO-1). But the scientist who was to 
unravel m ore of the p itu ita ry ’s secrets was the em inent 
neurosurgeon Harvey Cushing of Johns Hopkins, Baltimore.

A BOVE A false-colour electron 
micrograph of the part oj the 
pituitary gland that secretes the 
hormones (dark pink ‘packets’)  that 
control the release of sex hormones 
in the reproductive organs; the 
orange mass is the cell nucleus.

RIG H T Dr Harvey Cushing, an 
American neurosurgeon, unravelled 
the secrets o f  the pitu itary gland; 
he also named Cushing’s syndrome, 

in which a pituitary tumour causes 
obesity, hairiness and red lines over 
the skin.
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A BOVE The en larged  thyroid  gland and pop-out eyes, sweating, a fast 
(goitre) in Graves's disease leads to pulse, tremor, anxiety and weight
over-production o f  thyroid hormone, loss are often the result.

Cushing knew that the pituitary secreted growth horm one 
and was keenly aware of the effects o f over- and under­
secretion of this tiny gland. But it was some years before the 
other six horm ones produced by the pituitary were identi­
fied. However, Cushing was the first to perceive that all the 
elements of the endocrine system are interrelated, and that 
the pituitary is “the conductor of the endocrine orchestra”.

People with thyroid gland deficiency (myxoedem a) had 
been prescribed sheep thyroid extracts since the 1890s, with 
some success. H owever, a young biochem ist at the Mayo 
Clinic in Rochester, Minnesota, was sure that a purer, m ore 
powerful extract could be developed. Edward Kendall set to 
work in 1910, but it was not until Christmas Day, 1914, 
that he finally succeeded in refining the horm one that came 
to be called ‘thyroxine’.

Producing thyroxine crystals was difficult: about 3 tons 
(2,720kg) of pigs’ thyroids were needed to obtain loz (3 3g) 
of the horm one. Only m inute amounts were available for 
biological tests before thyroxine was svnthesized in 1927.

SEX H O R M O N E S  
That the body was affected by the absence of sex organs had 
been known for many years. But how the changes occurred 
was still a mystery at the beginning of the 20th century,

despite attem pts at treatm ent with organ extracts by Browm- 
Sequard (see box) and others.

Biochemist Edw'ard Doisy and zoologist Edgar Allen had 
become friends playing together on a faculty baseball team at 
Washington University in St Louis, Missouri. In March 1923, 
Allen told Doisy about experim ents he was carrying out: 
when he injected fluid from follicles on pigs’ ovaries into 
spayed mice, the mice came into heat. So, he reasoned, the 
fluid must contain a female horm one.

Allen and Doisy w orked together to create concentrated 
extracts of the fluid, but had trouble obtaining enough. Then 
they heard of the discovery of tw o Berlin gynaecologists, 
Selmar Aschheim and Bernhard Zondek, who, trying to find 
a simple way of diagnosing pregnancy, had hit on injecting a 
patien t’s urine into an im m ature laboratory mouse or rat. If 
the woman was not pregnant, there would be no change in 
the animal, but if she w ere, it would go into heat. Thus, the 
urine of pregnant humans and other animals m ust contain a 
female horm one.

In the autum n of 1929, Allen and Doisy announced the 
isolation of the female sex horm one oestrin (oestrone). By 
1933, tw o m ore had been discovered: oestriol and oestra- 
diol. (These three and others form the family of oestrogens.) 
A year later, a completely different horm one, progesterone, 
was isolated from the corpus luteum, the ‘yellow body’ that 
remains when the egg leaves the ovarian follicle.

In 1931, the German scientist Adolf Butenandt isolated a 
few grains of crystalline horm one from about 5500 gallons 
(6600 US gallons; 25,0001) o f male u rine, and called it 
‘andosterone’. Four years later, a team  in 'A m sterdam  led by- 
Ernst Laqueur succeeded in extracting  the pure horm one 
from ground-up bulls’ testicles, calling it ‘testosterone’.

T H E  R E J U V E N A T I O N  O F  
D R  B R O W N - S E Q U A R D

In 1889, the 72 -year-o ld  D r Charles Edouard Brown- 
Sequard rep o rted  to  the French A cadem y o f  Sciences 
an d se t the a u gu st audience b u zzin g .

The previou s yea r , he h ad  begun in jectin g h im se lf  
w ith  an ex tract o f  blood, semen a n d  p u lver ized  
testic les fro m  both dogs a n d  gu in ea  pigs. H e  
described how, in the preceding 12 yea rs, he h ad  
su ffered  a decline. H owever:

“By the ... th ird  d a y  a fte r  s ta r tin g  these injec­
tions ... I h a d  recovered a t  lea st a ll  m y fo rm e r  vigour 
... I can now, w ith ou t effort or even th ink ing  abou t 
it, run up an d  down s ta irs  ... M y d igestion  a n d  the  
working o f  m y bowels have also  im proved  consider­
a b ly  ... I also f in d  m en ta l work easier than i t  has 
been f o r  y e a r s  ”.

W ith in  weeks o f  B row n -S equ ard’s report, doctors 
began to prescribe tes ticu la r ex tracts f o r  ag in g  men, 
a n d  a p le th ora  o f  p a te n t m edicines h it the m arket.

Even though B row n -S equ ard’s theory w as even tu­
a lly  disproved, his experim ents w ere o f  im m ense  
im portan ce to m edicine. They led  to an increased  
in teres t in the su bstances th a t  w ould even tu a lly  be 
known as hormones, an d  could be sa id  to have been 
the f i r s t  a t te m p t a t  h orm one-replacem ent therapy.
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THE D I S C O V E R Y  OF I NS UL I N
Two men made the breakthrough — but only 

one received the prize

A
l t h o u g h  t h e  s y m p t o m s  o f d iabetes had 
been known for thousands o f years, the 
first diagnostic description of the disease - 

then invariably fatal -  was m ade in the 
m id-17th century. Thomas Willis, personal 
physician to Charles II, advised colleagues:
“Taste thy patien t’s urine. If it be sweet 
like honey , he w ill w aste aw ay, g row  
weak, fall into sleep and die”.

In about 177S, M atthew Dobson found 
sugar not only in the urine but also in the 
blood, thus suggesting that diabetes was not a 
disease of the kidneys but one of the metabolism. A 
century later, Richard Bright, Q ueen V ictoria’s physician, 
noticed that the pancreases of patients w ho had died of 
diabetes often contained small crystals (calculi), indicating 
that this organ was somehow involved.

In 1889, two Strasburg doctors — Oskar Minkowski and 
Jo sep h  von M e rin g  -  c o n firm e d  th is . T he  day a f te r  
Minkowski removed a dog’s pancreas, flies clustered around 
the sweet-smelling urine in its cage, and within weeks, it 
died of diabetes. The tw o researchers then showed that it 
was only the complete removal o f the pancreas that had this 
effect. Finally, they tied off the ducts carrying the pancreatic 
juice to a dog’s small intestine, and found that, although this 
affected digestion, it did not result in diabetes. Therefore, 
the dog’s pancreas m ust have produced some other secretion 
that passed directly into the bloodstream.

E arlie r  in  th e  19th  c e n tu ry , th e  p h y sio lo g is t Paul 
Langerhans had described distinct clusters of tissue scattered 
throughout the pancreas. In 1901, Eugene O pie o f Johns

I.EFT Thomas Willis, 
physician to King Charles II

o f  England, and the fir s t  
man to describe diabetes.

Hopkins, Baltimore, showed that in diabetics 
th e s e  is le ts  o f  L a n g e rh an s  p a r t ly  o r  
co m p le te ly  d eg en e ra te d . F ollow ing  th e  
w ork  o f Bayliss and Starling (see p. 102), 
scientists realized that diabetes m ust be a 

horm one-deficiency disease. The race was 
on to extract and isolate the active substance 

p ro d u c e d  by  th e  is le ts  o f  L an g e rh an s , a 
substance which Edward A. Schafer (see p. 102) 

dubbed ‘insuline’ from the Latin insula ( ‘island’).

B A N TING  A N D  BEST 
In the spring of 1921, a 29-year-old Canadian orthopaedic 
surgeon  abandoned his unsuccessful p rac tice  in London, 
O ntario , determ ined to develop an effective and safe extract 
o f insulin (as it came to  be spelled). Frederick Banting w ent 
to  the University of T oronto , w here, although he had neither 
salary nor research budget, Professor John J. R. Macleod, 
gave him permission to  use his physiology laboratory while 
he was on a three-m onth holiday in Scotland. Before he left, 
Macleod offhandedly instructed his assistant Charles H erbert 
Best, then 22, to  help Banting if he could.

Banting believed that o ther researchers had failed because 
pancreatic juice had inactivated the insulin secreted by the

BF.LOW  An islet o f  Langerhans, Paul Langerhans, that secretes the
fro m  a human pancreas — the part vital hormone insulin into the 
o f  the organ, named by physiologist surrounding blood capillaries.
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islets of Langerhans. He and Best finally obtained a dog’s 
degenerated pancreas by tying off its pancreatic ducts; when 
they opened it, they found the islets o f Langerhans still 
intact. After making an extract from this, Banting injected 
some into a diabetic dog that was close to  death. Then the 
tw o young m en waited. W ithin a few hours, the dog sat up, 
wagged its tail and barked.

The euphoria of the tw o researchers was soon dampened 
when they realized that the extract from one pancreas would 
keep a diabetic dog alive for less than tw o days. For their 
discovery to be a success, they had to  find a source from 
which large quantities of insulin could be produced.

Then Banting rem em bered reading that the pancreases of 
unborn animals are composed almost entirely of islet cells; 
he was also aware that farmers often breed cattle just before 
slaughter to  increase their weight. A local slaughterhouse 
supplied them  with a large num ber of im m ature pancreases, 
and enough insulin was extracted from these to  keep their 
diabetic dogs alive and healthy indefinitely.

W hen Professor Macleod returned from Scotland, he was 
im p re ssed  w ith  th e  p ro g re ss  o f  his p ro te g e s . O n  14 
November 1921, Banting and Best summarized their conclu­
sions in a paper for a local physiology society, and submitted 
a revised version to  the Journal o f  Laboratory and Clinical 
Medicine. This appeared in February 1922, three months after 
an abstract o f th e ir findings had been  published in the 
American Journal o f Physiology.

ABO VE Charles Best (L E F T ) and  
Frederick Banting, with the f ir s t  
dog to survive as a result o f

RIG H T A scanning electron 
micrograph o f  just one o f  the

millions o f  islets o f  Langerhans in 
the pancreas.

The next step was to try out insulin on humans, but Banting 
and Best w ere still concerned about its safety. Bravely they 
injected each o ther, and except for a pair o f sore arms, the 
experim ent was a com plete success. (They w ere extrem ely 
lucky: if the dosage had been higher, they m ight have gone 
into a coma.)

Now sure of their extract, they w ent to  nearby Toronto 
General Hospital and, on 11 January 1922, gave injections to 
14-year-old Leonard Thom pson, who was dying of diabetes. 
Almost im m ediately, his blood sugar level fell; within days, 
he was out o f bed; and within weeks, he was hom e and 
well, although dependent on insulin injections.

W hen Banting and Best’s insulin began to  produce toxic 
reactions, Macleod turned to a talented biochemist, James B. 
Collip, for help. In 1923, Collip devised a m ethod of further 
purifying the ex trac t and it was this purified insulin that 
made the control o f diabetes possible.

PRIZES A N D  D IS A P PO IN T M E N T  
The w orld  soon heard o f Banting and B est’s accom plish­
m ents, and so did the Nobel prize com m ittee, who, in 1923, 
decided to honour the m en responsible. Unfortunately, two 
terrible mistakes w ere made.

Best, who had worked so closely with Banting throughout 
the discovery, received no prize, and neither did Collip, 
w ithout whose w ork insulin therapy w ould have been impos­
sible. Instead, Banting shared the prize w ith Macleod, who had 
been thousands of miles away when the discovery was made. 
As the committee defended its decision, saying that no one had 
rem em bered to nom inate Best and Collip, the two winners 
a ttem pted  to  make up for the d isappointm ent by sharing 
their prizes, Banting with Best and Macleod with Collip.

Having made his m ark on medical history, Banting later 
abandoned endocrinology and researched the new  field of 
aviation medicine; he died in 1941 in an air accident. Best, 
despite having been shunned by the Nobel com m ittee, w ent 
on  to  fu r th e r  a c h iev em e n t, head in g  th e  U n iv e rs ity  o f 
T oron to ’s physiology departm ent from 1929 to  1965. After 
B a n tin g ’s d e a th , he b ec am e  c h ie f  o f  th e  u n iv e rs i ty ’s 
B an ting -B est D ep a rtm en t o f M edical R esearch u n til he 
re tired  in 1967.

insulin, in the summer o f  1921. 
Banting won the Nobel prize, but 
Best was ignored.
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F I G H T I N G  I N F E C T I O N
THE SEARCH FOR MAGIC BULLETS

The first attempt was a dye that turned patients bright red

F
o l l o w in g  E h r l ic h ’s  spectacular success with Salvarsan, 
researchers began to test virtually every substance that 
might be effective against infectious diseases. Although there 

w ere some successes -  antim alarial drugs and those that 
fought protozoal infections such as am oebic dysentery -  
everything else proved either as destructive to the patient as 
to the bacteria, or unable to  kill the germs once they had 
started to multiply. Scientists began to despair of finding any­
m ore ‘magic bullets’.

There was one sign of hope. In 1931, Rene Dubos and 
Oswald Avery, of the Rockefeller Institute, announced that 
they had discovered an enzyme derived from a soil bacillus 
that could break down the capsule that protected one partic­
ular type of pneumococcus, the bacterium  m ost often the 
cause o f pneum onia. A lthough this proved too  toxic for 
human use, the discovery gave new life to the search for 
anti-bacterial drugs.

T H E C U R IO U S CASE O F  PR O N T O S IL  
In 1927, Gerhard Domagk was appointed research director 
of the German chemical company, I. G. Farbenindustrie. Its 
main products were azo dyes used to colour textiles, and 
Domagk decided to find out whether they had any adverse 
effect on streptococci, the bacteria responsible for many 
serious infections. In 1932, he found that one azo compound 
-  Prontosil red -  cured mice injected w ith a lethal dose of 
haemolytic streptococci.

Oddly enough, he did not publish his findings until February 
193S. His employers later explained the delay by saying that 
D om agk had spent the in te rven ing  years confirm ing his 
resu lts. H ow ever, w hen his re p o rt was finally issued, it 
consisted o f only one animal experim ent and a few sketchv 
case histories o f human subjects.

Intrigued by Dom agk’s repo rt, scientists at the Pasteur 
Institute in Paris asked for samples of Prontosil for investiga­
tion; again there was a delay. In the m eantim e, the French 
team synthesized the drug themselves and verified Domagk’s 
results. However, they found that Prontosil would w ork only 
when the com pound split into two parts within the body, 
and that one of the tw o parts — later called sulphanilamide — 
w'as largely responsible for Prontosil’s bacteriostatic action (it 
did not kill bacteria like an antibiotic, but prevented them 
from multiplying).

Scientists w-ere su rp rised  th a t D om agk had m ade no 
mention of sulphanilamide, which wfas superior to Prontosil 
if only because it did not turn patients bright red. A British 
bacterio logist, Ronald H are, came to  the conclusion that 
Domagk had been aware of sulphanilamide but, for com m er­
cial reasons, had kept its existence secret.

Hare believed that Domagk and his associates knew that 
sulphanilamide was unpatentable because it had already been 
synthesized — by a Viennese student, Paul Gelmo, who had 
published his findings (concerning the chemical’s efficacy as a 
dye) in his doctoral dissertation in 1908. Therefore, surmised 
Hare, Domagk had spent the years between 1932 and 1935 
in a vain attem pt to find a drug similar to  but better than 
sulphan ilam ide and one th a t could  be p a ten ted . In the 
m eantim e, thousands o f patients had suffered, and some had 
died —  all for the sake of profits.

In 1939, despite the rum ours about possible suppression 
o f research results, Domagk was awarded the Nobel prize 
for his discovery of the bacteriostatic effects of Prontosil. 
However, the Nazis prevented the scientist from accepting.

FIG H TIN G  T H E  C O C C I 
Test samples of Prontosil eventually reached the rest o f the 
scientific world. At Queen C harlotte’s M aternity Hospital in 
L ondon , L eonard  C o leb ro ok  used it to  tre a t p uerp era l 
(childbed) fever, and was able to reduce the m ortality rate 
from 26 to 4 .7  per cent. Ignaz Semmehveis’s dream had at 
last come true (see pp.54-5).

H ow ever, neither Prontosil nor sulphanilamide proved 
very effective against pneumococcal infections, and scientists 
began to look for o ther drugs. In 1938, a British team, led

LEFT German biochemist Gerhard the azo dye, Prontosil. His
Domagk (1 8 9 5 — 1964), who won integrity, though, was later called
the Nobel prize for his work on into question.
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ABO VE A false-colour electron sulphonamides were the fir s t
micrograph o f  pneumococcus effective treatment, and saved
bacteria, responsible for pneumonia; millions o f  lives.

by A. J. Ewins of the firm May 8c Baker, developed ‘M8cB 
6 93’ (later called sulphapyridine). This chemical not only 
worked well against pneumococcal infections but even better 
than sulphanilamide against streptococci. It soon displaced its 
older relative, and as it took its place in the w orld ’s pharm a­
copoeia, the family of sulphonamide drugs was born.

Sulphapyridine, however, could cause serious nausea and 
sometimes kidney and bladder stones, so chemists at the 
American Cyanamid Company began to  search for a less 
toxic analogue. They came up with sulphadiazine in 1940, 
but this still produced kidney stones in a few patients taking 
large doses. The firm Hoffman-La Roche developed the 
much m ore soluble sulphasoxazole, which was then used 
a lm ost exc lusiv ely  fo r t r e a tm e n t,  w hile  su lp h ad iaz in e  
continued to be employed (in small doses) as a preventive.

D octors began to  p rescribe these new  ‘sulpha d ru gs’ 
almost immediately: in 1941, 1700 tonnes were given to at 
least 10 million Americans. As well as puerperal fever, they 
w ere found to be extrem ely effective against pneum onia, 
erysipelas (a serious skin infection), mastoiditis and m enin­
gitis. In 1939, doctors at Columbia University and Johns 
Hopkins reported  that the percentage of patients exp eri­
encing recurrences of rheum atic fever had been reduced 
from  13 to  2 per cen t by taking small daily doses of 
sulphanilamide. And the sulpha drugs also proved to  be the 
first successful treatm ent for gonorrhoea.

However, in 1941, it was reported from New York that 
28 people had died from adverse reactions to sulpha drugs, 
and it was suggested that 1 in every 1600 pneumonia cases 
trea ted  w ith  them  d ied  as a d ire c t re su lt . Since these 
tragedies were m ore likely with high doses, m ore care was 
taken with prescribing the drugs.

Even in low doses, sulpha drugs could in some circum ­
stances p roduce u nexpected  and u nw anted  — effects. 
During W orld W ar II, because streptococcal infections were 
common among recruits, small daily doses of sulpha drugs 
were prescribed as a preventive to large num bers of soldiers

living and working together in close proximity. At first, the 
therapy  was a success, bu t eventually  strains o f sulpha- 
resistant streptococci appeared and spread widely because the 
drugs had also eradicated com peting bacteria.

Luckily, sulpha-resistant strains only developed where the 
transmission of the bacteria could happen easily and rapidly. 
In normal civilian life, sulpha drugs continued to be respon­
sible for saving millions of lives, and it was only with the 
advent o f penicillin (see pp. 136-7) that they lost their place at 
the vanguard of the anti-bacterial army.

B E L O W  S tre p to co ccu s  viridans, infections, ivas a scourge o f the
causing throat, mouth and gu t troops in World War 11.

1 0 7



H I S T O R Y  O F  M E D I C I N E

V I R U S E S
THE SEARCH FOR SAFE VACCINES

World War I killed 8.5 million, b u tjlu  took 20 million in a year

TRACKING DOWN INVISIBLE v ir u s e s  becam e m uch easier 
w h e n , in 188 4 , o ne o f  P a s te u r ’s p u p ils , C h a rles  
Chamberland, invented a filter with pores small enough to 

hold back bacteria but large enough to allow viruses to  pass 
through. In 1892, the filter was used to identify the tobacco 
mosaic virus and, six years later, the one responsible for 
foot-and-mouth disease in animals, finally, in 1901, James 
Carroll reported  that an agent that could pass through a 
filter caused yellow fever in humans (see p. 96).

In 1911, an American pathologist, Francis Peyton Rous, 
found that, by injecting healthy chickens w ith an ex tract 
made from  cancerous tum ours, he could induce cancer. 
Passing the extract through a filter, he repeated the experi­
m ents. The chickens again developed tu m o urs  — so the 
cancer m ust be caused by a virus. Rous was finally rew arded 
for his discovery SS years later when, in 1966, he shared the 
Nobel prize.

In 1912, Rous and a colleague, J. B. Murphy, reported 
that they had been able to  reproduce tum ours by injecting a 
cell-free filtra te  in to  a chick em bryo . This should have 
suggested the possibility of reproducing other viruses in this 
way, as researchers had bv now realized that viruses required 
living cells to survive. But it was not until 1931 that Ernest 
Goodpasture and A. M. W oodruff of Nashville, Tennessee, 
were able to grow' fowd-pox virus in embryos. The technique 
then began to be used widely, until smallpox, herpes simplex 
and influenza viruses had all been reproduced.

POLIOM YELITIS
Polio epidemics w’ere greatly feared for attacking healthy 
children, but research w'as ham pered by the fact that polio 
affected  only hum ans. T h en , in 1909 in V ienna, Karl 
Landsteiner (see p .92) and Erwdn Popper infected Rhesus 
monkeys by inoculating them writh a filtered extract of spinal 
cord taken from tw'o human cases that had proved fatal. Not 
only did this dem onstrate that the disease was caused by a 
virus that was infectious, but it also m eant that research 
could progress at a faster pace.

In 1916, an American scientist, Simon Flexner, discov­
ered that monkeys became im mune to polio after inocula­
tion, when neutralizing antibodies appeared in their blood 
serum. O ther researchers found similar antibodies -in human 
victims, and the search for a vaccine began.

The first vaccines tested on humans came from the spinal 
cords of infected monkeys. In 193S, tw o independent trials 
w ere carried  ou t. D r John A. K olm er o f Philadelphia’s 
Temple University used a live but very dilute polio virus

RIG H T H erp es s im p lex  virus potentially to cause cold sores. A
particles (orange) migrate fro m  the closely related virus, H erp es 

nucleus (green) o j  a host cell, zo ster, causes shingles.
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T H E  I N F L U E N Z A  P A N D E M I C  O F  1 9 1 8 - 1 9

In M arch 1918, durin g W orld W ar I, a re la tiv e ly  m ild  
fo rm  o f  in fluenza  spread  across the U n ited  S tates, affectin g  
people betw een the ages o f  20 an d  40  m ore than  the very  
you n g  an d  very old. By A pril, A m erican troops h a d  carried  
i t  to France, a n d  thousands o f  soldiers a n d  civ ilians were 
la id  low: G eneral von L iidendorff b lam ed  i t  f o r  h a ltin g  
G erm any’s victory drive  in July. I t circled the g lobe  in 
abou t fo u r  m onths, an d  affected  so m an y in Spain th a t  i t  
h ad acquired the nam e “Spanish f l u ”.

Then, in A ugust, the disease changed to a f a r  m ore  
vicious fo rm . A gain , i t  sp read  
around the world, a n d  th is 
tim e, vast num bers o f  people  
died, p rim a rily  fro m  subse­
qu en t pneum onia f o r  which 
there w as no drug trea tm en t.
The Am erican E xpeditionary  
Force’s M euse-Argonne  
offensive flo u n d ered  as 69,000  
troops f e l l  ill. A t San 
Francisco H osp ita l in 
California, 3509 pneum onia  
cases were a d m itted , o f  
which 26 per cent died, an d  
78 per cent o f  the nursing s ta f f  f e l l  ill. A ll over the US and  
elsewhere, public  g a th erin g s were banned, schools, 
churches, cinem as an d  businesses were closed, fa c e  m asks 
were worn — bu t noth ing d id  an y  good. In flu en za  tra ve lled  
too f a s t  an d  spread  too w idely  to  be stopped.

When the w ar was over a n d  the f lu  pandem ic h ad  
subsided, church bells were rung in celebration . Yet, a lm ost 
as soon as th ey  h ad  fa d e d , an oth er w ave o f  f lu  spread

th rou ghou t the world. From D ecem ber 1918 to  A pril 1919, 
m an y o f  those who h ad  so f a r  escaped f e l l  ill, b u t the dea th  
ra te  w as only h a lf  th a t  o f  the previou s wave.

In ju s t  over a y ea r , in flu en za  h ad  k illed  betw een 15 
an d  25 m illion  people; by contrast, abou t 8.5 m illion  
m ilita r y  personnel h a d  d ied  as a d irect resu lt o f  W orld  
W ar I. No place was safe: the US lost over 500,000,
E nglan d an d  W ales, 200,000; on the Pacific is la n d  o f  
Samoa, a q u a r ter  o f  the popu la tion  perished; 176 ou t o f  the  
300 Eskimos liv in g  in Nome, A laska died; a b o u t 5 m illion  

succum bed in In dia . A nd a t  
lea s t h a lf  o f  these fa ta li t ie s  
h ad  been in the prim e o f  
th e ir  lives.

L ittle  w as understood  
a b o u t the disease, which only  
seem ed to  a ffect hum ans. In 
1932-33, a t  the N ation al 
In stitu te  f o r  M edical 
Research in E ngland, m any  
unsuccessful a tte m p ts  were 
m ade to tra n sm it i t  to  a  
v a rie ty  o f  an im als. Then 
Wilson Sm ith inocu la ted  

f e r r e ts  w ith  f i l te r e d  th ro a t-w a sh in g s fro m  a colleague who  
h a d  Jlu; the f e r r e ts  developed  the illness. The researchers 
w ere in itia lly  unable to  reverse the process (from  fe r r e t  to 
hum an j ,  b u t in 1934, an in ocu la ted  f e r r e t  sn eezed  vio len tly  
w hile being exam ined by  D r Charles S tu a rt-H a rris , who 
con tracted  the d isease 45 hours la ter. They now  knew  th a t 
hum ans were a ffected  by th is in flu en za  virus, an d  work 
could begin  on developin g a vaccine.

A BO VE A London bus is attempt to prevent the return o f
disinfected in March 1 9 20  in an t h e f u  pandemic.

treated  w ith a chemical derived from castor oil; and D r 
Maurice Brodie of the New York City Health D epartm ent 
used viruses that he had attem pted to  inactivate by treating 
them with formalin. Some 17,000 children had been vacci­
nated by the tw o teams, when J. P. Leake of the US Public 
H ealth Service rep o rted  th a t polio had occurred  am ong 
unvaccinated children living in an area previously unaffected 
by the disease but where the vaccines w ere being evaluated. 
In all, 12 children developed polio and six o f them  died. 
Both vaccines were deemed to  be unsafe and inoculation was 
immediately stopped.

In 1938, P re s id e n t F rank lin  D . R o o sev e lt, h im se lf 
crippled by the disease in 1921, established the National 
Foundation for Infantile Paralysis. H undreds o f research  
projects were funded through the Foundation’s ‘March of 
Dimes’ campaign.

One project was led by D r Charles Arm strong of the US 
Public Health Service. In 1939, he succeeded in infecting 
cotton rats and then white mice with polio. The sacrifice of 
many thousands of these prolific creatures, which were much 
cheaper and easier to maintain than monkeys, would eventu­
ally lead to prevention of the disease (see pp.202-3).

RIG H T President Franklin Roosevelt, campaign to f in d  a safe, reliable 
him self a polio victim, threw his vaccine to f ig h t  the disease by 
personal support behind the establishing a National Foundation.
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THE S T R U G G L E  A G A I N S T  TB
THE GREAT WHITE PLAGUE

For centuries, the only cure was rest, a good diet, hygiene and fresh air

T
UBERCULOSIS HAS STALKED humankind for centuries. The 
characteristic lesions caused by the rod-like tuberc le 
bacillus Mycobacterium tuberculosis have been discovered in 

Neolithic skeletons in Europe, and in Egypt in m ummies 
dating hack to 3700 BC. Pulmonary tuberculosis, or ‘leprosy 
o f th e  lu n g ’, was d escribed  and know n as p hthisis  bv 
Hippocrates (see pp. 18-9).

B ELO W  The rod-like bacteria inhaled into the lungs to cause
M yco b acteriu m  tu b ercu losis , ‘consumption’, or tuberculosis.

from Europe poured into the United States and died in the 
squalor of the slums in their thousands. Being overcrowded, 
overworked and undernourished in unsanitary conditions put 
fu rth e r strain  on im m une system s already debilitated  by 
famine and hardship in the immigrants homelands. The infec­
tious and resilient nature of the tubercle bacillus ensured a 
smooth passage across every frontier -  including those of 
social standing, age and race. At one tim e, the ‘Great W hite 
Plague’ of tuberculosis was responsible for one in five deaths 
in the industrialized w orld.

TH E  TB BACILLUS 
At the height of the tubercular epidemic of 1882, the self­
tra in ed  Prussian b ac te rio lo g is t, R o b e rt Koch (see p .5 7 ), 
isolated and identified the tubercle bacillus, thereby proving 
the contagious nature o f the disease. He then developed the 
tuberculin test, a skin test able to detect the infection. This 
marked the beginning of the decline of tuberculosis. From a 
peak death-rate o f 400 lives lost per 100,000 o f the popula­
tions o f Europe and America, the num ber was halved by 
1900. Improved living standards and another breakthrough in 
diagnosis, Rontgen’s discovery o f X-rays in 1895 (see p. 126), 
helped bring the epidemic under a degree of control.

At the tim e, the only treatm ent for tuberculosis was a 
long stay o f months, or sometimes years, in a sanatorium. 
T he s tr ic t  reg im es  en fo rc ed  by san ato ria  co n sisted  o f 
com plete rest, a nutritious diet, scrupulous hygiene and fresh 
air. Such trea tm en t did not so much cure tuberculosis as 
help the b ody’s im m une system — its natural defences 
confront the problem , and help damaged tissue to scar and 
seal, and so contain the bacilli. The climate and beautiful 
scenery of Switzerland made the country a favourite sanato­
rium resort for those who could afford it.

TH E  K IN G ’S EVIL 
A disfiguring form  o f tubercu losis, called scrofu la , was 
prevalent in the 17th century. Swollen lymph glands in the 
necks of scrofula sufferers gave them  a pig-like expression 
that easilv identified the disease. An extraordinary custom in 
France and England decreed that the touch of a king could 
cure scrofula, or the ‘king’s evil’ as it became commonly 
know n. From the reign of R obert the Pious (966 1031) 
until the French Revolution in 1789, monarchs underscored 
their divine right to rule with the God-given gift o f healing. 
King Charles II of England was said to have touched more 
than 92,000 victims between 1660 and 1664.

The virulent microbes of tuberculosis thrived as civiliza­
tions and cities developed th roughout the 19th cen tury . 
Poverty helped to spread the disease. Immigrant populations

A BO V E This solarium, at Aix-les- during the day, to give TB patients
Bains, France, revolved slowly the maximum amount oj sunshine.
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TH E PERILS O F C O N S U M P T IO N  
The course of tuberculosis, before the advent o f effective 
tre a tm e n t, was charac te rized  by fever, n ig h t sw eats, a 
delicate, pale com plex ion  (o ften , trag ically , th ought by 
young Victorian bucks to be entrancing when it affected 
young ladies) the coughing up of blood and wasting: the 
disease was known as ‘consum ption’, because victims were 
almost literally consumed before their relatives’ eyes.

For centuries, there had been a general perception that 
emotional deprivation and stress were causative factors in the 
o n se t o f tu b e rc u lo s is . This idea has been  g iven  som e 
credence by research carried out by David Kissen, a Scottish 
scientist, who published a report called Emotional Factors in 
Pulmonary Tuberculosis, in 1958. Certainly, it would go some 
way to  explain the classic im age of the p o e t, a rtis t o r 
novelist as a tragic consum ptive, coughing his or her life 
away in a turmoil of passion, sensitivity and unrequited love. 
For this image is not just a caricature: Keats, the Bronte 
sisters, Elizabeth Barrett Browning, D. H. Lawrence and 
Franz Kafka all succumbed to the wasting disease.

TH E BCG VACCINE 
Bovine tuberculosis is carried bv cattle and can be ingested 
bv humans through infected milk, though tuberculin  tests 
and pasteurization have largely eradicated the risk from this 
source o f infection. In the US, 280 m illion cattle w ere 
tuberculin tested between 1917 and 1940. This resulted in 
the slaughter of 4 million carriers, to the health and benefit 
of the nation. But the bovine link form ed the basis of a 
significant m edical advance an effective vaccine. T w o 
French scientists, Albert Calm ette and Camille Gurin, had 
been working on a bovine strain of tuberculosis since 1906.

D espite the efficacy o f their ‘BCG’ (B acilli-C alm ette- 
Gurin) vaccine, there was still no cure for tuberculosis until 
the in troduction  of strep tom ycin  (see p. 164) in the late 
1940s. From  1920, sanato rium  tre a tm e n t included  the 
surgical induction  o f a p neum othorax  and thoracoplasty  
(respectively, the deliberate introduction of air between the 
lung and the chest wall, so that the lung collapses; and the 
removal o f ribs to  collapse the chest wall and close an 
abscess) to aid the long, slow process of healing. U nfortun­
ately, remissions w ere often followed by relapses and further 
tissue damage. In 1930, Dr. R .C. W ingfield, the Medical 
Superintendent of Brompton Hospital Sanatorium in Frimlcv, 
England, expressed a healthy respect for the tenacity of the 
illness: “No patient should be regarded as cured of tubercu­
losis until he is safely dead of some other disease”.

B E L O W  A muhiple-puncture beneath it. Three to ten days later,
tuberculin test, more commonly a lack o f  reaction shows there has
known as a ‘H ea f test’ in action: been no previous exposure to the
this six-needled device punctures the disease, and, therefore, no
skin and places a highly immunity: vaccination is needed
concentrated solution o f  tuberculin and the BCG vaccine is given.

TB T O D A Y
T ubercu losis is still an active adversary . The bacilli lie 
dorm ant in millions of people, most o f whom have enough 
im m unity to  stop the disease developing -  unless living 
conditions deteriorate . Poverty is the greatest ally of the 
disease, which is happy to colonize many areas o f the devel­
oping w orld, particularly Asia, Africa and South America. 
W ealthier societies arc also still vulnerable. In 1979, more 
than 30 years after the discovery of an effective cure, there 
w ere tw o outbreaks of tuberculosis in the UK; in one, 56 
children w ere infected. And, in the period betw een 1985 
and 1992, the num ber of new cases reported annually in the 
US has risen by 16 per cent a w orrying statistic in a 
country where streptom ycin is almost unobtainable.

The weapons of vaccination, drug treatm ent and X-rav 
screening continue the fight against tuberculosis. But the 
‘G reat W hite Plague’ may onlv finally be eradicated when 
the war against poverty is won.
LEFT Rather unwillingly, a senior Scotland, in the 1950s. A six-year 
citizen submits to an X-ray in the screening campaign lowered death 
drive to eradicate TB in Glasgow, rates significantly.
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A L L E R G Y
HISTAMINE AND ANAPHYLAXIS

“A fin e  big dog by the name o f Nept demonstrated sensitization

Re f e r e n c e s  t o  ALLERGIC REACTIONS stretch back as far as 
an c ien t G re ec e . T he H ippocratic  Corpus ( see p. 19) 
mentions that some foods make a few people ill but not the 

m a jo rity . Six ce n tu r ie s  la te r , G alen  re p o r te d  ad v erse  
reactions to  certain plants. In 1S65, Leonardo Botallo gave 
the name ‘rose cold’ to the catarrh and asthma that a few 
suffered near bloom ing roses, and in 1819, the London 
doctor John Bostock described a seasonal nose infection that 
eventually bore his name: ‘Bostock’s summer catarrh’.

No one knew what caused these symptoms. Then two 
scientists, Charles Blackley in England and Morrill W ym an at 
Harvard University, independently came to the conclusion in 
the early 1870s that pollen from grass and weed caused hay 
fever. In 1903, a German researcher, W ilhelm P. Dunbar, 
induced hay fever by giving sensitive subjects pollen extracts 
in a saline or alcohol solution. He showed that hay fever did 
not occur simply because the pollen mechanically irritated 
the nose lining. Some other factor was involved.

Charles Blackley, in England, and in the 1870s that pollen — such as
Morrill Wyman, at Harvard that from  ragweed, BE L O W  —

University, realized independently caused hay fever.

R IC H E T  A N D  T H E JELLYFISH
In 1 8 9 8 , C h a rle s  R ic h c t (1 8 5 0 —1 9 3 5 ) , P ro fe s s o r  o f 
Physiology at the University o f Paris, had found that dogs 
reacted strangely when injected with blood serum from eels: 
not only did the dogs react to  the serum as if it were a 
poison, b u t they suffered even w orse sym ptom s if they 
received a series o f injections.

Richet rem em bered this w hen, in 1902/3 , he accompa­
nied the Prince of Monaco on a tropical cruise. To give 
himself something to do, he decided to make a study of the 
poisonous giant jellyfish, the Portuguese m an-o’-war, whose 
painful sting can be fatal.

Then, rem em bering the ancient king, M ithridates, who 
took m inute doses o f poison to  make him self im m une to  
assassination, R ichet carried  ou t experim en ts w ith dogs, 
injecting them  w ith tiny am ounts of jellyfish poison. O ne 
sub ject — “a fine big dog by the nam e of N ep tunus” -  
remained perfectly healthy after the first injection. However, 
when he was injected a second tim e, he became extrem ely 
ill and died suddenly.

N eptunus’s shocking death impelled Richet to carry out 
m ore experim ents, and in 1903, he published his results. A 
substance that m ight be only m oderately toxic when first 
taken, he said, could produce far worse symptoms and even 
death when injected again. Rather than providing protection, 
o r prophylaxis, the repeated  injection rem oved w hatever 
protection there had been. He coined the term  ‘anaphylaxis’ 
to  describe this. R ichet, w ho was also a poet, novelist, 
d ram atist and, la ter, an aviation p ioneer, won the 1913 
Nobel prize for his discovery.

Soon after R ichet’s experim ents w ith Neptunus, Maurice 
Arthus dem onstrated  that anaphylaxis can occur not only 
with poisons but also with supposedly non-toxic substances 
such as horse serum  and co w s’ m ilk. W hen he injected 
rabbits with horse serum , a strong reaction occurred at the 
site o f the injection, w ith inflammation and, occasionally, 
tissue destruction. This local reaction became known as the 
‘Arthus phenom enon’.

At about the same tim e in Vienna, tw o paediatricians — 
an Austrian, Clemens von Pirquet, and a Hungarian, Bela 
Schick -  w ere researching diphtheria antitoxin. They discov­
e red  th a t som e p a tien ts  g iven the an tito x in  develo p ed  
symptoms — fever, swollen glands, an extensive rash -  and a 
few even died. They eventually found that it was not the 
an titoxin  that caused the adverse reaction  but the horse 
serum in which it was carried.

Von Pirquet devised the term  ‘allergy’ by combining tw o 
G reek w ords -  alios ( ‘d iffe re n t’ o r ‘changed’) and ergos 
( ‘w o rk ’ o r ‘ac tio n ’). An allergy den o ted  th a t, in these 
adverse reactions, the action of a substance in the body was 
somehow changed.
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RIG H T In an allergy skin test for example — were injected beneath
asthma, small quantities of the skin. Reddening around the site
potential allergens — household showed a positive reaction to the
dust, pollen and aspirin, fo r  allergen responsible.

HISTAM INE A N D  MAST CELLS 
In 1877, 23-year-old Paul Ehrlich, the future discoverer of 
Salvarsan (see p .  100), described a special cell in connective 
tissue, which contained granules o f some kind. How ever, 
Ehrlich never found out the cells’ purpose.

In 1910, while carrying out the ergot fungus studies that
would lead to his startling findings on nerve impulse trans­
mission (see p .99), Henry Hallett Dale identified a substance 
in the fungus that caused smooth muscle to  contract and
blood pressure to  d ro p . He also found th a t, w hen this
substance w'as injected, it produced anaphylaxis.

It w'as almost 16 years before o ther scientists agreed that 
something like D ale’s substance -  now called histamine -  
was released during the destruction of invading proteins or 
when cells were slightly damaged by the reaction bctw'een 
antibodies linked to  them  and allergens (substances to which 
an individual is sensitized). In Britain, Thomas Lewis showed 
that injured cells do, indeed, manufacture histamine, and an 
American scientist, Charles F. Cole, then invented a test to 
detect it. Finally, in 1932, Carl Draystedt of N orthw estern 
University in Illinois and W ilhelm  S. Feldberg in Berlin 
showed independently that histamine is released by damaged 
cells and causes anaphylaxis.

However, it was only in 1953 that J. F. Riley and G. B. 
W est revealed the presence of histamine in the granules of 
Ehrlich’s mysterious cells, which are now' known as mast 
cells. About a decade later, scientists realized how widely 
these mast cells are distributed within the body. By the mid- 
1970s, they were able to describe how' allergens trigger the 
release of the histamine contained in the approximately 1000 
granules in each cell.

BELOW A human mast cell, part o f  granules contain histamine, released 
the immune system. The red during allergic reactions.

R E L I E F  F O R  A S T H M A T I C S  
F R O M  A N C I E N T  C H I N A

Ephedrine, o rig in a lly  d erived  f ro m  the  Ephedra  
p la n t, is  one o f  the m ajor dru gs used to  tre a t  
asthm a. I t  a lso  h as one o f  the lon gest h istories o f  
a n y  drug.

In China, fro m  ab o u t 2000 BC, doctors p rescribed  
th e  herb, which th ey  ca lled  ma huang. C om pletely  
in depen den tly , doctors o f  classical Rome g a v e  th e ir  
a sth m a tic  p a tie n ts  ephedron.

W ith the f a l l  o f  Rome, ephedrine d isappeared  
fro m  the W estern ph arm acopoeia  u n til i t  was red is­
covered by chance by the yo u n g  A m erican doctor Carl 
Frederic Schm idt, in 1924. W orking in Peking, he 
w as siftin g  through 2000 o f  the m ost po p u la r tra d i­
tion a l Chinese h erb a l m edicines in th e  hope o f  

f in d in g  a n ew  ac tive  com pound when he came across 
m a huang. Schm idt then learn ed  th a t  a  substance  
ca lled  ephedrine h a d  a lrea d y  been ex tracted  f ro m  ma 
huang in 1885 a n d  su bsequ en tly  syn th esized . 
H ow ever, because la rg e  doses k illed  experim enta l 
anim als, i t  h ad  been discarded. Schm idt was able, 
w ith  his know ledge o f  Chinese m edicine, to  persu ade  
dru g com panies to rein troduce ephedrine.
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O B S T E T R I C  A D V A N C E S
TOWARDS SAFE CHILDBIRTH

In the 1930s, almost h a lf o f mothers’ deaths were avoidable

I N THE EARLY 2 0 t h  CENTURY, childbirth was still highly 
dangerous, claiming at least 17 per cent o f all m others’ 
lives. In 1932, it was reported that, in Britain, just under 

half of these deaths could have been prevented, and in the 
United States, two thirds had been avoidable.

In 1924, the M inistry o f Health in Britain listed five 
reasons why maternal m ortality was so high: poor sanitation 
and housing; rickets causing deform ed pelvises; w om en ’s 
w ork  (p rim arily  heavy hou seho ld  ch o res); ab o rtio n  o r 
m iscarriage leading to infection; and the lack of quality 
professional care before, during and after childbirth.

CARE O F U N B O R N  BABIES 
Action had already been taken towards improving the care of 
unborn  babies, the fates o f w hom  had previously  been 
considered secondary to  the survival of their m others. In 
1901, the Scottish obstetrician J. W . Ballantyne proposed a 
‘p re-m aternity  hospital’ w here pregnant wom en could be 
cared for and doctors could study the pregnant state closely. 
He was one of the first to recom m end the chemical and 
m icroscopic exam ination of pregnant w om en ’s u rine and 
blood to discover the condition of their babies.

Within a year, the first ‘p re-m aternity’, or antenatal, bed 
was endowed in the Edinburgh Royal M aternity Hospital, 
soon to  be copied  elsew here in B ritain. C uriously , D r 
Ballantyne did not ask for outpatient facilities, but clinics 
w ere set up in Australia in 1910 and 1912, and 1911 saw 
one started at the Boston Lying-in Hospital, in the US.

D u rin g  th e  n e x t tw o  d ec ad es , an te n a ta l ca re  becam e 
widespread. In Britain, the percentage of women receiving it 
increased from alm ost nil in 1915 to 80 per cent by 1935. 
H ow ever, while o ther adverse factors rem ained, antenatal 
care could not reduce mortality in childbirth on its own.

From the 1920s, doctors routinely ordered X-rays (see 
pp. 126-7) to help them  in antenatal diagnosis, assuring their 
patients that there was absolutely no danger. It was not until 
1956 that a study revealed the association between antenatal 
X-rays and childhood cancer.

GIVING BIRTH 
Meanwhile, medical understanding of the process of child­
birth im proved only gradually, and new beneficial techniques 
were slow to be developed.

Late in the 19th century, the French obstetrician Adolphe 
Pinard was responsible for several im portant advances. He 
invented a stethoscope to listen to  the foetal heart, and his 
m eth o d  o f e x te rn a l v e rs io n  — m assaging th e  p reg n an t

F I G H T I N G  C A N C E R

Before W orld W ar II, some progress was m ade  
in the b a ttle  a g a in st tw o  m ajor k illers  — uterine and  
cervical cancer.

In 1898, the A ustrian  surgeon E rnst W ertheim  
devised  an operation  f o r  advanced  cancer -  s till  
known as ‘W erth eim ’s hysterectom y’ — in which, as 
well as rem oving the uterus, f a r  more tissue was 
taken fro m  a w om an’s pe lv is  than  previously.

O f even m ore benefit was the early  detection  o f  
cancer. A t Cornell U n iversity  in the la te  1930s, while  
working w ith  the gynaecologist H erb ert Traut, the  
G reek-born p a th o lo g ist George N. Papanicolaou  
discovered abnorm al cells in the vag in a l sm ears o f  
women w ith  u terine cancer. In 1943, the tw o  
researchers pu blish ed  a m onograph e n titled  
Diagnosis o f  U terine C ancer by the Vaginal Smear 
— an d the ‘P ap sm ea r’ w as launched, allow in g the  
detection  o f  precancerous changes to  the cervix.
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engraving of a human  
foetus in the womb, 
by William Hunter, 
the London ‘surgeon - 
m an-m idw ife’ (sec 
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wom an’s abdomen in late pregnancy to turn  the baby from a 
breech (buttocks first) to  a normal, head-down presentation 
-  greatly reduced risks for m other and child. In addition, he 
developed a way of estimating w hether a baby’s head was 
too big to pass through its m o th er’s pelvis, thus allowing 
caesarean section (much safer with the new antiseptic surgery 
and anaesthesia) to  be anticipated.

In 1910, a Norwegian obstetrician, Christian Kielland, 
dem onstrated a new set of forceps in Copenhagen. He was 
adamant that the exact position of the baby’s head should be 
determ ined before any forceps delivery was made, and that 
the blades o f the forceps should be so designed that the 
obstetrician could get an accurate grip on the head. W ith 
this in mind, he designed what came to be called ‘Kielland’s 
forceps’, which were used primarily to  correct head position 
during the last stage of labour by rotation.

The increasing availability of blood transfusion also saved 
lives, as did the introduction in the 1930s of such new anti­
b ac terial drugs as. the sulphonam ides {see pp. 1 0 6 -7 ). In 
addition, there w ere new techniques to  prevent eclampsia 
(convulsions in pregnancy).

PAIN RELIEF IN H O SPITA L 
A fter W o rld  W ar I, th e re  was a significant increase in 
hospital deliveries. This trend  was due partly to the attrac­
tion of ‘specialist’ care provided by consultants, and partly to 
the new  ‘g e rm -fre e ’ image of hospitals. H ow ever, what 
drew most women was the promise o f pain relief.

E arly  in  th e  c e n tu ry , re se a rc h e rs  in G erm an y  had 
developed  a new  type o f anaesthesia: ‘T w iligh t S leep ’. 
W om en  w ere in jected  w ith  m o rp h in e  and scopolam ine 
(hvoscine) at the beginning of labour, and then given chloro­
form or ether as the baby’s head was born. Pain was dulled, 
the memory of it rem oved, and wom en regained conscious­
ness with the feeling that their babies’ births had been a 
pleasant and fulfilling experience.

Twilight Sleep was popular in Britain and even m ore so 
in the United States, w here fem inist and suffrage groups 
campaigned for it. H ow ever, it had drawbacks: the drug 
dosages had to be finely tailored to each woman; it could 
prolong labour; and it could cause foetal distress.

Having a baby in hospital was n o t, h ow ever, always 
pleasant and safe. It becam e rou tine for w om en to  have

D R  H A A S ’ S I N V E N T I O N

S a n ita ry  pro tection  f o r  m en stru a tin g  women was 
p rim itiv e  u n til W orld W ar I, when nurses began to  
use su rg ica l dressings. L a ter, both Am erican and  
B ritish  m an u factu rers s ta r te d  to  produce th e  f i r s t  
disposable  sa n ita ry  towels.

Then, in 1931, E arle C leveland H aas, a  country  
doctor in Colorado, p a te n te d  a n ew  inven tion: a roll 
o f  cotton w ith  a strin g  a ttach ed , stu ffed  inside tw o  
telescoping cardboard  tubes. In itia lly  calling his 
produ ct a ‘ca tam en ia l device’, D r H aas even tu a lly  
a rrived  a t  the m ore com m ercial nam e o f  ‘Tampax"”.

The produ ct took a long tim e to g a in  acceptance. 
B etw een 1945 a n d  1956, the G eneral M edical Council 
in B rita in  requ ired  a w arn in g  on each box s ta tin g  
th a t  Tam pax™ was u n su itab le  fo r  un m arried  women 
a n d  yo u n g  g irls. H ow ever, m illion s o f  women ignored  
the advice, a n d  in the 1960s, D r H aas was n am ed by  
th e  Sunday Times (London) as one o f  the “1000 
M akers o f  the 20th C entury”.

enemas and their pubic hair shaved as precautions against 
infection . Yet, infection was far m ore likely in hospital, 
because of slips in personal hygiene and antiseptic routines 
by staff, as w ell as in te rv e n tio n is t  te ch n iq u es  such as 
caesarean sections and forceps deliveries.

In the US, obstetrical standards were low. A 1932 report 
revealed  th a t, b e tw een  1915 and 1930, the n um b er of 
maternal deaths had not fallen, and the deaths of babies from 
birth injuries had actually increased.

In Britain, family d octo rs w ere allow ed to  carry out 
hom e deliveries. Many, to  save tim e, induced labour by- 
giving castor oil, with or w ithout quinine. Occasionally, the 
force of induced contractions rup tured  the uterus and caused 
the death of the m other. Some doctors used forceps incom ­
petently and had to  rush their patients into hospital; in one 
study of such cases, one in ten w om en and two thirds of the 
babies died. It was found that about a third of these doctors 
had been too im patient or anxious to allow the cervix to 
dilate fully.

LEFT The Elisabeth Maternity  
Ward, at London’s St 
Bartholomew ’s Hospital, around 
192 j .  The nurses look happy and 
reassuring; the babies appear 
cherubic. Nevertheless, in both 
Britain and America, 1 7 per cent 
of mothers died during childbirth; 
many were given dangerous drugs, 
such as morphine, scoplamine and 
chloroform; and routine antenatal 
care was years away.
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H A L D AN E  & SON
They recited Shakespeare while breathing firedamp

J
OHN SCOTT HALDANE and John Burdon Sanderson Haldane, 
respectively father and son, combined all that was best in 
19th-century science with the changes and prom ise o f the 

20th century. Although they specialized in very different 
fields, both dem onstrated the finest scientific m ethod, great 
intellectual curiosity and enorm ous courage in self-experi­
mentation: ‘Suffer’ was, after all, the Haldane family m otto .

LIKE FA TH ER ...
J.S. Haldane (1860—1936) was born  in Edinburgh in to  a 
well-off and well-connected Scottish family, and graduated 
from the city’s university medical school. Early in his career, 
he became fascinated by the subject o f respiration — how the 
body breathes and what happens to  the gases taken into it. In 
1893, he carried out a series o f experim ents with himself 
and a colleague as human guinea pigs. In one, they remained 
in an airtight box (which they called ‘the coffin’) for up to 
eight hours, breathing twice as fast as norm al, rebreathing 
the air and noting their reactions. Through this and other 
trials, JS learned that breathing is prim arily regulated by 
nerves in the respiratory centre o f the brain, and that these 
nerves are sensitive to  any alteration in the am ount of carbon 
dioxide in the blood.

JS then focused his attention on breathing difficulties in 
the w orld  o f w ork . In 1895, he investigated  a serious 
accident in which five London sew er w orkers had died,

RIG H T Following his experiments with 
the ‘coffin’, J .S . Haldane devised this 
apparatus to test the effect o f  carbon 
dioxide and oxygen concentrations in 
the air on human respiration in 
different situations. One volunteer 
would breathe fro m  and into a bag o f  
normal air; another would breathe 

fro m  a bag o f  pure oxygen. When 
they were a t the point o f  collapse, 
the experiment was halted and the 
amounts o f  each gas analyzed.

•overcom e alm ost im m ediate ly  by poisonous gases w hile 
dow n a deep  shaft. A fter descend ing  th e  shaft to  take 
samples of the air and the sewage, JS found that, in certain 
con ditio n s, sew age p ro du ces highly poisonous hydrogen  
sulphide — ‘sewer gas’ — and recom m ended aerating sewers 
and attaching safety ropes to all sewage w orkers.

He next turned to  coal mines, where he found that the 
carbon m onoxide in ‘firedam p’ (a com bination of carbon 
monoxide, carbon dioxide and nitrogen) was far m ore lethal 
to  the underground workers than the effects o f explosions. 
Again he experim ented on himself:

“At 7 p er cen t [oxygen concentration  in air] th ere  is 
usually distinct panting, accompanied by palpitations, and the 
face becomes a leaden blue colour. At the same tim e the 
mind becomes confused.”

The mental confusion led him to  send one telegram after 
another to  his family, each one saying ‘All safe’.

Among the many recom m endations he m ade, one had an 
immediate practical effect:

“In view  o f the difficulty  o f recognizing by ord inary  
means the presence in poisonous amounts o f this gas [carbon 
monoxide], [I] proposed the plan of making use of a small 
warm -blooded animal (a mouse or very small bird) as an 
indicator of C O .”

As a result of his experim ents, JS discovered that carbon 
m onoxide is attracted to the haemoglobin in blood 300 times
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BE L O W  A t th e  C oal F ace  by carbon monoxide in mines and
William Dring. J .S . Haldane advised the use o f  a bird to warn
realized the lethal potential o f  o f  a build-up o f  the caged gas.

m o re s trong ly  than  oxygen. He also dev ised  ingen ious 
methods of measuring blood gases, and invented the p recur­
sors of the haemoglobinometer and blood gas analyser still 
routinely employed by doctors.

JS w ent on to  investigate decom pression sickness ( ‘the 
bends’) suffered by deep-sea divers. The com pression and 
decompression schedules used today are based on his work. 
In addition, he studied the effects o f high tem peratures on 
the body — becoming, in the process, the ‘father o f the salt 
tablet’ by recommending the replacem ent o f salt lost during 
excessive sweating.

.. .  LIKE SO N
J.B.S. Haldane (1892-1964) became his father’s assistant at 
the age o f three, when he provided blood samples for an 
experim ent, and by the tim e he was eight, he was taking 
down the numbers his father called out while reading his gas 
analysis apparatus. But it was while he was at Eton (where he 
was mercilessly bullied) that he worked m ost closely with JS, 
carrying out deep dives during his father’s w ork on decom ­
pression and investigating working conditions in mines.

O n one occasion, in a north  Staffordshire m ine, they 
entered part of a tunnel containing firedamp. “To dem on­
strate the effects o f breathing firedamp”, w ro te JBS later, 
“my father told me to stand up and recite Mark Antony’s 
speech from Shakespeare’s Julius Caesar, beginning ‘Friends, 
Romans, countrym en’. I soon began to  pant, and som ewhere 
about ‘the noble Brutus’ my legs gave way and I collapsed 
on to the floor, where, of course, the air was all right. In 
this way, I learnt that firedamp is lighter than air.”

In 1911, JBS entered Oxford to  study mathematics, but 
since, as he later claimed, no one could study that subject

for m ore than five hours a day and rem ain sane, he spent a 
great deal o f tim e attending a zoology course. But this was 
not JBS’s first exposure to the study of the living world.

In 1901, when he was eight, his father had taken him to 
a lec tu re  on the recen tly  red iscovered  w ork  o f G regor 
Mendel (see p .67). Despite his youth, he rem em bered what 
he had heard, and when he was IS, he attem pted to put 
M en d e l’s p rincip les in to  p rac tice  by b reed ing  his sister 
N aom i’s guinea pigs (there w ere soon 300 of them ). He read 
all the literature on the subject, and by the tim e he attended 
the Oxford zoology course he had discovered the concept of 
genetic ‘linkage’, in which the inheritance o f certain charac­
teristics appeared to  be linked, possibly because the genes 
responsible for them  are located near each o ther on the same 
chrom osom e. JBS published a paper on this in 1912, and 
linkage has played a major role in genetics ever since.

That same year, he co-authored (with his father and an 
associate) a paper, published in the Journal o f  Physiology, on 
how  haem o g lo b in  com bines w ith  o xygen , to  w hich he 
co n tribu ted  the com plex  m athem atical analyses. He also 
sw itc h e d  fro m  re a d in g  m a th e m a tic s  to  c lassics  and  
philosophy: thus one of the 20th cen tury’s greatest scientific 
minds did not earn a science degree.

During a long, fulfilling career, JBS successfully m arried 
Darwinism to Mendelian genetics, and his book The Causes o f  
Evolution (1932) was a landm ark in population  genetics. 
Among many scientific ‘firsts’, he investigated the biochem­
istry  o f gene action  and the g enetic  co n tro l o f enzym e 
actions; calculated m utation rates o f genes; created linkage 
m ap s fo r h u m a n  c h ro m o so m e s ; an d  a n a ly sed  h u m an  
pedigrees to  understand different modes of inheritance.

In addition -  and very unlike his father — he was a great 
popularizer o f science and a life-long Marxist. “This was a 
very exciting atmosphere to grow  up in ,” w rote JBS’s sister, 
the w riter Naomi Mitchison, “and [because of it] I think my 
b ro ther set his m ind on science and on the kind of science 
w hich is likely to  help p eo p le”. In 1957, in p ro te s t at 
Britain’s involvem ent in the Suez crisis and desiring to  live in 
a warm  climate — “Sixty years in socks is quite enough”, he 
said — JBS em igrated to  India. He died there seven years 
later, leaving his body to  medical research.

L EFT A genius, by any 
standard, J .B .S . Haldane 
was also a notorious 
eccentric and prone to be 
truculent and 
quarrelsome. A life-long 
Marxist, he resigned 

fro m  the Communist 
Party in 1956  — because 
o f  “Stalinist interference 
in science" — then 
emigrated to India, 
taking up Indian 
citizenship.
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H I S T O R Y  O P  M E D I C I N E :

P S Y C H I A T R Y  & P S Y C H O L O G Y
FROM SIGMUND FREUD TO B. F. SKINNER

“Never hug and kiss them, never let them sit on jo u r  lap”

Thf. s t u d y  OF THF m in d  evolved from the medical science 
of the 19th century. However, researchers soon discov­
ered that, unlike Pasteur’s germ  theory, when it came to  the 

mind there were very few clear-cut guidelines: it resisted 
classification and testing was extrem ely difficult.

The result was a fragmentation of approach: some investi­
gators concentrated on m ental illness, others on the basic 
functions o f the mind in animals and humans, and still others 
on how medical drugs and operations could trea t certain 
mental conditions.

FR EU D  A ND PSYCHOANALYSIS 
S hortly  b e fo re  rece iv in g  his m ed ical d eg ree  from  the 
University of Vienna in 1881, Sigmund Freud (1856-1939) 
became fascinated by a patient of his friend, D r Josef Breuer: 
the 21-year-old Bertha Pappenheim, whom Breuer and Freud 
later w rote about as ‘Anna O ’. W hat they learned from her 
became the basis o f psychoanalysis.

Anna O suffered interm ittently from a variety of hyster­
ical sym ptom s: leg and arm  paralysis, sight and speech 
disturbances, m em ory loss, general disorientation, nausea. 
B reuer found that, afte r hypnotizing h er, asking her to  
rem em ber when she first experienced a particular symptom

and trac in g  th e  firs t o c c u rre n c e  to  a lo n g -su p p re ssed  
traum atic event, the sym ptom  w ould disappear. Anna O 
called B reuer’s treatm ent the ‘talking cu re ’.

After m ore than a year o f daily visits, Anna O began to 
act as if Breuer w ere her father, expressing all the emotions 
that she had felt towards her real father. Breuer, too, began 
to  feel quite strongly about Anna. (Freud would later call 
these phenom ena ‘transference’ and ‘countertransference’.) 
W h en  his w ife becam e je a lo u s  o f th is d o c to r -p a t ie n t  
re la tio n sh ip , B reuer d ecided  to  end  the th e rap y . Anna 
prom ptly developed an hysterical pregnancy, which Breuer 
reluctantly agreed to trea t with hypnosis. This was the last 
tim e he treated  Anna — or any o ther hysterical patient — 
and, sensibly, he placated his wife by taking her to  Venice 
on a second honeymoon.

The year 1895, when Breuer and Freud published Anna 
O ’s case in Studies on Hysteria, marked the official founding 
of the school of psychoanalysis. Ten years earlier, Freud had 
visited C harcot in Paris (see p. 73 ), studying his hypnosis

B E L O W  Sigmund Freud at his desk. and less than fashionable today,
Though later criticized by one-time Freud was undeniably the true
colleagues, such as Jung  and Adler, father o f  psychoanalysis.

11 8



M E D I C I N E  B E F O R E  W O R L D  W A R  II

S H O C K  T R E A T M E N T  A N D  L O B O T O M I E S

W hile Sigm und Freud de lved  in to  the unconscious an d  
W atson a n d  Skinner te s ted  w hite ra ts, m edical researchers 
experim ented  in more tra d itio n a l ways, som etim es w ith  
reg re tta b le  results.

A lthough insu lin  h ad  been unsuccessful in trea tin g  
m orphine addiction , M anfred Sakel discovered th a t  the  
physical shock caused by an overdose o f  insulin, a lth ough  
dangerous, som etim es h ad  p ositive  benefits in the  
trea tm en t o f  schizophrenia . Ladislaus Joseph von M eduna  
devised anoth er shock trea tm en t, w ith  cam phor as the  
agent, bu t th is often produced convulsions so v io len t th a t  
p a tien ts  su ffered broken bones. E ven tually, in 1938, Ita lia n  
psych ia tr is t U go C erletti used electric shocks to  produce  
seizures. Today, his electro-convu lsant th e ra p y  (ECT), 
desp ite  a chequered career, is s t i ll  used in p a r ts  o f  the 
w orld to tre a t  severe depression.

Psychosurgery was also p opu lar durin g th e  la te  1930s 
and 1940s. The Portuguese n eu ro-psych ia tris t Egas M oniz, 
im pressed by the d isappearan ce o f  aggression in an im als  
a fter  rem oval o f  the fr o n ta l  lobes o f  th e ir  brains, 
perform ed the f ir s t  lobotom y on a hum an in 1935. The 
procedure becam e s ta n d a rd  in p a tie n ts  resista n t to  shock 
therapy. A lthough M oniz w as a w a rd ed  the N obel p r ize  in 
1949f o r  th is su rgical developm ent, the irreversib le  
operation was even tu a lly  seen as a lm ost as bad  as the  
m en ta l d isorders it  trea ted , an d  it  f e l l  out o f  fa v o u r .

RIG H T The original, sensational o f  ECT in action was: “she is
caption to this 1946 photograph jo lted  out o f  hell”.

techniques and picking up the idea that there was a relation­
ship between hysteria and sex. H owever, on returning to 
Vienna to practise, Freud found that hypnotism did not work 
as well as he had hoped.

As a result, he gradually developed a technique -  free 
association -  in which patients would lie on a couch with 
their eyes closed, speaking freely about w hatever came into 
their minds. Many displayed what Freud called resistance -  
the avoidance of recalling traum atic experiences — but when 
they did talk about them  they w ere , unlike hypnotized  
patients, able to deal with them rationally. Such experiences, 
Freud saw, did not go away but con tinued  to  m otivate 
troubled minds unconsciously.

Freud realized that, to  be an effective analyst he, too, 
would have to be psychoanalysed. Since he could not use 
free association on himself, he examined his dreams, which 
he saw as symbolic manifestations of repressed thoughts. For 
him, dreams became the “royal road to the unconscious” and 
the subject of his m ost popular w ork, The Interpretation of 
Dreams (1900).

One of the major outcomes of Freud’s self-analysis was 
his discovery of the O edipus com plex, which led to his 
outline of the psychosexual developm ent of children. He also 
constructed a triad of frequently warring factions within the 
unconscious — the id, the ego and the superego with the 
libido (primarily sexual energy) as the motivational force.

Freud’s achievements were enorm ous. All his hypotheses 
added up to the first comprehensive theory of personality, 
and psychoanalysis was a new and, in the opinion of many,

very effective way o f dealing w ith m ental disorders. Yet 
Freud dealt not only with abnormal behaviour, but also made 
the normal comprehensible, and his theories w ere applied by 
him and others to almost every area of human activity.

H owever, psychoanalysis attracted as many critics as fans. 
A m ajor criticism  was that it was too  unscientific: there 
w ere no controlled experim ents, the data collected (chiefly 
observations of patients) w ere influenced by Freud himself, 
and the term s he used w'ere impossible to quantify or define 
completely; recently, too, his records of Anna O have been 
questioned. In addition, many people felt he overemphasized 
sex as a m otive for human behaviour.

BREAKING W IT H  FREU D  
Despite these criticisms, Freud’s methods and theories were 
taken up by many psychiatrists and psychologists, and, in 
1908, 42 p ra c titio n e rs  a tte n d e d  th e  f irs t in te rn a tio n a l 
congress on psychoanalysis. H ow ever, serious rifts w ithin 
Freud’s own ranks soon appeared.

W ith in  a year o f becom ing  p re s id en t o f the Vienna 
Psychoanalytic Society in 1910, Alfred Adler (1870 1937) 
resigned and never saw Freud again. In A dler’s ‘individual 
psychology’, powerlessness -  not sex -  is the driving energy 
in p eo p le ’s lives, beginning w ith the helplessness felt in 
infancy: feelings o f inferiority cither lead people to strive to 
attain pow er, to  take control of their lives, or overwhelm 
them  so that they accomplish nothing. According to Adler, 
humans are not victims of biology or environm ent, but are 
free to  choose their own destinies.
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RIG H T Once Sigmund Freud's 
leading collaborator, Carl Gustav 
Jung eventually rejected Freud’s 
emphasis on sex, and developed

analytical psychology, with theories 
o f  introversion, extraversion, psychic 
energy and the psyche as a selj- 
regulating system.

At about the same tim e, the Swiss psychoanalyst Carl Jung 
(1875—1961) began to have serious doubts about F reud’s 
emphasis on sex in his theories, and in 1914, Freud te rm i­
nated their relationship. In Jung’s ‘analytical psychology’, 
the libido comprises not only sexual energy but a pool of 
generalized creative energy that can be used for positive 
growth throughout life. Jung also believed that people adopt 
one of tw o attitudes in relating to  the world: introversion 
or extraversion.

In addition, he developed theories on the mystical and 
spiritual side o f life (which Freud derided) — in particular, 
the concept of the ‘collective unconscious’. Jung described 
this as the “deposit o f ancestral experience from  untold  
millions of years, the echo of p rehistoric wmrld events”. 
According to this theory, humans inherit predispositions to 
react emotionally to certain basic experiences, such as “birth, 
death, the sun, darkness, pow er, wom en, m en, sex, w ater, 
magic, m other, heroes and pain”. As a result, people are 
pushed by the past and pulled by the future.

PAVI.OV AN D  TH E  C O N D IT IO N E D  REFLEX. 
While Freud was grappling with the darker aspects of the 
unconscious, a Russian scientist was developing a different 
view of human motivation. For his wrnrk on the functions of 
the digestive system , Ivan Petrovitch Pavlov (1849—1936) 
won the 1904 Nobel prize. It also led him to make sweeping 
generalizations about why people behave as they do.

Pavlov created artificial channels (fistulae) leading from  dogs’ 
digestive organs to the outside, so that he could view the 
secretion of gastric juices. (The dram atist George Bernard 
Shaw later labelled him “a scoundrel and a vivisectionist,

B E L O W  Ivan Petrovitch Pavlov, in 
1935, who according to George

Bernard Shaw would “boil babies 
alive ju s t to see what happens”.
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T H E  R I S E  A N D  F A L L  O F  
J O H N  B.  W A T S O N

w hose hab it was to  boil babies alive ju s t to  see w hat 
happens”.) He found to his surprise that the sight o f food or 
even just the sound of his footsteps would cause the dogs’ 
stomachs to  secrete. This he called a ‘psychic reflex’, later 
amending the term  to ‘conditioned reflex’ when he realized 
it resulted from the animals’ experience.

Pavlov decided to test this phenom enon m ore rigorously. 
He had noticed that, when he appeared with food, his dogs 
would begin to salivate. He decided to  ring a bell when the 
food was presented, and eventually he found that the dogs 
would begin to  salivate simply when the bell was rung.

Pavlov had no tim e for untestable theories about the 
hum an unconscious. Instead, he believed th a t all hum an 
behaviour was the result o f innate and conditioned physical 
reflexes, all sorted by the brain into usable patterns, and all 
of which could be investigated scientifically.

SK IN N ER ’S U T O PIA  
By 1913, John B. W atson (see box) had taken Pavlov’s thesis 
and applied it to  a theory of human behaviour, which he 
called ‘behaviourism’.

W atson’s m ost famous disciple was B. F. Skinner, who at 
th e  age o f 22 began  to  re se a rc h  W a ts o n ’s ap p ro ac h , 
following the publication of the la tte r’s book Behaviorism, in 
1925. Skinner’s first success was an invention the ‘Skinner 
b ox’. He m ounted a lever bar on the wall o f a cage large 
enough to  hold a ra t com fortably, and when the animal
pressed the bar, a food pellet would drop into a tray. Every
press of the bar was recorded on a cumulative record.

Skinner found that the rate at which his rats w'ould press 
the bar increased dramatically once they realized that they 
would be rewarded by food; the young psychologist called 
these rewards ‘reinforcem ent’. He began to  vary the situation. 
Som etim es he w ould  w ithh o ld  food w'hen the bar W'as 
p ressed ; the ra ts  at firs t co n tin u ed  to  p ress b u t , w ith  
growing frustration, eventually gave up. Sometimes he would 
give food only after a certain time interval or num ber of
presses; the rats would learn to  press m ore as the end of the
interval approached, and would continue to operate the lever 
bar even when they received food at only every 192nd press. 
W hen he varied  rand o m ly  th e  in te rv a ls  o r n u m b er o f 
p resses, Skinner found th a t th e  ra ts , like s lo t m achine 
players, became ‘hooked’ and continued to respond.

Skinner published his results in his book The Behavior oj 
Organisms in 1938. His theo ry , which he called ‘operan t 
conditioning’, stated that an organism ’s behaviour can be 
strengthened or weakened by altering the reinforcem ent it 
rece ives. He la te r  ex p an ded  th is , saying th a t co m p lex  
behaviours consist o f chains o f sim pler ones that can be 
reinforced — and proved it by teaching pigeons to play ping 
pong. W hen he visited his nine-year-old daughter’s school 
class, he realized that the techniques he had been using with 
p ig eo ns co u ld  be u sed  w ith  c h ild re n ; th e  re s u lt  w as 
programm ed instruction and teaching machines.

Skinner eventually applied his theories to  society as a 
whole. His novel Walden Two (1948) describes a utopia in 
w hich ch ild ren  are r ig o ro u sly  c o n d itio n ed  by p os itive  
reinforcem ent, allowing them to grow up into happy, intelli­
gent, cooperative adults. Skinner had no time for the idea o f 
free will; to  him , all behaviour was the resu lt o f e ither 
negative or positive reinforcem ent. Many people vociferously 
criticized his ‘utopia’ as a totalitarian state.

For m ost o f  h is life, John Broadus W atson  
(1 8 7 8 -1 9 5 6 ) g o t w h a t he w anted . From inauspicious  
begin nings in G reenville , South C arolina, he h ad  by  
the age o f  30  become Professor o f  Psychology a t  
Johns H opkins U n iversity  in B altim ore.

U n til then, he h a d  d evo ted  h im se lf  to  stu dyin g  
anim als, p a rticu la r ly  th e  learn in g  processes o f  w hite  
ra ts . W hen he tu rn ed  his a tten tio n  to  hum an  
behaviour, he fo u n d  l i t t le  d ifference. Like Pavlov, by  
whom he w as influenced, he believed  th a t conscious­
ness could n o t cause behaviour; i t  w as som eth ing  
th a t  occurred when certa in  stim u li produ ced  
certa in  physica l reactions  —  i.e. conditioning. To 
W atson, hum ans a n d  an im als were th e  sam e, an d  
hum ans should be stu d ied  as objectively.

“Psychology as th e  beh aviou rist view s i t ”, he sa id  
in 1913, “is a p u re ly  objective  experim en ta l branch o f  
n a tu ra l science. I ts  th eore tica l g o a l is the prediction  
an d  control o f  b eh a v io u r”. This credo proved  to  be 
im m ensely  popu lar, a p p ea lin g  as i t  d id  to  the  
Am erican b e lie f  th a t  a ll  peop le  are  crea ted  equal 
a n d  anyone can achieve success. A nd the 36 -year-o ld  
W atson w as successful: in 1914, he w as e lected  
P residen t o f  the Am erican Psychological Association.

W atson a n d  a research stu den t, R osalie R ayner, 
carried  ou t a cruel experim ent to  dem on stra te  condi­
tion in g. W hen th ey  f i r s t  p laced  a w hite  ra t  n ea r 11- 
m on th -o ld  ‘L ittle  A lb er t’, the b a b y  show ed no fe a r .  
H ow ever, a f te r  W atson an d  R ayn er struck a steel 
b a r w ith  a ham m er behind L ittle  A lb e r t’s back every  
tim e he reached out f o r  th e  ra t, he f i r s t  ju m ped , 
then cried  a n d  even tu a lly  becam e fr ig h te n e d  o f  the 
ra t. This f e a r  ex tended  to  an yth in g  fu r r y , including  
ra b b its , dogs an d  a Santa  Claus m ask.

J u s t when W atson m u st have f e l t  th a t  noth ing  
could stop  him , som eth in g did . In 1920, his w ife  
discovered th a t he was h avin g  an a ffa ir  w ith  R osalie  
R ayn er a n d  su ed him  f o r  divorce; th e  scandal proved  
too much f o r  Johns H opkin s a n d  he w as fo rc e d  to  
resign. A y e a r  la te r , broke, out o f  work an d  m arried  
to  R osalie, he becam e a tem porary  em ployee o f  the J. 
W alter Thompson a d vertis in g  agency. B y 1924, he 
was vice-presiden t o f  the com pany an d  considered one 
o f  the lea d in g  lig h ts  o f  a d vertis in g . By 1930, in the  
m idd le  o f  th e  D epression, he was earn in g  w ell over 
$70,000 a y ea r .

H e continued to  a ir  h is view s on child  behaviour, 
becom ing th e  D r Spock o f  the 1920s a n d  1930s w ith  
his book Psychological Care o f  th e Infant and Child 
(1928): “N ever hug a n d  kiss them , n ever le t them  s it  
on y o u r  lap . I f  yo u  m ust, kiss them  once on the  

fo re h e a d  when th ey  say  good  n ig h t”. H ow ever, he 
w as gen era lly  fo rg o tte n  by  psychologists u n til the  
1950s. By then, W atson w as o ld  a n d  b itte r , an d  
when the Am erican Psychological Association  
aw a rd ed  him  th e ir  g o ld  m edal, in 1956, he refused to  
g o  to the presen ta tion . H e d ied  a f e w  m onths la ter. 
H istory  does not record w h a t becam e o f  ‘L ittle  A lb er t’.
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N U T R I T I O N
THE DISCOVERY OF VITAMINS

When chickens were Jed whole, rather than polished, rice, they recovered

I N THE EARLY DECADES of the 20th century, Pasteur’s germ 
theory was in the ascendant, and many believed that all 
diseases were caused either by specific infectious agents or 

by toxins. It w'as generally held that the ingredients for satis­
factory growth and health were adequate amounts of carbo­
hydrates, fats, proteins and mineral salts -  and nothing else.

ABO VE British biochemist Frederick whose work eventually led to the
Hopkins, ‘H oppy’ to his colleagues, discovery o f  vitamins.

P R E V E N T I N G  P E L L A G R A

P ellagra  — fro m  the Ita lia n  f o r  ‘rough sk in ’ — was 
known as the d isease o f  the ‘three D s’: derm a titis , 
diarrh oea  a n d  dem en tia . Occurring around the  
world, a n d  k illin g  as m an y as 63 p e r  cen t o f  its  
victim s, i t  f i r s t  a p p ea red  in the US du rin g  the Civil 
W ar. A t the beg in n ing  o f  the 20th century, i t  h ad  
reached a lm ost epidem ic proportion s there, p a rticu ­
la r ly  in orphanages, insane asylum s an d  sm all towns 
in the South.

In 1914, D r Joseph G oldberger o f  the US Public 
H ealth  Service, re jectin g  claim s th a t  p e lla g ra  was 
infectious or in sec t-tra n sm itted , a n d  n otin g  th a t i t  
in va ria b ly  a ffected  the poor, decided  to  look a t  
nu trition . A t an orph an age in M ississippi where  
p e lla g ra  was rife, he cured children by  fe e d in g  them  
pro te in -rich  fo o d s. H e also  indu ced p e lla g ra  in 
volunteers a t  a prison fa r m  by fe e d in g  them  only  
low -pro tein  foods.

In 1911, researchers a t  Yale U n iversity  discovered  
th a t ‘black ton gu e’ in dogs was the sam e as p e lla g ra  
in hum ans. G oldberger an d  his team  began experi­
m en ts w ith  dogs, a n d  fo u n d  th a t b rew er’s y e a s t  was 
an excellent p e lla g ra  preven tive . G oldberger called  
i ts  ac tive  in g red ien t the ‘P -P  [p e lla g ra -p reven tin g ]  

f a c to r ’. O nly in 1931, e ig h t y e a r s  a f te r  his death , 
was the P -P  fa c to r  fo u n d  to be nicotinic acid  
(n iacin ), p a r t  o f  th e  B v itam in  complex. The 
Southern poor who d ied  o f  p e lla g ra  h ad  been reduced  
to  ea tin g  very f in e ly  g rou n d  cornm eal th a t  h ad  lost 
m ost o f  its  nicotinic acid.

Eijkman thought that there m ust be a toxin in the polished 
rice , the an tido te  being in the husk o f w hole rice . His 
colleague, G errit Grijns, disagreed, dem onstrating that the 
chickens thrived if fed lightly cooked m eat as well as polished 
rice , but did no t if the m eat was w ell-cooked. So some 
essential substance in the food m ust be destroyed by heat.

In 1906, British biochemist Frederick Gowland Hopkins 
fed young rats on casein, lard , starch, sugar and salts -  
supposedly everything essential to growth and health -  and 
also gave some a little milk. The rats that did not receive 
milk failed to  grow ; the o thers thrived. ‘H oppy’, as his 
Cambridge colleagues called him, concluded that “astonish­
ingly small amounts” o f certain substances in food — which 
he called “accessory food factors” — w ere necessary for the 
body to  utilize pro tein  and energy for grow th. In 1929, 
Hopkins and Eijkman w ere awarded the Nobel prize for their 
w ork leading to the discovery of vitamins.

LEM ONS A ND RICE HUSKS 
N utrition deficiency diseases w ere, how ever, suspected as 
long ago as the 18th century. In 17S3, the Scottish ship’s 
surgeon Jam es Lind reco m m en ded  th a t sailors on long 
voyages should d rink  lem on juice to  p reven t scurvv, in 
which bleeding occurs in the gums, skin and joints.

At the end of the 19th century, D r Christiaan Eijkman 
was posted to Batavia (Jakarta), in the Dutch East 

Indies, to  study beriberi, a disease that causes 
numbness, loss of muscle pow er and, eventu­

ally, heart failure. He found that chickens at 
the local m ilitary  hospital, fed m ainly on 
kitchen scraps of polished rice, developed a 
similar condition. W hen he fed them  with 
whole rice, he was astonished to find that 

they recovered.

ABOVE James Lind, the 
f ir s t  doctor to realize, in 

1 753, that more than

protein, carbohydrate and fa t  
is necessary fo r  health — he 
prescribed lemon juice.
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T H E FAMILY O F  VITAM INS 
The term  ‘vitam in’ was coined in 1912, after the Polish- 
Jewish chemist Casimir Funk, working at the Lister Institute 
in London, had isolated the active substance in rice husks 
that prevented beriberi in pigeons. He called this and other 
similar substances ‘vitamines’ — from ‘vital amines’ — believing 
they were amines, compounds derived from ammonia. (The 
final ‘e ’ was dropped in 1920 when it became known that 
not all vitamins are amines.) Funk was also one of the first 
to  link vitam in deficiency w ith specific diseases, such as 
beriberi, scurvy, pellagra and rickets.

Funk’s discoveries ushered in a new  age of scientific 
endeavour in nutrition . A form er Kansas farmboy, E. V. 
McCollum, showed that certain fats contained an essential 
ingredient for normal growth, which he called ‘fat-soluble 
A’. Later, he found that a substance in watery extracts of 
wheat, egg yolk and yeast was also essential: this became 
‘water-soluble B’.

In Britain, in 1918, Edward Mellanby cured puppies with 
rickets by giving them  fat-soluble A in the form of cod liver 
oil. He established the difference between the substance that 
prevented  rickets and the substance that ensured norm al 
growth: he called the form er ‘vitamin D ’, and the la tter 
‘vitamin A’.

The name ‘vitamin C ’ was given to the still unidentified 
scurvy preventive found in fruit and vegetables. In 1928, a 
Hungarian biochemist, Albert von Szent-Gyorgyi, isolated the 
substance from the adrenal glands (receiving a Nobel prize in 
1937). Nevertheless, it took another four years before the 
substance was generally recognized to be a vitamin.

The B vitamins proved m ore complicated. W ater-soluble 
B in veast was found to  have tw o  actions, so the tw o  
substances involved were called vitamins Bj and B2 . Then, 
vitamin B2 was found to have various o ther actions, and 
gradually the list expanded as far as vitamin B 1 2 - Eventually, 
some of the B vitamins proved to  be already known, and 
there are now only vitamins Bj (thiamin), B2 (riboflavin), 
Bg (pyridoxine) and B̂  2 (cobalamin).

B E L O W  During World War II, the courtesy o f  the government — nutrition
British public enjoyed free vitamins, standards had never been higher.

T H E  S E A R C H  F O R  T H E  I N T R I N S I C  F A C T O R

Pernicious anaem ia is a d isease in which too J e w  red  blood  
cells are produced an d  the ones th a t exist a re  f r a g i le  an d  
m isshapen. I t  was once in va ria b ly  f a ta l .

In 1917, an Am erican doctor, George H.
W hipple, reversed induced anaem ia in dogs 
a rtific ia lly  by  fe e d in g  them  b e e f  liver. In 
1925, a fter  read ing  abou t W h ip p le ’s work,
George ft. M inot a n d  W illiam  P. M urphy  

f e d  pernicious anaem ia p a tie n ts  a t a Boston 
hosp ita l 8oz (225g) o f  ra w  liver daily . The 
resu lts were spectacular, som e p a tie n ts  
being brou ght back v ir tu a lly  fro m  the dead.
W hipple, M inot a n d  M urphy sh ared  the  
1934 N obel p rize .

A fter hearing M inot lecture in 1926,
W illiam  B. Castle perform ed a dram atic  
experim ent. H e knew  th a t  ‘cu red ’ p ern i­
cious anaem ia p a tie n ts  s ti ll  produced  
abnorm al stom ach juices. So he decided to

f in d  ou t w h eth er som e substance (th e  ‘in trin sic  f a c to r ’j  
p resen t in norm al stom ach ju ices a ids the absorption  o f  
an o th er substance (th e  ‘extrinsic f a c to r ’j  in fo o d  in order  

f o r  n orm al blood to be produced. In his 
experim ent, he cured pernicious anaem ia  
p a tie n ts  by  fe e d in g  them  on the p a r tia lly  
d ig ested  conten ts o f  his own stom ach  
(h avin g  vom ited  one hour a fte r  ea tin g  
10l/2 o z  [3 0 0 g ] o f  f in e ly  g rou n d  beef).
A nd he dem o n stra ted  th a t  his stom ach  
ju ices d id  in deed  contain th e  in trin sic  
fa c to r  ( la te r  shown to be a p ro te in ). In 
1948, the ‘extrinsic fa c to r ’ in liver an d  
b e e f  w as fo u n d  to  be v itam in  B j 2 •

L EFT The smooth appearance o f  the tongue o f  a 
sufferer from  pernicious anaemia betrays a lack o f  
papillae (taste buds) characteristic o f  the disorder, 
which also causes inflammation o f  the tongue.

don't fo rg e t

orunge ju ice  &
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M E D I C A L  T E C H N O L O G Y
MICROSCOPES AND ELECTRICAL MONITORING

Dressed in black, hooded and full-gowned, they grew ‘immortal’ cells

AT THE e n d  OF THE 19th CENTURY, access to the body’s 
in te r io r  was lim ite d  to  su rg e ry  o r p o s t-m o rte m s . 

However, it was just possible to peer into an opening -  the 
vagina, say, with a speculum or the 
throat with a tongue depressor.

In 1 9 1 1 , th e  L o n d o n  d o c to r  
W illiam Hill developed a gastroscope 

a rig id  tu b e  s lip ped  d ow n  th e  
oesophagus and into the stomach. A 
periscope at the end increased the 
field of vision, so that the entrance 
of the small intestine could be seen. 
In 1 9 1 3 , C h e v a lie r  J a c k so n , in 
A m erica , in v en ted  a d irec t-v is io n  
la ryngoscope to  view  the la ry nx , 
followed by a bronchoscope to  see 
in to  th e  lungs and  pass th ro u g h  
anaesthetic gases.
LEFT 'Boyle’s M achine’, to give 
nitrous-oxide, oxygen and ether — 

one o f  several anaesthetic devices 
designed by Edmund Boyle between 
1 9 1 7 and 1933.

M IC R O S C O P IC  M AN 
Microscopes were first used directly on the body in 1899, 
when the cornea of the eye was investigated with a large- 
field stereom icroscope (with tw o eyepieces to show three 
dimensions) designed by Siegfried Czapski. An improved and 
widely used version brought a revolution in diagnosis and 
treatm ents.

T he n e x t s te p  w as m ic ro s u rg e ry . In 1 9 2 1 , th e  
Scandinavian ear specia list C. O . N ylen p erfo rm ed  an 
operation using a m onocular m icroscope. A year later, L. 
Holmgren, with a stereom icroscope, carried out the delicate 
procedure of fenestration — making an opening into the inner 
ear from the middle ear when superfluous bone blocks trans­
mission of sound waves.

W h a t co u ld  be seen  w as, h o w e v e r , l im ite d . T he  
wavelength of light is about one-thousandth of a m illim etre, 
so things smaller than this, such as viruses, would not show 
up u n d e r  a lig h t m ic ro sc o p e . In 1 9 2 5 , th e  L on d on  
businessm an and am a te u r m ic ro sco p is t Joseph  B ernard  
developed the ultraviolet microscope, which achieved magni­
fications o f up to  2500 and allow ed some of the larger 
viruses to  be seen.

Meanwhile, research had shown that electrons travel with 
a wave m otion similar to  light, but that these waves are
100,000 times shorter — thus, in theory, objects so much 
smaller should be visible through an electron m icroscope. 
The first was developed by L. L. M arton, at the Universite

Libre in Belgium in D ecem ber 1932. H ow ever, the first 
m icrograph of a biological specimen using this technology 
was only made technically possible w ith M arton ’s second 
microscope, built IS months later.

By 1934, researchers had achieved the same magnification 
as the best light m icroscopes; within th ree years, objects 
could be magnified 7000 times; and, by the end of W orld 
W ar II, electron m icroscopes w ere capable of magnifying 
over 200,000 tim es. Many aspects o f cell s tructure w ere 
then revealed — for example, synapses between nerve fibres; 
histam ine-releasing granules in m ast cells (see p. 113); and 
macrophages impaled by asbestos fibres (see p. 132).

T H E  BODY ELEC TRIC  
Scientists w ere eager to  observe and measure the m inutest 
activities of the body, including impulses generated by the 
electrical activity o f the heart. In 1903, W illem Einthoven, 
o f Holland, published details of the first electrocardiograph. 
This was the ‘string galvanom eter’: a 6001b (275kg) unit 
com prising a silver-coated quartz fibre suspended between 
the poles o f an electrom agnet.

Electrical curren t from the heart was conducted through 
the fibre, which b en t at right angles to  the field o f the 
electrom agnet. The fib re’s shadow, cast by a strong light 
beam  d irec ted  th ro u gh  holes d rilled  th rough  the poles, 
showed up on a moving glass photographic plate — in effect, 
the first electrocardiogram  (ECG, or EKG in America).

Einthoven, wrho was awarded the 1924 Nobel prize for 
his invention, eventually w ent into partnership with Horace 
Darwin, youngest son of Charles Darwin, to  manufacture the 
string galvanom eter. By 1928, portab le  devices weighing

ABO VE One o f  the first (ffective 
scanning electron microscopes 
(SEMs), at Cambridge University.

Such machines revolutionized 
understanding o f cell structure 
and function.
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A L E X I S  C A R R E L  A N D  T H E  M U M B O - J U M B O  O F  T I S S U E  C U L T U R E

In 1910, sh ortly  a f te r  H arrison  p u b lish ed  h is f u l l  paper, 
C arrel’s colleague M. T. B urrow s v is ited  him  to  learn  his 
technique. I t  w as n o t id ea lly  su ited  to  th e ir  purpose, which 
was p r im a r ily  to g ro w  cells fro m  w arm -b looded  an im als  
(som eth in g  a lrea d y  ach ieved in 1908 by M a rg a re t R eed in 
B erlin) ,  b u t C arrel a n d  Burrow s devised  a m eth od  th a t  
consisted, according to Burrows, o f  “a sim ple  su rg ica l 
technique, f r e s h ly  s te r ilize d  g la ssw a re  a n d  in stru m en ts”.

H ow ever, by 1912, a n d  in C arrel’s hands, th is ‘s im p le ’ 
technique h a d  become in creasin g ly  e labora te . H e an d  
B urrow s worked in tw o  sep a ra te  su ites o f  rooms, each 
com prising a n im a l p rep a ra tio n  rooms, scru b-up room an d  
cu ltu re /o p e ra tin g  room, the la tte r  h avin g  b u ilt-in  sprays  
so th a t  du st could be se ttle d  by sprayin g  w ith  w a ter before  
work began. The technicians (one w as th e  fu tu r e  a v ia to r  
Charles L indberghJ were dressed som ew h at s in is te rly  in 
black, hooded, fu ll- le n g th  gowns.

The in flu en tia l C arrel w arn ed  th a t “the technique is 
delica te , a n d  in u n tra in ed  hands, the experim en ta l errors  
are o f  such m a g n itu d e  as to render the resu lts w orth less”. 
H ow ever, F. P. Rous (see p. 108) h a d  carried  out proce­
dures in em bryology dem an din g  m ore sk ill than  those f o r  
tissue culture, b u t w ith  much sim p ler a p p a ra tu s  a n d  non­
spec ia lis t technicians.

The re su lt w as th a t  o thers w ere d iscouraged fro m  
a tte m p tin g  tissue cultu re because o f  its  su pposed com plexity  
— w h a t one o f  C arrel’s critics term ed  his “m u m bo-ju m bo” — 
a n d  because o f  th e  cost o f  th e  equ ipm en t a n d  la b o ra to ry  
space. Progress w as h eld  back f o r  y ea rs .

H ow ever, C arrel d id  m ake som e advances. For instance, 
the ‘C arrel f l a s k ’ reduced the risk  o f  b a c teria l con tam in a­
tion, the m ajor cause o f  fa i lu r e  in tissue cu ltu re u n til the  
adven t o f  a n tib io tics  in the 1940s. H e ach ieved p opu lar  

fa m e  f o r  his ‘im m o rta l’ cell stra in , cultu res o f  chick em bryo  
h ea rt f i r s t  e stab lish ed  in J a n u a ry  1912, a n d  m a in ta in ed  by  
him  an d  his discip le A. H . E beling u n til a t  lea s t 1942. 
H ow ever, how  th is was done, when i t  is  now  known th a t  
cells have a  f in i te  lifespan , is s t i l l  a m ystery.

Carrel re tired  fro m  the Rockefeller In stitu te  in 1938 and  
w ent to  P aris to  set up his In stitu te  f o r  the S tu dy o f  H um an  
Problem s. D u ring W orld W ar II, he accepted  help  fro m  the  
Vichy governm en t a n d  n eg o tia ted  w ith the Germ ans. A fter  
the libera tion , in A ugu st 1944, he w as charged w ith  collab­
oration, an d  avo ided  arres t only by  dying.

In 1901, Ross G. H arrison o f  Yale U n iversity  p u b lish ed  a 
short p a p er on his work on the developm ent o f  nerve f ib re s .  
H ow ever, w h a t m ost excited the scien tific  com m unity was 
his technique f o r  grow in g  tissues in culture. I t  ga ve  
researchers enormous p o ten tia l f o r  experim enta tion , 
because, com pletely d issocia ted  f ro m  the hum an body, cell 
grow th  a n d  the effects o f  certa in  su bstances on tissues 
could now  be observed.

The nam e m ost lin ked  w ith  tissue cultu re is th a t o f  
surgeon A lexis Carrel, who, in 1912, won the N obel p r ize  

f o r  his su rgical work on blood vessels an d  organs. Born in  
France in 1873, he le ft the U n iversity  o f  Lyon in 1904 

fo llo w in g  po litica l an d  m edical d isagreem en ts an d  
em ig ra ted  to the U n ited  S tates, where tw o  y e a r s  la te r  he 
jo in ed  the Rockefeller In stitu te .

ABO VE A T im e  magazine cover Carrel (R IG H T ) with US aviator
fro m  1938, showing Alexis Charles Lindbergh.

only 301b (14kg) had been developed. Later, the fibre was 
replaced by amplifying valves.

Using the string galvanometer, Johannes Berger discov­
ered brain waves in 1924. His findings w ere ignored at first, 
but ten years later, the British physiologists Edgar Adrian (see 
p.99) and B. H. C. M atthews adm itted their im portance. 
Brain wave measurements — electroencephalograms (EEGs) — 
were initially used to diagnose epilepsy and, during W orld 
W ar II, proved invaluable in detecting brain injuries.

RIG H T A scientist at the controls o f  
a scanning electron microscope at 
the University o f  Utah, looking at 
the scanned images on a TV screen.

The diagonal line across the left- 
hand screen is a human hair, 
included fo r  comparison with a 
micromechanical device.
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R O N T G E N  AND X - R A Y S
REVEALING THE BODY BENEATH

A life-saving invention that also led to ‘X-ray prooj underwear’

I N 1895, A GERM AN -BORN D utch  citizen  w orking  at a 
German university transform ed medicine when he discov­
ered a way to look through the skin and soft tissues of the 

body to  reveal the hard structures beneath.
W ilhelm Konrad Rontgen was born in Germany in 1845, 

but when he was three, his family moved to Holland and 
took Dutch citizenship. He was not a particularly successful 
stud ent. In 1862, caught laughing at a caricature  o f an 
unpopular teacher, he was expelled from a technical school 
in U trecht when he refused to  name the offending artist. So 
he never obtained the correct credentials to enter university, 
and only gained entrance to  -  and a degree from — the 
Zurich Polytechnic by persuading the authorities to  admit 
him without first passing the required examination.

N evertheless, in 1888, after w orking at a num ber of 
colleges and universities, Rontgen finally landed the position 
of Professor of Physics at the University of W urzburg as well 
as the directorship o f the new physics institute.

A FAINT GREEN C L O U D  
Rontgen grew  interested in cathode rays -  the glow that 
radiates from one of tw o wires sealed in a vacuum in a glass 
Crookes tube when a high voltage is applied betwreen them . 
Late on the afternoon of 8 November 1895, he was working 
alone in his laboratory . Having darkened the room  and

wrapped a Crookes tube in black cardboard to screen out 
the light it em itted, he was surprised to find that, on turning 
on the current, a small object on his workbench glowed -  an 
effect like a faint green cloud. He discovered that the object 
was a small, fluorescent, cardboard screen that he had coated 
w ith  b a riu m  p la t in o c y a n id e . T he tu b e  w as o b v io u s ly  
producing something else besides cathode rays; invisible rays 
em itted by it w ere passing through the cardboard covering 
the tube and hitting the screen.

W ith increasing excitem ent, he moved the tube further 
away; the screen continued to glow. Completely absorbed, 
he had to  be called to  d in ner several tim es b efo re  the 
message sank in. He ate little, and that in silence, and his 
wife thought he was in a bad m ood.

Things did n o t im prove for Frau Rontgen: during the 
following weeks, her husband virtually vanished from home 
as he carried out experim ent after experim ent. If the rays 
could pass through cardboard and air, thought Rontgen, they 
must pass through o ther things as well. He tested a double 
deck of playing cards, a 1000-page book, wood, hard rubber 
and sheets o f various m etals. It appeared th a t only lead 
blocked  the rays co m p lete ly , and to  m ake doubly  sure

BE L O W  One o j  the f ir s t  X -ray 1896, the year that Rontgen's
photographs, by S. Rowland in discovery swept the world.
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Rontgen held a small piece of lead between tube and screen. 
N ot only was the shadow of the lead clearly visible on the 
screen, but also the outline of his thum b and finger and, 
within this, the dense bones of his hand.

Knowing that cathode rays could darken a photographic 
plate, he asked Frau Rontgen to  hold her hand on a plate, 
while he directed rays on to it for IS m inutes. W hen the 
plate was developed, her hand was clearly outlined, and its 
bones and the tw o rings she wore w ere distinct light areas 
w ith in  th e  dark  shadow s of th e  su rrou n d ing  flesh. She 
shuddered at the sight of her own skeleton.

Rontgen announced his discovery in a paper -  Eine neue 
Art von Strahlen (A New Kind o j  Ray) — which he sent to the 
W u rzb u rg  Physical-M edical Society  a few  days b efo re  
Christmas. News of the rays — which Rontgen called X-rays 
because their nature was unknown — reached the new spa­
pers, and, in January 1896, the story swept the world.

Rontgen was suddenly famous, and he received, in 1901, 
the first Nobel Prize for Physics. However, he retained his 
humility, refusing to use the aristocratic ‘von’ conferred on 
him by the Bavarian governm ent, donating his Nobel prize

A BO VE A computer 3-D  image o j a 
patient undergoing radiation 
therapy - another by-product o f  
R ontgen’s discovery. The tumour is 
coloured brown, and the green cone 
shows the radiation path.

B E L O W  A double-tube X-ray  
machine o f  the type invented by US 
physicist William David Coolidge 
in 1913 . Electrons stream toward 
the central plate: a few  turn into 
X-rays; the rest diffuse as heat.

money to the University o f W urzburg to  be used in the 
in terest of science, and deprecating the practice of calling his 
X-rays ‘Rontgen rays’.

U N D E R W E A R , O PER A  GLASSES A N D  G O L D  
Rontgen’s discovery had an immediate impact on medicine. 
Initially, only bones w ere examined with this new diagnostic 
tool, but soon other things were seen: a broken needle in a 
seamstress’s wrist; a coin swallowed by a child; gallstones; 
bullets. In 1898, a mobile X-rav unit accompanied the British 
arm y to  the Sudan, w here K itchener was attem pting  to 
defeat the Dervishes. Past and future touched as some of 
those whose wounds were examined in this, the first military 
use of X-rays, had participated in the last British cavalry 
charge, at the Battle of Om durm an.

Researchers began experim ents to  discover a m edium  
opaque to X-rays that would allow hollow internal organs to 
show up. One unsuccessful attem pt to  visualize the oesoph­
agus in v o lved  p a tie n ts  sw a llo w in g  sm all ru b b e r  bags 
containing lead. T hen, in D ecem ber 1896, an Am erican 
medical student, later the distinguished physiologist W alter 
B. Cannon, found that when laboratory  animals ingested 
bismuth salts it was possible to  observe the workings of their 
intestines on a fluorescent screen. Eight years later, in 1904, 
the procedure was tried  successfully on humans w ith the

substitution of the less dangerous barium sulphate. Barium 
meal and barium enema X-rays became routine for decades, 
until largely superseded by endoscopy.

X-rays prom pted  a variety of outlandish claims. W hen 
concern was expressed that X-rays w ould enable peeping 
Tom s to  look through w om en ’s clothing, an enterprising  
London firm advertised its underw ear as X-ray proof, and 
the state of New Jersey outlawed non-existent X-ray opera 
glasses. An Ohio farm er claimed to  have turned base metal 
into gold with X-rays, and a New York paper reported that 
the state college of physicians was using X-rays to im print 
anatomical drawings on to the brains o f medical students.

The dangers of X-rays w ere recognized as early as 1902, 
w hen the re search er A. Frieban re p o rted  a re la tionship  
betw een exposure to them  and skin cancer. Despite this, 
until well into the 1950s they w ere extensively used for 
an tenata l diagnosis and even in shoe shops to  m easure 
children’s feet. Then, in 1956, a study dem onstrated the link 
betw een childhood cancer and exposure to X-ravs.

Yet there was a place for X-rays in medical treatm ent. 
Shortly after Rontgen’s announcem ent o f his discovery, the 
G erm an  su rg eo n  G eorg  P e rth es  used th em  to  tr e a t  a 
malignant tum our, and with the C uries’ discoveries (see pp 
128-9), radiation therapy became increasingly common in the 
fight against cancer.
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H I S T O R Y  O F  M E D I C I N F ,

R A D I A T I O N
The Curies discovered radiation in a “cross between 

a stable and a potato-cellar”

A FEW  W EEKS AFTER R o n tg e n ’s d isco very , th e  F rench  
scientist Henri Becquerel set aside a Saturday to  discover 

the X-ray potential o f uranium salts placed over a photo­
graphic plate shielded by aluminium and exposed to  sunlight. 
However, the day was dull and he wrapped up the uranium 
and shielded plate and put them  in a drawer.

For some reason, he later developed the plate w ithout 
carrying o u t the in tended  experim en t, and found it had 
darkened at the spo t w here the uranium  salts had been 
placed; so, he reasoned, the mineral m ust em it rays that, 
like X-rays, penetrate m atter. Becquerel published a num ber 
of papers on the subject but then lost interest.

P O L O N IU M  A N D  RA D IU M  
Two years later, in 1897, 30-year-old Marie Curie chose the 
study o f u ran ium  rays fo r h e r d oc to ra l thesis. Born in 
W arsaw as Marie Sklodowska, she had left Poland in 1891 to 
study at the Sorbonne in Paris, and by 1894 had earned 
herself m aster’s degrees in both physics and mathematics.

In that year, Marie m et fellow scientist Pierre Curie, and 
despite her homesickness, they m arried in July 1895. Two 
years later, their daughter Irene was born; within m onths, 
M arie was investigating uran ium  rays at the S orbo n ne’s 
School o f Physics and Chemistry, where Pierre taught.

A BOVE Marie and Pierre Curie in Le P aris ien , a  French magazine,
their laboratory, fro m  the cover o f  o f  January 1904.

During her study of uranium  compounds, she had noticed 
that pitchblende — uranium  oxide ore that occurs in tar-like 
masses -  was four times as active as uranium itself. In April 
1898, she w rote a short paper for the Academie des Sciences 
announcing the probable existence o f a new  elem ent far 
m ore active than uranium.

P ierre abandoned his own w ork on crystals and joined 
Marie in the race to discover the m ysterious new  element. 
Laboriously, they refined the 3 '/ 2  oz (100g) of pitchblende 
available to  them  and, by the end o f June, had isolated a 
substance that was 330 times as active — or, as the Curies 
d escrib ed  it ,  ‘ra d io a c tiv e ’ — as u ran iu m . In Ju ly , they  
announced the discovery of the new  elem ent ‘polon ium ’, 
nam ed after M arie’s beloved Poland.

By N ovem ber, it was apparent that the refined p itch ­
blende liquid left over after the polonium had been rem oved 
was still very radioactive: there had to  be another undiscov­
ered  elem ent in p itchb lende. F urth er refining eventually  
produced a substance that was 900 times m ore radioactive 
than uranium . O n 26 D ecem ber 1898, the Curies announced 
the discovery of radium.

T O IL IN G  IN T H E  P O T A T O -C E L L A R  
Radium turned out to  be only a one-millionth part o f pitch­
blende. The Curies despaired when they realized that they 
needed a vast quantity o f the expensive ore to  recover any 
significant am ount o f the elem ent.

H owever, they w ere able to  buy cheaply several tonnes 
o f p itchb lende residue (w ith  the costly  uran ium  already 
conveniently  rem ov ed ), w hich was deposited  outside the 
abandoned shed, once a dissecting room , loaned to them  as a 
workplace by the Sorbonne. The glass ro o f leaked and they 
roasted in sum m er and froze in w inter; a visiting German 
chemist described their ‘laboratory’ as “a cross betw een a 
stable and a potato-cellar”.

For alm ost four years, they w orked in these prim itive 
con d itio n s: g rin d ing , d issolv ing, filte rin g , p rec ip ita tin g , 
redissolving, crystallizing and recrystallizing the pitchblende 
to  produce radium . Yet Marie later w ro te that these w ere 
“the best and happiest years o f o u r life”. T heir progress 
could be m easured by sight: the refined liquid and crystals 
glowed in the dark. By 1902, they had isolated one tenth  of 
a gram of pure radium.

P ie rre ’s teaching job  could  n o t su p p o rt a family and 
research. Although he had offers o f professorships abroad, 
the Sorbonne refused to recognize his genius, and, finally, 
Marie was forced to teach science at a girls’ school at Sevres. 
In 1903, she becam e p reg n an t again, b u t the baby was 
prem ature and died — perhaps a result o f M arie’s overwork, 
or the materials with which she was working.
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M E D I C I N E  B E F O R E  W O R L D  W A R  II

L EFT Marie and Pierre Curie, 
shortly after their marriage in 
1895 . Theirs was a remarkable 
relationship: fo r  fo u r  years, fro m  
1898 , they enjoyed “the best and 
happiest years o f  our life” in their 
endeavour to isolate radium. Sadly, 
Marie had to continue their work 
alone B E L O W  after Pierre’s tragic 
death in 1906 .

known as ‘radioisotopes’. Later, when their manufacture was 
made easier with the 1931 invention of the cyclotron by the 
A m erican physicist E rn est O . L aw rence, these iso topes 
w ould be used extensively in medical diagnosis. In 1935, 
Iren e  and  F red e ric  w ere  aw ard ed  the N obel P rize for 
Chemistry, but Marie was not there to  share their trium ph. 
In July 1934, she had died of radiation sickness, the toll that 
her long years o f w ork had taken.

Then, in late 1903, the Curies shared the Nobel 
physics with Henri Becquerel for their work on radioactivity. 
Their prize money -  70,000 francs -  solved their financial 
worries and the Sorbonne created a professorship for Pierre 
and provided him with a laboratory, w'ith Marie as his chief 
assistant. She becam e p reg n an t again and this tim e her 
daughter, Eve, was born safe and well.

T H E  BIRTH O F  N U C LE A R  M ED IC IN E 
Both Marie and Becquerel had burned themselves accidently 
when carrying phials o f radium  in th e ir pockets, and in 
1901, Pierre burned himself deliberately by strapping some 
to his arm. The phenom enon excited him — X-rays w ere 
being used to  trea t cancer, so perhaps needles o f radium  
would work as well. W hen, in 1904, it was proved that 
radium  rays killed diseased cells preferentially , there  was 
g re a t co m m erc ia l in te re s t  in th e  e le m e n t. H o w e v e r, 
dedicated to  science, the C uries refused  to  paten t th e ir 
refining process, thus failing to  gain any financial benefit 
from their discoveries.

In 1906, tragedy struck w hen P ierre was killed by a 
heavy horse-drawn cart. Refusing a state pension, Marie was 
offered P ierre’s professorship, so becoming the first woman 
professor at the Sorbonne. In 1911, she was rew arded twice: 
she was the first to receive a second Nobel prize, this time 
for chemistry, for the discovery of radium ; and the Sorbonne 
and the P asteur In stitu te  p ro v ided  funds fo r a R adium  
Institute. W ith  the outbreak of W orld  W ar I, she flung 
herself into supporting her adopted country, spending her 
Nobel money on French war bonds, organizing a fleet of X- 
ray field ambulances and establishing m ore than 200 X-ray 
departm ents in hospitals.

Although Marie never equalled her early discoveries, the 
Curie connection with the new  science of nuclear medicine 
continued. H er daughter Irene, also a scientist, m arried  
Frederic Joliot, a colleague at the Radium Institute, and in 
January  1934, the C u rie -Jo lio ts  succeed ed  in  inducing  
radioactivity in non-radioactive elem ents, the results being
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H I S T O R Y  O F  M E D I C I N E

P U B L I C  HEALTH
IMPROVING THE WELL-BEING OF ALL CITIZENS

‘A new concept oj d irt’ led to organized gymnastics and physical culture

I N THE EARLY 2 0 t h  CENTURY, infectious diseases still killed 
millions, but there had been im provem ent in health, as 
w ar statistics show . In the C rim ean W ar o f the 1850s, 

disease k illed  te n  tim es m o re  so ld ie rs  than  d id  b a ttle  
wounds. In the Boer W ar ol 1899—1902, five times as many 
died of disease 11,000 from typhoid alone, even though

the British scientist Almroth W right had developed a vaccine 
in 1898. Because of improved living conditions and food, an 
unpolluted w ater supply and a mass vaccination program m e, 
the Russo-Japanese W ar o f 1904—5 became the first in which 
m ore soldiers died directly from warfare than from disease.

T H E PUBLIC VERSUS T H E  IN D IV IDU A L 
W o rld  W ar I and the influenza pandem ic th a t follow ed 
(see p. 109) re in fo rced  the belie f that the state m ust be 
co n ce rn ed  w ith  the hea lth  o f all c itizens. Schem es for 
systematically surveying, m onitoring  and keeping track of 
people and their health w ere set up and public health labora­
tories were founded.

However, many also believed that individuals should take 
m ore responsibility for their own health. In part, this was 
due to ‘a new  concept of d ir t’. No longer w ere massive 
environmental problem s a great cause for concern, but rather

LEFT Vaccination was vital i f  the 
fightinq men and women were to 
stay healthy and J i t  jo r  combat

during World War II — here RA F 
recruits line up to get their ‘jabs’ 
in January 1942.

A S B E S T O S  A N D  D I S E A S E

In 1906, the B ritish  doctor M ontague M u rray officia lly  
nam ed asbestosis (scarrin g o f  the lung tissue, lead in g  to  
chronic d eb ilita tin g  illness j  as the cause o f  dea th  o f  a 

fo rm e r asbestos worker.
When a th ird  victim  was d iagnosed in the la te  1920s, 

the B ritish H om e Office a u th o rized  tw o researchers, 
M erew eth er an d  Price, to  carry out the f i r s t  s tu dy  o f  the  
m in era l’s effect on occupational h ealth . Their report, 
pu blish ed  in 1930, fo u n d  th a t, o f  a sam ple o f  374 asbestos 
workers, 105 h ad  lung scarring, an d  a q u a rter o f  these 
h ad d e fin ite ly  con tracted  the d isease through th e ir  work. 
They concluded th a t reducing d u st levels would reduce the  
incidence o f  asbestosis, a n d  advised  th a t efficient exhaust 
ven tila tion  be provided, an d  th a t some workers should be 
replaced by machines. W ithin 18 m onths o f  th e ir  report, 
the B ritish govern m en t recom m ended th e ir  conclusions to  
all asbestos m anufacturers.

The link betw een asbestos a n d  cancer took longer to  
confirm . R eports o f  high ra tes o f  lung cancer in asbestos  
workers appeared  in 1935, 1947, 1949 an d  1951. Then, D r  
Irving Selikoff o f  Paterson, N ew  Jersey, began working  
with local branches o f  the asbestos in su la tor w orkers’ 
union. In 1964, w ith  Jacob Churg an d  E. Cuyler 
H am m ond, he pu b lish ed  an in fu e n tia l  article  describing  
how, out o f  632 asbestos w orkers w ith  20 or more y e a r s  in 
the indu stry , 255 h ad  d ied  o f  e ith er m esotheliom a, lung  
cancer or d igestive  cancer.

A BO VE Normally, macrophages — a 
type o f  white blood cell (green, on 
this scan) — destroy foreign bodies,

but the virtually indestructible 
asbestos fibres (white) can break 
them up.
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M E D I C I N E  B E F O R E  W O R L D  W A R  1!

T H E  H U N T  F O R  T Y P H O I D  M A R Y

D uring the f i r s t  IS yea rs  o f  the 20th century, one woman  
was an Am erican public  h ea lth  n igh tm are. M ary M allon, 
born in Ireland  in 1861, was a good cook an d  never out o f  
work — which w as un fortun ate  as she was also a sym ptom - 
less typh oid  carrier.

For seven yea rs, she cut a sw a th e  through the n orth ­
eastern U n ited  States: 19 people were certa in ly  in fected  by  
her, o f  which one, a household laundress, died. She m ay  
also have been responsible f o r  s ta r tin g  an epidem ic o f  a t 
lea st 1300 cases in Ithaca, N ew  York, in 1903.

M ary was id en tified  as a carrier a t  O yster Bay, Long 
Island, by D r George A. Soper. By then she h ad  le ft f o r  
Tuxedo, N ew York (one person in fected), an d  tra ve lled  on 
to N ew York City: tw o servan ts where she worked becam e ill 
and the d au gh ter o f  the fa m ily  died. When, in 1901, D r

Soper f in a l ly  tracked  her down a n d  presen ted  his evidence, 
she a tta ck ed  him  with a cleaver. She h ad  to be physically  
restra in ed  when the C ity H ea lth  D ep a rtm en t tran sported  
her to  R iverside H osp ita l.

There she rem ain ed  u n til 1910, becom ing notorious 
through the press as ‘Typhoid M ary’. F inally g a in in g  her 
release w ith  a prom ise to  g ive  up cooking, she im m ed ia te ly  
d isappeared , b u t a cook known as ‘M rs B row n’ popped  up 
a ll over N ew  York City.

In 1915, she f e d  fro m  the Sloane H o sp ita l f o r  Women 
a fte r  an epidem ic h ad  broken out, w ith  25 in fected  an d  tw o  
dying. Police a rres ted  her a t  her new  jo b  on Long Islan d  
an d she was sentenced to qu aran tin e  f o r  life  a t R iverside  
H osp ita l. M ary, who h ad  become known as the ‘hum an  
cultu re tu b e ’, d ied  there in 1938.

BELO W  The public health drive for 
‘physical culture' gave rise to 
events such as this display at the

‘English-Scandinavian Summer 
School o f  Physical Education i 
the summer o f  1936.

the presence of invisible ‘g erm s’ passed from  person to 
person. The middle and upper classes responded to  this by 
an increasing interest in ‘physical cu ltu re’: gymnasia, athletics 
festivals, new types of organized sport and outdoor activities.

A nother response was the em phasis placed on health  
education , which had its beginnings in the fight against 
sexuallv transm itted diseases (STDs). In 1910, Sir William 
O sie r, th en  Regius P ro fe sso r of M edic in e  a t O x fo rd , 
estimated that, in England and Wales, 60,000 adults died of 
syphilis each year. This figure did n o t dec lin e, d espite 
Ehrlich’s discovery of Salvarsan (see pp. 100-1). Indeed, 25 
per cent of all troops in Europe during W orld W ar I were 
incapacitated by syphilis and gonorrhoea.

The French dea lt w ith  STDs bv establish ing  maisons 
tolerees, or regulated brothels. British soldiers simply received 
a warning from Lord Kitchener:

"... You mav find tem ptations both in wine and wom en. 
You m ust en tire ly  re sist bo th  te m p ta tio n s , and , w hile 
trea tin g  all w om en  w ith  p e rfec t co u rte sy , you should  
avoid anv in tim acy . Do vour duty  b rav ely , Fear G od, 
Honour the King”.

The British d id, how ever, realize that re tu rn in g  soldiers 
would soon make this a civilian problem , and in 1916 and 
1917, laws w ere passed to enable local authorities to provide 
diagnosis, trea tm en t and public education. This educative 
role -  concerned almost exclusively with sexual continence -  
was primarily carried out through meetings, school biology 
lessons, pam phlets and films bv the National Council for 
Combating Venereal Disease, form ed “to fight the terrible 
peril of our imperial race”.

O P P O S IT IO N  T O  C H A N G E  
After W orld W ar I, American medicine, led bv such institu­
tions as Johns Hopkins, overtook the European. The United 
States m odel was research-based , b u t, in Britain and in 
Europe, there was great hostility towards the basic sciences, 
despite the legacies of such medical innovators as Claude 
Bernard and Louis Pasteur.

T h e re  w ere  o th e r  d iffe ren ces , to o . In E u ro p e , and 
especiallv in Germany and Britain (see pp. 140-1), the trend 
w as to w ard s  n a tion al h ea lth  in su rance  sch em es. Som e 
Americans were enthusiastic about the ‘Zemstvo system ’ of 
tree medical care for the rural population of pre-revolu- 
tionarv Russia, and attem pted to enact similar programmes 
in New York, California and elsewhere. Howrever, with the 
Bolshevik takeover in Russia, the ‘Red scare’ had already 
begun in the US.

Accusations that these program m es w ere steps towards 
communism were blamed by public health reform er C. F.. A. 
W inslow  on the “overactive horm onal secretions” o f the 
accusers, but they effectively stopped the schemes. Only one 
large public health program me saw the light o f day: in 1921, 
the Sheppard—T ow ner Act provided federal grants to set up 
state infant health clinics.

During the Depression of the 1930s, the federal govern­
m ent financed a survey of 800,000 families, which revealed 
unem ploym ent, starvation wages, appalling housing, inade­
quate nutrition and a stark connection betw een poverty and 
illness. The National Health Conference in W ashington in 
1938 recom m ended a program m e including m aternal and 
child welfare, care of the indigent, and health and disability 
in su ra n c e . It w as d e fe a te d  by th e  A m erican  M edical 
Association, which remained adamantly opposed to change.
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The W orld

tw o world wars of the first half of the 
m m  2 0 th  c e n tu ry  c la im e d  lives  a t a ra te  
™ a  unimaginable in form er ages. And, for the

m  first tim e, civilian populations were closely
involved: in W orld W ar I, starvation was 

employed as a weapon against a whole country; while 
gas and high explosives caused havoc at the front. In 
W orld W ar II, area bombing wiped out whole towns; 
and the use o f the atom ic bom b led to  long, slow  
deaths from  ra d ia tio n  sick n ess , as w ell as causing  
indescribable destruction.

Yet some good -  in medical term s, at least -  did 
come from the horrors o f war. For example, the major 
problem of wound infection in W orld W ar I was eased 
considerably during the next wrar by sulpha drugs and, 
on the Allied side, by penicillin; while treatm ent o f the 
grotesque burns suffered by aircrew in W orld  W ar II led 
to extraordinary advances in plastic surgery.

H owever, some of the m ost w ide-ranging progress 
b ro u g h t ab o u t by w ar cam e in th e  a rea  o f social 
m edicine. Food ra tion ing  in B ritain , the co n ten t o f 
the ration being based on the latest research on diet 
and nutrition , made the population healthier betw een 
1939 and 1945 than it had ever been before, o r has 
been since. And the sacrifices of the fighting men and 
wom en, as well as those of civilians, led to a demand 
for the state provision of medical care, free and by right 
— in 1948, despite objections by the medical profession 
Britain’s National Health Service came into being.

At the end of W orld W ar II, though, it became clear 
that something had taken place that was m ore terrible 
than w ar itself. It seemed almost inconceivable, but the 
truth  was that both German and Japanese doctors and 
scientists had broken all codes of medical and hum ani­
tarian ethics, by experim enting methodically, cruelly and 
cynically on prisoners of w ar and civilians.

■M if#*: I

at W ar
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H I S T O R Y  O F  M E D I C I N E

N E W  W O U N D S  AND DI S E AS E S
WAR BRINGS DIFFERENT CHALLENGES

Gas attacks killed 91 ,000 and left 1.3 million troops with inflamed lungs

T
HF. MEDICAL a n d  HYGIENE lessons learned in the Crimean, 
Boer and Russo-Japanese wars were put to  good use in 
the tw o world wars o f the 20th centurv. Few major discov­

eries were made during the conflicts, but existing knowledge 
was refined and expanded.

T H F  H O M E  F R O N T  
Rejection rates of potential soldiers are a good indication of 
the general health of a population. In Britain, during W orld 
W ar I, m edical exam inations show ed that a g rea t many 
w ork ing -c lass  m en w ere  u n fit fo r m ilita ry  se rv ice : in 

'Septem ber 1916, 28.9 per cent w ere rejected. However, by 
1939, only 2.3 per cent of army applicants were declared 
unfit — a remarkable turnaround.

This im provem ent in health applied to the population in 
general. In England and W ales in 1910, life expectancy was 
48.5 years for men and 52.4 vears for women. By 1939, the 
figures had risen to 60.2 and 64.6 respectively.

Paradoxically, despite the casualties and dead, civilians on 
both sides thrived during W orld W ar II. Food rationing gave 
the British, and to a lesser extent the Germans, a far better 
diet, and children and pregnant women had free or cheap 
milk and vitamin supplements. The trend towards national 
health care (see pp. 140-1) and social service provision acceler­
ated. In Britain, a progressive tax structure  redistributed

w ea lth  away from  the m id d le  classes and to w ard s  th e  
working classes: the p roportion  of those poor enough to 
receive free milk fell from 30 per cent in 1940 to  2 per cent 
in 1945. As a result, in Britain the rates for infant, neonatal 
and m aternal m ortality  and stillbirth  w ere the low est on 
record, and the b irthrate was the highest for 15 years.

GAS, H IG H -EX PLO SIV E A N D  SHRAPN EL 
The tw o w orld wars brought new wounds and illnesses. In 
W orld W ar I, high-explosive and shrapnel shells to re bodies 
apart and riddled them  w ith m etal splinters and parts o f 
uniform  already covered  w ith  th e  bacteria-filled  m ud of 
Flanders’ fields. The trenches gave soldiers tw o louse-borne 
disease — a kidney disease (trench nephritis) and a million 
cases o f tren ch  fever -  and tren ch  fo o t, the  re su lt o f 
prolonged standing in water.

Artillery shells bursting close by made some m en shell­
shocked, while others suffered heavily from head wounds. 
Attacks of poison gas — chlorine, phosgene and m ustard — 
killed 91 ,000  and left 1.3 m illion  troops w ith  inflam ed 
lungs, almost drowning in their own fluids, o r with bodies 
covered in first- and second-degree burns.

W orld W ar II sawf a 50 per cent reduction in troops laid 
low by disease. This was due not only to  mass immunization 
programm es and the new- drugs that had been discovered (see

l e f t  ‘T ra v o y s  A rriv in g  w ith 

W o u n d ed  a t a D ressin g -S ta tio n  

a t S m o l, M aced on ia  in 

S ep te m b e r 1 9 1 6 ”, by British 
artist Sir Stanley Spencer, a 
medical orderly in World War 1.
“I was standing a little way jro m  
the old Greek church”, he remem­
bered, "... and coming there were 
rows o f  travoys and limbers 
crammed fu ll  of wounded men ....
1 f e l t  there was a terrible 
grandeur... all those wounded men 
were calm and at peace .... I felt 
there was a spiritual ascendancy 
over everything."

r"> :
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T H E  W O R L D  A T  W A R

THE S COURGE OF TYPHUS

Like trench fe v e r , typh us is caused by  R ickettsia  
bacteria , which are  spread  by lice. B ut typhus can be 

f a r  m ore d eva sta tin g .
D u rin g  W orld W ar I, no epidem ics a ffected  the  

W estern Front because o f  extensive use o f  disinfec­
ta n ts  an d  fu m ig a n ts  to k ill the lice. H ow ever, by 
N ovem ber 1914, in Serbia, arou nd 2500 cases a day  
were a d m itted  to  m ilita ry  h ospita ls, a n d  tr ip le  th a t  
nu m ber o f  c iv ilian s were struck down; w ith in  six 
m onths, there w ere 150,000 death s.

The situ a tio n  w as ju s t  as ba d  in Russia betw een  
1914 a n d  1916, bu t w ith  the collapse o f  the m ilita ry  
a n d  the revolu tion  o f  1917, there came the m ost 
severe typh us epidem ic in history: betw een 1917 an d  
1921, 25 m illion people  con tracted  the d isease a n d  a t  
lea st 2.5 m illion died.

Public h ealth , hygiene an d  social developm ents 
p reven ted  fu r th e r  ou tbreaks in the Soviet Union 
durin g W orld W ar II. H ow ever, I ta lia n  soldiers 
re tu rn in g  fro m  N orth Africa a n d  Sicily brou gh t the  
disease to  N aples in 1943. An epidem ic  was ju s t  
begin ning to take hold when the A llies lib e ra te d  the  
city in O ctober an d  tackled it. Between D ecem ber 1943 
an d M ay 1944, 3 ,265,786 people  were d u sted  w ith  
D D T  — the f i r s t  tim e th a t a typh us epidem ic was 
stopped  by  d irect action. D D T  w as f i r s t  m ade in the  
19th century, bu t i ts  in sec tic ida l p roperties  were only  
discovered in 1939 by the Swiss chem ist P au l M uller 
(w ho received the 1948 N obel p r ize  f o r  his efforts).

ABOVE A British Army surgeon arm in the operation dug-out oj a
removes a bullet from a soldier's World War II Field Ambulance.

below), but also to  the fact that trench warfare had been 
abandoned and part of the fighting was carried out on the far 
m ore sterile soil o f the N orth  African desert. H ow ever, 
terrible new injuries w ere visited on the young aircrews who 
fought the Battle of Britain (see pp. 138-9), and after 6 and 9
August 1945, at Hiroshima and Nagasaki, Japan, the world
had to deal for the first time with the deadly and long-
lasting effects of radiation.

N E W  TREA TM EN TS 
If the servicemen of the tw o world wars were exposed to 
new horrors in the art of warfare, they w ere also able to 
take advantage of treatm ents that had been unavailable to 
their predecessors.

Soldiers of W orld W ar I benefited, first, from Almroth 
W right’s typhoid vaccine, and then, in 1916, from the new 
typhoid-paratyphoid A & B (TAB) vaccine. Deaths from  
typhoid were only 1 per cent of those of the Boer W ar.

Many had died in previous wars w hen oxygen-hating 
tetanus spores penetrated deep wounds. Although a vaccine 
was produced during W orld  W ar I, the disease was still 
commonplace. But it was rare by 1939: during the 1940 
B ritish  re tre a t  to  D u n k irk , only  seven o f th e  1 6 ,00 0  
wounded developed tetanus. Typhus, too, was largely eradi­
cated during W orld W ar II (see box).

However, infectious disease remained a problem as long 
as there were few drugs to  fight bacteria. In the 1914—18 
con flic t, th e  astonishingly  inven tive physio log ist H enry  
Hallett Dale (see p. 102) introduced bismuth iodide, taken by 
mouth to treat amoebic dysentery. The soldiers of W orld 
W ar II reaped the benefit of the discovery of sulpha drugs 
(see pp. 106-7). Quinine w'as in short supply, but with the 
synthesis o f m ep ac rin e , so ld ie rs  in the Far East w ere  
protected from malaria. However, the biggest breakthrough 
was the development of penicillin (see pp. 136-7).

O ther treatm ents also had a major impact. On the eve of 
W orld W ar II, the British army established its own blood 
transfusion service, where plasma -  the liquid part of the 
blood which can be given to anyone, regardless of blood 
type — was dried and pow dered. It could be kept almost 
indefinitely and then tu rned  back into a liquid w ith the 
addition of sterile, distilled water.

The low death rate among those w’ounded during the 
Normandy landings of June 1944 was largely due to the 
blood carried by landing craft, ships, transport planes and

gliders. Plasma was dropped in w icker baskets to isolated 
troops, and blood transfusions w'ere the first and most vital 
treatm ent for horribly burned aircrews.

The speed at which medical services wfere available w'as 
also im portant. Doctors frequently parachuted in to ' rem ote 
areas. In one instance, when a hospital w'as destroyed, 80 
American aircraft flew in a new 200-bed unit with all its 
equ ipm en t in one day. C asualties w ere also tran sp orted  
quickly to sophisticated medical treatm ent centres. In 1943, 
the US army evacuated 173,527 sick and wounded by air to 
base hospitals, losing only 11 men during the flights.

BELO W  Plasma transfusion techniques care o f  casualties in World War II, 
and sulpha drugs revolutionized the and greatly increased survival rates.
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P E N I C I L L I N
THE DISCOVERY OF THE FIRST ANTIBIOTIC

It took 12 years fo r  anyone to realize a strange growth was a life-saver

A BR ILLIA N T M ED IC A L S T U D E N T , A le x a n d e r  F lem in g  
(1881 -1955) intended becoming a surgeon. However, in 

1906, simply to stay in the hospital’s rifle shooting team, he 
took  a tem po rary  job  at L on d on ’s St M ary ’s H osp ita l, 
Paddington. The post was in the Inoculation D epartm ent 
headed by the famous scientist A lm roth W right. Fleming 
remained there for 49 years.

F lem ing’s d iscovery  o f the strange m ould  Penicillium  
notatum has achieved the status o f folklore. In 1928, a culture 
dish on which he was growing bacteria became contaminated 
by mould spores -  not blown in through an open window as 
once supposed, but probably having floated up the stairs 
from a laboratory below  w here an allergy researcher was 
investigating rare moulds. The culture dish was probably left 
on a workbench in the unheated room  while Fleming w ent 
on a three-week holidav. The weather -  first cold enough to 
allow the mould to grow, then warm enough to make the 
bacteria flourish -  did the trick. On his re tu rn , he noticed 
that the bacteria near the mould had been killed. Obviously 
a powerful antibiotic substance -  which he called ‘penicillin’ 
-  had seeped out from the mould.

Fleming investigated his new specimen for a couple of 
m onths. He found  th a t pen icillin  was effective against 
microbes responsible for a variety of serious infections, but it 
did not interfere with the action of white cells. He even 
showed that it was non-toxic to healthy animals. However, 
he did not take the next obvious step: to give it to animals 
deliberately inoculated with deadly bacteria.

The reason behind this im portant omission was that, after 
mixing pencillin and blood in his laboratory, he found that 
the drug lost m ost o f its p ow er. Flem ing, the suprem e 
technician, did not realize that what m ight happen in a test 
tube could be very d ifferen t from  w hat happens in the 
human body. In 1929, he published a rather vague descrip­
tion of his discovery, and then turned to other things. He 
never made another breakthrough.

“IT L O O K S LIKE A M IRACLE!”
Penicillin would never have reached the world as an anti­
b io tic  m edic ine if  it had n o t been  fo r th e  b rillia n t, if 
irascible, Australian pathologist, Howard Florey. In 1935, at 
the age o f 37, Florey became head of the Dunn School of 
P a th o lo g y  at O x fo rd , w h e re  he h ire d  th e  e b u ll ie n t  
biochemist Ernst Chain, a German Jew who had just fled 
from the Nazis. Together they searched the scientific litera­
tu re systematically, looking for anti-bacterial substances.

A fter exam ining m o re  than 200 papers, Chain cam e 
across Fleming’s report. Luckily, he and Florey already had a 
sample of P. notatum, and they began to grow it. They soon 
discovered the difficulties involved in isolating the active 
ingredient from the liquid the mould produces -  only one

B E L O W  This stained-glass window 
in St James Church, Paddington, 
London, shows Sir Alexander 
Fleming at work in his laboratory

at nearby St M ary’s Hospital, 
where penicillin was discovered in 
1928 — but not recogni/.ed for 
another 12 years.

part in tw o million is pure penicillin. They might have given 
up if Norm an Heatley, another biochemist on the team, had 
not devised a way of transferring the penicillin back into 
water by changing its acidity.

By then, Britain was at war. Despite lack of funds and 
equipm ent and the risk o f air raids, the scientists continued 
purifying the drug and began to test it. On Saturday, 25 May 
1940 , th ey  in o c u la te d  e ig h t m ice w ith  fatal doses o f 
streptococci; four w ere then given penicillin. By 3.45 a.m . 
the following m orning, the mice that had not had the drug
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were dead, but the four treated mice w ere alive and well. 
F lorey, norm ally noted  for u nd ersta tem en t, exu lted : “It 
looks like a miracle!”

Florey realized the potential o f the drug, especially for 
treating war wounds, and his university departm ent soon 
became a factory. Fleatley found that the best container for 
growing penicillin mould was a hospital bedpan. Finally, they 
thought they had just enough of the drug to try it on a 
human patient: a policem an, A lbert A lexander, who was 
near death, his bodv covered with abscesses. There was, in 
fact, so little of it available that, during the first day of 
treatm ent, all of Alexander’s urine was collected to recover 
as m uch p en ic illin  as possib le . T his was g iven to  th e  
policeman on the third day; by the fourth, he had improved 
remarkably, but then the drug ran out and he died.

The team later treated  four o ther patients successfully, 
but Florey soon concluded that his laboratory  could not 
produce enough penicillin for a p ro per clinical trial. He 
approached British pharmaceutical companies, but they were 
too busy trying to supply the country’s wartim e needs. So, 
in July 1941, with Norman Heatley in tow  to explain the 
details of the team ’s production m ethods, Florey w ent to the 
United States.

BRITISH VERSUS AM ERICAN  
Florey generated enough interest from the US D epartm ent 
of A griculture for its staff to  refer him to the N orthern  
Regional Research L aboratory  in P eoria, Illinois. H ere , 
researchers were experts on ferm entation processes.

Heatley remained there for several weeks, working with 
Andrew J. Moyer, who extracted as much information from 
the British scientist as possible, but refused to share his own 
findings. By now , the A m ericans had en te red  the w ar. 
Moyer had managed to increase the yield of penicillin 34 
times, and three US pharmaceutical companies were showing 
interest. So was the US governm ent, and soon the penicillin

L EFT A photograph o f  the original n o ta tu m , taken some 25 years 
culture plate on which Sir after the event and, as one would
Alexander Fleming grew Pen icillium  expect, “rather dried up”.

project was sharing top priority  for federal funds with the 
developm ent o f the atomic bomb.

Florey returned to Britain with the prom ise of sufficient 
penicillin to conduct p roper trials. H ow ever, he received 
only th re e  tiny  sam ples, and was th ro w n  back on the 
extrem ely lim ited resources of his Oxford laboratory. All the 
US penicillin was reserved for American troops.

Even fame eluded Florey. In 1942, Fleming asked for 
some penicillin to trea t a dying friend; when news of the 
m an’s dram atic recovery appeared in The Times, A lm roth 
W right followed with a le tter ascribing the discovery of the 
drug to his protege Fleming -  and the m yth began.

By 1943, British drug com panies had begun to  mass- 
produce penicillin, and, in May, Florey travelled to N orth 
A frica , w h e re  te s ts  o f the d ru g  on w ar w ou n ds w ere  
extraordinarily successful. Penicillin also cured gonorrhoea, 
and the generals w ere keen to treat the thousands of troops 
affected, so that they could join the invasion of Sicily. Florey 
was opposed  to  d iv ertin g  tre a tm e n t from  the seriously  
wounded to the self-infected, but w'as overruled.

By D-Day, in June 1944, enough penicillin was available 
to  allow unlim ited treatm ent of all Allied servicemen. The 
Germans, Japanese and Italians never discovered the secret, 
hence the significant num ber of am putees to be seen in these 
countries after the war was over.

In 1945, Alexander Fleming, Howard Florey and Ernst 
Chain shared the Nobel prize for the discovery of penicillin. 
T he h ard -w o rk in g  N orm an  H eatley  rece iv ed  n o th ing  — 
except the proverbial slap in the face. Andrew Moyer had 
w ritten  up his carefully guarded research and published it in 
his name alone, even though H eatley’s w ork had been its 
basis. Then, in 1945, M oyer took out a British patent on the 
p ro d u c tio n  p ro cess, from  w hich he ea rn ed  m illions of 
dollars. It was not until O ctober 1990 that Norm an Heatley 
was rew arded for his contribu tion , receiving an honorary 
doctorate of medicine from O xford University.

A BO VE Sir Alexander Fleming in penicillin, but never realized its
his laboratory. He discovered extraordinary significance.
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M c I N D O E ’ S ‘ G U I N E A  P I G S ’
ADVANCES IN PLASTIC SURGERY

A tartar in the theatre, he was much loved outside it

PLASTIC SURGERY WAS PRACTISED in ancient India (see p. 17), 
and, during the Renaissance, G asparo di Tagliacozzi 

grafted skin, still attached to the upper arm , on to faces to 
form new noses. In 1869, the French surgeons F.J.C . Guyon 
and Jacques Reverdin independently reported  that they had 
grown grafts on large wounds using very thin, m illimetre- 
sized, free skin transplants.

H owever, this m ethod was tim e-consum ing, and while 
th e  w ound  rem ain ed  u n c o v ered , th e  risk  o f in fec tio n  
increased. A great breakthrough was made by the German 
surgeon Carl Thiersch, who proved that, by initially cleaning 
the granulation tissue off the wound, it was possible to  graft 
on pieces of skin the size o f postage stamps, cut with a thin 
double-edged knife o r razor blade.

SO LD IER S’ FACES 
The new weapons o f W orld  W ar I caused horrific facial 
injuries, and to deal with these, Harold Delf Gillies set up a 
jaw  and p lastic  su rg e ry  u n it at A ld ersh o t in so u th e rn  
England. Gillies was one of the first plastic surgeons to  take 
the p a tie n t’s ap p earance in to  c o n sid e ra tio n , unlike his 
counterparts in Germany and in France, where, it was said, 
“a plastic patien t looked horrib le  when he w en t in and 
ridiculous when he came out”.

After the Battle o f the Somme in 1916, Gillies dealt 
personally with some 2000 cases of facial damage, but his 
war work brought him little recognition. However, he made 
the headlines in January  1924 w hen he was rushed  to  
Copenhagen to treat about tw o dozen Danish seamen who 
had been burned in an accident.

In 1932, Gillies hired as his assistant Archibald H ector 
M clndoe (19 00 -6 0), a distant cousin from  New Zealand,

who had been w orking at the Mayo Clinic in R ochester, 
Minnesota. Under Gillies’ tutelage and with the amount of 
available work, M clndoe’s technique soon became rem ark­
ably sophisticated, and in 1938, he replaced his cousin as 
consultant in plastic surgery to  the Royal Air Force.

Shortly after W orld W ar II began, Mclndoe founded a 
u n it at th e  Q ueen  V ictoria H ospital in East G rinstead , 
Sussex. He remained a civilian, and so was able to fight for 
what he wanted unhindered by military red tape. The Battle 
of Britain in 1940, and the air w ar that followed, brought 
M clndoe some 4000 young m en with new' injuries: terrible 
burns to the face and hands from ignited high-octane fuel.

Mclndoe felt that ‘plastic surgery’ did not truly describe 
w-hat w'as required for these injuries, which frequently took 
years and dozens of operations to  rectify, so he coined the 
te rm  ‘reconstructive surgery’. For w'hole-face injuries, he 
first used Gillies’ tubed pedicle graft — a large piece of skin 
from the donor site, which rem ained attached by a stalk to 
give a blood supply until a new' one established itself. But 
this was laborious, and w'hen an epidem ic of haem olytic 
streptococci swept the hospital and the pedicle grafts proved 
to be very susceptible to infection, he changed to free grafts, 
which ‘took’ m ore quickly.

LEFT ‘Archie’ Mclndoe in the A BO VE M clndoe’s techniques were
operating theatre at East Grinstead used on minor injuries, too: here a
in 1944, painted by Anna Katrina soldier admires his reconstructed
Zinkeisen, a nurse at the hospital. nose and skin graft in 1944.
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A BOVE In July  1955, .MeIndoe Grinstead, where this child is
opened a children’s wing at East recovering fro m  plastic surgery.

M clndoe was a surgical artist, cutting com plicated shapes 
from skin freehand, but it was probably his attitude towards 
his patients that made him a great surgeon. He ensured that, 
in his ward, the radio and loudspeaker system em itted  a 
barrage of sound to take the m en’s minds off their injuries 
and drown out the groans of those in the salt baths having 
their dressings changed. Knowing that those under his care 
did not want sympathy but straight talk, he discussed his 
intended surgical procedures thoroughly with each man, and 
even invited patients to watch him operate. A tartar in the 
operating theatre, outside it he was completely informal, and 
known as ‘Archie’.

In the sum m er of 1942, M clndoe’s patients decided to 
form a society for those who had passed through the East 
G rin s tead  w ard . At f i rs t , th ey  ca lled  th em se lv e s  th e  
‘M axillonians’, since the hospital was officially a m axillo­
facial unit. H owever, a few m onths la ter, a burned RAF 
man, waiting for what must have seemed like his hundredth 
operation , was heard to  grum ble: “W e ’re n o t fliers any 
m ore. W e’re nothing but a plastic surgeon’s guinea pigs!”.

The nam e stuck , and ‘M cln do e’s G uinea P igs’ soon 
num bered m ore than 600 m em bers o f 16 nationalities — 
B ritish, C anadian, Polish, Czech, and A ustralian  am ong 
others. W ith M clndoe’s support -  he was voted life-time 
president -  the club raised m orale enorm ously, and even 
long after the war, inspired intense loyalty.

M I C R O S U R G E R Y  A N D  L E E C H E S

R e-a tta ch in g  severed  f in g e rs , hands, arm s a n d  f e e t  
becam e th eore tica lly  possib le  when, in 1908, Alexis 
C arrel (see p. 125) in ven ted  the m ethod  o f  su tu ring  
blood vessels f o r  which he w as a w a rd ed  the 1912 
N obel p r ize . H ow ever, sew ing up the sm aller vessels 
— som e only a th ird  o f  a m illim e tre  in d ia m eter  — 
was im possib le  u n til abou t 1960, w ith  the inven tion  
o f  effic ien t o pera tin g  microscopes a n d  a p p ro p r ia te  
su tu rin g  m a te r ia l — th rea d  f in e r  than  a hum an hair  
p erm a n en tly  a tta ch ed  to  the end o f  a needle abou t  
three m illim etres long.

When the technique o f  nerve reconstruction was 
in trodu ced  in 1967, the w ay  was c lear f o r  f u l l  re ­
a tta ch m en t o f  severed  extrem ities. A y e a r  la ter, the  
surgeons K om atsu  a n d  Tam ai successfully rep la n ted  
a severed  thum b.

One aston ish ing resu lt o f  m icrosurgery was the  
re in trodu ction  o f  leeches to  m edicine in the 1980s. 
Som etim es, when the tin y  a rte r ies  an d  veins of, say, 
a severed  f in g e r  are  sewn back together, the  
rea tta ch ed  veins do n o t im m ed ia te ly  recover an d  
m u st be a llow ed  to  rest. To keep t h e f n g e r  w ell 
su pp lied  w ith  oxygen, f re sh  blood is continuously  
pu m ped  through the arteries; b u t w ith  no o u tle t 
through the veins, t h e f n g e r  can become engorged, 
th rea ten in g  its  su rvival.

A leech a tta ch ed  to the f in g e r  f o r  a b o u t 20  
m in utes dra in s o ff  th e  su rplus blood; a n d  even when 
i t  is  rem oved, the blood continues t o f o w  out f o r  up 
to  12 hours, re lievin g  the congestion u n til th e  veins 
recover an d  take  over. This b leed ing  occurs because a 
leech’s sa liva  contains hiru din , a  substance th a t  
preven ts blood coagula tin g . The only a lte rn a tive  to  a 
leech w ould be to  g ive  th e  p a tie n t  an ticoagu lan t 
drugs, which w ould a ffect the whole body, n o t ju s t  
the a ffected  p a rt.

B E L O W  Today, twin binocular doctors to work on a patient
operating microscopes allow two simultaneously during microsurgery.
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HEALTH CAR E  F O R  ALL
BRITAIN’S NATIONAL HEALTH SERVICE

Doctors were bitterly opposed, but a radical firebrand won the day

O
N THE EVE OF WORLD WAR II, British experts predicted 
that 300,000 people would die and 600,000 would be 
wounded each month as a result of German bombing raids 

on Britain. The figures, as it turned out, were a gross over­
estimate. But their impact on political leaders o f the day 
played a large part in the creation  of B ritain’s National 
Health Service. In scope, scale and accessibility, this NHS 
provides a yardstick  against w hich o th er co u n tries  still 
measure their own public health programmes decades later.

A N A TIO N A L  JIGSAW  
The prewar British hospital system (see p. 130) could not have 
coped with casualties on the levels predicted. It was impos­
sibly fragmented, with each hospital functioning m ore or less 
as an independent unit under the auspices of a local authority 
or voluntary board, and restricting admissions according to a 
host o f varying geographic, m edical, financial and o th er 
criteria. To m eet the anticipated needs of war, it had to be 
reorganized on national lines. In 1938-9 , the governm ent 
created the Emergency Medical Service (EMS) to do the job.

T h ro u g h  th e  EMS, m o re  than  1000 o f th e  b iggest 
hospitals (between one quarter and one third of the total 
num ber) w ere brought under the administrative and financial 
control of the state. Their resources w ere assessed and their 
roles allocated to fit them  as pieces into a national jigsaw. 
Hospitals in towns, for example, became casualty clearing 
centres, while those in rural areas, away from the w orst 
dangers o f bom bing, w ere used for long-term  care. The 
medical and ancillary staff, now EMS employees, could be 
d irected  to serve anvw here in the n e tw o rk  w here th e ir 
particular skills w ere needed. The governm ent pum ped in 
funds to build new operating theatres and wards, to create 
ambulance and blood transfusion services, and generally to 
en su re  th a t EMS p a tien ts  re ce iv ed  th e  b es t t r e a tm e n t 
available — prom ptly and at no charge.

At first, the EMS facilities were open only to  military 
personnel and civilians w ounded as a d irect resu lt of the 
war. Gradually, however, the service was extended to others 
whose occupations w ere vital to  the war effo rt, such as 
m u n itio ns w o rk e rs  and f ire fig h te rs , o r th o se  w ho had 
injuries, such as fractures or serious burns, in which the EMS 
was developing particular expertise. The system generally 
worked well, demonstrating to  all who had dealings with it 
the advantages of centralized planning over the old, diffuse 
and inefficient arrangements.

C O N V E R G IN G  TR EN D S 
W hen the EMS was established, a fierce debate had already 
been raging over the way in which medical treatm ent and 
benefits were administered and financed in Britain. The rich, 
as always, could buy all the care they required, paying as

A BO VE A miner at a dispensary in how hard life was in  such areas, 
industrial South Wales — Revan knew and insisted that help was given.

they w ent. The very poor could obtain it for nothing from 
municipal o r charitable institutions, if they w ere judged to be 
needy enough. But m ost Britons fell somewhere between the 
extrem es of wealth and poverty, and it was on this gap that 
the debate focused.

U nd er th e  N ational Insurance A ct, w hich cam e in to  
o p e ra tio n  in 1 9 1 1 -3 , w ork ing  p eo p le  w ere  obliged  to  
contribute from their wages to  health insurance funds. The 
funds’ com m ittees, dom inated by representatives of private 
insurance com panies, then allocated the m oney to  secure 
medical facilities for their m em bers, pay doctors and provide 
cash benefits  fo r those to o  sick to  w ork . T he schem e, 
worthily conceived, was rife with shortcomings.

Both the unemployed and the non-employed dependants 
of w orkers w ere excluded; they still had either to  pay in full 
for treatm ent or go through a humiliating scrutiny of their 
means to  determ ine w hether they could get it free from 
m unicipal m edical serv ices. T he vested  in te re sts  o f the 
insurers on the com m ittees o ften  took  p recedence over 
medical necessity, antagonizing doctors. On occasion, too, 
the insurers sham elessly flouted  th e ir obligations to  pay

LEFT A Scot born in India, Sir 
William Beveridge had a 
distinguished academic career before 
entering government service and  
producing the brilliant ‘Beveridge 
Report ’ in 1942. Its wide-ranging 
recommendations (which were even 
studied by H itler’s propagandist, 
Goebbels) have underpinned a 
considerable amount o f  social 
legislation since. To mark his 
success, Beveridge was created the 
1st Baron Beveridge in 1946.
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co m p en sa tio n  — fo r ex a m p le , to  v ic tim s o f in d u s tria l 
accidents -  thus antagonizing the trade unions.

Bv 1936, the British Medical Association (BMA), speaking 
for m ost family doctors, and the Trades Union Congress 
(TUC), speaking for National Insurance m embers and their 
families, had linked forces to  press for a com prehensive 
health service covering m ost of the population, organized 
under the control of the state. In 1941, with the example of 
the EMS ap paren t to  all, the g o v ernm en t established a 
commission, headed by the economist Sir William Beveridge 
(1879-1963). His brief was to survey the whole of British 
social policy and his Report on Social Insurance and Allied 
Services was published in 1942. It was to  attain  a status 
almost akin to that of King John’s Magna Carta in British 
popular history.

BEVERIDGE A ND BEVAN 
In one sense, the Beveridge Report was a m orale booster, 
holding out to  ordinary Britons fighting H itler the pledge of 
a new, fairer society when victory had been achieved. Its 
starting-point was the premise that, with a single National 
Insurance paym ent each w eek, all w orking people could 
secure for themselves and their families protection  against 
the hardships arising from unem ploym ent, ill health and old 
age, by ensuring that no ind iv idual’s incom e fell below- 
subsistence level. The p ro tection  w ould be granted as of 
right, not as charity — the basis o f the welfare state.

Beveridge’s broad recom m endations on medical welfare 
proposed that everybody, irrespective of financial means, 
age, sex and occupation, should be entitled to the best and 
most up-to-date medical, dental and related care available, 
w ithout direct charge except, in some cases, for appliances. 
In an equally radical vein, the docum ent called for a “new' 
attitude to health”, with emphasis on the prom otion of well­
being as well as on the treatm ent of disorders — prevention 
as w'ell as cure. All wras to be paid for out o f a combination 
of central taxes, including N ational Insurance, and local 
authority charges on property owners (rates).

ABOVE The British Medical National Health Act — at firs t,
Association debates the proposed opposition was bitter.

The BMA opposed many of the recom m endations regarding 
d o c to rs ’ em ploym en t, particularly  th e  idea o f a salaried 
service run by a local authority. Their opposition redoubled 
in 1945, w'hen the war ended and a Labour governm ent was 
swept to  pow er, wdth the left-wing firebrand Aneurin Bevan 
given the job of introducing the NHS. For three years, the 
BMA, in particular would conducte a campaign against the 
reform s, and against Bevan himself. But through a series of 
political manoeuvres and concessions to  certain sectors of the 
medical w orld, Bevan managed to outflank the BMA.

Bevan’s reform s wrere adopted  in to  law in N ovem ber 
1946, and the appointed day for a universal, free National 
Health Service to come into being was fixed for 5 July 1948. 
The diehards of the BMA continued to huff and puff, but 
u n d e r p ressu re  from  pub lic  o p in ion , d ese rted  by th e ir 
hospital colleagues and w ooed by Bevan’s W elsh charm , 
family doctors w'ere coming round  to the NHS idea. By 
O ctober 1948, 86 per cent of them  had signed up to partici­
pate -  a proportion that eventually rose to 98 per cent.

B U I L D E R  O F  T H E  N H S

When Aneurin ( ‘N y e j  Bevan (1897—1960) was ap p o in ted  
M inister o j H ea lth  in B r ita in ’s Labour govern m en t a t  the  
end o f  the W orld W ar II, the leaders o f  the m edical e s ta b ­
lishm ent h a d  every reason to be suspicious o f  him . H is  
background was im peccably left w ing  — the m iner son o f  a 
Welsh m in ing fa m ily  a n d  a lead in g  p a r tic ip a n t in the  
General Strike o f  1926, who h ad  en tered  P arliam en t as 
M em ber f o r  E bbw  Vale in 1929. H e was, in the Welsh 
trad ition , a f i e r y  orator, a n d  he was no respecter o f  
persons. D u ring the war, when p a r ty  r iv a lry  was la rg e ly  
abandoned in the nam e o f  n a tio n a l unity, he was one o f  
the f e w  persisten t p a rlia m en ta ry  critics o f  Prim e M in ister  
Winston Churchill.

Nye B evan ’s u pbringing an d  po litica l beliefs 
m ade him a n a tu ra l su pporter o f  a f r e e  un iversal 
health  service, as w ell as the o ther p rincip les o f  
the w elfare sta te . H is gu ile, even cynicism, 
acquired over y ea rs  as a tra d e  union leader  
enabled  him to create it. H e was quick to court 
hosp ita l doctors, in p a rticu la r  the profession ally  
in flu en tia l senior s ta f f  o f  the teaching hospitals,

an d  effec tively  bough t them  off. O nly som eone w ith  B evan ’s 
u n dispu ted  socia list creden tia ls could have persu aded  his 

fe llo w -so c ia lis ts  th a t  th is  was not a cynical b e tra ya l o f  th e ir  
eg a lita r ia n  goals.

O th er aspects o f  socia list dogm a w ere discarded, too, i f  
th ey  h am pered  B eva n ’s overa ll aim s. By 1948, m an y doctors 
who w ould never share his po litics were fo rc e d  to  concede 
he a p p ea red  a m odel o f  conciliation a n d  reason. T hat y ea r ,  
he produ ced  an o th er m aster-stroke  only he could have g o t  
a w a y  w ith . As su rgeries an d  d e n tis ts ’ w aitin g-room s f i l le d  
to the doors w ith  people  e lig ib le  f o r  f r e e  a tten tio n  f o r  the  

f i r s t  tim e in th e ir lives, he a p p ea led  to  them  p u b lic ly  n o t to  
overload  “th e ir ” NHS  — an d  th ey  accepted  the rebuke.

From 1951, when he was m ade M in ister o f  
Labour, Bevan k ep t a fa th e r ly  eye on his baby. 
When the govern m en t proposed to in troduce f ix e d  
charges f o r  some NHS fa c ili tie s , he resigned his 
office in pro test, to  become, u n til his dea th , a 
thorn in th e f e s h  o f  his colleagues as the leader  
o f  a le ft-w in g  ‘B e va n ite ’ fa c tio n  w ith in  the  
Labour P arty.
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H I S T O R Y  O F  M E D I C I N E

THE O T H E R  SI DE O F  W A R
Internationally recognized doctors experimented on death-camp inmates

W
ORLD WAR II BROUGHT a num ber of medical advances. 
U n fo r tu n a te ly , it  also  saw  th e  w o rs t abuses o f 
medicine, when millions w ere deliberately killed in the name 

of ‘racial hygiene’ and others underw ent horrific experim ents 
in the cause of what has been called ‘m urderous science’.

M ED IC IN E U N D ER  TH E  NAZIS 
The idea o f eugenics (see p .67) appealed to  many in the 
German medical establishment from the 1920s, but it did not 
become institutionalized until after the Nazi takeover in 1933.

The first eugenic crimes w ere compulsory sterilizations 
of, among others, people who w ere mentally handicapped, 
mentally ill, epileptic, alcoholics -  at least 350,000 individ­
uals between 1934 and 1939. Soon m urders (which H itler 
called ‘m ercy deaths’) w ere being carried out, including 
‘euthanasia by starvation’ at m ental hospitals, and then the 
deliberate gassing of 70,723 mental patients between January 
1940 and September 1941, all chosen from lists prepared bv 
nine professors of psychiatry and 39 medical doctors. Only 
one psvchiatrist objected.

In March 1943, the Nazi leaders decreed that only doctors 
and p h a rm ac is ts  co u ld  ‘s e le c t’ p riso n e rs  on arriv a l at 
Auschwitz and other exterm ination camps and supervise the 
killing process. Many Jews, gypsies and others w ere specifi­
cally chosen for death so that Nazi anatomists could take 
‘anthropological’ m easurem ents and their skeletons could be 
added to  the d o c to rs’ collections. Camp doctors — many 
internationally recognized in their fields -  also used inmates 
to  study m ustard gas, gas gangrene, freezing, high altitude, 
ingestion of seawater, typhus and other fatal diseases.

T he m o st in fam ou s o f th e  N azi d o c to rs  w as Jo se f  
Mengele, a promising scientist and SS captain, who arrived at 
Auschwitz in 1943. He found the camp an endless source of 
hum an guinea pigs, particularly  for his studies o f tw ins. 
M engele ‘s e le c te d ’ over 100 pairs o f tw ins (a lm ost all 
ch ild ren ), in jec ted  th em  w ith  typ ho id  and tu b ercu losis  
bacteria, took blood samples and, after their deaths, sent any

B E L O W  An emaciated survivor o f  
Bergen Belsen Concentration Camp,

in summer 1945, some three months 
after liberation by British troops.
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T H E  W O R L D  A T  W A R

T H E  C O D E  O F  P E A C E

M edical eth ics are s till  based on the H ippocra tic  O ath  (see 
p. 18), alth ough doctors no longer sw ear it. Following  
revela tion s o f  N a z i m edical w ar crim es a t  N urem berg in 
1946-7, the ‘N urem berg Code’ on hum an experim enta tion  
was issued by the A m erican m ilita ry  tribu n al.

Among other things, the Code requ ires the vo lu n tary  
consent o f  hum an subjects. E xperim ents m ust be necessary  

f o r  the good o f  society an d  not sim p ly  a m a tte r  o f  scientific  
curiosity, an d  m u st be ju s tif ie d  by the resu lts o f  previous  
stu dy  (e .g . an im al experim ents). They should be design ed  to  
preven t a ll unnecessary physical an d  m en ta l su ffering an d  
injury, an d  should not be conducted i f  there is good reason  
to believe th a t dea th  or d isab lin g  in jury w ill occur. Subjects 
m ust be f r e e  to  term in a te  an experim ent a t  a n y  po in t, an d  
researchers m ust do so i f  i t  looks likely  th a t continuing w ill 
resu lt in a su b jec t’s injury, d isa b ility  or death .

RIG H T Dame Laura K n ight’s 
impressionistic painting o f  the 
Nuremberg War Crimes Trials, in 
1946, with the accused seated in

the rear two rows — guards behind 
them, and lawyers in fro n t  — 

contemplating Europe devastated by 
war and ‘murderous science’.

organs of scientific interest to Berlin. The children w ere also 
injected with phenol and petrol, suspended upside down in 
cold water o r simply killed with an injection of chloroform 
in the heart so that they could be dissected. Many w ere 
killed just because a genetic oddity had m ade their eyes 
different colours.

A fter th e  w ar, M engele escaped to  South  A m erica, 
although 20 doctors w ere tried  at N urem berg for crimes 
against humanity (four were hanged). H owever, m ost w ere 
allowed by the Allies to re tu rn  to  medical practice and to 
their teaching posts.

JA P A N ’S U N IT  731 
In 1936, on the com m and o f E m peror H iroh ito , a new  
Japanese army unit was form ed and given the innocuous 
name of ‘Epidemic Prevention and W ater Supply U nit’, or 
Unit 731. W ithin two years, hundreds of doctors, scientists 
and technicians led by Shiro Ishii w ere based in the small 
town of Pingfan, near Harbin in northern  Manchuria, then 
occupied by the Japanese. Officially, the unit was concerned 
w ith hygiene and disease p reven tion ; unofficially, it was 
engaged in intensive research into bacterial warfare.

E ventually  th e  p e rso n n e l o f th is  h ighly  s e c re t u n it 
produced enough lethal microbes those causing anthrax, 
dysentery, typhoid, cholera and especially plague — to  kill 
the w orld’s population several times over. They also raised 
hundreds of thousands of rats and millions of fleas to  act as 
vectors for disease, and, to spread them  through enemy 
troops and civilians, invented ceram ic and paper bom bs, 
which were dropped on several occasions in China, causing 
local epidemics and many deaths.

Ishii’s bacterial empire had a ‘secret o f secrets’: facilities 
for testing human guinea pigs. Initially, the victims — known 
by the Japanese as marutas, ‘logs of w ood’, and eventually

totalling 3000 — w ere W hite Russian and Soviet ‘spies’, as 
well as ‘disloyal’ Chinese and innocent job-seekers.

Unit 731 needed the marutas to  determ ine the best routes 
o f in fec tion , how  m any le thal bac teria  w ere  needed  to  
ensure epidem ics and how  to  im m unize efficiently. The 
U n i t’s d o c to rs  o bserved  th e ir  v ictim s suffer th e  w o rst 
diseases in the w orld. O thers w ere deliberately shot in ballis­
tics tests, had their limbs frozen to investigate frostbite, were 
electrocuted, boiled alive, o r died from prolonged exposure to 
X-rays. An unknown num ber w ere dissected while still alive.

A few of the medical staff w ere horrified to  discover the 
true purpose o f their w ork, but w ere threatened with secret 
execu tion . M ost, how ever, simply trea ted  the marutas as 
experim ental animals, o r as enemies who could only achieve 
an honourable death by contributing to  medical science.

In 1 94 3 , S hiro  Ish ii, like  D r M e n g e le , tu rn e d  his 
atten tion  to  racial differences in infectious disease. Until 
then, almost all Unit 731 ’s ‘research’ had been on those of 
Mongol race, but now  he used the American, British and 
C om m onw ealth  prisoners-of-w ar incarcerated  at M ukden, 
350 miles (560km) from Pingfan. The prisoners there were 
frequently visited by Japanese doctors, to be given ‘benefi­
cial’ injections and have blood samples taken; those who died 
w ere dissected. Inform ation is sketchy, but it seems fairly 
clear that, at the least, some soldiers w ere infected with 
dysentery and cholera bacteria. Most w ere Americans, the 
British and Com monwealth troops acting as a control group.

At the end of the war, all the surviving marutas at Pingfan 
w ere gassed or poisoned, 600 labourers machine-gunned and 
the facilities destroyed ; thousands of plague-infected rats 
w ere  re leased , causing a local ep idem ic. A stonishingly, 
neither Ishii nor any of his associates w ere prosecuted by the 
A llies as w ar crim inals. All had m ade a deal w ith  the 
Americans, exchanging their bacterial research for freedom.
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Medicine Since 
W orld W ar II -  Perinatal 

Advances
end of W orld W ar II brought w ith it a 

M  t  new sense of purpose ~  a feeling among ex- 
W m  c o m b a ta n ts  th a t n ow  w as th e  tim e  fo r

w  rebuilding and working for the future. It was
a time when people believed that everything 

was possib le , d riv en  by th e  advances in science and 
technology that the war had brought.

Scientific and medical workers shared this feeling, and 
paid particular attention to those who w ere the p lanet’s 
future: children and the women who bore them . The first 
step was to  ensure that women could take control o f their 
bodies by planning their families: the result was the pill.

N ext came a focus on bette r m anagem ent o f childbirth, on 
new ways of relieving pain during it and on methods of 
ensuring that babies survived. Pain relief was im proved, 
but, unfortunately, only at a price, and medical interven­
tion  during  labour becam e alm ost ro u tin e  -  criticism  
grew , leading to the m ovem ent towards natural childbirth.

Im provem ents in the care of babies, though -  including 
such milestones as Helen Taussig’s work on the treatm ent 
of blue babies -  w ere an unqualified success. So, too, 
w ere the attem pts to find vaccines to control childhood 
diseases and, eventually, to  eradicate them , and to detect 
foetal abnormalities inside the womb.



A BO VE A human Joetus in the womb, at about jo u r  months.



H I S T O R Y  O F  M E D I C I N E

BI RT H C O N T R O L
FROM CROCODILE DUNG TO  PLANNED PARENTHOOD

Frankincense, olive oil, tortoiseshell and sheep gut ... all were tried

SIN CE A N CIEN T T IM E S, b reastfeed in g  has been n a tu re ’s 
contraceptive — the horm one prolactin, which is respon­

sible for the production of breastmilk, also acts to suppress 
ovulation. Coitus interruptus, the biblical ‘spilling of seed’, is 
probably the oldest active form of birth control. However, 
as tim e passed and society changed, so did breastfeeding 
patterns , and b irth  ra tes increased. As a resu lt, various 
chemical concoctions and mechanical devices were tried in 
the attem pt to prevent pregnancy.

T O RT O ISE SH E L L  A N D  RUBBER G O O D S  
From at least the 3rd m illennium  BC, Egyptian w om en 
inserted pessaries o f honey and crocodile dung into their 
vaginas, and Arab wom en mashed together pom egranates, 
rock salt and alum to  use in the same way. According to 
Aristotle, a m ixture of frankincense, cedar and olive oil did 
the trick — and, in fact, all these methods would have had 
some effect since their ingredients increase acidity within the 
vagina and make it less welcoming to sperm.

By the late Middle Ages, contraception had taken a step 
backwards, w ith the drinking of herbal decoctions as the 
primary yet ineffective method. Progress had to wait for the

1 6 th-cen tu ry  ana tom ist, G abriel F allopio , to  inven t the 
m oistened linen condom. However, he was m ore concerned 
with protecting his fellow man from the ravages of syphilis 
(see pp. 1 0 0 -1 ), and for the next four centuries, the condom 
would be associated with prostitution and disease.

Japanese m en are reputed to  have wrorn sheaths made of 
leather, horn or tortoiseshell, but, in Europe, the new' style 
utilized the gut of a sheep, chemically treated, softened and 
dried. Oddly enough, wherever the condom became popular, 
its common name indicated a foreign origin. For instance, in 
France it was know n as an ‘English cap ’, and the 18 th- 
cen tu rv  Italian  sexual ad v en tu re r Casanova called  it an 
‘English o vercoat’. Although in England it was dubbed a 
‘French le tte r’, packets of rubber (and, later, latex) condoms 
in the late 19th centurv w ere decorated with a portrait of 
Q ueen Victoria (herself the m other o f nine).

The first ‘rubber goods’ for w om en w ere the cervical 
caps made by a German, Frederick Adolphe W ilde, in 1838. 
A mould of the cervix would be made from wax, and the

B E L O W  A Marie Stopes mobile contraceptive advice direct to the
Birth Control Clinic brings public, in I.ondon in the 1920s.

■ ■ — —   _
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M E D I C I N E  S I N C E  W O R L D  W A R  II P E R I N A T A L  A D V A N C E S

T W I N  C R U S A D E R S

B ELO W  Margaret Sanger, spent 3 0  RIG H T Marie Stopes campaigned
days in a workhouse because o f  her tirelessly fo r  British women to take
pioneering activities in America. responsibility fo r  their own bodies.

B irth control becam e a crusade f o r  tw o  women. Both were 
p a rticu la rly  keen to reduce w orking-class f e r t i l i ty ,  to  
im prove the ‘q u a lity  o f  the ra ce ’, a n d  both reg a rd ed  sexual 
pleasure not only as the rig h t o f  every  w ife b u t also a duty, 
to preserve m arriages.

M argare t Sanger (1879—1966), a N ew  York housewife 
an d nurse who briefly  becam e a rad ica l socialist, ascribed  
her conversion to the cause to  a v is it to  France in 1913, 
where she was astou nded a t  how  much ord in ary  women 
knew  abou t sex an d  contraception. On her re tu rn  to  the  
US, she coined the term  ‘b irth  con tro l’ a n d  w rote  Family 
Lim itation (1914), which recom m ended the use o f  condoms, 
pessaries a n d  douches f o r  w orking-class couples. Sanger 
achieved n o torie ty  when the F ederal govern m en t prosecu ted  
her f o r  obscenity (th e  charges w ere la te r  d ropped).
H owever, in O ctober 1916, when she opened h er f i r s t  clinic 
in Brownsville, N ew  York, she was charged w ith  crea tin g  a 
public  nuisance an d  sen t to the workhouse f o r  30 days. On 
her release, she fo u n d ed  the A m erican B irth  Control 
League, the fo re ru n n er o f  the P lan ned P arenthood  
Federation o f  A m erica. L ater, she fo u n d ed  the In tern a tion a l 
P lan ned Paren thood Federation, whose f i r s t  home w as in 
the offices o f  the Eugenics Society in London.

M arie Stopes (1 8 8 0 -1 9 5 8 ) w as the f i r s t  English wom an to  
receive a doctora te  in pa laeobotan y , b u t her know ledge o f  
hum an reproduction  came a b it  la te: i t  took a y e a r  f o r  her 
to  re a lize  th a t  h er hu sban d  was im po ten t. Shocked by her 
own ignorance, she researched an d  w rote  M arried Love 
(1918), which even tu a lly  sold over one m illion  copies.

H avin g  extolled  the bliss o f  conjugal p leasure, she 
received sackfuls o f  le tte r s  fro m  women te llin g  her th a t  th is 
p leasu re  e lu ded  them  while th ey  s t i l l  f e a r e d  successive 
pregnancies. The resu lt was a book ca lled  Wise 
P arenthood, which inclu ded d ia g ra m s o f  the reprodu ctive  
organ s a n d  descrip tions o f  a va ila b le  con tracep tive  devices. 
This w as fo llo w e d  by  the estab lish m en t o f  the Society f o r  
Constructive B irth  Control a n d  R acia l Progress in 1921 
and, in M arch o f  th a t y e a r , the opening o f  the M oth ers’ 
Clinic in London, backed by such lu m in aries as H . G.
W ells, B ertra n d  R ussell a n d  A rn old  B enn ett.

Pinal result in latex would fit snugly on to the neck of the 
wom b, to be removed only during menstruation. In 1882, a 
G erm an  d o c to r  n am ed  H esse , u sin g  th e  p se u d o n y m  
‘Mensinga’, invented the diaphragm most commonly in use 
today — which Germaine G reer has described as “a rubber 
dinghy for spermicide”.

A C C EPT IN G  BIRTH C O N T R O L  
In the 19th century, the contraceptive devices then available 
rem ained, for many, a dark , som ehow  illicit secret. An 
attem pt to throw  light on the subject was made by a New 
England d o c to r, C harles K now lton . In 1832, w hen he 
published (anonymously) The Fruits of Philosophy, or the Private 
Companion o f  Young Married People, he was Pined and impris­
oned for publishing ‘filth’. W hen a new; edition w'as issued in 
England in 1877 by the free thinkers Charles Bradlaugh and

Annie Besant, they were arrested for publishing contraceptive 
literature (categorized as obscene 20 years earlier), W ithin 
three m onths, 125,000 copies of the book had been sold.

At the tim e, how ever, the topic o f b irth  contro l w'as 
becom ing accepted in polite society. This was primarily due 
to the w ork of Thomas Malthus (17 66 -1 83 4 ), an English 
econom ist who feared that the w o rld ’s population would 
soon outstrip the food supplv. His theories w ere seized on 
by the eugenists (see p. 67), and the Malthusian League was 
founded in Britain in the 1860s; there w ere similar organiza­
tio n s  in F ran ce  and  G erm an y . In th e  N e th e r la n d s , a 
Malthusian group opened the w orld ’s Pirst birth control clinic 
in 1882, under the direction of D r Aletta Jacobs, soon to be 
joined by about 30 others throughout Holland. It was Dr 
Jacobs’ advocacy of the diaphragm that gave it its English 
nickname: ‘Dutch cap’.
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H I S T O R Y  O F  M E D I C I N E

T H E  PI LL
DEVELOPING AN ORAL CONTRACEPTIVE

“Welcome to the post-pill paradise said a John Updike character

THE FIRST EXPERIMENTS into w hether ovulation could be 
prevented in mammals by horm ones (by injections of 
oestrogen) were carried out in the first decades o f the 20th 

century  by the Austrian physiologist Ludwig H aberlandt. 
H o w e v e r, o b ta in in g  ad e q u a te  q u a n tit ie s  o f h o rm o n a l 
substances for research was impossible until an American 
organic chemist made a spectacular discovery.

In the early 1940s, Russell E. M arker, w orking in a 
laboratory rented from a friend, found that he could extract 
a substance called diosgenin from a yam that grew wild in 
the jungles near Veracruz, Mexico. W hen he subjected this 

^to a series o f simple processes, it was transformed chemically 
into the female sex horm one progesterone (or progestogen, 
as the synthesized variety became known). W ithin a year, he 
had made an enormous quantity -  more than 6 '/d b  (3kg). 
M arker fo rm ed a com pany, S yntex, in M exico C ity to  
exploit his discovery, the first horm one to be produced from 
a v eg e ta b le  s o u rc e . H o w e v e r , in 1 9 4 8 , he a b ru p tly  
abandoned the Company -  and chemistry -  and spent the 
next years, until his death in 1984, manufacturing copies of 
European silver antiques.

RIG H T Human sperm (pale brown) pink). Only one sperm will succeed
mass round a human egg (pale in its task and so create a new life.

T H E  B U L L  A N D  T H E  P I L L

Com m ittee in the U K  carried  out a m a rria g e  survey. They 
discovered th a t, in 1967/8 , 80.5 p e r  cent o f  B ritish  
Catholics m arried  betw een 1961 a n d  1965 were using birth  
control, a n d  30.2 p e r  cen t o f  the w ives were tak in g  the p ill, 
n ea rly  as m an y as non-C atholic women.

Finally, on 25 J u ly  1968, Pope P aul issued h is encyclical 
le t te r  H um anae Vitae (On the Regulation o f  B irth). This 
unequivocally fo rb a d e  the use o f  contraception  except by  
‘n a tu ra l’ m eans (i.e. the ‘safe  p e r io d ’) ,  saying: “an act o f  
m u tu a l love which im pa irs the capacity  to  tra n sm it life  
which God the Creator, through s p e c if  c law s, has b u ilt in to  
it, fr u s tr a te s  his design which con stitu tes the norm s o f  
m arriage , a n d  con trad icts the w ill o f  the au th or o f  l ife ”.
The encyclical crea ted  a storm : the Bishops o f  Chile, 
Shannon (Ire la n d ) an d  M innesota resigned, an d  Am erican  
C ardinals M cIntyre a n d  O ’Boyle th rea ten ed  clergy w ith  the 
extrem e p e n a lty  o f  excom m unication i f  th ey  d id  n o t accept 
the P ope’s doctrin e unconditionally.

By 1973, an e s tim a ted  50 m illion  women ( o f  a ll  denom i­
n ations) were using the ora l con traceptives m a rk e ted  by 12 
m ajor drug com panies. A nd f o r  the f r s t  tim e — because 
horm one p ills  w ere dru gs — th e  m edical profession en tered  
the arena o f  b irth  control.

P incus’s colleague John Rock, a devou t Rom an Catholic, 
h ad in itia lly  su pported  the research in to  w h a t would  
become the p ill  in the hope th a t  su ppressing ovulation  
w ould cause a rebound effect in previou sly  in fertile  women, 
enablin g them  to conceive. H ow ever, when concern abou t 
the p ill  increased w ith in  the Catholic Church, Rock s ta ted  
th a t he cham pioned i t  because i t  en abled  women to  
s ta b ilize  th e ir  m en stru al cycles com pletely, an d  so m arried  
couples could use Church-approved contraception — the ‘safe  
p erio d ’, or rhythm  m ethod — w ith confidence. Later, 
alarm ed  by the th re a t o f  w orld over-population  as 

fo resh a d o w ed  by M althus's p red ictions  (see p. 147), he 
declared th a t the new  th era p y  was a ‘n a tu ra l’ con traceptive  
th a t Catholics could use in good conscience.

Rock’s tussles w ith  his conscience were in vain. In 1958, 
Pope Pius X II condem ned the “de lib era te  in ten tion  an d  
positive  action taken by  any m eans to deprive  sexual union 
o f  its  p rocrea tive  p o te n tia l ity ”. Four y ea rs  la ter, Pope John  
X X III called  the Second Vatican Council to consider, am ong  
m any other things, the Catholic Church’s a tti tu d e  tow ards  
birth  control.

W hile the Council s tu d ied  the question (a n d  John was 
succeeded by Pope Paul VI), the Population In vestiga tion
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FR O M  YAMS T O  PILLS 
M eanwhile, M ark er’s colleagues, stunned  by his sudden 
departure, continued his work. Two Syntex scientists, Carl 
Djerassi and George Rosenkrantz, synthesized, respectively, 
the steroid cortisone and the male sex horm one testosterone 
from  th e  sam e M exican  y am . T h e n , in 1 9 5 1 , Luis 
Miramontes, working under Djerassi’s direction, managed to 
m odify  M a rk e r’s p ro g e s to g e n  to  fo rm  th e  co m p o u n d  
noreth isteronc (norethindrone in the US), which was lar 
more active than human progesterone when taken by mouth. 
This was sent for assessment to  four researchers, including 
Gregory Pincus, a biologist at the W orcester Foundation for 
Experimental Biology in Massachusetts, who soon established 
that the substance inhibited ovulation.

At about the same tim e, in August 1953, Frank Colton of 
th e  Searle p h a rm aceu tica l com pany  filed  a p a te n t fo r 
norethvnodrel. This was very similar to  norethisterone in 
fact, it turned, more or less, into it after exposure to the 
stom ach’s hydrochloric acid.

Initially, Pincus was not interested in producing a m ethod 
of birth control. However, the implications of his work were 
soon recognized by Margaret Sanger (see p. 147), whom he 
had first m et in 1950. She enlisted the help o f wealthy 
Katharine M cCorm ick, who arranged for Pincus and his 
collaborators — W orcester colleague D r Min-chueh Chang, 
and John Rock, clinical professor o f gynaecology at Harvard 
-  to receive a grant of Si 15,000 for research into effective 
“hormonal birth control”. From the first, the eugenic im pli­
cations (i.e. birth restriction among the poor) were under­
stood if not spelled out.

Pincus was also a consultant for Searle, and so, despite 
his work on the Svntex norethisterone, he chose the Searle 
compound for his research. It was first tried out on a small 
group of human volunteers in Boston, but conditions were 
h ard ly  id ea l: c o n tra c e p t io n  w as to  re m a in  illeg a l in 
Massachusetts until 1967. Then, in 1955, a large clinical trial 
was m ounted among the poor of Rio Piedras, Puerto Rico.

The resu lts w ere published in the Science Journal the 
following year. By 1957, norethvnodrel had been approved 
by the US Food and Drug Administration as a ‘m enstrual 
regulator’ and, two years later, as an oral contraceptive.

When Searle began mass production, they first removed 
‘im purities’ in the drug. The resulting purer progestogen 
caused some wom en to  suffer m enstrual irregularity  and 
b reakthrough  bleeding , and an u n fo rtu n a te  few becam e 
pregnant. Searle researchers urgently investigated the cause 
and found that the original compound had, in fact, contained 
just over one per cent of an oestrogen-type substance they

LE FT  ‘The p il l’, complete with o f  oestrogen, but high oestrogen
1960s packaging. At first, the pill levels were shown to cause side-
contained a rather arbitrary amount effects, and the dose was reduced.

called m estranol, which they quickly put back into the pills. 
So the oestrogen progestogen com bined contraceptive pill 
was only discovered by accident.

The am ount of oestrogen contained in ‘the pill’ (as it was 
soon nicknamed) was based arbitrarily on the am ount in the 
original com pound. Because of the scientists’ concern about 
u n w an ted  p reg n an c ies , th e  q u a n tity  was n o t increased  
gradually until the desired therapeutic effect was reached, as 
would normally happen in drug developm ent -  so women 
w ere seriously overdosed with oestrogen from the first.

By 1961, adverse side-effects w ere  being rep o rted  
initially, throm bo-phlebitis, and later, migraine and jaundice. 
T h en , in D ecem b er 1969, cam e a bom b sh ell: th e  UK 
Com m ittee on the Safety of Medicines advised doctors to 
prescribe oral contraceptives with no m ore than 50 micro- 
grammes of oestrogen, as higher doses had been shown to 
cause a higher incidence of throm bo-em bolism s leading to 
potentially fatal heart attacks and strokes.

F R O M  S T O N E S  T O  C O P P E R

The f in a l  weapon in the m echanical con traceptive  
arsen a l w as the in tra u te rin e  device (IU D ), or ‘coil’, 
which preven ts pregn an cy by m akin g the im p la n ta ­
tion o f  f e r t i l i z e d  eggs im possible. IU D s have a long  
history: A rab  cam el drivers in b ib lica l tim es would  
in sert p e a -s ize  stones in to  the u teruses o f  th e ir  

fe m a le  camels; H ippocra tes recom m ended in sertin g  a 
hollow  lea d  tube f i l l e d  w ith  m utton  f a t ;  a n d  the  
Victorians h ad  th e ir  ‘stem  p essa r ies’.

H ow ever, th e  f i r s t  m odern IU D  — the ‘th read  
pessa ry ’, m ade o f  silk  — w as in ven ted  by  a Germ an  
doctor in 1909. This w as fo llo w ed , in the 1920s, by  
the sim ple  G raefenberg rin g  m ade o f  g o ld  a n d  silver, 
an d  la te r  by devices consisting o f  p la s tic  and, 
som etim es, copper, in a bew ilderin g  nu m ber o f  
shapes: the Lippes Loop, th e  Copper 7 an d  T, the  
Birn berg Bow, the D aikon Shield. This last, sh aped  
like  a crab louse, w as the su bject o f  m u lti-m illio n -  
do lla r la w su its  in the 1970s a n d  1980s, a fte r  i t  was 
shown to  cause unacCeptably high levels o f  pelvic  
infections a n d  sep tic  abortions.
B E L O W  A Sa j-T  coil, one o f  a IUDs are rare nowadays, ones
range o f  IUDs. Large plastic with copper being preferred.
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HAVING BABI ES
THE RISE OF THE INTERVENTIONISTS 

An offspring is produced by a magician a paralyzed birth canal”

AFTER W ORI.D w a r  i i ,  som e p re-w ar developm ents in 
o b s te tr ic s , in ten d ed  to  m ake ch ild b irth  ea sier and 

improve the health o f both m others and babies, began to 
cause problems. Increasingly, technology came to the fore, 
often at the cost of medical staff and midwives losing their 
traditional skills, and eventually  som e doctors and some 
women found that they held opposing views on how child­
birth should be conducted.

PAIN RELIEF
Spinal anaesthesia d u rin g  ch ild b irth  had becom e m o re  
common, but it caused excruciating headaches for days after. 
These became much less o f a problem  with the developm ent 
of epidural anaesthesia, in which an injection of local anaes­
thetic is made into the epidural space near the spinal cord in 
the lower back. It virtually eliminates all sensation from that 
point down the rest o f the body, but does not cross the 
placenta to  affect the baby. By the mid-1970s, it was used 
fairly frequently for pain relief, and soon for women under­
going elective caesarean section, allowing them  to experience 
the births of their babies.

However, epidural anaesthesia requires the skills o f an 
expert anaesthetist. In addition, women whose lower bodies 
are tem porary paralyzed are unable to recognize the urge to  
push during the final stages of labour, resulting in a much 
h igher incidence of fo rceps d e liveries. “An offspring is 
produced by a magician from a paralyzed birth canal”, as the 
British obstetrician Grantly Dick-Read (see p. 152) described 
it. Indeed, the increasing use of epidural anaesthesia and 
drugs to dull pain tended to give even greater control of the 
birth process to the medical profession.

B E L O W  Foetal monitoring allows during labour and intervene —
doctors to detect foeta l distress often too quickly, some say.

P R O S T A G L A N D I N S

In 1969, a less dangerou s a lte rn a tiv e  to  oxytocin was 
announced. T h irty-five  y e a r s  earlier, the Swedish  
sc ien tist U If von E uler (w ho w as to  win a N obel 
p r ize  f o r  his work on nerve transm ission in 1970) 
h a d  discovered th a t  a p ro te in  substance in hum an  
sem en causes the sm ooth m uscle o f  the u teru s to  
contract. Because he th ou gh t th is w as produ ced by  a  
m a n ’s p ro s ta te  g la n d , he h a d  n am ed the substance  
p rostag lan d in , a lth ough  i t  was la te r  fo u n d  th a t  
oth er tissues in the body produce it, including the  
lin in g  o f  the u teru s itself. In 1965, researchers a t  the  
Upjohn dru g  com pany devised  a syn th etic  fo rm , an d  
i t  was th is th a t  w as f i r s t  used in the la te  1960s by  
D r S.S. K arim  to  induce labour. Since then, 
pro sta g la n d in  — as pessaries or cream, in serted  in to  
th e  vag in a  or cervix, a n d  thus a llow in g  a wom an in 
labou r to  rem ain  m obile — has become the p re ferred  
m eth od  o f  induction.

T H E  M E C H A N IZ A T IO N  O F  BIRTH 
In the 1940s and 1950s, the focus was on medical interven­
tion to  preserve the health of the foetus — and not only that 
o f the m other, as had always been the rationale in the past -  
and foetal m onitoring machines rapidly appeared in hospital 
labour wards. W hile these w ere responsible for the saving of 
babies’ lives, a survey in Britain in the early 1980s showed 
that many did not w ork properly.

W ith this new  ability to  detect foetal distress came an 
increase in the induction of labour. Some American hospitals 
still em ployed castor oil even into the late 1950s, but a 
num ber of o ther drugs w ere also tried , including quinine 
(with drastic results), sparteine and forms of oxytocin, the 
horm one first discovered by Henry Hallett Dale (see p .  102) 
in 1906 and synthesized by French researchers in the 1950s.

Because different w om en requ ire d ifferent am ounts of 
oxytocin, a standardized dosage was impossible. Then, in the 
early 1960s, A.C. Turnbull and Anne Anderson in Cardiff 
developed an infusion pum p that would gradually increase 
the oxytocin given to a woman as her uterine contractions 
increased in strength and frequency. H owever, the machine 
could only be used if w om en rem ained in bed, and the 
oxytocin-induced con tractions w ere som etim es extrem ely  
strong, so that w om en usually needed pow erful drugs to 
bear the pain. Research was later to show that foetal distress 
was q u ite  co m m o n  w ith  h igh d oses o f o x y to c in , and 
oxytocin inductions had a 10 to 20 per cent failure rate, 
necessitating caesarean sections.
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BELO W  A caesarean section; with baby’s head is delivered by forceps
the mother haring had either an through cuts in the wall of the
epidural or general anaesthetic, the abdomen and uterus.

ACTIVE M A N A G EM EN T 
At first, induction was reserved for cases in which there was 
real concern about the baby or when a baby was grossly 
overdue. However, a trend among medical staff to  becom e 
increasingly reliant on foetal m onitors opened up the possi­
bility that a perfectly healthy baby could be prem aturely  
delivered.

M onitoring allowed researchers to attem pt to define what 
‘norm al’ labour is. In the 1950s, an Am erican, Emanuel 
Friedman, published a series of computations taken from the 
average lengths of labour of women w ith varying obstetrical 
h is to r ie s . F rom  th ese  f ig u re s , F ried m an  in v e n te d  th e  
‘partogram ’, a chart plotting the average rate o f dilatation of 
the cervix and descent of a baby. This chart became gospel 
among many obstetricians, and if they felt a w om an’s labour 
varied in any way from this ‘no rm ’, she would be put on a 
drip to slow or speed it up.

The m edical con tro l o f the b irth  process reached its 
apotheosis in Dublin, at the National M aternity Hospital. 
There obstetrician Kieran O ’Driscoll instituted a regime he 
called (in the British Medical Journal in 1969) the ‘active 
m anagem ent o f la b o u r’. No labour was allow ed to  last 
longer than 12 hours: in a woman having a first baby, the 
amniotic sac was likely to be ruptured  artificially one hour

after a diagnosis o f labour had been established; then an hour 
later, she would be given oxytocin intravenously. The system 
was inflexible and dogmatic. The administration of oxytocin 
was, according to  D r O ’D riscoll, “a standard procedure , 
applied in all circumstances and by every m em ber of staff’, 
and a f te r  th is  beg an , it was im p o ss ib le , he said , “for 
treatm ent to last longer than six hours”.

A TIM E O F C H A N G E  
To be fair to D r O ’Driscoll, it should be said that each of 
his patients was guaranteed a personal midwife to see her 
through her labour and delivery, and the rate of further 
m edical in te rv e n tio n  was low . H o w ev er, the tid e  was 
beg in ing  to  tu rn  in favour o f a m o re  n a tu ra l, re laxed  
approach to childbirth.

P erhaps the g rea te st p ro p o n e n t o f o xy tocin  was the 
British obstetrician Professor Alex T urnbull, whose 1968 
paper The Induction o f  Labour was immensely influential. But 
by 1976, he had recanted his form er stance. Addressing a 
m eeting of the British, Irish and Canadian medical associa­
tions, he stated: “The enthusiasm 1 have always felt for being 
able to induce or accelerate labour with efficiency wrhen this 
wras clearly indicated has never equated with enthusiasm for 
wholesale or ‘ro u tin e’ induction of labour simply because 
this had become feasible”.

Professor Turnbull may have been influenced by a study 
of 39,864 pregnancies and births in Cardiff, Wales, published 
in the British Medical Journal in March 1976. Iain Chalmers 
and his colleagues could only conclude that, despite all the 
obste trical in te rv en tio n  designed to  im prove m atte rs, “a 
Cardiff woman ran the same risk o f losing her baby in 1973 
as in 1965 and her attendants have not witnessed a decline 
of perinatal m ortality [deaths just before or just after birth] 
in the population that thev serve”.

Doctors and hospitals had succeeded in connecting normal 
pregnancy and childbirth with illness, “a feat”, according to 
sociologist Ann Oakley, “which had to  be accomplished if 
pregnancy was to  be regarded in the future as a legitimate 
subject for medical discourse and trea tm en t.” But the major 
issue rem ained much as it had been in the 19th century (see 
p .71): w'ho controlled pregnancy and childbirth -  a medical 
profession dominated by m en or wom en themselves?

LEFT One advance in the 
technology surrounding modern 
childbirth has saved millions o f  
lives since its development. Here, a 
premature baby lies in a 
temperature-controlled incubator — 
it receives oxygen and nutrients 
through a tube to the nose and lies 
on sheepskin fo r  warmth and 
comfort. H and holes give the 
medical s ta ff  access, and allow  
parents to maintain contact with 
their child.

In the 1940s, some babies in 
incubators mysteriously developed 
blindness. It was later discovered 
that this condition -  retrolental 

fibroplasia — was caused by an 
excess o f  oxygen in the fir s t  fe w  
days o f  life.
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H I S T O R Y  O F  M E D I C I N E

N A T U R A L  C H I L D B I R T H
"...picture a crowd o f men in white coats and horn-rimmed glasses

I N THE FIRST DECADES of the 20th century, early feminists 
had fought hard for the right o f every m other to  receive 

pain relief during childbirth. By the 1960s, however, many 
women began to fight almost as fiercely to be free of the 
anaesthetics and analgesics of which their grandmothers had 
thought so highly, and instead advocated a return  to  more 
‘natural’ birth practices.

CH ILD BIRTH  W IT H O U T  FEAR 
But it was a man who first publicized the need for change. 
Grantly Dick-Read (1890-1959), a British obstetrician who 
for many years treated wom en from the slums of London, 
came to  believe that the pain suffered during childbirth was, 
as likely as not, created by doctors and others.

As a child, he had become fascinated by natural history 
and, in particular, how different species were born. Later, 
w’hen he practised as a doctor, he discovered that what came 
natu ra lly  for anim als was n o t q u ite  so easy for hum an 
females. He decided that this was because they had been 
made afraid o f ch ildbirth , and this fear caused m uscular 
tension which, in tu rn , caused pain during labour — the 
‘ fear-tension-pain  syndrome ’.

D ic k -R e ad ’s an sw er was ed u ca tio n , in th e  form  o f 
antenatal classes, and his books Natural Childbirth (1933) and 
Childbirth without Fear (1942) a tte m p te d  to  explain  the 
process, to make it less frightening and to instil confidence. 
He railed against the “unforgiveable custom ” of routinely 
anaesthetizing women during childbirth:

“I... picture a crowd of men in white coats and large horn­
rim m ed glasses, seeking fame and fortune searching for a 
weapon with which to  pro tect all w om en from an enemy 
which in 95 per cent o f cases did not exist, and their chosen 
m ethod of protection  was to risk the life of the woman and 
her baby by using the weapon upon them , not upon the 
enemy which they erroneously presumed to  be present!”.

H ow ever, Dick-Read never com pletely ru led  out pain 
relief. If w om en w ere aw are o f w hat was happening to 
them , they would probably not need any, he said, but if they 
did, then something (usually gas-and-air) was ready to hand 
and in their control.

In 1956, the National Childbirth  T rust was set up in 
Britain to bring Dick-Read’s ideas to  a w ider audience and, 
w ith  the help o f N ational H ealth  Service m idw ives and 
doctors, to put them  into practice. Although the thought of 
‘childbirth w ithout fear’ appealed to  many women in the US, 
the prevailing medical system -  private ra ther than collective 
medicine, w ith few' midwives — made achieving Dick-Read’s 
aims almost impossible in that country.

C O N C E N T R A T IN G  T H E  M IND 
A m erica n  w o m en  tu rn e d  in s te a d  to  m in d -o v e r-b o d v  
te ch n iq u e s  esp o u sed  by variou s a u th o rit ie s  across th e  
Atlantic. From the Soviet Union (as it was then called) came 
news of ‘psychoprophylaxis’ — learning to  ignore pain by 
concentrating on sensations elsewhere in the body — which 
w'as adopted there in 1951 as the official m ethod of pain

LEFT A newly born baby rests in 
the arms oj its mother at the 
Alternative Birthing Centre, at 
Memorial Hospital, Glendale, 
California. Such scenes are 
becoming increasingly common in 
Europe, where they are not 
considered particularly ‘alternative’. 
American obstetric practice, 
however, tends to he somewhat 
more orthodox.
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relief in childbirth. Two doctors, Ferdinand Lamaze and Pierre 
Vellay, had been to  the USSR to  study the m ethod  and 
brought it enthusiastically back home to France. Lamaze’s book 
Painless Childbirth (19S6) detailed the two m en’s development 
of the Soviet idea, adding to it a system of rapid, shallow 
breathing to control contractions.

However, it was not until an American living in Paris, 
Marjorie Karmel, w rote about her experience of childbirth 
with the ‘Lamaze m ethod’ in her book Thank You, Dr Lamaze 
that these ideas gained currency' in the US. Karmel, physiother­
apist Elizabeth Bing and D r Benjam in Segal fo rm ed  the 
Am erican Society for Psychoprophylaxis in O bste trics , a 
pressure group that tailored the Lamaze m ethod to existing 
American medical practice.

L O O K IN G  AFTER BABY 
Trends in childbirth w ere changing: wom en w ere actively 
preparing for the births of their babies and actively partici­
pating in them. Now attention turned to the babies themselves.

In th e  m id -1 9 6 0 s, an o th e r F rench  d o c to r , F rd riq u e  
Leboyer, o f the Paris Faculty of M edicine, took to  heart 
suggestions m ade ea rlie r  by th e  Italian  ed u ca to r M aria 
Montessori and others that the first impressions of a baby after 
birth w:ere vital. In his book Birth without Violence, Leboyer 
described how birth should be a gentle experience, with lights 
dim m ed and little noise — the babv being placed on the 
m other’s stomach and massaged, and immersed in warm water 
to mimic the amniotic fluids it had just left.

LEFT French obstetrician Dr 
Michael Odent achieved a certain 
notoriety in the world’s newspapers 
when he was reported to have 
recommended underwater births. 
Unfairly so — in fa c t, women under 
his care occasionally delivered their 
babies while in a bathing pool to 
alleviate labour pains, in dimly lit, 
comfortable surroundings and in a 
position o f  their choice.

Leboyer g reatly  influenced a fellow' countrym an , Michel 
Odent, who combined the techniques of both his m entor and 
Lamaze. At his un it at P ith iv iers, south  of Paris, O den t 
created a ‘demedicalized’ atmosphere: quiet, comfortably lit 
rooms bare of hospital equipment (although it was nearby if 
needed) but full o f m attresses, cushions and even bathing 
pools. He encouraged w om en to  adopt any position they 
w'anted to  deal with contractions and the birth, and found that 
even difficult births could be handled fairly easily. And pain- 
relief was hardly ever needed.

The w om en’s movement and rising consumerism ensured 
that many of these new techniques became established. By the 
1980s, ‘birth room s’ were being set up, birthing chairs had 
made a comeback, the importance of mother-baby bonding had 
been recognized and childbirth ‘supporters’ (usually fathers) 
w ere com m on.

D R  S P O C K

As ideas abou t bring in g  children in to  the w orld  were  
changing, those abou t ra isin g  them  were also being revo lu­
tion ized . In 1946, the A m erican p a ed ia tric ia n  D r Benjam in  
McLane Spock pub lish ed  his Com m on Sense Book o f  Baby 
and Child Care. In easily  understood, often hum orous 
langu age, he to ld  p a ren ts to tru s t th e ir  instincts; to love an d  
cuddle th e ir children; a n d  n ot w orry too much a b o u t to ile t-  
tra in in g  a n d  discipline. H is book, based on Freudian psycho­
analytic  theory, d irectly  con trad icted  the r ig id  a u th o rita r ia n  
tomes o f  predecessors such as John B. W atson  (see p. 121), 
an d su ited  an afflu en t m idd le-class popu la tion  tired  o f  w ar 
an d ready  to  relax an d  enjoy freed o m .

In the la te  1960s, when p ro te s ts  a g a in st the Vietnam  
W ar reached th e ir  h eigh t, D r Spock (h im se lf  stron g ly  a n ti­
w ar) came under f i r e  fro m  rig h t-w in g  polem icists, such as 
Norman Vincent Peale an d  US Vice-President Spiro Agnew, 
who b lam ed his ‘p erm issive ’ ch ild -rearin g  advice f o r  crea ting  
a gen era tion  o f  self-centred, undiscip lined a n d  even  
treasonous yo u th . H owever, much o f  th e ir  criticism  was 
aim ed  a t  advice g iven  in the f i r s t  edition  o f  Spock’s book; he 
g re a tly  m odified  his easy-going a tti tu d e  in la te r  editions.

Today, D r Spock is c ritic ized  p r im a rily  f o r  his assum ption  
th a t a ll fa m ilie s  contain both paren ts, th a t  m oth ers s ta y  
home to look a fte r  th e ir  children, an d  th a t  each child  has  
his or her own bed in his or her own bedroom . D esp ite  this, 
his p rac tica l su ggestions f o r  dea lin g  w ith  everyday  problem s  
an d common illnesses have pro b a b ly  n o t been be ttered .

A BO V E Dr Spock’s theories 
shaped a generation. Much

criticized in the 1960s, his 
reputation has been rehabilitated.
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P R O T E C T I N G  C H I L D R E N
IMMUNIZATION AND EARLY WARNING

Measles killed three-quarters o f the population o f the Faroe Islands

FO LLOW ING W O RLD  w a r  II, the health  o f  children  was 
gen era lly  b e tte r  than  at any o th e r tim e in h is to ry . 

H ow ever, com m on childhood illnesses such as m easles, 
mumps and rubella continued to  damage some children , 
especially those in regions of the world previously untouched 
by these viruses, and others were crippled or killed by polio 
(see pp.202—3). In addition, babies were still being born with 
congenital and genetic conditions for which there had been 
no warning during pregnancy.

B ELO W  A baby boy covered with children still die from measles; in
the measles rash — in Africa, the West, a vaccine gives protection.

MF.ASLES A ND M UM PS 
People in the developed w orld took it for granted that every 
child w ould com e dow n w ith m ild cases o f measles and 
mumps. However, in parts of Africa, 5 per cent o f children 
w ith measles still die, and when it first appears it can be 
devastating . In th e  re m o te  Faroe Islands, in th e  N o rth  
Atlantic, three-quarters o f the population caught the disease 
within six months of the first case in 1846, and many died; 
29 years later, on the Pacific island of Fiji, the m ortality rate 
was at least 20 per cent. Mumps was the leading cause of 
days lost by US forces during W orld W ar I, as well as a 
cause of male sterility and perm anent brain damage.

D u rin g  W o rld  W a r II, a re m a rk a b le  m an b ecam e 
involved in the search for vaccines. John Franklin Enders did 
not decide to  devote his life to microbiology until his late 
tw en ties  as a g raduate  s tu d e n t in li te ra tu re  at H arvard  
U niversity . He eventually becam e Associate Professor of 
Bacteriology at Harvard, and, w ith tw o of his students — 
Thomas Huckle W eller and Frederick Chapman Robbins — 
w ent on to make an indelible m ark on medical history.

W hen the US entered the w ar, Enders joined the armed 
forces com mission on measles and m um ps, both endem ic 
among young recruits. W ith Joseph Stokes Jr, he isolated the 
m um ps virus and grew  it in m onkeys, so leading to the 
developm ent o f a diagnostic skin test. They then created a 
vaccine o f chem ically inac tiva ted  v irus, to  be taken by 
soldiers shown to  be susceptible to the disease. This first, 
effective and safe m um ps vaccine unfortunately only gave 
short-term  protection, but was eventually superceded by a 
live virus vaccine. A num ber of measles vaccines w ere also 
developed, but they caused severe side-effects.

GAM M A G LOB U LIN  
In the absence of a foolproof vaccine, those m ost at risk 
could  be given tem p o ra ry  p ro tec tio n  w ith  in jections o f 
gamma globulin, the part o f the blood that, in a person who 
has had a particular illness, contains the antibodies against it. 
In 1 944 , an A m erican  re s e a rc h e r , E dw in  J. C ohn  o f 
Harvard, pioneered the process know n as fractionation, in 
which gamma globulin is separated out from blood serum. 
The substance’s first big success was in southern Greenland, 
in 1951, when measles erupted in the area for the first time. 
A record 99.9 per cent of the population (of all ages) was 
affected, but only 1.8 per cent died, because injections of 
gamma globulin decreased the severity o f the disease and 
penicillin was used on those who developed complications.

Gamma globulin was eventually used to trea t people at 
risk from hepatitis, polio and tetanus. It was also given to 
Rh-negative m others (see pp.9 2 -3 )  after they gave birth to 
R h-positive babies, to  p rev en t adverse reactions in their 
blood against incompatible blood cells.
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MEASLES VACCIN E 
In 1946, Enders joined W eller and Robbins at the Children’s 
Hospital in Boston, in o rd er to  grow  viruses in animal 
tissues. By March 1948, W eller had grown mumps viruses in 
chicken-broth cultures, and by 1949, the team had managed 
to grow polio virus on human tissue.

Enders and his collaborators turned their attention back 
to the problem of eliminating side-effects from the measles 
vaccine, and w orked closely with D r Thomas Peebles. In 
1954, he took throat washings and blood samples from a 
young Boston boy, David F.dmonston, who had come down 
with measles, and the researchers seeded these into a human 
tissue culture, isolating the virus for the first time.

For three years, with the help of Yugoslav scientist Milan 
Milanovic, they passed the virus through tissues from birds, 
mice and monkeys until it no longer caused the illness in 
m o nk ey s  b u t  d id  p ro d u c e  a n tib o d ie s . In 1 9 6 0 , th e  
‘Edmonston live measles virus vaccine’ was ready for testing, 
and it was licensed in 1963. By 1974, it was reckoned to 
have saved 2400 lives in the US alone.

RUBELLA
For centuries, rubella (German measles) had been considered 
a mild, measles-like illness. Then, in 1940/41 , there was an 
epidemic in Australia; in 1941, the ophthalmologist Norm an 
M cA lister G regg re p o rte d  91 cases in w hich ca ta rac ts  
d ev e lo p e d  in in fa n ts  w h o se  m o th e rs  had  ru b e lla  in 
pregnancy. Most of the babies also suffered o ther problems: 
deafness, heart disease, cerebral palsy and m ental re tarda­
tion. Gregg’s report was almost completely overlooked, but 
interest grew when the w ar ended.

An Australian scientist, Frank Macfarlane Burnet, showed 
th a t gam m a g lobulin  in jections w ould  p ro te c t p reg n an t 
w om en exposed to  rubella, and m edia campaigns led to  
‘German measles parties’ for young girls, when it was hoped 
th a t an in fec ted  child  w ou ld  pass on th e  virus to  h er 
companions so all would be protected.

In 1960, the ten-year-old son of Thomas W eller, E nder’s 
collaborator, developed a severe case o f rubella, and there 
was an outbreak among army recruits at Fort Dix, New 
Jersey. W eller isolated the virus from a sample of his son’s 
urine, and an army team led by Paul Parkman found it in 
throat washings taken from recruits.

N o th ing  m o re  h ap pened  u n til the  1 9 6 3 /6 4  ru b e lla  
epidemic in the US, one of the greatest in history. At least
20,000 unborn babies suffered brain damage, and the cost of 
treating  them  led the US Congress to pass laws making 
vaccination against childhood diseases a birthright. In 1966, 
Paul Parkman, with Harry Mever Jr and Theodore C. Panos, 
developed a live rubella virus vaccine.

B ELO W  Virus particles oj the children whose mothers were
rubella virus: it can seriously affect infected during pregnancy.

E A R L Y  W A R N I N G S

Before the 50s, the type o f  dam age caused by  
p e r in a ta l conditions could n o t be a n tic ip a ted  before  
the b a b y ’s b irth . Then, in F ebruary 1952, the B ritish  
doctor D.C.A. B evis o f  St M ary’s H osp ita l, in  
M anchester, pu b lish ed  an a rtic le  in the  Lancet th a t  
described a technique f o r  discovering w h eth er a 
p reg n a n t R h -n ega tive  w om an ’s b a b y  was suffering  

fro m  haem olytic  disease o f  the unborn  (see 
p p .92 -93 ). This was am niocentesis — the draw in g  out 
through a syringe o f  som e o f  the am nio tic  f lu id  
su rroundin g the unborn child. The te s t w as la te r  
extended to su spected  cases o f  sp ina bifida , D ow n ’s 
syndrom e an d  o ther chrom osom al a n d  gen etic  abn or­
m alities. One draw back  w as th a t  am niocentesis is 
only possib le  a f te r  the 16th week o f  pregnancy.

In 1949, the B ritish  researchers M u rray L lewellyn  
B arr a n d  E w art George B artram  d em on stra ted  th a t  
i t  w as possib le  to sex every  cell in the body by noting  
the presence (in  fe m a le s  only)  or absence o f  a sm all 
piece o f  chrom atin  a t  the edge o f  the nucleus. In 
1983, a rep o rt in the  Lancet described  a chorion 
biopsy — a technique sim ila r  to am niocentesis bu t 
which sam ples p la cen ta l tissue an d  is ab le  to  be 
perform ed by the n in th  week o f  pregnancy. This 
technique could estab lish  the sex o f  a b a b y  a t  risk o f  
Duchenne m uscu lar dystrophy, a sex-lin ked  disease. 
F urther advances in p re-d iagn osis have been m ade in  
the use o f  u ltrasou n d  (see pp. 168—9).

A BO V E A doctor pe form ing an the womb (the needle is guided
amniocentesis: a sample o f  by ultrasound) and examined
amniotic f u i d  is taken fro m  fo r  abnormalities.
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H O P E  F O R  ‘ B L U E  B A B I E S ’
SURGICAL TREATMENT FOR CONGENITAL HEART DISEASE

A little girl hovered between life and death for two weeks ... but survived

A
l t h o u g h  t h e  f i r s t  d e s c r i p t i o n  of w hat came to be 
popularly called ‘blue babies’ was written in 1771, it was 
only in 1888 that the problem was universally recognized. 

Etienne-Louis Fallot, Professor o f Anatomical Pathology at 
Marseilles, France, realized that the (usuallv fatal) condition 
some babies are born with has four com ponents. First, the 
pulmonary valve between the heart and the pulmonary arterv 
-  through which blood should travel to pick up oxygen in 
the lungs -  is narrowed. Second, the bottom  right chamber 
o f the heart, the right ventricle , becom es enlarged from 
having to  pump blood through the narrow ed opening. Third, 
the partition (septum) between the two sides of the heart is 
incomplete, and the baby has what is known as a ‘hole in the 
heart’, allowing oxygenated and deoxygenated blood to mix. 
Fourth, the aorta — which normally carries oxygenated blood 
to the rest of the body -  is displaced so that it takes blood 
from both the left and right ventricles.

As a result of these four congenital defects — now known 
as the tetralogy of Fallot — the baby’s body receives very 
little oxygen, and it becomes cvanosed: the skin has a bluish 
tinge, hence ‘blue babies’. The situation worsens as the child 
grows, and until treatm ent became available, most died at a 
very young age.

A Q U E S T IO N  O F  PLUM BING 
After being refused entry to  Harvard and Boston University 
because she was a w om an, H elen Taussig (1898—1986) 
entered Johns Hopkins Medical School in 1921. W hen she 
graduated, she became a physician at the paediatric cardiac 
clin ic  at th e  H a rrie t Lane H om e, th e  Johns H o p k in s ’ 
ch ildren’s division. The speciality o f paediatric cardiology 
was in its infancy, and, in 1938, Taussig visited M aude 
Abbot of Canada’s McGill University, who, with the publica­
tion  tw o years b efo re  of her Atlas of Congenital Cardiac 
Disease, had established her position as the w orld’s forem ost 
authority in this field -  the result of 1000 dissections.

Helen Taussig became expert in diagnosis, following years 
of experimentation with fluoroscopy (an X-ray technique that 
can show organs in movement) and the study of electrocar­
d iogram s and p a lp a tio n . But she felt h e lp less, fo r her 
diagnoses w ere usually not followed by any hope of a cure.

She found that some of her young patients with tetralogy 
of Fallot also had another congenital heart defect, called 
persistent ductus. In the wom b, the unborn baby gets its 
oxygen supply from its m other. The oxygen bypasses the 
lungs through a duct called the ductus arteriosus, through 
which the blood (carrying oxygen received from the m other) 
passes directly from the pulmonary artery to the aorta. At 
birth, the ductus usually closes at the baby’s first breath and 
the lungs take over, but in some children this remains open. 
If this is the only defect, the flow in the ductus is reversed

BF.LOW  Etienne-l.ouis ballot Marseilles, France, gave his name
(1 8 5 0 — 1911), Professor o f to the jour-part syndrome that
Anatomical Pathology' at gives rise to ‘blue babies'.

and the lungs begin to receive too much blood at too high a 
pressure, which can irreversibly damage them . H ow ever, 
Taussig noticed that patients who had both tetralogy and 
persistent ductus seemed to  do better: in them , the ductus 
allowed blood to bypass the narrow ed pulmonary valve and 
provided a better flow to the lungs.

The answ er, then, seem ed to  be to  build an artificial 
ductus, o r shunt, in the tetralogy children. But Taussig was a 
physician, no t a surgeon. In 1943, she tu rn ed  to  Alfred 
Blalock to com e up with some answers to what was essen­
tially a question of plumbing.

FR O M  ANIMALS T O  HU M A NS 
The 44-year-old  Blalock was then chairm an of the Johns 
Hopkins D epartm ent of Surgery, and had done a great deal 
of work on methods of attaching blood vessels to each other. 
One area that he had studied w'as persistent ductus, and in 
experim ents on dogs, he had diverted the subclavian artery, 
which carries m ost of the blood to  the anim al’s foreleg, and 
connected it directly to  the pulmonary artery.

Blalock was indebted to the w'ork of his assistant, Vivian 
Thomas, a black man who had been forced to  becom e a 
laboratory  technician as a resu lt o f a lack of funding to 
attend university. It was Thomas w'ho carried out 200 animal
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A BOVE A blue baby - ‘blue’ refers rather than the complexion, which 
to the colour o f  deoxygenated blood is purple, especially round the lips.

experim ents — assisted by Blalock on only a few — until a 
m ethod of attaching the subclavian artery to  the pulmonary 
artery had been perfected.

The nex t step was to try  the technique on a hum an 
subject, and, on 29 November 1944, 15-month-old Eileen 
Saxon was taken to the operating theatre. Weighing only 9.21b 
(4.3kg), the child was near death. Blalock operated  with 
Thomas close at hand to  advise, and Taussig looked on, 
seeing her theories put to  the test of practicality. Closely 
watched by the doctors, the little girl hovered betw een life 
and death for tw o  weeks after the operation , her lungs 
collapsing repeatedly from the extra burden placed on them. 
But she slowly improved, and, on 25 January 1945, she was 
discharged from the hospital safe and sound.

After two m ore children had been operated on success­
fully, in February 1945 Blalock and Taussig published the 
results in the Journal o j  the American Medical Association. By the 
end of 1950, Blalock and his co-workers had perform ed a 
further 1034 operations, and the m ortality rate had fallen 
from 20 to 5 per cent. In the m eantim e, Helen Taussig 
published her book Congenital Malformations o j  the Heart 
(1947), which became the bible o f paediatric cardiology. 
W hat became known as the Blalock-Taussig operation helped 
thousands of children to hang on to  life until the techniques 
of open-heart surgery could be developed to repair the very 
faults that threatened them  (see pp. 178-9).

Albert Blalock was elected to  the National Academy of 
Sciences in 1945, and was feted th roughou t the medical 
w orld. Helen Taussig, how ever, had to  w ait ano ther 14 
years before being appointed full professor at Johns Hopkins,

but she w ent on to becom e the first wom an president of the 
American H eart Association and, finally, was herself elected 
to  the National Academy of Sciences. H er investigation in 
1962 into the horrendous damage caused by thalidomide (see 
p. 166)  in  G erm an y , w hen  p re se n te d  to  th e  A m erican  
College o f Physicians, was instrum ental in having the drug 
p e rm a n e n tly  r e je c te d  by th e  US F oo d  and  D ru g  
A dm inistration.

Taussig re tired  from Johns Hopkins in July 1963, but 
used the money from a fellowship to  do a follow-up of all 
th e  p a tie n ts  w ho had had a B la lock-T aussig  o p e ra tio n  
between 1945 and 1950. O f the 779 patients for w'hom data 
was obtained by 1970, 685 had survived the postoperative 
period  of tw o m onths, and 441 o f these w ere still alive 
betw een 20 and 25 years later. Helen Taussig w ent on to 
investigate w he th er congenita l h ea rt defects in em bryos 
m ight be a throw'-back to  a m ore prim itive form of animal 
life. She was still hard at w ork just three days before her 
88th birthday, when she was killed in a traffic accident.

LEFT Dr. Helen Brooke Taussig, in 
1967 , who pioneered the procedure 
used to save the lives o f  blue babies 
and became the first woman 
president o f  the American Heart 
Association. Dr. Taussig died in a 
car accident, ju s t a few  days short 
o f  her 88 th  birthday.
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Medicine Since W orld 
W ar II -  Advances in 

Science and Technology
^  ■ y the second half o f the 20th century, scien-

M  m W  tific research  was very far from  being an
P  individual, am ateur pursuit, as it had been in

W W previous centuries. Vast am ounts o f money
and a large dedicated team were needed to 

achieve progress, and generate what one British politician 
called “the white heat of technology”. But the money was 
av a ila b le , and  in p le n ty , fro m  th e  p h a rm a c e u tic a l 
companies and equipm ent m anufacturers who had made 
healthy profits from previous discoveries.

The progress made as a result was extraordinary, much 
of it based on mathematics, physics and engineering. The 
development of com puters allowed huge amounts o f data 
to  be assem b led , co lla ted  and an a lyzed ; la te r , to o , 
com puter imaging revolutionized diagnostic investigations, 
as doctors and scientists becam e able to  peer into the

body, tracking tracer chemicals th rough organs. Lasers 
played their part in surgery, as did fibre-optics, while 
newly discovered materials — some of them  spin-offs from 
Am erica’s space exploration program m e -  led the way to 
p rac tica l k idney dialysis m achines and successful hip 
replacem ents, which have given a new lease o f life to  
millions all over the w orld.

Build up at the core o f this white heat of technology 
was still the pristine fire o f pure research. O ne of the 
most significant scientific advances since W orld W ar II, as 
far as medicine is concerned, has been the discovery of the 
s tru c tu re  o f life itse lf: the  double  helix  o f the DNA 
m olecu le . T og ethe r w ith  a new  u nderstand ing  o f the 
processes and possibilities o f im munity, this breakthrough 
has led the way to  a w hole range of p robabilities for 
treatm ent of diseases through genetic engineering.





H I S T O R Y  O F  M E D I C I N E

THE S T R U C T U R E  OF LIFE
THE DISCOVERY OF THE DNA DOUBLE HELIX

Two men — and one woman — worked out the basis o j living tissue

T
h e  w o r k  o f  DARWIN AND MENDEL (see pp.66-7) had led 
to a theory of evolutionary change, but the causes of the 
changes that occur in species and are inherited to allow them  
to survive were not known. Although the final piece of the 

puzzle would fall into place in 1953, much research was 
needed before that could happen.

B ELO W  The 46  human chromosomes, set; the pair at the bottom right is 
arranged in pairs — this is a fem a le  X X  rather than the male XY.

TH E  BIO CH EM ISTRY  O F IN H ER ITA N C E 
In 1869, the Swiss biochemist Friedrich Miescher discovered 
that the same substance occurred in the nucleus o f every cell 
o f living tissue. He called this ‘nuclein’ (later changed to 
‘nucleic acid’). At the beginning of the 20th century, it was 
known that the nucleic acid molecule contained five distinct 
chem ical bases: guanine (G ), adenine (A), cytosine (C ), 
thym ine (T) and uracil (U). By the 1920s, tw o forms of 
nucleic acid had been identified: DNA (deoxyribonucleic
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acid), which contains the GACT bases; and RNA (ribonucleic- 
acid), with the GACU bases.

A Russian-born researcher, Phoebus Levene, envisaged a 
DNA structure that was simple and repetitive, and thus had 
no ability to hold or transmit information. It was known that 
chromosomes also contained protein, and until well into the 
1940s, scientists believed that complex protein was the trans­
m itte r  o f in h eritan ce , w ith  u ncom plicated  DNA sim ply 
holding the protein together.

However, in 1928, a British medical officer, Frederick 
Griffith, published an im portant report. He had been working 
on two forms of the bacteria responsible for pneumonia: the 
S form was lethal when injected into mice; the R form was 
harmless. But when he killed S cells by heating them  and 
added them to R cells, all the mice still died. Somehow the 
R cells had taken up the virulence from the S cells.

Oswald Avery, of the Rockefeller Institute, in New York, 
decided to find out what transforming substance did this. He 
and his team separated all the various chemical components 
that made up the bacteria, and through a process of elimina­
tio n , th ey  cam e to  th e  co n c lu s io n , in 1944, th a t the 
virulence could only be transm itted via the S cells’ DNA.

The final biochemical clue came from  Erwin Chargaff, 
born in Vienna in 1905, who was w orking at Colum bia 
U niversity . W hen the Avery team  published its resu lts, 
Chargaff and his colleagues decided to  devote themselves to 
discovering the chem istry o f nucleic acids. And when it 
became clear that the four DNA bases w ere not in equal 
proportions, they knew that it was possible for a complicated 
code to be contained in DNA, much as the Morse code of 
onlv two elements (dot and dash) is able to transm it all the 
works ever w ritten with the alphabet.

The Chargaff researchers did find that the amount o f the 
bases G and A was the same as the am ount o f C and T, and 
that there was always the same am ount o f A as T, and the 
same am ount of G as C. These ‘Chargaff Ratios’, published 
in 1950, w ere seen to  be extrem ely im portant when the 
structure of DNA was finalized.

EN TER  T H E PHYSICISTS 
In 1944, Erwin Schrodinger, one of the founders o f quantum 
physics, published a little book called What Is Life?. In this, 
he described the unit responsible for hered ity  in purely  
m olecular term s, and likened it to an ‘aperiodic crystal’. 
Unlike a periodic crystal (e.g. a salt crystal), which is made 
up of an endlessly repeating unit in a regular pattern, an 
aperiodic crystal w ould have a s tru c tu re  obeying certain  
fundamental laws of physics but no repetition , so that it 
could hold an enorm ous am ount o f information in a code. 
T his d e sc r ip t io n , co u ch ed  in te rm s  fam ilia r to  th e m , 
entranced a num ber of physicists who previously had not 
worked on living m atter — among them  Maurice W ilkins, 
Francis Crick and James W atson.

M aurice W ilkins (1 9 1 6 - ), who em igrated from New 
Zealand to  Britain when he was six, had w orked on the 
Manhattan Project during the war, but its ultim ate result -  
the atomic bomb — disillusioned him and his interest turned 
towards biology. In 1950, as assistant director of the Medical 
Research C ouncil’s (M R C ’s) Biophysics Research U nit, at 
King’s College, in London, he was given a sample of pure 
DNA. C obbling to g e th er som e w ar surp lus radiography 
machine parts into X-ray diffraction equipm ent, he took

T H E  G E N E T I C  C O D E

From 1953, work w as carried  out to  discover how  the  
double chains o f  bases con tain ed in D N A could  
represen t a code th a t would, u ltim a tely , produce a 
hum an being. I t  w as soon fo u n d  th a t chromosomes 
are m ade o f  genes, which are sim p ly  specific len gth s  
o f  DN A, each contain ing abou t 1000 p a irs  o f  bases. 
The to ta l DNA conten t o f  a hum an cell is ab o u t 2 
m etres long, an d  one m illim e tre  o f  D N A contains  
a b o u t 5 m illion  base pa irs.

B iologists came up w ith w h a t th ey  ca ll the  
‘cen tra l d o g m a ’: DNA m akes RNA ( ribonucleic acid), 
RNA m akes p ro te in s a n d  p ro te in s m ake everyth in g  
else. When a double helix o f  DNA un zips, bases 
w ith in  the cell nucleus are  a t tr a c te d  in a specific w ay  
to  the un pa ired  bases in the D N A -  as John G riffith  
(see o v e r) h ad  pred icted , bu t w ith  uracil (U )  tak in g  
the p lace o f  thym ine (T ). This resu lts in n ega tive  
copies o f  D N A chains, an d  when the bases in these  
a re  jo in ed  by  the a p p ro p r ia te  bases, the RNA  
v ir tu a lly  m atches the DN A. The RNA m olecule passes 
through the cell’s p ro te in -syn th esizin g  m achinery to  
produce, f i r s t ,  am ino acids, which in turn  fo rm  
p ro te in s — the bu ild in g  blocks o f  life.

I t is the order in which the bases occur on DNA  
th a t  m akes the gen e tic  code. H ow ever, som etim es  
m istakes happen: one base m ay be su b stitu te d  f o r  
another, a base m ig h t be lost, one m ig h t be a dded  
an d  so on. I t  is through these m istakes, or m utation s, 
th a t evo lu tion ary  change occurs, b u t th ey  are  also  
responsible f o r  gen e tic  diseases.

pictures o f the spotty patterns produced when the DNA was 
pulled out to form a thin fibre. W hile the spots suggested a 
helix (a spiral like a corkscrew), he lacked the expertise to 
in terpret the X-ray data.

T h a t e x p e rt is e  w as p ro v id e d  by R osalin d  F rank lin  
(1920—58). Having w orked on the stru cture  of coal, she 
joined the team at King’s in 1951 on the understanding she 
w ould  take over th e  study  o f DNA from  W ilkins. On 
arrival, she was less than pleased to  find that he continued to 
be involved and even considered her a junior partner. There 
was excessive acrimony, and the atm osphere in the King’s 
labs was hardly conducive to team work.

CRICK A ND W A T SO N  
In 1949, the physicist Francis Crick (1 9 1 6 - ) joined the 
M R C’s unit at Cambridge University as a research student. 
Tw o years la te r, he was jo ined by an A m erican, Jam es 
W atson (1928— ), a form er child prodigy who had entered 
the University of Chicago at the age o f 15.

W atson was convinced that discovering the structure of 
DNA would be the next big breakthrough, and his enthu­
siasm infected Crick. N either knew much biochemistry, but 
what they did have was a relationship that allowed them to 
bounce ideas off each o ther, and the ability to  see the ‘big 
p ictu re’ and meld together aspects of a num ber of different 
specialities to  come up with something new.

No DNA research was possible w ithout X-ray diffraction 
data, but W atson knew that a team at King’s was working
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B E L O W  James Watson, on the o f  their Cambridge laboratory after
right, and brands Crick in a corner publication o f  their fam ous paper.

B E L O W  An X-ray image o f  the DNA Watson and Crick unravel D N A ’s
molecule, o f  the type that helped double helix structure B O T T O M .

!

on just that. That team  was led by W ilkins, a 
friend of C rick’s, and the Cambridge duo soon 
realized that W ilkins found relief from his 
arguments with Rosalind Franklin bv talking 
about DNA research with them.

In N ov em b er 1951, W atson  
attended a colloquium  at which 
Franklin presented  her evidence 
that the DNA molecule was 
a helix  w ith  a phosphate- 
sug ar b ac k b o n e  on th e  
outside and the four bases 
tucked away inside. But he 
d id n ’t take notes, and back at 
Cambridge, he and Crick built a 
m o d e l b ased  on  a th e o ry  by 
American chemist Linus Pauling that 
th e  s tru c tu re  c o m p rised  th re e  
helices. W hen W ilkins b ro ug h t 
Franklin to  see it, she showed 
how  th e  m o d e l w as 
hopelessly at odds with her 
X -ray  d a ta . W a tso n  and 
Crick w ere so embarrassed 
th a t they  ab an d o n ed  DNA 
research for almost six months.

Then, in a casual conversation 
with John Griffith, a m athem ati­
cian interested in biologv (and nephew of 
F re d e ric k  G riff i th ) , C rick  le a rn e d  th a t 
D NA’s bases paired up, w ith A attracting 
T and G a ttrac tin g  C. This was vital in 
the la ter discovery o f how  DNA is able 
to replicate itself. Shortly after this, Crick 
w as in tro d u c e d  to  E rw in  C h a rg aff, 
w ho d e s c r ib e d  h is ‘R a t io s ’ 
w h ich  im m e d ia te ly  e x p la in e d  
Griffith’s findings.

In Jan u a ry  1 95 3 , P e te r  
Pauling, son of the eminent 
chem ist, show ed W atson a 
p ap e r th a t his fa th e r was 
about to  publish  revealing  
the structure of DNA as a triple

helix with phosphate backbones inside.
Crick and W atson knew from  their

previous disaster that this had to 
be w rong, and agreed that they 

had  ju s t  six w e e k s ’ g rac e  to  
d isc o v e r  w h a t th e  tr u e
s tru c tu re  w as, b e fo re  th e
Pauling paper was published. 

W ilk in s  gave W a tso n  
(w ithout her permission) a print 
o f one o f F rank lin ’s best X-ray 
photographs of DNA, which told 

W atson that the structure might be 
a double helix. Ffe and Crick began another 
m o d e l — a d o u b le  h e lix  b u t w ith  th e  
b ac k b o n es  on th e  in s id e  and  th e  bases 

sticking out. It was only when they compared 
th is  to  F ra n k lin ’s X -rav  d ata  th a t th ey  
rea lized  how  w ro n g  th ey  had been  and 
changed the m odel so that the backbones 

w ere on the outside and the bases 
inside. The result looked like a 
twisted ladder, with the bases as 

the rungs, but it was another 
week or so before the two 
had assembled the bases in 
the right order.

The final, correct model 
o f  th e  DN A  s t r u c tu r e  w as 

com pleted on 7 March 1953. On 
25 A p r il , C rick  and  W a tso n  

p ub lish ed  a sh o rt p ap er in Nature 
revealing their discovery. Rosalind 
Franklin never realized how much 

th e ir  m odel d ep en ded  on h er 
data — for one thing, she was 
n e v e r  to ld  th a t th e y  had 
seen the all-im portant X-rav 
photograph beforehand.

In 1962, C rick , W atson 
and W ilkins w ere  aw arded the 
N obel Prize for Physiology and 

M edicine. Rosalind Franklin had 
died of cancer four years earlier.
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B R E A K I N G  T H E  C O D E S

There are up to 4000 hum an diseases caused by  defective  
genes, an d  studies in the US in d ica te  th a t  as m an y as one 
baby  in every 20 born a live  m ay have a gen etic  disorder.

Sickle cell anaem ia is the resu lt o f  the su bstitu tion  o f  a 
sirtgle wrong base, an d  up to 40  p e r  cent o f  W est Africans 
are carriers. A nother d isease caused by a single  gene  
deficiency is cystic fib ro sis , the m ost common such deficiency  
in B rita in . On the o ther hand, the blood d isorder th a la s-  
saem ia  —fo u n d  arou nd the M editerranean , b u t also  
suffered by thousands o f  children in T hailan d — can be due  
to any one o f  up to 40  d ifferen t m uta tion s. Finally, there  
are diseases caused by abnorm al chromosomes, involving  
m any genes — fo r  exam ple, D ow n ’s syndrom e, in which a 
baby  has three copies (in s tea d  o f  tw o) o f  chromosome 21.

Doctors have been able  to screen unborn babies f o r  
genetic  diseases by using am niocentesis an d  chorion biopsy  
(see p -155) to look f o r  biochem ical changes. Now, 
techniques are being developed to discover abn orm alities in 
DNA i ts e l f  One is gene m appin g, in which enzym es are  
used to cut up DNA so th a t  p a rticu la r  genes can be 
com pared w ith those o f  a h ea lth y  person to de term in e  i f  
there is a defect. D r Fred Sanger, o f  C am bridge U n iversity, 
inven ted  a m anu al m ethod o f  deciphering DNA in 1977, 
but, since then, the H eide lberg  team  led  by W ilhelm  
Ansorge has developed a com pu ter­
ize d  gen e-read in g  m achine.

In the m id-1980s, scien tists  
em barked on a m assive in tern a ­
tion al project to  id en tify  every gene  
on the hum an ‘gen om e’ -  the to ta l  
o f  100,000 genes carried  w ith in  
every hum an cell nucleus. Jam es  
Watson headed  the US end o f  this 
‘H um an Genome Project’. By the  
early  1990s, researchers h a d  la b e lled  
and decoded some 2000 genes.

In addition , researchers have  
been able  to  id en tify  qu ite  a num ber  
o f  genes responsible f o r  specific 
diseases, including:
• Duchenne m uscular dystroph y — 

gene discovered in 1986 by Tony 
Monaco an d  Louis Kunkel, o f  
H arvard .

• Cystic f ib ro s is  — gene loca ted  by  
D r Francis Collins, o f  the  
U n iversity  o f  M ichigan, an d  D r  
Lap-Chee Tsui, o f  Toronto.

• Cancer — the p53 gene respon­
sib le f o r  an enzym e preven tin g  
tum our grow th  was fo u n d  in 
1979 by a B ritish  team  led  by  
D avid  Lane, an d  by D r A rnold  
Levine o f  Princeton; anoth er  
gene, im p lica ted  in colon cancer, 
was fo u n d  by B ert Vogelstein, 
o f  Johns H opkins, in the  
early  1990s.

• In herited  high blood cholesterol 
levels ( which usually lea d  to

h ea rt disease) -  gene d iscovered by M ichael Brown an d  
Joseph G oldstein , a t  the U n iversity  o f  Texas.

• An in h erited  form  o f  A lzh eim er’s d isease  — gen e located  
by researchers a t  St M a ry’s H osp ita l, London, in 1991.

• R etin itis  p igm en tosa  ( in h erited  blin dness) — gen e  fo u n d  
by D av id  McConnell, P eter H um phries an d  Jan e Farrar, 
o f  T rin ity  College, D ublin .

I t w ill be som e tim e before gen etic  engineerin g can tackle  
gen e tic  d isease h ead  on. A s ta r t  was m ade in 1980, when 
M artin  Cline, o f  the U n iversity  o f  California, unsuccessfully  
tre a te d  tw o  th a lassaem ia  p a tie n ts  by in sertin g  a corrected  
version o f  a defective  gen e  in to  th e ir  bone m arrow . Ten 

y e a r s  la ter, sc ien tists a t  the N a tion a l In stitu tes o f  H ealth  
in B ethesda, M aryland, in jected  w hite  cells carrying a 
norm al gen e  responsible f o r  the produ ction  o f  adenosine  
deam inase (A D A ), an enzym e v ita l to  im m un ity , in to  a 

fo u r -ye a r-o ld  g irl; the rep lacem en t gen es tr ig g ered  produc­
tion o f  ADA, b u t the cure w as only tem porary.

B E L O W  A young  boy with the detected in the fo e tu s during
appearance characteristic o f  pregnancy by amniocentesis, and a
D ow n’s syndrome (also called decision on termination made, but
‘trisomy 2 1 ', for an extra in the fu tu re  genetic engineering
chromosome 21). D ow n’s can be may make the problem avoidable.
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THE RISE OF P H A R M A C O L O G Y
A NEW PANOPLY OF DRUGS

Side-effects led to a new concern about how and why drugs worked

Ev e n  BEFO RE t h e  nca r-m iracu lo u s  healing  p o w ers  o f 
penicillin (see pp. 136-7) were fully dem onstrated during 

W orld  W ar II, investigators had proved th ere  are many 
o th e r n a tu ra l sou rces o f an tib io tics  besides the m ould  
Penicillium notatum. However, it took years of dogged persis­
tence by the biologist Selman Waksman (1888-1973) and his 
colleagues at R utgers U niversity  to  tu rn  this theoretical 
general knowledge into specific practical effect.

W ak sm an , R u ss ian -b o rn  b u t an A m erican  c i t iz e n , 
reasoned that if penicillin could destroy or inhibit m ore than 
100 different disease-producing bacteria, o ther m oulds or 
fungi might yield substances to  com bat diseases penicillin 
could not touch -  among them , tuberculosis, meningitis and 
typhoid. His chosen candidates for testing were the strepto- 
m vcetes, o r ray fungi, and in p articu la r the light grey 
Streptomyces griseus he had isolated and nam ed. It was a 
difficult task. No two cultures o f S. griseus have identical 
properties, and W aksman’s team tested m ore than 10,000 of 
them before the breakthrough came. Then, as in Fleming’s 
discovery of P. notatum, it contained an elem ent of luck.

A C H IC K E N ’S T H R O A T  
A poultry  farm er w hose chickens had been struck  by a 
m ysterious illness brought a hen to R utgers’ agricultural 
research station for examination. There, veterinarians noticed 
a white spot in the b ird ’s throat, and scraped it to obtain 
material for analysis. The growth proved to be S. griseus, so 
as a m atter of course it was passed to W aksm an’s team, who 
cultured it and then subm itted it to  the usual battery  of 
experiments. Unlike the thousands of previous cultures, this

A BO VE Dr Mildred C. Rebstock, oj 
the Parke-Daris Pharmaceutical 
Company, in Detroit, jea tu red  on 
the cover oj T h e  Illu strated  

Lon do n  N ew s o f  1949 . Dr 
Rebstock was the f ir s t  to synthesize 
chloromycetin — a wonderfully 
effective antibiotic later found  
to have fa ta l  side-effects in very 
rare circumstances.

LEFT Streptomycin, first discovered 
by Waksman and his team in the 
scrapings from a chicken’s throat, 
was soon manufactured under 
licence world-wide. Here, a 
technician works on the new wonder 
drug in the Nottingham, England, 
laboratories of Roots Ltd in 1946.
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A BO V E A polarized light micro- the drug was powerful and effective,
graph o f  crystals o f  streptomycin: but side-efjects could be disturbing.

one worked rapidly destroying cocci, spirochetes and other 
germs, including the deadly tuberculosis bacterium .

Waksman and his team w ere jubilant. They ransacked the 
poultry run looking for soil samples, successfully seeking 
o ther examples of S. griseus with similar properties. Then, 
after tests on laboratory animals, they began clinical trials, 
with some spectacular triumphs. In one trial, streptom ycin — 
as Waksman called the new substance -  produced the first 
recorded cure of the previously fatal tuberculous meningitis. 
An outbreak of plague in India provided the opportunity to 
demonstrate streptom ycin’s pow er against one of hum anity’s 
oldest scourges the antibiotic cut the death rate from 70 
per cent to just 4 per cent in a m atter of weeks. W ithin a 
y ear o f s tr e p to m y c in ’s d isc o v e ry , US p h a rm a c e u tic a l 
companies w ere producing the w orld ’s second antibiotic on a 
mass scale. In 1952, Waksman received a Nobel prize.

ILL-EFFECTS O F A W O N D E R  D R U G  
Streptomycin swiftly proved itself capable o f tackling a wide 
range o f d iseases n o t su sce p tib le  to  p en ic illin  o r th e  
sulphonamide drugs, adding a potent new weapon to  the 
medical armoury. But although it appeared harmless in tests 
on laboratory rats, it created side-effects in the altogether 
m ore sensitive human body. In many cases thev were mild 
and tem porary, such as rashes, fever o r inflammation around 
the site of the injection. In others, they were serious and 
perm anent, with damage to hearing and balance, to the eyes, 
the kidney or the liver. N ot only patients were affected — 
doctors and nurses handling streptom ycin could absorb it 
through skin lesions or by inhalation.

The concern evoked by these side-effects led researchers 
to  study closely the im pact that streptom ycin had on the 
physiology and biochemistry of the body. Though pharm a­
cology was not a new science, it had been rather a hit-and- 
miss affair. Many drugs w ere used sim ply because they 
worked, without any real understanding of how or why, or 
o f  w hat th e ir  anc illary  effec ts  m ig h t b e . H e n c e fo rth , 
research was to pay far greater attention to such questions.

In the case o f strep tom ycin , researchers noticed  that 
many of the unwanted symptoms resembled those produced 
by guanidine, a poisonous substance occurring in the body 
when enzymes released from injured tissues attack and break 
down protein. Sure enough, detailed analysis of the structure

T H E  C U R S E  O F  T B

The discovery o f  streptom ycin  seem ed to prom ise the  
f in a l  cure f o r  tuberculosis  (see p p .110-1). B ut while  
th e  a n tib io tic  h e lped  to a lle v ia te  or c lear up m any  
cases o f  the disease, m an y m ore — p a rticu la r ly  those  
affectin g the lungs — proved  tenacious. The la tte r  
n eeded pro lon ged  trea tm en t w ith doses o f  s trep to ­
mycin th a t increased severa l hu ndred  f o ld  in stren gth  
as the tubercle bacillus in the p a t ie n t’s body  
developed  resistance. A t f i r s t ,  the severe side-effects  
m ade th is a lm ost im possible. Even when the develop­
m en t o f  pan to th en ic  streptom ycin  ban ished  m ost o f  
the side-effects, a llow in g p a tie n ts  to  receive the drug  
con stan tly  through in traven ou s drip  infusion, the  
problem  o f  increased resistance rem ain ed. TB victim s 
who seem ed w ell on the w ay to  recovery would  
su dden ly  worsen a n d  die.

From 1949, the V eteran’s A dm in istra tion  in the  
US h ad  begun to te s t TB trea tm en ts th a t used both  
streptom ycin  a n d  para -am in osa licylic  acid  (PAS, or 
sodium  am in osa licy la te). This dru g w as shown to  
in h ib it the tubercle bacillus, through a b r illia n t  
piece o f  a p p lied  logic by  S w eden’s Jorgen Lehmann, 
in 1943. Though PAS on i ts  own was n o t n early  so 
effective as streptom ycin , i t  slow ed down the  
em ergence o f  resista n t s tra in s  o f  the bacillus, g iv in g  
the a n tib io tic  a b e tte r  chance to work. The idea  f o r  
com bination th era p y  f o r  TB h a d  been born.

In 1951, a pharm aceu tica l com pany in 1Vest 
G erm any a n d  tw o  others in the US in depen den tly  
discovered th a t the h yd ra z id e  sa lt  o f  isonicotin ic acid  
(ison iazid , as it  came to be ca lled) w as successf ul 
a g a in s t TB in an im als. Given to  hum ans by m outh, 
i t  produ ced f e w  adverse  reactions a n d  ap p ea red  to be 
m ore effective than streptom ycin , though not 
m arked ly  m ore so than  the com bination o f  s trep to ­
mycin a n d  PAS. H ow ever, controlled  tr ia ls  by the US 
Public H ea lth  Service using streptom ycin  and  
iso n ia z id  in tandem  y ie ld e d  d ra m a tic  resu lts  — 30 per  
cent o f  pu lm on ary  TB p a tie n ts  show ed im provem ent, 
ag a in s t 18 p e r  cent am ong those tre a te d  w ith  the  
ea rlie r  pa irin g .

D octors now  h ad  th ree  specific an ti-T B  drugs 
where a f e w  y ea rs  ea rlie r  th ey  h ad  none. As TB 
bacilli developed  resistance to one, the doctors could  
sw itch  to another, varyin g  the p a tte rn s  o f  use an d  
doses according to  the progress o f  an y  g iven  p a tien t. 
Such trea tm en t took tim e an d  p a in sta k in g  
m onitoring  — a lm ost in d iv id u a lize d  pharm acology. By 
the early  1970s, an o th er f i v e  a n tib io tics an d  three  
syn th esized  chem icals w ith  a n ti-T B  p roperties  h ad  
been developed, g re a tly  increasing the cure rate . 
Ison iazid  h ad  been shown to  be effective, too, in 
p reven tin g  TB, p a v in g  the w ay  f o r  im m u n iza tion  
cam paigns th a t w ent a long w ay  tow ards cu rta ilin g  
its  ravages in developed  countries.

of streptom ycin revealed it contained tw o guanidine groups. 
Once those w ere rem oved, the toxic side-effects of strepto ­
mycin on human patients disappeared. Unfortunately, so did 
much of its antibiotic action.
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T H E  T H A L I D O M I D E  S C A N D A L

In the 1950s, W ilhelm  K un z, a chem ist a t  Chemie 
G run en th al in W est Germ any, was experim enting  
with pep tid es ( chains o f  am ino acids) f o r  use in 
an tib io tics when he in ven ted  thalidom ide. N oticing  
the s im ila r ity  o f  its  m olecular stru ctu re  to  th a t o f  
some sedatives, K u n z’s colleague, H erb er t K eller, 
su ggested  testin g  th a lidom ide  f o r  these properties .

I t  certa in ly  was a seda tive , b u t i t  also h ad  no 
obvious side-effects an d  show ed no toxic effects a t  
any concentration. The company was convinced it  had  

fo u n d  the f i r s t  safe sleeping p ill.
H a iled  as ‘a m ajor b reak th rou gh ’, th a lidom ide  

was in trodu ced in 1956 — over the next f ive  y ea rs  it  
would be m arketed  under 51 tra d e  nam es an d  sold in 
46 countries. H owever, reports o f  side-effects  
(g idd in ess, num bness, ‘p in s a n d  n eed les’, sh ivering)  
s ta r te d  to come in — cu lm ina ting  in 1961 w ith the  
rea liza tio n  by D r W illiam  M cBride, a consu ltan t 
obstetric ian  in Sydney, A u stra lia , th a t  p reg n a n t  
women who took th a lidom ide  in early  pregn an cy were  
producing severely  deform ed children.

By the end o f  1962, the drug h ad  been w ithdraw n, 
bu t n o t before some 7500 ‘th a lidom ide  ch ild ren ’ h ad  
been born w orld-w ide. D rug sa fe ty  leg isla tion  

fo llow ed: in the US, Estes K efauver, who was 
presid ing  over a Senate C om m ittee in vestiga tin g  the  
side-effects o f  drugs, w as ab le  to  push an im portan t  
D rugs B ill through Congress in 1962; in the UK, the  
scandal led  to the se ttin g  up in 1964 o f  the  
Com m ittee on S afety  o f  D rugs — a vo lu n tary  body  
th a t review ed a ll new  drugs. Following the M edicines 
Act, in 1968, a regu la tory  body — the C om m ittee on 
Safety o f  M edicines — was establish ed.

The inescapable conclusion was that streptom ycin’s pow er 
rested with its guanidines, which therefore had to be tamed 
rather than extracted. Experiments showed that this could be 
partia lly  achieved by add ing  h yd ro gen , tu rn in g  it in to  
dihvdrostreptomycin. However, it was not until 1953 that 
the true pharmacological solution to the problem  began to 
em erge. First, researchers in Sweden d em onstra ted  that 
doses of vitamin A minimized the damage done by strepto­
mycin to the inner ear or kidneys. Then, German experts 
tested the drug in combination with pantothenic acid — an 
oily B-complex vitamin essential to cell growth, that protects 
mucous memhranes against infection and nourishes the skin.

By enhancing the natural processes o f the body, the 
pantothenic acid effectively neutralized m ost of the potential 
harm of the guanidines w ithout diminishing streptom ycin’s 
antibiotic properties. The result not only made W aksm an’s 
drug far safer for general use, but it also opened the eyes of 
medical science to the close connection between the action 
of antibiotics and the metabolic role o f vitamins.

PAIN-KILLING C O R T ISO N E  
The process o f determ in ing  and taking into account the 
body’s responses to  a drug was a feature of the anti-TB 
campaign that had parallels in other areas of pharmaceutical 
research during the 1940s. The study of steroids provides a

ABOVE Injecting a knee jo in t with o f  the jo in t. Since 1944 , steroids
a corticosteroid to treat synovitis — have relieved pain and in fa m -
in fam m ation of the interior lining motion for millions, but at a price.

good example. These fat-soluble compounds include the male 
and female sex horm ones, adrenalin, cholesterol and vitamin 
D. Thev also include the body’s own version of the heart 
s tim u lan t d ig italis, w hich occurs in the foxglove leaves 
administered by generations of herbalists.

The effects of digitalis had been known for a long time, 
and those o f some other steroids became clear in the early 
20th cen tury . But chem ists could n o t explain how they 
worked or em ulate them artificially until a German, Heinrich 
W ieland, elucidated the s tructure o f cholesterol in 1932. 
Chemists in several countries then found that other steroids 
share the same basic pattern o f four linked carbon atoms to 
which hydrogen atoms are attached. There are thousands of 
possible arrangem ents and variations of these com ponents, 
particularly with the addition of atoms of hydrogen, carbon 
and oxygen. And even a slight change in the chem ical 
structure can alter the biological results.

During W orld W ar II, cortisone was a particular focus 
for research. Experim ents w ith  rats indicated its ro le in 
counteracting stress, and it was thought by both sides in the 
w ar to  help in cases of battle fatigue. But the process of 
synthesizing it from cholesterol was extrem ely complicated. 
It was only in 1944 that a young American chemist, Lewis 
S arrett, devised a process to  m ake enough cortisone for 
medical use, obtaining it from the bile of cattle.

Bv then, the w ar was all but over and m ore peaceful 
applications w ere considered. At the Mayo Clinic, in the US, 
Philip Hench and Edw ard Kendall used cortisone in the 
treatm ent of rheum atoid arthritis, w ith what were said to  be 
miraculous effects. The pair duly received a Nobel prize for 
th e ir w ork, though cortisone and related  drugs are now' 
thought only to alleviate pain and disability in the middle 
stages of the disease, w ithout affecting its progress. Possible 
side-effects, including raised blood pressure, diabetes and 
osteoporosis mean it can be adm inistered only in carefully 
gauged quantities under strict medical control.

RABBITS A N D  D O G S  
Pharm acologists discovered that one o f the physiological 
effects o f  co rtiso n e  is to  d ep ress  the n a tu ra l im m u ne 
response protecting the body. Norm ally, medicine seeks to 
stimulate that response to help fight off disease. But in organ 
tra n sp la n t su rg e ry  (see pp. 1 8 0 -3 ),  th e  re v e rse  app lies: 
depressed immunity lessens the likelihood that the recipient’s 
body will reject the transplant.
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Bv the 1950s, cortisone was being used to help in skin grafts 
and kidney transplants. However, scientists such as William 
Dameshek, o f Tufts University in the US, reasoned that if 
better suppressants could be found, a w ider range of such 
operations could be carried out -  for example, to replace 
bone m arrow  in victims of leukaemia. An early candidate 
was m ercaptopurine, developed to  combat cancer but also 
found to have suppressive properties in tests on rabbits.

But the drug had shortcom ings. As a cytotoxin to inhibit 
cancer in humans, it was rapidly metabolized by the enzyme 
x an th in e  o x idase  and lo st its  e ffe c t. And a lth ou g h  it 
depressed normal cellular immunitv in rabbits, it worked less 
well in experim ental kidney transplants in dogs. Hundreds ol 
sim ilar drugs w ere p rep ared  to  see if m erca p to p u rin e ’s 
perform ance in both respects could be im proved . A lter 
extensive screening by George Hitchings and o thers, the 
variant azathioprine em erged as the most suitable in 1961.

Though azathioprine was equally effective as an im m uno­
s u p p re s sa n t , it co u ld  n o t m atch  m e rc a p to p u r in e  as a 
cytotoxin. Hitchings took a different tack. Instead ol looking 
for a m ercaptopurine substitute that would be metabolized 
less easily, he searched for a substance that would block the 
action of metabolizing enzyme, xanthine oxidase. Among the 
vast array of synthetic purines screened earlier, he found one 
that slowed dow n the m etabolism  of m ercaptopurine and 
improved the immunosuppression of azathioprine.

In the laboratory, the prospects looked good. Tested on 
leukaemia patients, the purine enabled the dosage of mcrcap- 
topurine to be reduced -  but w ithout any additional thera­
peutic benefit. In that respect, Hitchings’s pharmacological 
detective w ork had been a failure. Nevertheless, it was far 
from wasted. By inhibiting the action of xanthine oxidase, 
the purine reduced the levels of uric acid in the blood. That 
made it a valuable trea tm en t for gout and kidney stones, 
which are caused by excessive deposits o f uric acid salts. The 
drug  was com m ercially  m arketed  lo r that purpose from  
1966, under the name allopurinol.

LEFT Dr George Hitchings won a BELOW Pharmaceutical production 
Sobel prize in 1988 in recognition has come a long way since the days
o f  4 0  years of brilliant research, of the pestle and mortar here, a
mainly at the Burroughs- Wellcome technician operates a spray head
Laboratories in the US. used to coat tablets.
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T H E  B O D Y  W I T H I N
FROM ULTRASOUND TO NUCLEAR MAGNETIC RESONANCE

World War II submarine technology led to non-invasive technique

T
HE ADVENT o f  HIGH-TECHNOLOGY diagnostics in the 1950s 
gradually transform ed the docto r-p aticn t relationship, 
m aking diagnosis in many instances far easier and m ore 

accurate -  but also m ore mechanical and impersonal. Critics 
of the trend say it leads to practitioners concentrating on the 
quantifiable aspects of illness at the expense o f the o ther, 
m ore qualitative elements, such as the patien t’s mental or 
em otional condition . That criticism  has grow n since the 
revival of interest in holistic medicine (see pp. 218-21; 240-1). 
T ho se in favo u r a rg u e  th a t th e  n ew  h ig h -te c h n o lo g y  
diagnostic techniques free doctors from mechanical chores, 
enabling them to spend m ore time considering their patients 
as entire human beings.

L O O K IN G  IN T O  TH E  W O M B  
A baby in the womb in some ways resembles a submerged 
submarine -  and the similaritv was not lost on Ian Donald 
when he became Professor of Midwifery at the University of 
Glasgow, Scotland, in the 1950s. Borrow ing a technique 
developed by French, British and Am erican scientists to  
d e te c t enem y vessels and o th e r  ob jec ts  u n d e rw a te r  in 
w artim e, Donald and his colleagues pioneered a new method 
o f assessing the progress o f a foetus through pregnancy.

Time was to  prove it safer for that purpose than X-rays, 
which by the mid-1950s had been shown to increase the risk 
o f leukaemia and other malignant diseases in later childhood.

The technique Donald adapted was known in the British 
navy as sonar. It relied on the fact that certain crystals, when 
subjected to  an electric charge, em it sound waves at frequen­
cies so high they cannot be heard by the human ear. These 
ultrasonic waves travel particularly well through w ater and 
similar fluids, sending back clear echoes when they encounter 
a solid object. The object’s distance can be calculated simply 
from the time lapse between emission of the sound waves 
and their reception as echoes. M ore im portantly, the echoes 
can be converted into visual signals displayed on a cathode- 
ray tube; variations in the echoes caused by different sound- 
reflective properties o f different parts of the object compose 
a ‘p ictu re’ of it on the screen.

Donald, like o ther medical pioneers of ultrasound in the 
US, Sweden and elsewhere, at first employed the technique 
to  tackle p roblem s unre la ted  to  p regnancy. His earliest 
experim ents, with an ultrasonic metal-flaw detector on loan

B E L O W  The whole fa m ily  views its o j  a US hospital — the left screen
new member in the ultrasound room shows a fo o t;  the right, an arm.
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from a Glasgow engineering works, concentrated on dem on­
stra ting  th a t d ifferen t types of abdom inal tu m o urs  give 
d ifferen t echoes, and then  on diagnosing the n a tu re  o f 
tum ours prior to surgery. But by 1957, he was using the 
technique to  diagnose disorders ol the foetus, and by 1963, 
he had applied it in m ore than 100 cases to establish the fact 
o f pregnancy itse lf all befo re  20 w eeks and , in one 
instance, before nine weeks.

Many people, including Donald, expressed fears that in 
some circum stances ultrasound could prove as potentially  
harm ful as X-rays to  the foetus. But those doubts have 
largely been d iscoun ted  in the light o f ex p erien ce  and 
technical developmnent. Meanwhile, the use of com puters to 
convert the sound signals in to  visual images has greatly  
improved their quality, so that the foetus can be m onitored 
in minute detail for abnormalities.

W A T C H IN G  FO R  H O T  SPOTS 
Because ultrasound quickly established itself in Britain and 
elsewhere as semi-routine in the m anagement of pregnancy, 
it has becom e probably  th e  m o st fam iliar o f th e  high-

A BO V E A thermographic picture o f  areas (red and yellow) round the
an arthritic hand, showing hot jo in ts o f  the thumb and fingers.

technology diagnostic techniques developed since W orld W ar 
II. But there have been many others.

W hile lan Donald and his colleagues w ere still refining 
th e ir application o f u ltrasound  in 1961, scientists at the 
M iddlesex H osp ita l, in L ondon , w ere  w ork ing  o u t the 
clinical requirem ents o f therm ography -  a somewhat similar 
technique, but based on the infrared radiation found in heat 
ra ther than on sound waves.

Different parts of the hody em it varying patterns of heat, 
m easurable bv the in tensity  o f th e  in frared  waves they 
contain. Using an infrared-sensitive cam era and film, the 
patterns can be recorded and analysed to identify abnormali­
ties. The sensitivity o f the equipm ent is such that it can 
detect, record and analyse tem perature differences between 
one and tw o  d egrees  C elsius. C an cero us tu m o u rs , for 
example, are hotter than normal and show up on the film or 
screen as bright red  ‘hot spo ts’. O steoarthritic joints, by 
contrast, are colder and may appear blue.
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T H R E E -D IM E N SIO N A L  X-RAYS 
In 1967, G. N. H ounsfield, an eng ineer and co m p u te r 
expert working for the British company EMI, began work on 
a system that would build up a three-dimensional image of 
the body, or any organ within it. Such images, displayed on 
a sc reen , w ou ld  be able d e te rm in e  the o vera ll shape, 
together w ith details o f length , breadth  and depth , o f a 
diseased area w ithout the need for surgery.

The system, called com puterized axial tom ography, or 
CAT for short, feeds a series o f narrow  X-ray beams through 
the patient to produce detailed cross-sections, which are then 
processed  by a co m p u te r to  crea te  a th ree-d im ensional 
picture. The landscape of the picture is characterized by the 
varying density of the tissues being scanned. The denser a 
tissue is, the m ore of the X-ray beam it absorbs. Later 
re finem en ts to  the CAT scanner, fo r which H ounsfield

ABOVE A patient disappears into computer terminal in the control
the maw of a CAT scanner, while a room. The image on the screen is a 
radiographer operates the scanner’s view of the pa tien t’s abdomen.

shared the Nobel Prize for Medicine in 1979, enabled the
com puter to colour the scan according to tissue density.

The invention of the CAT scanner led to the develop­
m ent o f o ther types, such as the PETT (positron emission 
transaxial tom ography) scanner. This m achine is used to 
diagnose and m onitor brain disorders, but instead of scanning 
w ith X-rays it relies on radioactive emissions and enables
doctors to  study the brain actually at w ork. Patients are
injected with mildly radioactive glucose. As the brain takes 
up the glucose, d ifferent areas take up varying am ounts 
according to their energy needs and therefore their level of 
activity. These differing consum ption levels can be m onitored

1 7 0



M E D I C I N E  S I N C E  W O R L D  W A R  II -  A D V A N C E S  I N  S C I E N C E  A N D  T E C H N O L O G Y

and analysed, allowing doctors to track down the distinctive 
p a t te rn s  a sso c ia ted  w ith  m e n ta l il ln e s se s , such  as 
schizophrenia and dementia.

R ESO N A TIN G  A TOM S 
An even m ore advanced m ethod of producing pictures of 
w hat is going on inside the body is n u c lea r m agnetic  
resonance imaging (NMR or MRI). This technique is based 
upon the principle that hvdrogen atoms in the body resonate 
w hen  en e rg y  from  m ag n e ts  is b eam ed  a t th e m . T he 
phenom enon of m agnetic resonance was first extensively 
analvsed in 1946, in the US, but it was three decades before 
it began to  be generally applied in medical diagnosis.

As w ith  CAT scan n ers , the NM R m achine enables 
doctors to display three-dimensional images of the body on a 
screen. Its main advantage over the CAT scanner, however, 
is that it does not involve radiation and can be used when X- 
ravs might be considered harmful to the patient. NMR also 
allows the chemistry of the body’s metabolism to be studied 
while it is actually taking place -  the am ount of a specific 
substance can be determ ined, w ithout the need for labora­
tory  analysis o f tissue samples. Because ol this ability to 
examine atoms and molecules, NMR has proved useful for 
m o n ito r in g  th e  p ro g ress  o f such  d iseases as m u scu la r 
dystrophy and operations involving organ transplants.

RIG H T A patient undergoing an in the control room shows an image
M RI brain scan lies in the coils oj oj the brain, with the spinal cord 
the scanner’s magnets. The screen and grey and white matter visible.

T U B E S  W I T H  A V I E W

D espite  the technical advances in m any fo rm s  o f  body  
scanning since Ian D o n a ld ’s f i r s t  clinical experim ents w ith  
ultrasound, none o f  them  can pro p erly  scru tin ize  certain  
conditions, such as stom ach ulcers. In these instances, 
doctors look d irectly  in to  the body by in sertin g  an 
endoscope — an illu m in a ted  tube sa id  to  have been  
devised  by P hillipe  B ozzin i o f  F rankfurt in 1806  — 
via the m outh or o ther orifice.

B o zz in i’s inven tion  was developed a n d  refined  
in various ways during the 19th an d  20th  
centuries. But i t  en tered  the age o f  high  
technology only in the 1950s, when f u l ly  f e x ib l e  

fib re -o p tic  in stru m en ts f i r s t  appeared . In 1965,
Professor H aro ld  Hopkins, o f  R eading U niversity,
England, in troduced a system  o f  rod lenses th a t  
afforded a much clearer v iew  than o b ta in ed  when 
optics based on telescopes h ad  been used.

Though severa l types o f  r ig id  endoscope are  s till  
in use, the m ost advanced kind consists o f  a narrow , 

f e x ib l e  tube contain ing tw o  sm aller tubes -  a ll  o f  g la ss  
f ib r e . A beam  o f  lig h t is shot down one o f  the inn er tubes  
to illu m in a te  the area to be exam ined, w hile an eyepiece or 
camera is a tta ch ed  to the o ther tube. Some f e x ib le  
endoscopes are  equ ipped  w ith  m icrochip sensors to f e e d  back  
d a ta  to a com puter f o r  analysis. They also p la y  an 
im p o rta n t p a r t in la ser surgery, which was in ven ted  in 
1963: a laser beam, d irected  along an op tica l f ib r e  in the  
endoscope, burns o ff  grow th s, such as tum ours, or cau ter­
ize s  ru p tu red  blood vessels.

ABOVE This remarkable endoscope 
photograph shows a martini stirrer 
stuck in the windpipe o f  a child 
who had been foo lish  enough to

swallow it. Here endoscopy both 
identifies the position o f  the 
blockage and guides the surgeon 
as it is removed.
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M E D I C A L  T E C H N O L O G Y
FROM SAUSAGE CASINGS TO  COMPUTERS

Twenty-three years o j work saved the life o f America’s ‘Heart Queen’

A DVANCES in  TECHNOLOGY since World War II have progressed 
.far beyond anything the greatest visionary could have 
imagined. The following histories can only highlight a few of 

the many new machines and techniques that have so radically 
changed medicine.

TH E  KIDNEY DIALYSIS M A CH IN E 
Human kidneys filter blood to rem ove im purities, w'hich, if 
allowed to  accumulate, can seriously damage the body. They 
do this in two stages: first, by coarse filtering through the 
glomeruli, knots of capillaries with very thin walls; and then, 
by fine filtering through the renal tubules.

As early as 1914, a team at Johns Hopkins, Baltimore, 
invented the first ‘m em brane vividiffusion apparatus’ — or 
artificial kidney -  for dogs. For their ‘glom eruli’, they used 
tubes made out of collodion (cellulose nitrate mixed with 
alcohol and e th e r) , and ran  arte ria l b lood  from  a dog 
through them , keeping the blood liquid by adding hirudin, 
the anticoagulant made by leeches (see p. 139). W hen the 
tubes w ere bathed in a sterile w ater, the impurities in the 
blood would naturally cross over, through m inute holes in 
the tubes, until the concentration of impurities was equal on 
both sides. This is ‘dialysis’: the separation of particles in a

liquid according to their ability to pass through a membrane 
into another liquid. The partly cleansed blood would then be 
returned to the dog’s body.

The Johns H opkins’ anim al ex perim en ts w ere largely 
forgotten by the scientific community, save bv one man — 
W illem  Kolff, o f the Municipal Hospital at Kampen in the 
N etherlands. In 1943, during the Nazi occupation of that 
country, and in very difficult circumstances, he managed to 
construct a kidney dialysis machine for use by humans, but 
instead of collodion tubes, he used sausage casings.

K olff’s m achine was la te r m odified so th a t the blood 
passed through large, flat mem branes made of cellophane, 
called ‘Kil plates’ after the Scandinavian doctor who invented 
them . But these w ere cum bersom e, and w ere eventually 
replaced with m ore compact coils o f flat cellophane tubing, a 
shape that ensures that the blood passes over the largest 
possib le  a rea o f m em b ra n e . T hese d ialysis m em b ranes 
formerly had to be cleaned after each use, but they are now 
simply replaced, so greatly reducing the risk of infection.

At first, kidney machines were restricted to the treatm ent 
o f patients w'ith acute kidney failure or poisoning by drugs 
that could be rem oved through dialysis. The idea was to 
keep them  alive long enough for their kidneys to recover or 
for the poison to be eliminated. Then, in the early 1960s, 
Belding Scribner, of the University of W ashington, Seattle, 
began to treat patients with chronic kidney failure by giving 
them  long-term  and repeated dialysis.

This had been impossible in the past. The two tubes, or 
cannulae, carrying the blood from an artery to  the dialysis 
m achine and then  re tu rn in g  it to  a vein, w ould becom e 
blocked with clots. They would then have to be reinserted 
every few w eeks at a d ifferen t s ite , and soon no m ore 
suitable sites would rem ain. This problem  was overcome by 
the in tro d u c tio n  o f cannulae m ade o f T eflon-S ilastic , a 
product of the US space program m e, which were so smooth 
inside that clotting was far less likely.

From the start, kidney dialysis proved to  be extrem ely 
expensive and doctors w ere faced with the terrible task of 
choosing  w hich  p a tien ts  w ou ld  b en efit m o st from  the 
treatm ent, w ith the rest under inevitable sentence of death. 
Scribner set up a com m ittee to make these decisions, feeling 
that they w ere a m atter for society, not doctors. He also 
began to look at ways to reduce the cost of dialysis, and to 
make the procedure fit better with the everyday lifestyles of 
his patients, instead of having them  come into hospital tw-ice 
a week for about 16 hours each time. In 1964, he arranged 
for tw o patients to  begin dialysis at hom e, using a simplified 
and largely autom ated machine.

LE FT  A renal dialysis machine — 
this example is fo r  home use —

replaces the Junction o f  the kidneys 
by clearing wastes fro m  the blood.
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ABOVE A young girl, suffering from one: the machine takes over the 
diabetes insipidus, undergoes renal Junaion o f  the damaged organ until 
dialysis. The procedure is a life-saving a suitable kidney donor isjound.

Today, many kidney patients are taught home dialysis and 
manage to lead relatively normal lives. However, dialysis is 
not the ideal solution: patients becom e anaemic, are more 
prone to  infection, especially from  hepatitis B (see p .201), 
and may suffer from severe depression. The best possible 
trea tm en t for alm ost all kidney patients remains a kidney 
transplant (see p .  180).

T H E  H E A R T -L U N G  M A C H IN E 
Stopping the heart long enough for surgery to be carried out 
(see pp. 178-9) was impossible until 19S3. In some ways, the 
problems of developing the technology that would make this 
possible w ere similar to those faced by W illem Kolff, but 
instead of trying to discover ways of taking impurities out of 
the b lood , researchers had to  find a m ethod  o f pu tting  
oxygen into it.

In O ctober 1930, American surgeon John H. Gibbon, Jr 
was part of a team in Boston that operated on a woman, 
known now only as ‘Edith S .’, for the removal o f a massive 
pulmonary embolism (a clot blocking the pulmonary artery 
carrying blood from the heart to the lungs). W hen she died, 
Gibbon resolved to devise a machine that would take over 
the w ork of the heart and lungs during surgery.

So began 23 years o f w ork. Gibbon’s first machine incor­
porated a hollow' metal cylinder that revolved in a vertical 
position. On the inner surface of this, centrifugal force held 
a thin film of b lood, on to which he blew' oxygen as it 
m o ved  from  th e  to p  to  th e  b o tto m  o f th e  c y lin d e r . 
H ow ever, this m ethod could not oxygenate enough blood 
fast enough, and G ibbon’s mission seem ed doom ed until 
some of his associates came up w'ith an idea. They covered 
the smooth inner surface o f the cylinder with a wire screen 
to create turbulence in the blood film and a greater surface 
area, too. W ith this, they w ere were able to  oxygenate eight 
to ten times m ore blood per m inute -  enough to support 
the life of an adult human.

L A S E R S  IN M E D I C I N E

In 1917, A lbert Einstein revea led  his sole contribution  to  
medicine: the principles o f  w h at w ould become the ‘la se r’ 
(L igh t A m plification  by S tim u la ted  Emission o f  R a d ia tio n ). 
From 1960, when the f i r s t  m achine was bu ilt, i t  w ould be 
known as ‘a solution looking f o r  a p ro b lem ’. H un dreds o f  
uses have since been fo u n d  f o r  i t  in indu stry , science an d  
w arfare, as w ell as in m edicine  — p a rticu la r ly  in surgery, 
where lasers have the ad va n ta g es o f  precision, painlessness 
and reduced risk o f  accident a n d  infection.

The best known m edical app lica tion  is in eye surgery, 
where lasers are em ployed to  rep a ir  de tach ed  retin as, 
destroy m a lig n a n t tum ours, rem ove ca taracts a n d  relieve  
glaucom a. Cancers o f  the in testin es, spine, skin, lung an d  
larynx are also a tta ck ed  w ith  lasers, a n d  th ey  can be used  

f o r  ‘tissue w e ld in g ’, when blood vessels are  jo in ed  back  
together. One o f  the f i r s t  ways th ey  were used was in the  
rem oval o f  b irth m arks known as ‘p o rt wine s ta in s ’, and  
carbon-dioxide lasers have since been successful in o b lite r­
a tin g  ta ttoos.

An exam ple o f  the addition  o f  a very new  technology to  
a very  old h ealin g m ethod is la ser acupuncture. A sm all

ABO VE The development of laser repertoire. Here, a laser beam is
technology' has added a new passed through the pupil of a
dimension to the surgeon's human eye during an operation.

laser replaces the needles, a n d  avoids the risk o f  infection  
fro m  h ep a titis  B an d  AIDS.
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T E S T - T U B E  B A B I E S

In the early  1960s, the B ritish  gyn a eco lo g ist/o b ste tric ia n  
P atrick  S teptoe h ad  m any women p a tie n ts  who were 
in fertile  due to blockage o f  th e ir  Fallopian tubes (throu gh  
which their eggs should tra ve l to m eet sperm  and, when 

fe r t il i z e d , continue on in to  the uterus f o r  im p la n ta tio n ). H e  
reckoned th a t th is problem  could be overcome i f  an egg  
were rem oved fro m  an ovary  — using a laparoscope, an 
in stru m en t th a t he h ad  p ioneered -  an d  f e r t i l i z e d  w ith  
sperm , k ep t a live  f o r  a f e w  days to  ensure th a t an em bryo  
was fo rm in g  an d  then p laced  in the m o th er’s u teru s f o r  
norm al developm ent.

W hat S teptoe envisaged has become known as ‘te s t- tu b e ’ 
fe r t il iza t io n . H ow ever, te s t-tu b es  were never used: the  
f e r t il iz a t io n  took place in sh allow  g lass p e tr i dishes, an d  
the correct nam e f o r  th is technique is in vitro  f e r t il iz a t io n  
( fe r t il i z a t io n  in g la s s ’) ,  or IVF.

A f e w  y ea rs  la ter, S teptoe began collabora ting  w ith  
R obert E dwards, a physio log ist a t  C am bridge U niversity, 
E ngland, who h a d  spen t a g re a t  dea l o f  tim e in vestig a tin g  
labora tory  fe r t il iz a t io n . E dw ards was ab le  to  recognize  
under the microscope the exact m om ent when hum an eggs 
are ripe an d  capable  o f  being fe r t i l i z e d .  In F ebruary 1969, 
he an d  Steptoe announced in N ature th a t they h ad  
achieved fe r t il i z a t io n  o f  13 hum an eggs (ou t o f  a to ta l o f  
56) outside the body f o r  the f i r s t  tim e.

Nine y ea rs  la ter, in J u ly  1978, Louise Brown was born 
a t O ldham  D istric t H osp ita l, England, by  caesarean section  
-  the f i r s t  ‘te s t-tu b e  b a b y ’. P atrick  S teptoe took her an aes­
th e tize d  m o th er’s wom b out o f  the abdom in al incision to 
show to the cam eras the com plete absence o f  Fallopian  
tubes. The new spaper rig h ts  to the sto ry  sold f o r  £300,000  
(a b o u t $500,000).

The m edia w ere ecsta tic  ab o u t IVF, a n d  prom oted  i t  so 
h eav ily  th a t  m an y people  (a n d  not a f e w  doctors) believed  
th a t i t  w as the breakthrou gh  f o r  which a ll in fertile  women 
h ad  been w a itin g . But, by  M ay 1989, i t  w as shown th a t  
only 10.1 p e r  cent o f  a ll  trea tm en ts in B rita in  produced live  
babies. According to R obert W inston, o f  London’s 
H am m ersm ith  H o sp ita l a n d  one o f  the w o rld ’s lead ing  
experts on in fe r tility , “IVF is s t i l l  the m ost dem an din g, the 
m ost em otion a lly  fr a u g h t, the m ost expensive a n d  th e  lea st 
successful o f  a ll in fe r til i ty  tre a tm e n ts”.

In 1983, an o th er technique to overcom e in fe r til i ty  was 
developed  when D r Tesarik a n d  colleagues in Czecho­
slovakia  f i r s t  tran sferred  a m ix ture o f  egg an d  sperm  in to  a 
w om an ’s Fallopian tube to  g ive  them  the best o pportu n ity  
to f e r t i l i z e .  In A ugu st the fo llo w in g  y ea r , R icardo Asch, o f  
the U n iversity  o f  Texas, rep o rted  the f i r s t  pregnan cy  
resu ltin g  fro m  th is GIFT (g a m ete  in tra fa llo p ia n  tran sfer), 
as i t  was nam ed.

B ut by the early  1990s, a ll  fo rm s  o f  a r tif ic ia l f e r t i l i z a ­
tion were under scrutiny. First, la rg e  p aym en ts to su rrogate  
m oth ers (w ho receive eggs a n d  sperm  fro m  couples who 
cannot have th e ir  own children)  w ere ou tlaw ed  in some 
countries. The Rom an Catholic Church pronounced a g a in st 
IVF (b u t n o t a g a in s t GIFT). There w as uproar when i t  was 
revea led , in 1992, th a t a 54 -year-o ld  Ita lia n  woman h ad  
been im p reg n a ted  w ith  a donor egg f e r t i l i z e d  by her 
h u sban d’s sperm , an d  an A m erican doctor was sentenced to 
ten y e a r s ’ in prison f o r  h aving  used his own sperm  when 
a rtif ic ia lly  in sem in atin g  dozens o f  his fe m a le  pa tien ts .

BELOW After in  v i t r o  fertilization, fo r  a fe w  days before being 
the embryo is allowed to develop im planted in the m other’s womb.
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G ibbon to o k  his te a m ’s c re a tio n  to  T hom as W a tso n , 
President of IBM, whose engineers constructed a compact, 
portable apparatus. In the earlv 1950s, Gibbon began a series 
o f animal experim ents — creating  heart defects and then 
correcting them -  to perfect his surgical technique.

In 1952, he operated on his first human patient a 15- 
month-old baby -  who died shortly after the operation, from 
an incorrect pre-operative diagnosis, not from the procedure. 
His second patient was 18-year-old Cecilia Bavolek, who had 
a hole betw een tw o of the chambers o f her heart. On 6 May 
1 9 5 3 , G ib bo n s  o p e ra te d , c o n n e c tin g  th e  g ir l to  his 
heart-lung machine for 45 minutes — for 27 minutes, it was 
her sole source of circulation and respiration.

Cecilia Bavolek recovered com pletely, but her lame as 
the firs t successful h e a r t- lu n g  m achine p a tie n t led to  
emotional turm oil. Pressed for interviews and public appear­
ances, she changed h er phone n u m b er and avoided  all 
publicity. However, ten years after the operation, in 1963, 
she agreed to become the ‘Heart Q ueen’ for the American 
H eart Association and received an aw ard from  President 
Lyndon Johnson.

Further research was carried  out on outside-thc-body  
o x y g e n a tio n , e sp ec ia lly  by C la re n c e  L ille h e i , a t  th e  
University of Minnesota. In 1954, believing that G ibbon’s

B E L O W  One of the earliest heart- in theatre. Such machines made
lung machines, fro m  1956, in use heart surgery possible.

machine was not sufficiently developed, he operated on a 
child using one of its parents in place of the machine; the 
following year, he employed a dog lung as an oxygenator; 
and a few months after that, he devised a simple disposable 
plastic oxygenator -  all w ith exceedingly good results.

C O M P U T E R S  IN M ED IC IN E 
In the mid-1950s, a few biomedical scientists began to use 
com puters to analyze complicated data, but only a handful of 
d o c to rs  even  c o n sid e red  th e ir  p o ssib ilitie s . G radually , 
however, physicians became attracted to them because of the 
am ount o f in form ation they could store  in such a small 
space, and because they had the ability to  retrieve informa­
tion and establish complicated associations between data.

Bv 1960, over 1000 illnesses and about 200 symptoms 
had been ascribed  to  the co rnea o f the eye alone, and 
doctors could no longer rem em ber everything to do with the 
bodv as a w hole. In addition, m ore than 15,000 medical 
papers w ere being published annually -  far too many for any­
one person  to  read , m uch less absorb. In to  the breach 
stepped information technology- companies, which developed 
com puter programs that could index, abstract and search for 
relevant papers at the touch of a few buttons.

In 1959, a study of private medical practice in the US 
revealed that less than one fifth o f doctors kept complete 
records of their patients. Each could deal with up to 4000 
patients a year, and in hospitals, medical files could be over 
100 pages long, with contributions from doctors, nurses and 
o ther medical staff. In the 1960s, doctors and experts from 
o ther branches of science banded together to  exploit the full 
potential of com puters in hands-on medicine.

Programs were developed to take medical histories from 
patients, w ith each answer determ ining the next question 
asked. The com puters elicited at least as many or even 
m ore significant symptoms than doctors had, and many 
patients preferred  them : using the com puter allowed time 
for thinking, was less embarrassing and patients believed that 
they w ere saving their d o c to rs’ tim e. Despite this, some 
physicians lo u nd  th e  question s som ew h at lim iting , and 
re g re tte d  th e  loss o f all the in fo rm atio n  th a t could  be 
gathered from body language. Com puterized history-taking 
never took off.

The use o f com puters in m ore scientific ways was far 
m ore successful. In the m id-1950s, the Cytoanalyzer was 
invented , which scanned cells and transm itted  data about 
them into a com puter that could then distinguish between 
norm al and abnorm al cells. A no ther co m p u te r p rogram  
enabled the electronic impulses generated by a scan of an X- 
ray to be converted into num bers, which could be then be 
compared to find any pathological conditions. In 1972, ten 
rad io lo g is ts  w ere  p itte d  against a c o m p u te r using this 
program , to  find evidence of rheum atic heart disease in a 
num ber of X-rays. The com puter won, with a 73 per cent 
accuracy rate compared to  the radiologists’ 62 per cent.

T h e  A m erica n  space  ra c e  had its  ow n  im p a c t on 
com puters in medicine through the sophisticated equipment 
invented to m onitor the physiological changes in monkeys 
and astronauts. As one com m entator put it: “If monkeys 100 
miles in the air can be m onitored, there is no reason why 
patients cannot be m onitored”. Many of the monitors now 
commonplace in hospital wards and intensive care units, owe 
their conception to the US space program m e.
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HIP R E P L A C E M E N T
THE SEARCH FOR A LOW-FRICTION SOLUTION

Surgical skill and materials technology combined to change millions of lives

THE STRIKING SUCCESS of total hip replacement ranks high 
on the list of significant medical advances during the last 
quarter of the 20th century. Its achievem ent is a perfect 

example of how surgical skills and developments in materials 
technology can combine to defeat disabling illness -  in this 
instance, arthritis of the hip.

Many people think that appendicectomy (removal of the 
appendix) is a com m on operation  — it is, bu t to ta l hip 
re p lac em e n t in the d ev e lo p ed  w o rld  is now  far m o re  
common. Over 100,000 operations are perform ed each year 
in the US and a similar num ber in Europe. This staggering 
s ta tistic  m eans th a t, over th e  years, m illions o f people 
worldwide have had their lives transformed -  an exhausting 
battle against pain and disability has been won and they can 
now walk freely and sleep all through the night.

‘GORILLAS W IT H  SHAVEN A RM S’
The origins of m odem  orthopaedic skill are difficult to trace. 
An Australian anatomy professor, G. Eliott Smith, working 
in Cairo, has suggested that orthopaedics is at least 4500 
years old -  circumcision is thought to be the only surgical 
p rocedure to  p redate  it. Smith has shown that the first 
orthopaedic procedure conducted by our ancestors involved 
placing wooden splints o f bark, held in position with linen, 
on opposing sides of a broken bone.

The poor esteem with which those who treated bones 
w ere  held  bv th e ir  c o n tem p o ra r ie s  is re fle c ted  in th e  
com m ent, still occasionallv heard today, that orthopaedic 
su rg e o n s  a re  ‘g o r illa s  w ith  shaven  a r m s ’ . B ut th e  
demographic fact that many people in the developed world 
(and increasingly so in the developing world) now live to a 
ripe old age has contributed to a change in this derogatory 
attitude. For many of the best scientific minds have turned 
their attention to what can be done to improve the quality of 
life for men and women who, because of arthritic hips, often 
spend the last 10 or 15 years o f their lives bedridden and in 
terrible pain. The objective is now to ensure everybody is as 
independent as possible for as long as possible, thus reducing 
to a minimum the time they need intensive -  and, therefore, 
costly -  medical care before they die.

IVORY, STEEL AN D  PLASTIC 
The earliest replacements o f a joint were conducted around 
the tu rn  of the 20th century. The French surgeon Louis 
Oilier perform ed 270 elbow replacements by the year of his 
death  in 1900. In 1891, a G erm an surgeon , T heod o re  
Gluck, is said to have replaced a hip with an ivory ball-and- 
socket joint that he cem ented and screwed into place. But it 
was unusual for surgeons to  a ttem p t to  replace the hip 
because, in the normal course of events, each hip joint is 
subject to huge loadings -  up to five times body weight is

norm al. R eplacem ent technology w ould sim ply not have 
been able to cope.

W ith the advent o f acrylics, plastics and biologically inert 
materials before W orld W ar II, the idea of replacing the hip 
became feasible. Various orthopaedic surgeons, such as John 
W iles, o f L ondon, a ttem p ted  hip jo in t rep lacem en t, o r 
arthroplasty of the hip. They either replaced the head of the 
fem ur with artificial m aterials, such as stainless steel, or lined 
the socket, o r acetabulum, in which the ball o f the femoral 
head sits and rotates during leg m ovem ent. But problems of 
m aterials, fixation and design of prostheses continued to 
th w art the m ost inventive surgeons in th e ir a ttem pts to 
create perm anent hip repair.

The first step tow ard this goal was taken by US surgeon 
M arcus S m ith -P e te rse n  o f B oston , M assachusetts , w ho 
developed a technique in which a loose-fitting and highly 
polished metal cup was placed betw een the femoral head, 
which had been reduced in size, and an enlarged acetabulum. 
But this proved mechanically unstable and led to eventual 
loss of mobility.

Then, in the 1950s, the French brothers J. Judet and R. 
Judet replaced the head of the fem ur with a polished plastic 
hem isphere attached to a spike -  the spike was driven down 
the stum p of the fem ur to  fix the whole prosthesis in place. 
The Judet operation  resu lted  in a m ore stable jo in t, but 
there w ere frictional problem s that manifested as ‘squeaks’

B E L O W  A Jalse-colour X-ray oj an appears yellow  against the yellow- 
artificial hip  — the steel shaft blue o f  the thigh bone.
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in the joint for the first few weeks. This friction resulted 
from the plastic rubbing against the bone of the acetabulum 
and even  th o u g h  th e  ‘s q u e a k s ’ s to p p e d , the f r ic t io n  
continued to  strain the bond betw een  the spike and the 
femoral neck.

But time and again, the replacem ent did not take, either 
because the cem en t did n o t p ro perly  b ind the artificial 
m ateria l in to  its bod ily  lo ca tio n , o r because th e  jo in t 
‘loosened’. A great deal of research has concentrated  on 
try ing  to  p rev en t th is p ro b lem . H un d red s o f d iffe ren t 
p ro sth eses  have been  sam p led  and n u m e ro u s  su rg ica l 
positions evaluated in an effort to  discover the m ost mcchan- 
icallv advantageous arrangem ent and the one, therefore, that 
would be least likely to cause loosening.

MORF. SLIPPERY T H A N  ICE 
The turning point in total hip replacement came in 1960. 
John Charnley (1911 82), consultant orthopaedic surgeon to 
the M anchester Royal Infirm arv, England, developed the 
technique for low -friction arthroplasty  that has been the 
cornerstone of total hip replacements ever since. Announcing 
his new operation in the Lancet, in 1961, Charnley declared: 
“Neither surgeons nor engineers will ever make an artificial 
hip-joint which will last thirtv years and at some tim e in this 
period enable the patient to  play football”. Charnley recog­
nized the success of other methods but was aware that in 
nearly every case the hip replacem ent failed in the long 
term . His aim -  and, ultimately, his achievement — wras to 
“make this tem porary success perm anent”.

Charnlev, now known as ‘the father o f total hip replace­
m en t’, w:as by training and inclination both engineer and 
orthopaedic surgeon. His low-friction arthroplasty involved 
using different materials for the two parts o f the joint the 
femoral head and acetabular cup. friction  between these two 
would be kept low if one was hard and the other was both 
soft and smooth. Charnley knew he could not m im ic the 
lubrication of a norm al animal jo in t, which he said was 
“rather more slipperv than ice”.

He replaced the fem oral head with a m irror-fin ished , 
stainless steel prosthesis, which had a diam eter o f 0.88in

(22mm) -  much smaller than normal but steel withstands the 
kind of loadings the fem ur has to experience bette r than 
o ther metals, fo r  the acetabular cup, Charnley first chose 
p o ly te tra fiu o ro e th y le n e  (P T fE , o r T eflon  as it becam e 
know n when it was in trod uced  as a non-stick  lining to 
kitchen utensils after W orld W ar II). PTFE is a low-friction 
plastic but, as Charnley found out, it does not wear well. In 
1962, he developed a cup made of high-density polythene, 
known as RCH 1000, which generated m ore friction but 
lasted up to a thousand times longer.

finally, both the cup, which was deeply serrated on the 
outside, and the shaft of the prosthesis w ere bonded into 
position using an acrylic cem ent called methyl methacrylate. 
This produced an effective bond between the patient’s own 
bone and the artificial jo in t and proved  to  be the best 
method of preventing loosening.

IM PR O V ED  ASEPSIS 
Besides loosening, the o ther great fear for surgeons is bone 
infection. The insertion of a foreign body such as a prosthesis 
into human tissues makes infection very likely, especially if it 
is close to  b on e and su rro u n d e d  by in e r t  ce m en t. So 
infection was a common cause of failure in the early years of 
hip replacem ent. H owever, preventive use of antibiotics, to 
kill bacteria before they have had a chance to multiply in the 
tissues, has proved effective, and has reduced infection rates 
to belowr 2 per cent.

T h e a tre  asep tic  techn iques have also im p ro ved . Hip 
replacem ent operations are routinely carried out in clean-air 
theatres, or tents. These m icro-environm ents were pioneered 
by orthopaedic surgeons, led by John Charnley, and incorpo­
rate a uniflow system of air control — air is channelled in 
one direction over the patien t’s bodv in order to reduce the 
num ber of circulating bacteria. M oreover, form er unhygienic 
practices have been abandoned, fo r  example, it was once 
com mon for the surgeons to lob the very hot acrylic cement 
betw een themselves until such time as it had cooled suffi­
ciently for the senior surgeon to  hold it comfortably -  it 
could then be placed within the patien t’s body w ithout fear 
o f burning the tissues.

L EFT Surgeons in a tent replace a 
hip jo in t that had been seriously 
damaged by rheumatoid arthritis. 
The pa tient, a young man, had 
requested that he stay conscious 
during the operation, in order to 
see exactly what was going on. 
However, the presence of a 
plexiglass screen effectively 
thwarted this ambition.

1 7 7



H I S T O R Y  O F  M E D I C I N E

G R A F T S  AND T R A N S P L A N T S
FROM MAGIC TO MACHINERY

A 54-year-old man lived fo r  18 days with a 24-year-old woman's heart

I N THE THIRD CENTURY BC, a Chinese doctor, Pien C h’iao, 
performed a startling, multi-organ swap on two soldiers 
he had anaesthetized with narcotic wine. Encouraged by his 

‘personal pixie’ (who enabled C h’iao to diagnose and treat 
patients), the doctor is said to  have swapped several internal 
organs — hearts included. Legend also has it that w:hen the 
soldiers finally came round three days later, they appeared to 
be in good shape.

A m ore reliable statem ent confirming the early practice 
of tissue transplantation w-as provided by the Roman doctor 
Celsus (see p.21). In De Medicina, he records that tissues had 
been successfully transplanted from one body to  another. 
And, 150-odd years later, Galen (see pp.22-3) gave detailed 
instructions for the repair o f facial defects by grafting.

Notwithstanding the early achievements of the Chinese, 
Romans and ‘miracle w’o rkers’, such as Cosmas and Damian 
(see p. 35), the foundations for m odern  transplant surgery 
w ere laid in the U nited  States at the s tart o f the 20th 
century by surgeon Alexis Carrel (see p. 125) and physiologist 
Charles Guthrie. Their successful blood vessel anastomosis

operations, in which severed arteries or veins are surgically 
joined together, provided a springboard for all later trans­
plant surgery. Carrel and Guthrie w ere able to show that not 
only w ere tran sp lan ta tion s o f tissues, organs and lim bs 
clea rly  p ossib le , b u t also -  su rp ris in g ly  — it w'as not 
necessary for nervous connections to exist for the transplant 
to function normally. At the tim e, much of the recognition 
for this work w ent to  Carrel, w'hile G uthrie’s contribution 
received little attention.

D EFIN IN G  A TR A N SPLA N T 
T he te rn r  ‘tra n sp la n t’ is a b ro ad  one . O rgans, such as 
kidneys, and tissues, such as skin and bone marrowr, may be 
rem oved from an animal and then replaced in the same body 
(an ‘autotransplant’ o r ‘replan t’) -  though not necessarily in 
the anatomically correct position. Alternatively, they may be 
taken from one animal and transplanted into another of the

B E L O W  A half-completed skin graft, m alignant melanoma — a virulent 
fo llow ing  surgery to to remove a Sorm ° f  cancer.
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same species (a ‘hom otransplant’). W hen an organ or tissue 
is taken from an animal of one species and placed into the 
body o f a d ifferen t species, the process is know n as a 
‘heterotransplant’.

For the next three decades, these transplant approaches 
were tackled again and again with varying degrees of success 
— and, some would say, unpleasantness. In 190S, Eduard 
Zirm  perform ed the first successful corneal transp lant in 
O lm utz, Moravia -  the technique had to  wait alm ost 50 
years before it became popular worldwide. In 1912, Guthrie 
grafted the head of a puppy on to  the neck of an adult dog, 
which lived for several hours after surgery. This experim ent 
was repeated by Russian surgeon Vladimir Demikhov, 35 
years la ter, and the p u p p y ’s head lived for 29 days. A 
Cleveland experim ent by R obert J. W hite showed that a 
m onkey’s brain could be kept alive for a few hours, nurtured  
by the blood supply o f another monkey.

But despite claims stretching back hundreds of years, the 
first successful replantation of a severed limb took place in 
Boston, in 1962. An accident had cost a 12-year-old boy his 
right arm, severed just below the shoulder. The boy and his 
arm w ere taken to  Massachusetts General Hospital where the 
arm was packed in a solution of ice and salt and then grafted 
back onto its owner. A few months later, surgeons Ronald 
Malt and Charles McKhann completed their w ork when they 
reconnected  the nerves. W ithin  tw o years, the boy had 
virtually regained the full use o f his arm  and hand, to the 
point of being able to lift small weights.

TH E  PROBLEM  O F R E JE C TIO N  
The incompatibility betw een tissues and organs of different 
individuals seemed to dog the efforts of transplant pioneers. 
Autotransplants (see p. 138) continued to be successful, but 
neither homotransplants nor heterotransplants could be made 
to work. It was as if the recipient’s body rejected as foreign 
the donor tissue or organ. And this rejection was a direct 
result of the recipient’s im mune system attacking the trans­
plant, as if bent on destroying it.

Charles D arw in’s w ork on evolution and the origin of 
species, together with Gregor M endel’s laws of inheritance 
(see pp.66-7), had transform ed the scientific understanding of 
the differences betw een living things. After Karl Landsteiner 
published his studies into the human blood groups (see pp. 
9 2-3), it soon becam e clear that there  w ere also crucial 
differences betw een the tissues, organs and even cells of 
individuals. M oreover, these differences caused incompatibili­
ties: mixing blood from group A with blood from group O 
brought about clumping, or agglutination, o f red blood cells 
as a result of the clash of differing antigens from each group.

An u n d e rs ta n d in g  o f th e  p ro cess  o f re je c tio n , and 
therefore ideas about ways to suppress it, started to crystal­
lize as W orld W ar II was coming to an end. In 1945, US 
scientist Ray Owen announced that non-identical tw in calves 
were able to tolerate cells transplanted betw een them , as if 
they had somehow ‘inoculated’ each other when they shared 
the same circulation in the womb.

Seizing on O w en’s idea, and building on his long struggle 
to  understand how humans react to viruses, vaccines and 
other foreign substances, Professor Macfarlane Burnet, from 
M elbourne, A ustralia, p u t fo rw ard  a selective theory  of 
im m unology. B urnet p roposed  th a t th e  b o d y ’s im m une 
system is formed in the womb when, as a foetus, it ‘learns’

ABOVE A close-up o f  a mesh skin o f  skin through a meshing machine
graft, produced by rolling a section to create a hexagonal lattice.

P R O L O N G I N G  T H E  
T R A N S P L A N T

The upsurge in pharm acolog ica l research fo llo w in g  
W orld W ar II  (see pp. 164-7) brou ght a w ealth  o f  
chem icals in to  th e  m edica l arm oury. D rugs to  
suppress the im m unological responses o f  tra n sp la n t  
recip ien ts  — other than  f o r  th e  tra n sp la n ts o f  corneas 
a n d  cartilage , which d id  n o t su ffer th e  sam e rejection  
problem s — s ta r te d  to  f in d  th e ir  w ay  in to  the  
opera tin g  th ea tre , ra isin g  hopes th a t  successful 
tra n sp la n ts w ere ju s t  arou nd the corner.

The f i r s t  im m un osu ppressan t w as the stero id  
cortisone  (see p. 166), which w as successfully used in 
1951 to  prolong the life  o f  a skin hom otran sp lan t. 
E igh t y e a r s  la te r , im m unological tolerance was 
induced w ith  m ercaptopurin e a n d  irra d ia tio n  was 
used in P aris in the f i r s t  successful k idney tra n s­
p la n ts  betw een n on -iden tica l tw ins. In 1963', a n tilym -  
phocytic serum  (ALS)  -  a serum  m ade fro m  an im al  
blood th a t  h a d  prev iou sly  been in jec ted  w ith  hum an  
lym phocytes — was shown to prolong tra n sp la n t  
su rv iva l ra tes. The ben efit o f  ALS w as th a t i t  focu sed  
on su ppressin g rejection w hile leavin g  the body’s 
defences a g a in s t infection re la tiv e ly  untouched. But 
i ts  draw back  — the d ifficu lty  o f  know ing which batch  
was p o ten t a n d  which was n o t — g a ve  i t  a h it-a n d -  
m iss pro file  th a t ou tw eigh ed  i ts  usefulness.

The an ti-leu kaem ic  drug, a za th io p r in e  (see  
p .167), in com bination w ith  steroids, soon becam e the  
s ta n d a rd  m eans o f  suppressing rejection an d  
pro lon gin g  a h om otran sp lan t. A m ore recen t add ition  
to  the im m un osu ppressan t arm ou ry is cyclosporin, an  
a n tib io tic  discovered in 1974 an d  in g en era l use since 
1983. I t  produces less harm fu l s ide-effects but, like  
a ll i ts  predecessors, has a non-specific a n d  ind iscrim ­
in a te  action on the b o d y’s im m une system . Im m uno­
su ppressan ts m ay prolong a tra n sp la n t w ith  varyin g  
degrees o f  success, b u t th ey  cripple  the b ody’s a b ility  
to  f i g h t  everyday  bacteria , viruses an d  fu n g i.  
T ran sp la n t surgeons therefore have to weigh up the 
pros a n d  cons o f  each case -  the ben efit o f  new  
tissues or organ s versus dru g side-effects com bined  
w ith  reduced im m u n ity  to  infection.
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to produce a whole alphabet o f antibodies. The manufacture 
of any of these antibodies can he activated as and when the 
need to do so arises.

P ro o f fo r th is line o f th in k in g  cam e from  L ondon  
University’s Professor of Zoology, Peter Medawar, and his 
colleagues. W orking with skin grafts, Medawar showed that 
if he gave an animal m ore than one graft from the same 
d on or, then  the second g raft was re jec ted  m uch m ore 
quickly than the first. He also showed that if the recipient 
was injected with leucocytes (white cells) from a prospective 
donor prior to grafting, then the graft’s survival time was 
shortened. Because the skin and the leucocytes had shared 
common antigens, then the injection had conferred ‘active 
im m unity’ against the graft.

Medawar and his team also experim ented with the in tro ­
duction of cells from a strain of brown mice into the foetus 
of a white strain to  see if the prospects of a skin graft from 
the first to the second were improved. W hen the foetus was 
born, they grafted a patch of skin from the donor of the 
cells (skin is a notoriously hard tissue to  graft permanently) 
on to its back. The skin graft ‘took’ w ithout any problems 
and lasted longer than in norm al conditions. As a result, 
Medawar proposed the theory of ‘acquired immunological 
tolerance’ -  individuals exposed in the womb to cells of a 
prospective donor acquire an im m unological tolerance to 
grafts and transplants from it.

For their respective contributions to the understanding of 
actively acquired  im m unity  and acquired  im m unological 
tolerance, both Burnet and Medawar were awarded a Nobel 
prize for m edicine in 1960. They had also given m uch- 
needed  im petus to  the search  fo r ways to  p ro lo ng  the 
survival of transplanted tissues.

KIDNEYS A ND LUNGS 
Pride of place in the whole field of organ transplants has 
been occupied by the kidney. The organ is simple to rem ove 
and replace with a single artery-vein anastomosis, is easily

tissue-typed, and the fact that everyone has tw o means that 
living donors can be used. M oreover, the advent o f dialysis 
machines (see p /72) means there is back-up should a kidney 
transplant fail.

The first kidney heterotransplant is thought to have been 
perform ed in 1902 by the Austrian surgeon E. Ullmann, 
when he transferred a dog’s kidney into a goat’s neck. Then 
the developm ent of the artificial kidney machine in the 1940s 
m eant that many seriously ill patien ts could becom e fit 
enough for surgery to  take place. In 1954, surgeons in 
Boston carried out the first successful kidney transplant from 
a living donor -  a 24-year-old man, diseased in both kidneys 
and close to death, lived after receiving a healthy kidnev 
from his identical twin brother.

BELOW Donor kidneys are preserved support machine, at the University 
prior to transplantation in a life- o f  Minneapolis Hospital.

T H E  F I R S T  H U M A N  H E A R T  T R A N S P L A N T

An aston ished w orld  g re e te d  C hristiaan B arn ard  a fte r  he 
h ad  carried  out the f i r s t  hum an h ea rt tran sp lan t. Young, 
handsom e an d  g re a tly  ta len ted , B arn ard  was known a t  
Groote Schuur H ospita l, Cape Town, f o r  m eticulous work 
th a t was com parable w ith  the best in the world. B arn ard  
h ad developed his su rgical techniques f o r  tra n sp la n ts w ith  
his broth er M arius, a fte r  th ey  h a d  s tu d ied  Norman  
Shum w ay’s technique f o r  nourish ing the h eart, an d  h ad  
been experim enting on dogs since 1964. They h a d  fo u n d  
th a t in 90 per cent o f  the anim als, the  
cooled and tra n sp la n ted  h ea rt su pported  
the circulation f a i r l y  successfully.

On 3 D ecem ber 1961, a 24 -year-o ld  
woman was a d m itted  to Groote Schuur 
H osp ita l dying o f  head  in juries su sta ined  
in a tra ffic  accident. Louis W ashkansky, 
who had suffered three h ea rt a ttacks since 
1959 an d  w as now  dyin g o f  in tra c ta b le  
h ea rt fa i lu re , h ad  agreed  to  B a rn a rd ’s 
proposal o f  a tra n sp la n t a n d  was only  
w aitin g  f o r  a su ita b le  donor. The woman 
h ad com patib le  red-cell an tigen s an d  a

sim ila r  leucocyte an tigen  p a tte rn  to  W ashkansky. B arn ard  
sensed the chance o f  a life tim e.

When W ashkan sky’s chest was opened up it  was clear  
th a t  noth in g sh ort o f  a tra n sp la n t could help. When a 
neurosurgeon reported  th a t  th e  w om an ’s in juries were  
u n trea ta b le , her re la tives g a ve  th e ir  perm ission f o r  her 
h ea rt to  be used. J u s t 3 hours, 12 m in utes a fte r  the donor 
h ea rt h a d  arrived , the f i r s t  hu m an -to-h u m an  h ea rt tra n s­
p la n t  was com plete.

W ashkansky’s response to su rgery  an d  
p o st-o p era tive  care (usin g corticosteroids, 
a za th io p r in e  an d  cobalt ra d ia tio n j was 
qu ite  rem arkable; he liv ed  f o r  18 days. 
Sadly, he con tracted  a lung infection th a t  
d id  n o t respond to  trea tm en t. The p o st­
m ortem  recorded th a t dea th  was due to  
extensive b ila te ra l pneum onia  — the h ea rt 
h ad  n ot been rejected, bu t in stead  
m a in ta in ed  good  circu lation  to the end.

LEFT South African surgeon Christiaan Barnard 
pioneered heart transplant surgery.
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LEFT This close-up o f  a heart 
transplant in a child shows the tiny 
defective heart -  about the size o f  
a walnut — held next to the 
transplanted heart. The patient, a 
six-year-old boy, was suffering jro m  
life-threatening heart defect.

Progress in the transfer of either the liver or the lungs has 
been  fitfu l since th e  1950s, b u t such tra n sp la n ts  are 
becoming relatively common. Following the news, in 1962, 
that Vladimir Demokhov had experim ented on animal lung 
homotransplants some 15 years earlier, James Hardy, of the 
U niversity o f Mississippi Medical C en tre , dete rm ined  to  
attem pt a human lung transplant. In June 1963, he trans­
planted the lung of a man who had died of a heart attack 
into that of a 58-year-old man dying of lung cancer and 
emphysema. The new lung immediately functioned w'ell and 
continued to  do so for 18 days until the patient died from a 
kidney complaint that was unconnected to the transplant.

T H E H EART O F  T H E M A TTER  
E xperim ents to  transp lan t the h ea rt date back to those 
perform ed by Carrel and G uthrie in the early 1900s. In 
1933, Frank Mann, of Georgetown University, Washington 
D .C ., concluded from his own animal experim ents that the 
heart behaved no differently to o ther organs in regard to 
heart transplants. In these early experim ents, the heart had 
not been placed in its correct anatomical site but in some 
other location, usually in a pouch underneath the skin of the 
neck. But during the 1950s, moves were made to transplant 
a donor heart into the correct cavity, thereby com pletely 
replacing the function of the recipient’s heart.

Transplanting the heart poses many problem s apart from 
rejection. The donor organ m ust be completely healthy and 
untouched by the cause of the d onor’s death. And, because a 
heart will deteriorate within minutes o f death and cannot be 
sto red  successfully  for any leng th  o f tim e , it m u st be 
removed and transplanted with great speed, sometimes at the 
expense of full tissue-typing tests.

N orm an Shumway, o f Stanford U niversity , California, 
made a major breakthrough in 1961 when he devised a vastly 
im proved surgical technique to  nourish  the h eart m ore 
efficiently. After surgery, Shumway used a machine to  keep 
the recipient's circulation going until the new  heart was

ready to take it over. His experimental dogs lived for as long 
as 21 days, during which time they functioned normally -  
eventual death w'as due to organ rejection.

The first heart transplant in hum ans took place on 23 
January 1964. W hen a 68-year-old man was adm itted to  the 
M ississippi M edical C en tre  w ith  advanced heart disease, 
James Hardy put him on a heart-lung machine and prepared 
for the first heart transplant betw een humans -  the donor 
was to  be a young man suffering from irrecoverable brain 
damage. Yet, it was not to  be — the prospective donor clung 
to life while the prospective recipien t’s heart suddenly failed. 
Hardy made the brave decision to  use a chimpanzee’s heart, 
believ ing  it to  be w ith in  the  b ou nd arie s  o f ethics and 
morality. The heart functioned well after surgery, but was 
too  small to  cope (the p a tien t was far heavier). H ardy 
im plan ted  pacem akers in an e ffo rt to  b oo st the h e a r t’s 
activity, but the patient died shortly after.

The press, which had been waiting to make the historic 
announcem ent, lost interest as soon as it found out that the 
donor wras a monkey and not a human. It, and the world, 
had to wait almost four m ore years for the great event to 
happen: in Cape T ow n, in 1967, South African surgeon 
Christiaan Barnard and his team transplanted the heart o f a 
2 4-year-o ld  w om an in to  the bodv o f 54-year-old  Louis 
Washkansky (see box).

Heart transplants soon became all the rage — increasing 
m edia coverage p ro m pted  new  funding, and w idespread 
research im proved technical expertise. By 1984, there were 
29 centres in the US capable of carrying out heart transplants

approximately 300 w ere perform ed, and of the patients 
who received new hearts, 75 per cent lived for at least a 
year and almost tw o thirds survived for five years. However, 
questions still remain about the enorm ous costs and relative 
benefits of heart transplants -  many people would prefer to 
see the money diverted to other areas of the health services 
w h e re  a m uch  la rg e r n u m b e r o f  p a tie n ts  can rece iv e  
treatm ent and care.
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T R E A T I N G  T H E  H E A R T
FROM ASPIRIN TO ARTIFICIAL HEARTS

Nuclear fu e l now keeps hearts beating fo r  as long as 20 years

H
e a r t  DISEASE has been called a ‘lifestyle’ disease because 
many experts believe it is caused by the poor diet, lack 
o f exercise, excessive stress o r smoking that characterize 

everyday life for millions in the W est. But while research 
into prevention continues (see pp. 2 1 6 -7 ) ,  much has been 
achieved in correcting disorders of the heart.

C IRCU S TRICKS 
In the sum m er of 1929, a 25-year-old  G erm an m edical 
student, W erner Forssmann, arrived at a small Red Cross 
hosp ita l in E bersw alde to  beg in  clin ical in s tru c tio n  in 
surgery. In July, despite being forbidden to experim ent by 
his surgeon m entor, he inserted a catheter into his own arm, 
slid it 26in (65cm) up a vein and then walked to the X-ray 
departm ent. After kicking the shins of a friend who tried to 
stop him, he had a photograph taken of the catheter, the tip 
of which he had pushed into the right atrium  of his heart.

Publication of Forssmann’s research caused a brief media 
sensation. W hen he applied for a lectureship in Berlin, the 
German surgeon Ferdinand Sauerbruch hissed: “You might 
lecture in a circus about your little tricks, but never in a 
respectable G erm an university!” D espite th is, Forssm ann 
experim ented again, in 1931, creating the first angiogram by 
injecting a radio-opaque substance through a catheter into his 
heart. Thereafter, he sank into obscurity.

H is w o rk  d id  n o t:  it  w as re a d  by tw o  A m erican  
researchers, Andre Cournand and D ickinson Richards. In 
1936, they began a series o f animal experiments to discover 
the changes in the concentrations o f oxygen and carbon 
dioxide in the blood inside the heart; and, in 1940, they 
perform ed their first catheterization on a patient.

The innovative techniques of these three scientists — who 
received a Nobel prize in 1956 — eventually became routine

B E L O W  Surgeons perform a cardiac into the groin, and guided by X-ray
catheterization — the catheter is pu t imaging to the coronary arteries.

in the diagnosis o f heart disease. In 1947, catheterization was 
used to study congenital heart disease, and 12 years later, X- 
rays o f individual coronary  a rte ries  becam e possible. In 
addition, the pressure in each of the heart’s chambers could 
now be measured.

Catheterization also came into play in the treatm ent of 
heart disease. The inner lining of coronary arteries (which, if 
b lo ck ed , can cause h ea rt a ttacks) can be sco ured  in a 
technique know n as endarterectom y. In 1967, New York 
heart surgeon Sol Sobel refined this technique by injecting a 
pow erfu l je t ol carbon dioxide gas in to  an arte ry  via a 
hypoderm ic syringe. T hree years earlier, angioplasty had 
been invented by the Swiss doctor Andreas Griinzig: a tiny 
balloon is inserted into a constricted artery via a catheter and 
inflated, thereby clearing a path for blood flow.

N E W  H E A R T S  F O R  O L D

The sam e th inking th a t w ent in to  the developm ent o f  
replacem ent valves even tu a lly  resu lted  in a tte m p ts  to  
develop an effective a rtif ic ia l heart. W illem  K o lff  (see  
p p .172—5) began researching in to  th is in the US, and, in 
1951, he im p la n ted  h i s f r s t  m odel in to  a dog. I t  su rvived  
some 90 m inutes.

In 1970, R obert J arv ik , o f  the U n iversity  o f  U tah, 
devised  the J a r v ik -7: m ade o f  a po lyu reth an e biom er an d  
glass-Jibre  fa b r ic , i t  o pera ted  on com pressed a ir  a n d  was 
f i r s t  tes ted  on calves, whose m ean su rv iva l was 66 days. 
The cause o f  th e ir  dea th s was the a rtif ic ia l h e a r ts ’ 
in a b ility  to g ro w  w ith  the anim als.

On 2 D ecem ber 1982, D r W illiam  de Vries im p la n ted  
the device f o r  t h e f r s t  tim e in a hum an — B arn ey Clarke,

a 61 -year-o ld  den tist, who su rv ived  112 days. A fter th a t, 
ab o u t 90 J a rv ik s were g iven  to  p a tie n ts  arou nd th e  world. 
An Am erican, W illiam  Schroeder, who received his in 1986, 
su rv ived  the longest: 20 m onths. H ow ever, before he died, 
the w orld  becam e p r iv y  to h is su ffering, an d  controversy  
raged . Finally, a t  the end  o f  1989, a r tif ic ia l h ea rt su rgery  
w as ban n ed  in the US.

Since then, o ther devices have become a va ila b le  th a t 
perform  som e o f  the sam e fu n c tio n s though are n o t a r t if i­
c ia l h earts. In 1989, D r. R ich ard K. W a m p ler’s 
‘H em opu m p’ appeared , a m in ia tu re  tu rb in e  th a t  can take  
over fro m  cardiac m uscle on a tem porary  basis, a n d  in 
1990, the US f i r m  Novacor announced th e  developm ent o f  a 
h ea rt assistance device th a t  could be im plan ted .
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K E E P I N G  T H E  B E A T

The h ea rt has its  own electrical system , which 
regu la tes the ra te  an d  tim in g  o f  each h ea rtb ea t. I f  
i t  goes wrong, the resu lt can be ‘h ea rt block’, or 
arrhyth m ia  — the b ea t is too slow  to m eet the  
dem ands o f  exercise, and the h ea rt can stop.

A t f i r s t ,  a r t i f c ia l  cardiac pacem akers were 
external, w ith  b a tte rie s connected to  the h ea rt by a 
wire running through a vein. These were sa tisfac tory  

fo r  a short period  in h ospita l, b u t not f o r  perm an en t 
use. The f i r s t  in tern a l pacem aker  was constructed by  
Rune E lm qvist in 1958, an d  im p la n ted  by the  
Swedish doctor Ake Senning tw o  y e a r s  la ter.

These early  m odels, w ith  a m a tch box-sized  pow er  
source im p la n ted  under the skin, used m ercu ry-zinc  
batteries, la stin g  only tw o  or three yea rs. Then, in 
1973, a lith iu m -iod ide  f u e l  cell was developed in 
Canada, which could la s t f o r  a t  lea s t six y ea rs . And, 
in the early  1980s, the pacem aker becam e com puter­
ize d  — a tin y  m icroprocessor a ler te d  the gen era tor  
when the h e a r t’s rhythm  becam e erratic. In 1986, the  
Germ an f ir m  B iotronik developed a program m ed  
pacem aker based on blood tem pera tu re , which 
indicates a person ’s activ ity . Finally, in 1988, a 47- 
yea r -o ld  m an was f i t t e d  w ith the f i r s t  double-pulse  
nuclear pacem aker, w ith  a tin y  p a s tille  o f  plu tonium  
an d be lieved  to have a life  o f  a t  lea st 20  yea rs.

SCALPELS AN D  PILLS 
Following the pioneering work of the ‘blue baby’ team (see 
pp. 1 5 6 -7 ),  new  diagnostic techniques and the heart-lung  
machine (see pp. 1 7 2 -5 )  made open heart surgery possible. 
The first operations were to correct congenital heart defects, 
such as coarctation (narrowing) of the aorta, and atrial and 
ventricular septal defects ( ‘holes in the h eart’).

The heart valves control the direction and flow of blood 
through the organ; when one or m ore o f these becom e 
b lo ck ed , the h e a rt w orks less e ffic ien tly . In th e  past, 
rheum atic heart disease was com m on, as was one of its 
consequences -  mitral stenosis, the thickening of the mitral 
valve. In 1948, surgeons would open the valve simply by 
inserting a finger into it. Later, however, it was realized that 
the best answer was simply to replace failing valves with 
artificial ones.

In 1952, US surgeon Charles A. Hufnagel in serted  a 
plastic valve into the descending part of the aorta in the 
chest, to take over from a diseased aortic heart valve. Three 
years later, surgeons started  to  replace failed valves with 
ones taken from human cadavers. Since then, this branch of 
replacement surgery has split into tw o schools: those who 
prefer plastic and metal valves (mainly the Americans), and 
those who plump for animal (usually pig) valves.

Of the synthetic variety, the first popular model was the 
Starr-Edwards ball valve, used in 1960 and designed by the 
US heart specialist Albert Starr and the aircraft engineer M. 
L. Edwards. A num ber o f o ther designs have since been 
tried, not always with great success. In some, blood clots 
tended to form; in others, the lining of the heart grew  to 
block the valve opening; and in still o thers, turbulence was 
created, leading to destruction of red blood cells.

ABO VE Open heart surgery, showing brain, being implanted in a human 
an artificial heart valve (in this patient. American surgeons tend to
case, the tricuspid valve), made Prej cr l ^ e use ° i plastic and metal
from the membrane of a pig ’s valves, rather than animal ones.

Blocked arteries in the limbs had been replaced since the 
1950s, b u t n o t u n til 1967 w ere  th e  co ro n ary  a r te rie s  
tack led . In th a t y ea r, R ene F avaloro , a card io vascu lar 
surgeon at the C leveland C linic, O hio , inaugurated  the 
coronary bypass operation: he ‘bypassed’ an occluded artery 
by grafting on a section of healthy vein from the patient’s leg 
above and below the blockage.

Innovation wras not only seen in surgery; drugs had their 
place, too. In the 1960s, Sir James Black developed beta- 
blockers, which block the action of the sympathetic nervous 
system on the heart, so reducing its workload. Originally 
prescribed for angina pain, they w-ere later given to  reduce 
blood pressure and stabilize the heartbeat; drug companies 
carried out much publicized tests on ski jumpers and racing 
car drivers to show that they did not impair performance. 
H o w e v e r, by 1974, s id e -e ffec ts  had begun  to  ap p ear. 
E raldin, m arke ted  in B ritain, was linked w ith deafness, 
peritonitis, pleurisy and damaged sight: some 20 people w'ent 
blind and 18 fatalities w ere linked to  the drug. W hile beta- 
blockers still have a place in the treatm ent of heart disease, 
th e ir  d an ge rs  are  n ow  m uch  b e t te r  u n d e rs to o d  -  fo r 
instance, sudden withdrawal can lead to heart attacks.

T w o drugs know n for th e ir blood-th inning abilities 
streptokinase, developed in the 1960s, and aspirin (see p.49) 
-  have b een  m u ch  m o re  su c cessfu l. In M arch  1988, 
following trials involving m ore than 17,000 patients at 400 
hospitals in 16 countries, it was announced that, if streptoki­
nase is given w'ithin a few hours o f a heart attack, and 
followed by low m aintenance doses o f aspirin, deaths are 
reduced by 40 per cent.

In the same year, the results o f the American Physicians’ 
Health Study -  begun in 1983 and involving 22,000 US 
doctors — showed that 325mg of aspirin taken on alternate 
days reduced the risk of heart attack by 47 per cent. This 
finding was later backed up by Richard Peto and his team at 
Oxford University, England, who analyzed the results of 215 
trials involving over 100,000 participants. But they recom ­
mended a daily dose of only 75mg.
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Medicine Since W orld 
W ar II — Breakdowns 

and Breakthroughs
ophisticated though m odem  medicine may be, 

4  it still has its shares o f failures, as well as 
su c cesse s . A nd , fo r a t im e , o n e  can be 

a W mistaken for the o ther -  until the side-effects 
of a particular treatm ent become clear.

This chapter takes a look at some specific examples of 
medicine in action over the last 50-odd years. The devel­
opm ent of the first true tranquillizer, for example, allowed 
some schizophrenics to live relatively normal lives in the 
com m unity ; b u t som e tran q u illiz e rs , once p resc rib ed  
freely, have proved addictive, dangerous and destructive to 
fam ily re la tio nsh ip s. T w o  u nden iab le  success s to rie s , 
though, have been the trea tm en t o f Parkinson’s disease 
with L-dopa and vaccination against polio build up.

Another, though less obvious, success story has been 
that of sexual therapy. Sex has been a joy to  most and a

misery for some since human beings first walked on Earth. 
But it was n o t until about 45 years ago that m edical 
science m ade any serious a tte m p t firs t to  und erstan d  
human sexual behaviour, then to  devise a therapy for those 
w ith sexual dysfunction.

The story of the fight against cancer is by no means so 
clear cut. There have been successes, true — 70 per cent 
of children with the com m onest form of leukaemia now 
survive; and W ilm ’s tum our, affecting the kidney, is fatal 
in only about 20 per cent o f cases. Nevertheless, science 
still awaits the breakthrough in the treatm ent o f cancer, 
though there are high hopes for the future.

T here are hopes, too , that a cure will be found for 
AIDS, the new scourge of the w orld. But, at the m om ent, 
w ork goes on — in the attem pt to  understand the disease 
process fully, as well as to  find a cure for it.



A BO V E A scan o f  radio-isotopic gas in a pair o f  lungs shows the left lung cancerous and the right lung healthy.



H I S T O R Y  O F  M E D I C I N E

M E N T A L  I LLNES S
NEW DRUGS, NEW THEORIES 

Theories about how animals hibernate led to the firs t true tranquillizer

T
H REE-A N D -A -H A LF YEARS as a prisoner o f the Japanese 
during W o rld  W ar II gave A ustralian physician and 
psychiatrist John F. J. Cade (1912-80) ample opportunity to 

observe serious mental disorders among his fellow captives. 
The experience convinced him that mental illnesses such as 
manic depression and schizophrenia have a physiological cause 
-  a view that accorded m ore with traditional medical science 
than with the new er theories o f psychiatry and psychoanalysis 
(see pp .118-21). Specifically, Cade conjectured that the mania 
seen in manic depression might be the result of an excessive 
level of some substance in the body, while severe depression 
might occur when the level was unusually low. However, he 
had no idea what this substance might be.

BELO W  A still fro m  O n e  F lew  a f i lm  that revealed the shocking
O v e r th e  C u ck o o ’s N est (1 9 7 5 ) ,  side o j  mental illness.

After the war, in 1946, Cade took up a psychiatric post at 
the R epatriation Hospital on the outskirts o f M elbourne, 
Australia, and started  a series o f rough-and-ready ex p eri­
ments on guinea pigs. First, he injected some of the animals 
with urine from psychotic patients and others w ith urine 
from people in normal mental health. From the results, Cade 
concluded that, while injections of any human urine would 
eventually kill a guinea pig, urine from those suffering from 
manic-depressive illness killed them  m ore quickly.

The toxic agent in the urine was soon identified as urea. 
Cade suspected that fluctuating levels of this substance might 
be related to mental disturbance. This proved to be a blind 
allev, so he examined the part played in the experim ents by 
uric acid, another substance present in urine. Uric acid does 
not dissolve easily in w ater, so for his com parative tests

Cade used the most soluble compound of uric acid he could 
obtain  — lith ium  u rate  -  and s truck  m edical gold. The 
presence of lithium  m ade the urea less toxic and, when 
tested on its own, rendered the usually highly strung guinea 
pigs placid and docile for an hour o r tw o. By an apparent 
accident (although he always insisted it was the product of 
logic), Cade had hit on a new m ethod of calming patients 
who suffered from a severe m ental disturbance.

For nearly a century, lithium had been used medically in 
the treatm ent o f gout, and it is disputed w hether Cade was, 
in fact, the first person to notice its possible application to 
mental illness. But the Australian was certainly the first to 
conduct formal clinical trials o f lithium in the management of 
m ental illness, after taking it in various form s him self to 
check its  safety . T he re su lts , pub lished  in 1949, w ere 
im pressive. T en patien ts suffering from  various types of 
mania became calm and tractable when lithium carbonate 
was adm inistered regularly. Six schizophrenics showed reduc­
tions in restlessness and noisiness, although other symptoms, 
such as h a llu c in a tio n s , seem ed  u n a ffec ted . O nly  th re e  
patien ts, all o f w hom  suffered from  chronic depression, 
failed to show any im provem ent.

Cade’s personal case notes show he was well aware that 
lith ium  trea tm en t can have dam aging side-effccts on the 
digestive and nervous systems — possibly fatal ones if the 
am ounts o f the chem ical in the b lood  are n o t carefully 
m onitored (one of his original patients had died of lithium 
poisoning in 1950). But in his published work, he tended to 
play dow n such m atters — from  w orthy m otives. For he 
believed  th a t, in m ost c ircum stances and u n d er p ro p e r 
control, the lithium ’s benefits outweighed its dangers.

The one question Cade was unable to  answer was how 
lithium achieved its effects. He suggested that it was a trace 
elem ent whose presence in small quantities in the body was 
essential to health, and whose deficiency produced psychosis. 
Neither he nor subsequent researchers could prove this, but 
th a t d id  n o t p re v e n t li th iu m  c a rb o n a te  th e ra p y  from  
becoming standard treatm ent for manic-depression sufferers.

THF. AGE O F  T H E  T R A N Q U IL L IZ E R  
John Cade’s work on lithium was, in its tim e, the culmina­
tion of m ore than a century o f research and experim ent into 
chemical methods o f calming people who suffer from mental 
d isorders. These m ethods began w ith potassium brom ide, 
first used in the 1830s; this was followed bv chloral and 
paraldehyde, and then the barbiturates that were developed 
from 1903. But these and other substances had drawbacks. 
Bromide, for example, accumulated in the body to  produce a 
kind of intoxication that could be far worse than the original 
condition . As for b arb itu ra te s , they w ere add ictive and 
overdoses could be fatal.
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P H Y S I C A L  O R  P S Y C H O L O G I C A L  
C A U S E ?

B E L O W  A scan o f  a schizophrenic’s radioactive tracer o f  protein
brain shows reduced levels o f  a synthesis (red) in the fro n ta l lobes.

More im portantly, none of the treatm ents available before 
the 1950s really tackled the sym ptom s of severe m ental 
illness, such as delusions, hallucinations and chronic mood 
disorders. Even lithium failed to help treat people suffering 
from  schizophrenia and deep depression . But w hile the 
psychiatric world focused its attention on C ade’s discoveries, 
the b reakthrough  was to  com e from  an o th er b ranch of 
m edicine. It was no t the resu lt o f research  in to  m ental 
health, but a by-product of new methods of surgery.

Surgeons had long been concerned about the physical 
shock to patients who had undergone otherwise successful 
major operations. In many cases, this delayed recovery and 
was sometimes fatal. Scientists reasoned that the effects of 
shock would be reduced if the body’s metabolism could be 
slowed down during surgery, in the same way that it slows 
automatically in hibernating cold-blooded animals. Among 
those carrying ou t research in this area was the Rhone- 
Poulenc drug company in France. In 1950, researchers there 
produced a substance that did the trick — chlorpromazine, a 
derivative o f the drug phenothiazine, which was synthesized 
in 1883 to treat mental illness and is still used today.

The potential for chlorprom azine outside the operating 
theatre was not lost on its inventors. W ithin tw o years, it 
had been tested (in combination with o ther drugs as well as 
on its own) on manic and schizophrenic patients in France 
and elsewhere. The researchers Delay and Deniker dem on­
stra ted  th a t it n o t only relieved  m anic ex c item en t and 
aggression in schizophrenics, as earlier drugs had done, but it 
also reduced delusions and hallucinations, thereby greatly 
improving the contact betw een psvchiatrist and patient.

Delay and Deniker described chlorprom azine’s action as 
‘neuroleptic’ (working on the nerve cells). It was the first 
true tranquillizer, and the results achieved with it stimulated 
pharmaceutical companies around the world into a frenzy of 
research  to  devise sim ilar p ro d u c ts  o f th e ir  ow n. The 
outcome is today’s huge array of custom-made drugs for the 
treatm ent o f m ental disorders o f all tvpes and severity -  
from such widely taken pills as diazepam (Valium) and chlor- 
diazepoxide (Librium) to flupenthixol, which through long- 
lasting injections allows some schizophrenics to live relatively 
normal lives in the community.

W hile spec tacu lar progress w as tak in g  place in the  
developm en t o f  drug trea tm en ts, argu m en ts over the  
causes o f  m en ta l disorders becam e in creasin g ly  b itte r . 
Cade an d  the B ritish  n eurologist Sir H en ry  M iller, 
am ong others, in sis ted  on the im portan ce o f  physio­
log ica l fa c to rs; som e doctors be lieved  th a t  the  
disorders were roo ted  in psychological or social 
disturbances. The second grou p  inclu ded the B ritish  
p sych ia tr is t R. D. Laing (1927—89), p ropon en t o f  the  
th eory  th a t sch izoph ren ia  stem s fr o m  fa m ily  
pressures durin g childhood, which fo rc e  in d ividu a ls to  
conform to  behaviou r u n su itab le  f o r  them .

Both fa c tio n s  could produce evidence to  su pport 
th e ir  contentions. The work o f  the psychoanalysts 
su ggested  th a t  the stra in  o f  everyday  liv in g  affected  
m en ta l hea lth , a  v iew  la te r  reinforced by  stu d ies o f  
stress  (see p p .220-1). Conversely, research by  the  
A m erican p sych ia tr is t F ranz K a llm an  show ed th a t  
there is a h ered ita ry  e lem en t in schizoph renia .

A working com prom ise evolved am ong m an y  
p ra c tica l p sych ia tris ts , to  the effect th a t  neuroses, 
such as a n x ie ty  a n d  phobias, a re  th e  resu lt o f  
psychosocial pressures, an d  psychoses a re  organic  
brain  d iseases. As th e  US professor Thomas S za sz  
p o in ted  out, n e ith er logic nor experience ju s tif ie d  th is  
sim p listic  division , b u t i t  was a useful ya rd stick  
a g a in s t which to  m easure o th er theories.

A m ore convincing a tte m p t a t  reconciling the tw o  
view s o f  m en ta l d isorders — a n d  o f  schizoph renia  in  
p a rticu la r  — w as m ade by an oth er A m erican  
professor, Ian Stevenson, in 1957. H e accepted  th a t  
h ered ity  can pred ispose to schizoph renia , th a t  i t  is 
accom panied by  profou nd changes in the body, an d  
th a t i t  can be im proved, i f  no t cured, by  drug  
trea tm en t. H ow ever, he a rg u ed  th a t  psychological 
stress often tr ig g ers  the onset o f  th e  disorder, an d  
th a t p sychotherapy m ay be successful in trea tin g  it. 
Stevenson reason ed th a t  stress m a y  cause the release  
o f  a substance in to  the blood a n d  produce sch izo­
ph ren ia  in people  whose brain  cells m ig h t be abn or­
m a lly  su sceptib le  to  it. To effect a f u l l  cure, he 
suggested, i t  would n o t be enough to  suppress this: the  
p a tie n t  m u st also be ta u g h t to  m a ster  stress itself.

Like Cade, Stevenson h a d  no idea  w h a t the  
substance m ig h t be. H u n dreds o f  can d ida tes have  
been p u t fo rw a r d , inclu din g adren a lin e  or one o f  the  
chem ical m essengers in the brain . None has y e t  been 
conclusively p roved  responsible, though ‘break­
th rou gh s’ have fre q u e n tly  been claim ed. When the  
rea l one f in a l ly  occurs (a n d  f e w  
sc ien tists do u b t i t  e ven tu a lly  
w ill), th is  w ill resolve one o f  
th e  m ost conten tious issues in 
m odern m edicine.
R IG H T British psychiatrist R. D. Laing 
theorized tha t schizophrenia is the 
result o f  pressures to conform during 
childhood.
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P A R K I N S O N ’ S DI S E AS E
i

one o r m ore limbs on one side of the body. It is m ore 
obvious when the sufferer is resting  or feeling especially 
nervous or tired . The trem o r disappears during sleep and 
decreases in severity (or may disappear altogether) when the 
affected limb is used.

The ‘shaking palsy’ becam e know n as paralysis agitans 
(because of the symptoms) before becoming the eponymous 
Parkinson’s disease. In his description, Parkinson pointed out 
th a t the tre m o r was a sym ptom  o f a disease and n o t a 
disease in its own right. The trem o r was due neither to  
paralysis nor to  weakness, but, paradoxically, to  an extrem e 
slowness o f m ovem ent. Sometimes, this trem or could be so 
severe as to “no t only shake the bed-hangings but even the 
floor and sashes o f the room ”.

TH E  SEARCH F O R  A C U R E 
Parkinson’s disease develops when a small group of nerve 
cells in the brain fails to function normally. The location of 
these cells was n o t established until the 1950s, when the 
substantia nigra, a deeply pigm ented layer o f grey m atter in 
the m idbrain, was clearly implicated in the disease. After the 
identity o f a new  neurotransm itter, dopamine, was discov­
ered, and it was found to  be present in the substantia nigra 
and basal ganglia cells o f the brain in large am ounts, the 
search for a cure hotted  up.

At this tim e, scientists also discovered a side-effect o f the 
new  neuro lep tic drugs, reserp ine and the phenothiazines: 
th ey  seem ed  to  p ro d u c e  th e  sym ptom s o f  P a rk in so n ’s 
disease. And since these drugs were known to  interfere with 
the action or storage of dopamine at nerve endings, it was 
thought that there was a direct link betw een dopamine and 
P a rk in so n ’s disease. F or som e reaso n , th e  cells in the  
substantia nigra o f Parkinson sufferers w ere no t producing 
enough dopamine to transm it signals to  other brain cells and 
thereby initiate muscular m ovem ent.

In 1961, trials using levodopa (L-dopa), a chemical which 
enables the "body to synthesize dopamine, began in Vienna 
and M o n trea l. T he re su lts  show ed  clearly  th a t L -dopa 
enabled the affected brain cells to begin making dopamine 
once m ore, therefore alleviating many symptoms, especially 
the slowness and difficulty in initiating m ovem ent. In 1967, 
George Cotzias and others led the way with the introduction 
of L-dopa therapy.

A W A K EN IN G S 
H ailed  as a n ew  w o n d e r  d ru g , L -d op a  gave h o p e  to  
thousands o f sufferers of Parkinson’s disease, many of whom 
had undergone surgery of their neural pathways during the 
1950s and 1960s. Sufferers who had been confined to bed 
for years could walk, while o thers found re lie f from  the

I N 1817, JAMES PARKINSON, a 62-year-old family doctor in 
the East End of London, w rote a m onograph entitled Essay 
on the Shaking Palsy. Parkinson’s essay became a classic o f 

medical literature: his exact description of the symptoms and 
the evolution of an illness that had been in existence since 
biblical times needs little revision today — indeed, the illness 
was named after him. Prior to Parkinson’s description, any 
form of muscular disorder o r paralysis had been referred to 
as a ‘palsy’. This, in effect, grouped together all m anner of 
trem o rs  w hich re su lted  from  co nditions such as aging, 
nervous disorders and alcohol abuse.

P a rk in so n ’s d isease  is c h a ra c te riz e d  by th re e  m ain  
symptoms -  a trem or in one or m ore limbs, a stiffness of 
the muscles and a slowness as well as difficulty in initiating 
movement. The symptoms of the disease vary according to 
the individual, but in m ost sufferers one symptom predom i­
nates over the others. The trem or is m ost often visible in

B ELO W  An elderly woman in a stooping, shuffling and with a set,
typical Parkinsonian pose: rigid, expressionless face.
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ABOVE British neurologist Dr Oliver lethargica patients. They awoke from
Sacks gave L-dopa to en cep h alitis  their sleep — but only fo r  a time.

rigidity and pain o f th e ir characteristic postu re . D espite 
several side-effects, such as nausea, occasional vomiting and 
reduced appetite, all Parkinson sufferers who turned to L- 
dopa found their quality of life greatly improved.

Parkinson sufferers w ere not the only beneficiaries o f the 
new w onder drug. At the end of W orld W ar 1, a disease 
called encephalitis lethargica appeared in the W estern w orld, 
apparently linked to the influenza pandemic at that tim e (see 
p. 109). The disease frequently caused death through a kind 
of brain fever, but its survivors w ere left with a condition 
known as post-encephalitic parkinsonism. The British neuro l­
ogist Oliver Sacks treated such patients, many of whom had 
been suffering a kind of sleeping sickness for about 40 years. 
In his book, Awakenings (1973), he writes that they w ere “as 
insubstantial as ghosts and as passive as zombies”.

D r Sacks adm in istered  L-dopa to  a num b er o f these 
‘sleepy sickness’ patients in the M ount C arm el H ospital, 
New York, and watched enthralled as the drug awakened 
them . Many responded  ex trao rd in arily  w ell -  speaking, 
walking and gradually becoming norm al once m ore. But, as 
time w ore on, the disease could only be kept in abeyance by 
taking larger and larger doses of L-dopa. Side-effects, such as 
sudden, involuntary movements of the limbs and grimacing 
caused by twitching of the muscles o f the face, started to 
take over the hapless patients. Eventually, the side-effects 
outweighed the advantages and the post-encephalitic patients 
sadly returned to their sleeping state.

T hrou gh o u t the 1970s and 1980s, a g re a t deal was 
learned about the best ways to  use L-dopa as a treatm ent for 
Parkinson’s disease. Initially, the drug is given in small doses 
and, when the side-effects begin to em erge, the dosage is 
moderated or tem porarily halted, according to  the individual 
reactions of the patient. In many cases, L-dopa is adminis­
te red  in conjunction w ith o th er drugs, such as selegiline 
(which prevents the breakdown of dopamine).

A BO V E A still fro m  A w akenings — Robert De Niro  — the f i lm  version 
starring Robin Williams and o f  Oliver Sacks’ fam ous book.

EX PER IM EN TS W IT H  TR AN SPLA N TS 
In 1981, a novel trea tm en t using adrenal autographs was 
developed at the Karolinska Institute, in Stockholm. Several 
patients underw ent operations in which part of the centre of 
th e ir adrenal g land, w hich contains dopam ine-producing  
cells, was transplanted into the affected part o f their brain. 
T he tre a tm e n t d id  re d u ce  th e  rig id ity  o f th e  p a tie n t’s 
m uscles b u t the im p ro v em en t was, sh o rt- liv ed , and the  
patients returned  to their original medication.

A m ore radical — and controversial — treatm ent involves 
implanting tiny amounts o f nerve tissue from the brain of a 
foetus into the damaged area of a Parkinson sufferer’s brain 
— the theory being that the norm al cells in the foetal brain 
will relieve some of the symptoms by causing an increase in 
the secretion  of dopam ine. In March 1988, Betty Knight 
became the first recipient o f a foetal cell implant in the UK, 
in  an o p e ra tio n  p e rfo rm e d  by P ro fe sso r H itch co ck , in 
Birmingham. And in 1990, D r O . Lindvall from  Sweden 
re p o rte d  the successful trea tm en t o f a severe Parkinson 
sufferer using a im plant o f foetal cells.

Despite the obvious controversy over foetal cell implants, 
not least because of the abortion laws in various countries, 
pioneering w ork has been carried out in Sweden and Mexico 
under rigorously controlled conditions. How ever, there is as 
yet no guarantee of success in these operations.

C urren t medical research into the disease also concen­
trates on early diagnosis and the implications o f a genetic 
factor. It has also come to  light that chemicals, such as the 
neurotoxin  m ethylphenyltetrahydropyridine (M PTP), play a 
part in creating a Parkinsonian-like syndrome. Experiments 
in the m id-1980s showed that M PTP selectively destroys 
nerve cells in the substantia nigra. And in the early 1990s, a 
sm all n u m b e r  o f  y ou ng  p e o p le  in th e  US c o n tra c te d  
Parkinson’s disease after taking drugs such as heroin, which 
have been contam inated w ith MPTP.
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THE E N I G MA  OF PAIN
PAIN PATHWAYS TO PAIN CLINICS

“...flickering, quivering, pulsing, throbbing, beating, pounding ...

I N THE 1640s, THE FRENCH PHILOSOPHER D e s c a r te s  c a m e  u p  

w ith  th e  c o n c e p t  o f  th e  ‘ p a in  p a t h w a y ’ , a s t r a ig h t fo r w a r d  

c h a n n e l f r o m  th e  sk in  ( w h e r e  th e  p a in fu l s t im u lu s  is  a p p lie d )  

t o  th e  b r a in  ( w h e r e  th e  p a in  is  fe l t ) .  He l ik e n e d  th is  s y s t e m  

to  th e  w a y  a c h u r c h  b e l l  is  r u n g :  “ b y  p u ll in g  a t  o n e  e n d  o f  a 

r o p e ,  o n e  m a k e s  t o  s t r ik e  a t  th e  s a m e  in s ta n t  a b e l l  w h ic h  

h a n g s  a t th e  o t h e r  e n d ” .

Over the centuries, research seemed to  add credibility to 
Descartes’ theory. In 1894-5, the German physician Max von 
Frey carried out a series of experim ents. He first ascertained 
the places on the body sensitive to cold and warm th. Then, 
by attaching a pin to  a spring , he gauged the p ressu re 
necessary to produce a pin prick, and he mapped out these 
‘pain spo ts’ all over the body. Finally, he repeated  this 
exercise using pieces of wood to which two-inch horse-tail 
hairs had been glued, so he could map ‘touch spots’. He 
then matched his maps of these four types of ‘spots’ to the 
presence of four specialized structures in the skin, which he 
called ‘receptors’.

W hen o th er researchers la te r located  nerves running 
between the receptors and the brain, the ‘specificity theory’ 
was born: a specific sensation is picked up by a specific 
receptor, which sends impulses along a specific nerve to a 
specific part of the brain. Surgeons used the theory as the 
basis for operations to term inate chronic pain by cutting 
th rough  the nerves along w hich the pain im pulses had 
allegedly been travelling.

How ever, these operations w ere never very successful: 
patients still felt pain but could no longer locate it, and, in 
th e ir  d istress , a n u m b er co m m itted  suicide. T ry ing  to  
resolve this problem , scientists then examined the structure

R IG H T An illustration fro m  
Rene Descartes’ T re a tise  o f  

M an, published in 1662,
12 years after his death, 
illustrates Descartes’ theory 
o f  the pain pathway — the 

f i r e  is f e l t  by the foot, and 
a signal is received in 
the brain.

o f the skin, b u t could  find no co rre la tio n  b etw een  the 
presence of tem perature spots and von Frey’s receptors, and 
no one has been able to  link a specific nerve fibre to  a 
specific sensation.

It was soon realized that how much — and, indeed, if — 
pain is felt is dependent on a variety o f factors. For example,

M E A S U R I N G  P A I N

Lt-Col. Beecher’s s tu d y  in to  the pa in  experienced by 
w ounded soldiers  (see p. 191) em ph asized  the im portance o f  
m easuring pa in , which is a very  subjective experience. A 
va rie ty  o f  m ethods were devised  to try  to do this.

The Am erican researchers Jam es H a rd y  a n d  H arold  
W oolf developed a m achine called a ‘pain  th erm om eter’, 
also known as a ‘do lo rim eter’, to  ga u g e  pain  thresholds 
(th e  p o in t a t  which pa in  is f i r s t  f e l t )  an d  pa in  tolerance  
(how  much pain  a person can bear). They fo u n d  th a t the  
m ajority  o f  skin abrasions an d  toothaches caused the lea st 
pain , while some labour pains, the passin g o f  k idney stones 
an d the pressure o f  a burning c igarette  a g a in st the skin 
caused the most.

R onald  M elzack an d  his colleague a t  M cGill U n iversity, 
Professor Tolgerson, in ven ted  the M cGill—M elzack Pain

Q uestionnaire, com prising 20  grou ps o f  w ords th a t  variously  
describe how  a p a in  f e e ls  an d  w h a t effect i t  has on the  
p a tie n t. For instance, grou p  1 g ives the fo llo w in g  choices: 
“f ic k e r in g , quivering, pulsin g, throbbin g , bea ting , 
p o u n d in g ”. In 1981, M elzack an d  oth er researchers 
pu b lish ed  the resu lts o f  using the questionnaire; labour  
pa in  tu rn ed  out to  be the m ost severe.

The sim p lest m ethod  o f  m easurin g pa in  was devised  by  
B ritish  rh eu m ato log ist E dw ard  H uskisson. H is Visual 
Analogue Scale (VAS) consists o f  a  ver tica l line, a t  the  
bottom  o f  which is m arked  ‘No p a in ’ and, a t  the top,
‘W orst possib le  pa in  yo u  can im a g in e ’. P a tien ts  m ark  the  
level a t  which th ey  f e e l  th e ir  p a in  to  be, a n d  exam ination  
o f  a series o f  these self-assessm ents g ives a good  indication  
o f  the progress o f  pain  a n d  an y  trea tm en t.
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am putees frequently  suffer pain from  a ‘phantom  lim b ’, 
w hich , o f co u rse , w ou ld  have no pain re c e p to rs ;  and 
w ounded sold iers o ften  do n o t feel m uch pain initially  
d espite suffering  h o rren d o u s  in ju ries . T hus, a p e rs o n ’s 
psychological make-up and his or her central nervous system 
must both come into play in the perception of pain.

GATE C O N T R O L  
Until the mid-1960s, pain researchers fell into tw o camps: 
those who held to the specificity theory; and a new group 
that believed th a t all the sensory recep to rs  p ro duced  a 
variety of signals that were transm itted directly to the brain, 
which then decided which signals w ere to  signify pain and 
which w ere not.

In the 1950s, a Canadian psychophysiologist, Ronald 
Melzack, and a British neuroanatom ist, Patrick W all, were 
both working at the Massachusetts Institute of Technology 
when they began talking about the physical and psychological 
aspects of pain. The result of these conversations was the 
1965 publication of their ‘gate theory’.

Two types of nerve fibres and part of the spinal cord are 
intimately involved in the perception of pain, although the 
exact mechanism is still not completely understood. It seems 
that, when the skin is damaged, thin C fibres carry only pain 
signals to the spinal cord for forwarding to the brain, and 
the thicker A-beta fibres carry non-pain signals. H owever, 
the A-beta fibres can transm it faster and, in the spinal cord, 
are able to  block some of the pain signals carried by the C 
fibres. This blocking is Melzack and W all’s ‘gate’.

Even very young children know the benefit of ‘rubbing it 
b e tte r’. By massaging an injured part, the A-beta fibres are 
activated and block the transmission of at least some of the 
painful impulses. This is not all: the sensation of pain can 
also be enhanced or inhibited by signals from the brain.

IM PERV IO U S T O  PAIN 
During the Battle o f Anzio, in January—May 1944, Lt-Col. 
H enry  B eecher, o f th e  US A rm y M edical C o rp s , was 
astounded to find that many terribly wounded m en seemed 
to  feel l i ttle  pain  from  th e ir  in ju ries , y e t y e lp ed  if  a 
corpsman gave a clumsy injection. W hen Beecher published 
his observations of 215 soldiers in 1946, he adm itted finding 
the results puzzling: 32.1 per cent had claimed to feel no 
pain; 25.6 per cent, slight pain; 18.6 per cent, m oderate 
pain; 23.7 per cent, great pain. Yet when he com pared the 
soldiers with civilians injured badly in accidents, he found 
that the latter suffered far m ore pain.

Beecher concluded that the difference lay in what the 
wound actually m eant to the individual. For the soldiers, it 
m eant the end of hardship and the threat o f death; for the 
civilians, it was just the beginning of disaster. W hat w ent on 
before the injury was im portant, too: the soldiers — like 
atheletes before a competition — were ‘psyched u p ’, full of 
adrenaline in p rep ara tio n  fo r the basic ‘fight o r f l ig h t’ 
response; the civilians were hurt suddenly, out o f the blue.

In the 1950s, Beecher and others in Boston made another 
discovery: that if patients in great pain w ere unknowingly 
given a placebo -  a substance with no pain-killing properties 
-  about 35 per cent reported marked relief from pain. This 
‘placebo effect’ seems to have been due to  the optim istic 
encouragement the patients received, similar in effect to  the 
‘suggestion’ given during hypnosis.

L EFT A patient using a 
transcutaneous electrical nerve 
stimulation (TENS) device to relieve 
the pain o f  recurrent headaches. A 
small current, produced by the 
portable power pack, is passed 
through the skin between two 
electrodes contained in the bandage 
round the head. In some, though 
not all, patients, the current blocks 
the transmission o f  pain impulses.

T R EA T IN G  PAIN 
Many of the drugs com m only used to  trea t pain — from 
aspirin to anaesthetics — had been discovered by the end of 
the 19th century (see pp.46-9). The explanation of pain trans­
mission provided by the gate control theory also explained 
how less orthodox m ethods o f pain relief worked.

Closing the ‘gate’ partially o r com pletely at the spinal 
cord could be the way acupuncture (see pp. 222-3) relieves 
pain: stimulating an area in some way related to the painful 
part could block the transmission of pain impulses. The same 
is tru e  fo r tran sc u tan eo u s  e le c tr ic a l n e rv e  s tim u la tio n  
(TENS), in which a small electric current is passed through 
the skin betw een two electrodes. This was invented by scien­
tists to  rep rod u ce  artificially  the benefits o f ‘rubbing  it 
b e tte r’, and is said to relieve pain in about 10 per cent of 
those who try it. Closing the ‘g a te ’ via the brain is the 
rationale behind such m ethods as hypnosis, m editation and 
techniques involving distraction and counselling.

O ver the decades, researchers began to realize that there 
should be different treatm ents for acute and chronic pain. 
Although an acute pain may hurt m ore than a chronic one, it 
is the prospect o f the latter continuing that leads to anxiety, 
depression and despair — and so to  feeling m ore pain.

In 1946, the American anaesthetist John Bonica founded 
the first pain clinic in Seattle, W ashington, bringing together 
different specialists — from  surgeons to  psychiatrists -  to 
investigate the causes and treatm ent o f chronic pain. Today, 
patients at thousands of pain clinics in the US and the rest of 
the world receive drug therapy and acupuncture, learn relax­
ation techniques and exercise regimes, retrain  themselves in 
various life skills and take part in counselling sessions. While 
the actual reduction in their pain may be minimal, taking 
control of their lives enables them to cope with it much better.

B ELO W  A physiotherapist adjusts the impulses produced by a TENS 
frequency and amplitude o f  electrical device while treating nerve damage.
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H I S T O R Y  O F  M E D I C I N E

THE SEX R E S E A R C H E R S
FROM HAVELOCK ELLIS TO MASTERS & JOHNSON

17,500 interviews were condemned as “dirty words on fences'

I N T E R E ST  IN SEX is as old as h um anity , b u t o b jective 
research into it was, for centuries, severely limited bv 
religious and moralistic strictures. In fact, it was not until 

the late 19th century that sex research truly began.

H A V ELO CK  ELLIS 
Until he was 59, D r H enry Havelock Ellis (1 8 59 -1 93 9 ) 
suffered an inability to enjoy full sexual relations with the 
wom en he loved. This divorce betw een  love and sexual 
response — very characteristic of Victorian England — was 
exacerbated by num erous tracts condem ning m asturbation 
and other so-called ‘evil’ practices.

Despite his handicap, Ellis was able to shed his sexual 
inhibitions when it came to  intellectual theory. He and his 
wife agreed to an ‘open’ marriage, and both had num erous 
extramarital affairs (even though Ellis’s, including one w'ith 
American birth control advocate M argaret Sanger, were less 
than complete). And this ‘openness’ informs his m asterwork 
-  the seven-volume Studies in the Psychology o j  Sex, published 
between 1896 and 1928.

Ellis collected hundreds of case histories — from friends 
and patients and, later, from his readers -  which he used to 
illustrate one of his primarv theses: that, in sex, there is a 
very wide range of variation within the limits of what can be 
considered ‘norm al’. His conclusions w ere several: sexual 
behaviour and sexual responses begin well before puberty; 
m asturbation is com m on among both males and females; 
boys reach their sexual peak before girls; homosexuality and 

heterosexuality are present in varying degrees in 
m ost people. His findings about w om en w ere 
little short of revolutionary: their supposed lack of 
sexual desire was a Victorian myth; the orgasm is 
very similar in both men and wom en; and frigidity 
in w om en can be traced back to  repression of 
th e ir  sex ua lity  in early  life and to  a lack o f 

technique in their men.
Through w hat he learned 

and his own experience, Ellis 
becam e a cam paigner — for 
sex education for the young, 
equal rights for wom en, liber­
alization of the divorce laws, 
birth control, and legalization 
o f hom osexual acts betw een  
consenting adults.

LEFT 19th-century attitudes towards 
sex led to the invention oj these 
bizarre devices to prevent masturbation 
— they may also have caused sexual 
difficulties in later life.

SEX AS DISEASE 
A nother book, published in G erm any in 1886, achieved 
alm ost instant popularity  and has rem ained in prin t ever 
since, even though its au th o r’s views w ere diam etrically 
opposed to Ellis’s.

In P sychopathia Sexualis, R ich a rd  von K ra fft-E b in g  
(1 8 4 0 -1 9 0 2 ) m aintained that any sexual practice varying 
from the traditional Victorian norm  was part of a loathsome 
disease. He, too, collected case histories some from defen­
dants in criminal courts w here, as Professor o f Psychiatry at 
Strasburg, he often acted as an expert witness. Most of the 
case histories deal with fetishism, homosexuality, sadism or 
m asochism , and con tain  pseud o-sc ien tific  com m ents on 
‘h ere d ita ry  ta in t’ and ‘m oral d eg en eracy ’. They are so 
arranged that stories of ‘lust m u rd er’ invite confusion with 
innocent fetishism or even love bites. The professor, who 
himself seems to have completely rejected sexuality, blamed 
all ‘deviations’ on m asturbation.

FR O M  SEX RESEARCH T O  SEX THERAPY 
From the end of the 19th century, and particularly after 
W orld  W ar 1, social mores — and especially attitudes towards 
sex -  changed slowly but radically. The extent to  which they 
had was discovered by Alfred Kinsey and his team (see box), 
and it was in the newly liberal atmosphere that followed in 
K in sey ’s w ake th a t W illiam  H. M asters (1 9 1 5 -  ) and 
Virginia E. Johnson (1925— ) undertook their scientific inves­
tigation into how the body responds sexually.

From 1948, as M asters, a gynaecologist at W ashington 
U n iv e rs ity  in St L ouis, M isso u ri, began  re se arch  in to  
horm one replacem ent therapy (HRT), he became interested 
in studying the physiology of sex in the same way that others 
had investigated blood circulation and digestion. In 1954, he 
launched his study, using prostitutes as experimental subjects 
in laboratory observations. A few years later, he was ready 
to  recruit ‘respectable’ men and w om en, and to help him, 
he hired the psychologist Virginia Johnson.

The tw o researchers persuaded 694 individuals (including 
276 m arried  couples) to  partic ipate . They ranged in age 
from  18 to  89: m ost w ere  well educated  and the vast 
m ajority w ere w hite. The onlv qualification required was 
that they could achieve orgasm through both m asturbation 
and sexual intercourse.

These individuals w ere wired up to machines recording 
heart and breathing rates, w ere observed by the researchers 
and filmed, and the wom en w ere asked to  undertake ‘artifi­
cial coition’ with a transparent probe. The most im portant 
finding from all this laboratory work was that both men and 
wom en experience a cycle of physical responses to  erotic 
stimulation, w'hich can be divided into four phases: excite­
m ent, plateau, orgasm and resolution. In 1966, Masters and
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M E D I C I N E  S I N C E  W O R L D  W A R  II B R E A K D O W N S  A N D  B R E A K T H R O U G H S

K I NS E Y’S QUESTI ONS

his associates h a d  carried  out 17,500 tw o-hou r in terview s, 
m a in ly  am ong w hites, bu t a t  a lm ost every  level o f  US 
society: sm all towns, c ity  slum s, g a y  bars, YMCAs, schools, 
prisons, hosp ita ls an d  so on.

Their in terview in g  technique  was to  become the basis o f  
a ll m arket research. They rem ain ed  fr ie n d ly , in teres ted  bu t 
detached, a n d  (prom ising com plete con fiden tia lity )  ob ta in ed  
m ost o f  th e ir  in form ation  by  f r a m in g  th e ir  questions as 
“ When d id  yo u  f i r s t  s ta r t  doing [ a p a rticu la r  sexual 
a c tiv i ty ]”? Their questions — even tu a lly  to ta llin g  521 — 
ran ged  across n ine m ain  headings: social an d  economic 
da ta ; m a r ita l histories; sex education; physica l data;  
nocturnal sex dream s; m astu rba tion ; heterosexual history; 
hom osexual history; an d  an im al contacts.

The resu lts  -  pu blish ed  in  Sexual B ehavior in the  
H um an M ale (1948) an d  Sexual B ehavior in th e Human 
Female (1953)  -  su rprised  Am erica. N ow i t  was known th a t  
only betw een 2 a n d  10 per cent o f  women could be called  
f r i g i d ’, a n d  w hether women d id  experience orgasm  was 
d irec tly  re la te d  to  th e ir  level o f  sexual experience in th e ir  
y o u th . As f o r  men, 86 p e r  cent h ad  sex before m arriage , 50  
per  cen t h ad  e x tra m a rita l a ffa irs  a n d  37  p e r  cent h ad  
engaged  in hom osexual behaviou r involving orgasm . In 
add ition , the K insey reports revea led  stron g  differences in 
sexual behaviou r betw een social classes.

When Human M ale was publish ed , i t  caused a fu ro re . 
Princeton U n ive rs ity ’s p resid en t com pared i t  to “the work 
o f  sm all boys w ritin g  d ir ty  words on fe n c e s ”. K insey was 
accused o f  a tta ck in g  the fa m ily  a n d  o f  a id in g  communism. 
A nd sh ortly  a fte r  pu blica tion , the Rockefeller Foundation  
w ith d rew  its  g ra n t. K insey so ld iered  on, bu t a fte r  
pu b lish in g  Human Female, his h ea lth  de terio ra ted , due to  
overwork, the pressure o f  criticism  a n d  w orries abou t 
research fu n d in g . H e d ied  o f  a h ea rt a tta ck  in 1956.

In its  ob itu ary , Tim e m a g a zin e  s ta ted , “No single  even t 
d id  m ore f o r  open discussion o f  sex than the K insey  
R e p o r t”, an d  la te r  stu d ies revea led  a lib e ra liz in g  o f  
a ttitu d e s . H ow ever, controversy continues to  surround  
A lfred  K in sey  a n d  his work to  th is day.

Although A lfred  C. K insey (1894—1956) ob ta in ed  a degree  
in psychology, he la te r  turn ed to zoology a n d  spen t 17 y ea rs  
studying g a ll  wasps, one o f  the f e w  species th a t reproduce  
asexually. In 1937, when he was asked to  teach a new  
m arriage  course a t  In diana U n iversity , he discovered th a t  
there was v ir tu a lly  no s ta tis tic a lly  va lid  research on sexual 
behaviour. H e began to rectify  th is im m ed ia te ly , asking his 
stu den ts a lis t  o f  some 400 questions.

It was ju s t  the beginning. K insey o b ta in ed  research  
g ra n ts  fro m , am ong others, the R ockefeller Foundation; 
engaged the services o f  m ore researchers; and, in 1942, 

fo u n d ed  the In stitu te  o f  Sex Research to a d m in is ter the  
m am m oth project. By 1956, the y e a r  K insey died , he an d

ABOVE Dr Alfred Kinsey, in June books on male and female sexual 
1952  — his meticulously researched behaviour shocked America.

Johnson published their results in Human Sexual Response, 
which sold more than 300,000 copies in the US alone.

In 1 95 9 , th ey  also  la u n ch e d  a tw o -w e e k  th e ra p y  
programm e designed to help couples with sexual problems. 
In all, 790 people took  p art, all o f w hom  began th e ir 
therapy with three days of intensive history-taking. Masters

and Johnson found, as Ellis and Kinsey had, that the major 
cause of female sexual inadequacy was being brought up in 
th e  b e l ie f  th a t  sex  w as d ir ty  and  sh a m efu l, b u t  th e  
researchers also discovered that the same held true for men.

H owever, rather than working through this psychological 
d isorder, they detoured  round it by having their couples 
focus on carefully controlled erotic sensation. This ‘sensate 
focus’, and o th er techniques they taug h t, w ere a g rea t 
success. The failure rate was just 18 per cent, and in a five- 
year follow-up, they discovered that only 5.1 per cent of 
their patients had relapsed, and there had been only three 
divorces. W hen Masters and Johnson published their results 
in Human Sexual Inadequacy in 1970, they marked a distinct 
shift from straight research towards therapy.

I.HFT William Masters and Virginia 
Johnson were proud that only three 
divorces occurred among their 
patients. However, in 1971,

Masters married the already 
divorced Johnson; in the early 
1990s, the two world-famous sex 
researchers were divorced themselves.
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F I G H T I N G  C A N C E R
FROM COCKTAILS TO CURES

Bacteria, viruses, irritations and chemical toxins have all been blamed

A LL LIVING t h in g s  -  plants as well as animals -  can suffer 
from cancer, a disease that arises through uncontrolled 

cell division. The w ord ‘cancer’ comes from karcinos, the 
Greek word for crab, and was first used by Hippocrates and 
o ther ancient G reek physicians to  describe a tu m o ur or 
swelling with ‘fingers’, o r channels, spreading outwards. This 
accurately describes an untreated breast tum our — at that 
tim e the m ost com m only recognized cancer -  w here the 
outer skin becomes hardened and the channels of cancerous 
cells with enlarged veins spread out over the breast, causing 
a deep, gnawing pain.

IMBALANCE O F  BILE O R  IN FLAM M A TION  
The ancient Greeks (see pp. 1 8 -9 )  recognized cancer in many 
forms, but whether these included non-cancerous ulcers and 
carbuncles is not known. They believed that cancers were 
due to an imbalance in the four hum ours, with an excess of 
black bile being produced in the spleen. Galen (see pp.2 2 -3 )  
thought that cancer could also be caused when too much blood 
circulated through the body as the result of inflammation.

BE L O W  A Jalse-colour X-ray o f the ascending colon: the oval shadow  
abdomen shows a cancer in the on the left o f  the image.

Throughout the Renaissance, different forms of cancer were 
described -  John of Arderne described a rectal carcinoma in 
the 14th century but considered it “nothing m ore than a 
hidden cancer”. Antonio Benivieni (1 4 43 -1 50 2 ), an early 
p a th o lo g is t, d esc rib e d  s tom ach  can cer an d , d u rin g  an 
autopsy, the Swiss pathologist, Felix P later (15 36 -1 61 4 ), 
discovered a large tum our in the brain of a knight who had 
been behaving peculiarly prior to  his death.

After the Swedish scientist O lof Rudbeck discovered the 
lymph glands, in 1652, scientists pointed  to  lymph as a 
factor in the cause o f cancer. P reviously , H ieronym ous 
Fabricius (1537-1619), Professor o f Anatomy at Padua, Italy, 
had postu lated  that the lym phatic involvem ent in b reast 
cancer (see pp. 198-9) necessitated the removal of the lymph 
nodes in mastectomies -  and he produced a specialized tool 
to carry out the procedure.

U ntil late in the 18th cen tu ry , the idea th a t cancer 
followed from inflammation due to an imbalance was secure. 
Then, John H unter (see p .41) form ulated the idea that a 
blastema (em bryonic tissue) was the basic building block for 
the repair o f the structures o f the body, bu t that under 
certain conditions it could initiate destructive growth. Soon 
after, Marie Francois Xavier Bichat (1771-1802), a French 
anatomist from the Jura, started to consider complex organs 
as a function of their elementary tissues, and, in his lectures, 
declared that all tissues w ere capable of independent growth 
and that cancer was an overgrowth of tissue. Bichat’s ideas 
led to  the notion that a rebel part of a blastema caused the 
growth to turn  malignant.

TH E  CELLULAR LEVEL 
In the 19th century, Matthias Jakob Schleiden (1804-1881), 
a German botanist, discovered that plants w ere composed of 
cells and, in 1831, observed a plant cell nucleus. By chance, 
Schleiden m e t T h eo d o r Schwann (1 8 1 0 -8 2 ) , a G erm an 
anatomist and physiologist, at dinner one evening and told 
him  o f his o bserva tio n s. Schw ann la te r  con firm ed  th a t 
animals, too , w ere composed o f cells with a nucleus. An 
im proved m icroscope invented  by J. J. L ister (see p .52) 
enabled  scientists to  see tu m o u r cells and th e ir nuclei. 
T ogether w ith Johannes M ueller (1 8 0 1 -1 8 5 8 ), a Germ an 
phy sio log is t, Schw ann p ro p o u n d ed  th e  ce llu la r th eo ry , 
though their idea that the nucleus was responsible for cell 
division fell on deaf ears. R udolf V irchow  (see p .65 ), a 
student o f M ueller, extended their w ork to explain that cells 
w ere the basic unit in tum ours and that their continued 
division was the reason for tum our growth.

The man who coined the word ‘chrom osom e’, W ilhelm 
W aldeyer-Hartz (1836-1921), published tw o papers on the 
genesis and pathology of cancer — the first modern descrip­
tion of the disease. W aldeyer-Hartz w rote that cancer formed
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M E D I C I N E  S I N C E  W O R L D  W A R  II -  B R E A K D O W N S  A N D  B R E A K T H R O U G H S

RIG H T A bone scan o f  the spine tumours) fro m  prostatic cancer a s

and ribs shows metastases (secondary pink and white areas in the spine.

initially from a normal cell and grew by uncontrolled cell 
d ivision; a m etastasis , o r m alignant secondary  tu m o u r, 
formed when a cancer cell migrated from its original site to 
an o th er via the b lo od , lym ph o r in te rs titia l fluids. He 
suggested that data about cancers could not be generalized 
and indicated a cure would be possible if the disease was 
detected at an early enough stage. This idea was to be of 
g reat value when radiotherapy  and, la te r, chem otherapy 
were added to surgery as possible treatm ents.

Bacteria, viruses, m echanical irrita tion s and chem ical 
toxins have all been blamed as the primary cause of cancer, 
almost as soon as they were discovered. But scientists now 
realize that there is no single external agent that causes every 
cancer. Different cancers are linked with different agents: 
fo r ex am p le , sun ligh t w ith  skin can cer; sm oking  w ith  
lung cancer; hepatitis B with liver cancer; F.pstein-Barr virus 
with lymphoma (cancer of the lymphatic system); arsenic 
w ith skin cancer; asbestos w ith m esotheliom a (cancer of 
the lin ing  o f th e  lu n gs); u ran iu m  and ra d ia tio n  w ith  
leukaemia (cancer o f the bone m arrow  and w hite blood 
cells). Viruses are now thought to be responsible for about 
15 per cent of all cancers.

C O M IN G  T O  GRIPS W IT H  C A N CER  
Both the ancient Greeks and Galen thought that all cancer 
treatm ent was palliative (unless surgery could rem ove the

whole mass). The belief that there was no cure largely held 
true until the 20th century, w ith a few exceptions, such as 
Paracelsus (see pp.3 6 -7 ) ,  who recom m ended a m ixture of the 
doctrines o f signs, and antim ony, and the eugcnists (see 
p .67), who suggested breeding contro l and quarantine to 
isolate and eliminate the ‘carriers’ of the disease.

The first specialist cancer hospital was built in 1740, in 
Rheims, France, from  funds donated by the canon of the 
cathedral in an attem pt to  isolate the disease he thought was 
c o n ta g io u s . In 179 1 , th e  b re w e r , S am uel W h itb re a d  
( 1 7 2 0 -9 6 ) ,  en d o w ed  a ca n ce r w ard  at th e  M idd lesex

N E W  H O P E  F O R  C H I L D R E N

Leukaem ia, a term  coined by R u d o lf Virchow  (see p .65) to 
describe cancer o f  th e  w hite blood cells produ ced by  the  
bone m arrow , is the m ost common cancer in children, 
though more adu lts  are  d iagnosed  as h avin g  i t  than  
children. T rea tm ent has advanced ra p id ly  since the 1940s, 
when leukaem ia proved  ra p id ly  f a ta l .  Sidney Farber, a t  the  
C hildren’s H osp ita l in Boston, M assachusetts, noticed  th a t  
children g iven  fo lic  acid  to  h elp  th e ir  leukaem ia, n o t only  

f a i le d  to  im prove, bu t ac tu a lly  worsened. In 1947, the f i r s t  
a n ti-fo la te  drug, am in opterin , was developed an d  th is  
proved  successful in causing a rem ission — though only f o r  a 
l im ited  tim e. F arber decided th a t i t  was im p o r ta n t to  keep  
children on a m ain ten ance dose u n til resistance to  the drug  
developed. In so doing, he was ab le  to  prolong the life o f  
m any sufferers f o r  up to a y e a r  — an d  a f e w  were cured. In 
1952, o ther an ti-leu kaem ic  drugs, such as pu rin eth o l an d  
m ethotrexa te, were developed, begin ning the era o f  com bi­
nation  th era p y  f o r  leukaem ia. A nd in 1956, the stero id  
cortisone  (see p. 166) was com bined w ith  e ith er o f  the other  
tw o to increase the nu m ber a n d  len gth  o f  rem issions.

D on ald  Pinkel, a  fo rm e r  associate o f  Farber, was a 
m edical d irector in M em phis, Tennessee, when in 1962 he 
pioneered a th ree -stage  to ta l th era p y  f o r  children w ith  
leukaem ia. This involved reg u la r doses o f  an ti-leu kaem ic  
drugs f o r  up to three yea rs, fo llo w e d  by  ra d io th era p y  to  k ill 
leukaem ic cells in the brain  (w here dru gs are  less 
effective) ,  then stero ids a n d  vin cristine (a  dru g ex tracted  

fro m  the M adagascan periw in kle)  to lim it the dam age to  
body tissues. By the la te  1960s, doctors fo u n d  th a t, by  using

the dru gs in d ifferen t com binations, there w as less chance 
o f  the cancer cells becom ing resistan t. This m u lti-fa ce ted  
approach to  trea tm en t has resu lted  in a rem arkable  
im provem en t in su rv iva l ra tes a n d  now 70 p e r  cent o f  
children w ith  the comm onest fo r m  o f  leu kaem ia survive.

Sufferers f ro m  chronic m yelo id  leu kaem ia, a ra re  fo rm  o f  
th e  d isease, w ere g iven  new  hope in 1992 w ith  the  
announcem ent by  M ichael D exter, Professor o f  E xperim ental 
H a em ato logy  a t  the C hristie  H o sp ita l, M anchester, UK, 
th a t  h is team  h ad  developed a n ew  g en e  tra n sp la n t  
technique. This involves a blood transfusion in which a 
gen e tica lly  en gin eered  virus in troduces a n d  spreads so- 
ca lled  ‘h ea lin g  g e n e s’ to  a ll  p a r ts  o f  the p a t ie n t’s body.

BELO W  The cancer drug vincris-tine r o s e u s ,  the Madagascan (rosy) 
is extracted from  Catharanthus periwinkle fo r  leukaemia treatment.
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Hospital, London, for research purposes.
In 1827, William Marsden opened a 
dispensary for the poor in London 
w hich soon becam e T he Royal 
Free and Cancer Hospital. The 
w ord  ‘F ree’ denoted  that no 
le tter of recom mendation was 
required to enter the hospital 
-  the rule for most o f the 
other hospitals at that time.

The idea to establish a 
re se a rc h  in s t i tu te  th a t 
would look into the cause, 
n a tu re  and tre a tm e n t o f 
cancer was the brainchild 
o f  Sir H e n ry  M o rris  
( 1 8 4 4 - 1 9 2 6 ) ,  a le ad in g  
surgeon  and head o f the 
M iddlesex cancer d e p a r t­
m ent in London. Funded by 
p r iv a te  in d iv id u a ls  and 
c o n tro lle d  by th e  ro v a l 
colleges, the Cancer Research 
Fund was founded  on 4 Julv  
1902, w ith M orris as secretary  
The title  ‘Im perial’ was added in 
1904 when the then Prince o f Wales 
(la te r, King G eorge V) becam e the first 
President of the fund.

Dr E. F. Bashford (1873-1923), who became the first 
d irec to r and spokesm an for the fund at the age o f 29, 
organized the first schem e o f research . W hen  the Post 
Office, in 1904, refused to transport tum our samples -  “as 
cancer is an infectious disease the transmission of specimens 
was dangerous both to the public and to postal officials”— 
Bashford replied that “No analogy exists between cancer and 
any known form of infectious or contagious disease”.

Cancer is often considered a 20th-century disease and is 
the second major cause o f death after circulatory diseases in 
the industrialized world. After the first international classifi­
cation of causes of death was established in 1900, cancer 
appeared on death certificates with increasing frequency. But 
it is suspected that previously many people who died of old 
age may well have had u nd etec ted  cancer. As cancer is 
primarily a disease of late middle age and old age — with 
some exceptions such as W ilm s’ disease (kidney tum ours in 
children) and leukaemia -  a longer life expectancy means 
m ore people die of cancer than before. In 1850, the average 
life expectancy was around 45 years -  it had been low er — 
and stands, in 1992, at around 72 years for men and 77 years 
for women. M oreover, cancer figures are higher, in industri­
alized nations particularly, because of the increased exposure 
to carcinogenic substances, such as asbestos, coal-tar fumes, 
carbon polymers (plastics, adhesives, lacquers), certain food 
dves and pesticides.

C O C KTA ILS A N D  CURES 
T rea tm ent for cancer has developed trem endously in the 
20th cen tury . Many trea tm en ts  are now  a ‘co ck ta il’ o f 
surgery, radiotherapy and chemotherapy, each being specifi­
cally devised for the individual and the stage of progression 
of the cancer. The first ‘cocktails’ were prepared during the

1960s, in order to increase the effectiveness 
o f t r e a tm e n t  and  also  to  re d u c e  

side-effects. The 1980s saw the first 
a t te m p ts  to  c lassify  c a n ce rs  bv 

degrees o f their severity.
S u rg e ry  has im p ro v e d  w ith  

increased awareness of the need 
for early detection. Successful 
breakthroughs in medical tech­

nology (see pp. 172-5), such as 
CAT scans, ultrasound and 
MRI scans, have b ro u g h t 
g re a t  ad v an ces  in ea rlv  
d e te c t io n ,  re s u lt in g  in 
fewer ‘open and see’ opera­
tio n s  an d  m o re  p re c is e  
surgical in terven tion . Iso­
to p e  scan n in g , w h e re  a 
ra d io a c t iv e  m a te r ia l  is 
s e le c t iv e ly  ta k e n  up by 

n o rm a l ce lls  b u t n o t by 
cancer cells, has contributed 

to the accurate pinpointing of 
tu m o u rs . A no ther techn ique 

involves monoclonal antibodies 
-  specifically cloned antibodies 

p ro d u ce d  by lym phocy tes to  r e ­
cognize foreign material on a cell wall,

A BOVE A brain scan reveals a slow- a calcified (yellow) lining. Such 
growing large tumour (purple), with tumours can suddenly turn malignant.

C A N C E R  O F  T H E  
P R O S T A T E  G L A N D

In 1896, fo llo w in g  the d iscovery th a t  rem oval o f  the  
ovaries som etim es caused a regression in b reast 
cancer (see pp. 198-9), i t  was p o s tu la ted  th a t  there  
m a y  be a connection betw een the cancer an d  
hormones. In 1939, Charles Brenton H uggins, while  
Professor o f  Surgery a t  Chicago, fo u n d  th a t cancer 
cells as w ell as the p ro s ta te  g la n d  were s tim u la ted  by  
the m ale  horm ones (androgens) .  Two y e a r s  la te r , he 
su ggested  th a t rem oval o f  the testes causes a regres­
sion in p ro s ta tic  cancer. (T h e  f a c t  th a t  eunuchs do  
n ot succumb to the disease seem s to bear th is ou t.) 
H u ggin s sh ared  a N obel p r ize  in 1966 f o r  his work  
in cancer research, a n d  in p a rticu la r  f o r  his 
horm onal tre a tm e n t o f  p ro s ta tic  cancer.

As a resu lt o f  H u g g in s’ work, oestrogen an d  a n ti­
androgens are  now  g iven  to p a tie n ts  w ith  p ro sta tic  
cancer, often effectively. P rosta tic  cancer is only  
slig h tly  less common than b rea st cancer, but 
screening is ju s t  tak in g  o ff  — in 1989, du rin g  a 
P rosta te  Cancer A w areness W eek in the US, some
15,000 men were screened. Stu dies show th a t  
alth ough  40  p e r  cent o f  men a g ed  65 or over m ay  
have a sm all p ro s ta tic  cancer, only abou t 4 per cent 
w ill develop the sym ptom s o f  clinical p ro s ta tic  cancer 
over the su bsequent 15 yea rs.
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stick to it and destroy it. First developed in the 1970s, these 
antibodies can be tagged with radioactive isotopes, so that 
when they search out and bind to  the cancer cells they 
provide a radioactive profile for scanners to  detect.

Surgery remains the first treatm ent of choice for many 
cancers, such as colorectal and bowel cancers, as w'cll as 
some types of lung, ovarian, stomach, testicular and uterine 
cancers. Surgery has also been successful with a single m etas­
tasis in the liver or kidney, early melanoma (skin cancer) and 
W ilm s’ disease. A major success has been in cone biopsies 
(the removal of small pieces o f tissue for examination by a 
pathologist) for early cervical cancers, which at the beginning 
of the 20th century were a major cause of death in wom en 
and is now curable, if detected early enough.

No longer equated with the intrusive scalpel, surgery has 
m oved  on to  in c lu d e  n o n -in v a s iv e  m e th o d s , such  as 
cryosurgery using ultra-low tem peratures, laser surgery, and 
chem osurgery using zinc chloride paste for skin cancers, 
which have become increasingly common with the m odern 
desire for a tan. In Australia and New Zealand, for example, 
malignant melanoma the most virulent and dangerous of 
the three skin cancers -  is the com m onest form of cancer 
affecting young adults.

R ad io th erap y  has p ro g ressed  s ign ifican tly  from  th e  
achievem ents of P ierre  and M arie C urie (see pp. 1 2 8 -9 ).  
W h en  th e  ra d iu m  th ey  d isc o v e re d  w as fo u n d  to  be 
extremely hazardous, it was replaced bv cobalt 60, still the 
m ost com m onlv used radiation  source todav. The early 
problems of the fragile X-ray machine, where only IS per 
cent of the skin dose reached further than 6in (IScm ) into 
the body, therefore requiring  the patien t to receive vast 
doses to reach a deep cancer, have been overcome by the 
linear accelerator in use today. Developed in the 1960s, this 
produces ‘hard’ electron beams that can penetrate to  deep 
areas, such as the pelvis and bone w ithout damaging the skin 
and without scattering into the surrounding tissues.

Chem otherapy, the use of drugs to destroy cells, started in 
1865 when potassium arsenite was used to  treat leukaemia. 
W ith Paul Ehrlich’s discovery of Salvarsan (see pp. 1 0 0 -1 ), 
many w ere convinced that a drug could be found that would 
zoom in and destroy cancer cells, leaving the normal cells 
untouched. Unfortunately, this has not as yet proved to be 
true. O f the hundreds and thousands o f compounds tried and 
tested by the pharmaceutical companies this century, only 
about 40 are in clinical use.

A N TI-C A N C E R  T O X IN S 
Until the interferons, a group of proteins produced by the 
body during certain illnesses, wrere discovered in 1956 by 
scientists at the National Institute for Medical Research in 
L ondon, th e re  was li ttle  p ro gress  in th e  search fo r an 
effective anti-cancer toxin. Interferons stimulate the body’s 
defences, inhibit cell division and are toxic to  certain cells. 
Produced from genetically engineered bacteria, interferons 
are now used successfully to treat various cancers, including 
hairy cell leukaem ia, and are helpful in o th ers , such as 
malignant melanoma and AIDs-related Karposi’s sarcoma.

A nother naturally produced group of proteins involved in 
the im mune response is the interleukins, discovered in the 
1980s; clinical trials started in 1986. In 1980, Dr. Stephen 
Rosenberg found that, w ith im m une cells, one of the in ter­
leukins activated killer cells (called LAK cells) and that these 
slowed lung and liver metastasis in animals.

But newr developm ents in the science and technology of 
medicine (see p .230) give reason to hope that cancer will, in 
the future, be both avoidable and treatable.

Techniques such as gene replacem ent therapy, as well as 
an ever-increasing sophistication in pharmocology, may make 
cancer a killer o f the past.

B E L O W  An osteosarcoma, or bone fear-o ld  girl. Such tumours are most 
tumour, just above the knee of a 17- common in children and young adults.
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W O M E N  AND C A N C E R
From breast removal to detection, lumpectomy and treatment

BREAST CANCER r e m a i n s  the m ost com m on form of the 
disease in wom en, killing hundreds of thousands every 

year. Yet, despite decades of experim entation and research, 
both its treatm ent and its detection remain controversial.

FR O M  RADICAL SURGERY T O  L U M PE C T O M Y  
W illiam H alsted’s radical m astectom y (removal of breast, 
lymph nodes and chest muscles) o f the 1890s (see pp. 90-1) 
relied on two untested suppositions: first, that breast cancer 
remains in the breast for some time before spreading; and, 
second, that the lymphatic system is relatively separate from 
blood vessels, and thus the removal of lymph nodes creates a 
barrier to  the passage of cancer cells.

The ‘treatm ent o f choice’ became the modified radical 
mastectomy developed by British surgeon P. H. Patey. This 
operation retained the chest muscles, and was followed by 
X-ray trea tm en t. In fact, the first 30 years o f the 20th 
century comprise the only period in the history o f breast 
cancer when there has been any consensus on treatm ent.

In 1937, Geoffrey Keynes, o f St Bartholomew’s Hospital, 
London, became the first to claim satisfactory results with 
the simple rem oval o f breast tum ours (w hat came to  be 
called ‘lum pectom ies’), followed by radiation. Before these 
findings made an im pact, how ever, th ere  was increasing 
discontent with the reigning surgical treatm ents, especially

DE S  D A U G H T E R S

In 1938, Charles D odds syn th esized  a horm one called  
d ieth ylstilboestro l, or DES. From 1943 to 1959, i t  was 
prescribed to n ea rly  six m illion (m ain ly  Am erican) 
women with a h isto ry  o f  m iscarriage.

In 1969, tw o Am ericans — the gynaecologist 
A rth u r H erb st an d  the p a th o lo g ist R obert Scully -  
noticed an unusually high ra te  o f  clear-cell adeno­
carcinoma, a rare  type o f  vag in a l cancer, in the  
teenage dau gh ters o f  women who h ad  been given  
DES in the f i r s t  17 weeks o f  pregnancy. A stu dy  
carried  out in 1971, by  D a v id  Poskanzer, confirm ed  
th a t the link existed, and, by  1986, abou t 350 cases 
h ad  been discovered in the US -  some 4  in every  
1000 ‘DES daugh ters'.

The horm one  was also fo u n d  to have caused  
a bn orm alities in the reprodu ctive  tra c ts  o f  these  
daugh ters, as w ell as d ifficu lties in conceiving an d  
carrying babies to  term . In add ition , sons were more 
likely  to suffer fro m  g e n ita l abnorm alities, an d  the  
m others them selves also ran an increased risk o f  
developing b reast cancer.

A BO V E Rembrandt’s B athsheba at 

H er T o ile t  shows evidence o f
breast cancer in the deformation o f  
the left breast, below the armpit.

after W orld  W ar II, when it was realized that the success 
rate o f the Halsted operation had been overestimated.

C ancer surgeons becam e polarized: in the 1940s and 
19S0s, some advocated a ‘supraradical’ m astectom y, even 
m ore m u tila ting  than H als te d ’s; o th ers , such as French 
radiologist Fram^ois Baclesse and his co-workers at the Curie 
Foundation in Paris, championed lumpectomy. Between 1937 
and 1953, the Baclesse team  trea ted  100 w om en in the 
earlier stages o f the disease: the results w ere com parable 
with those achieved through orthodox methods, but with vastly 
im proved quality o f life for their patients. In 1963, Hugh 
Auchincloss, o f Columbia University, stated that extensive 
surgical in te rven tion  only persisted  because o f trad ition , 
training and “personal prejudice tinged with em otion”.

By th e  1970s, re se a rc h e rs  had re a lize d  th a t b rea s t 
tum ours could not be pulled out by their roots like weeds. 
They found that, by the time breast cancer was diagnosed, 
m ost, if n o t all, p atien ts  had cancer e lsew here in th e ir 
bodies; surgery did not ‘cu re’ the cancer, but the immune 
systems of some patients probably did. They also discovered 
that the lym phatic system and bloodstream  are so in te r­
tw ined that they cannot be separated, so removing lymph 
nodes to prevent cancer spread was useless.

T h e  s ta t is t ic s  a g re e d . In 1 9 7 5 , a W o rld  H e a lth  
Organization survey showed that, in the previous 75 years, 
not only had deaths from breast cancer failed to  decline, but 
they may have actually increased. A 1985 study, carried out 
by the National Surgical Adjuvant Breast Project in the US 
and Canada, concluded that the same percentages o f wom en
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with cancers of varying spreads remained alive after ten years 
whatever their treatm ent. Today, an increasing num ber of 
wom en w ith breast cancer are treated  w ith  lum pectom y, 
usually followed by radiotherapy. Following w ork in France 
in the 1960s, the radiotherapy may now take the form of 
im plants -  12 to  16 plastic tubes containing radioactive 
iridium wire -  left in place for three or four days.

The first true breakthrough in the battle against breast 
cancer came in January 1992, in a study by British researcher 
Richard P eto , published in the Lancet. Involving 7 5 ,00 0  
w om en w orld-w ide, it showed that 10 p er cent o f those 
under 50 with early breast cancer survived ten years longer if, 
in addition to  surgery and radiation, they took tamoxifen, an 
anti-oestrogen drug available since 1971 but only commonly 
used since about 1989. A further 5 per cent gained ten years’ 
survival if they also received cancer chemotherapy.

In the early 1990s, tamoxifen was also given to  women 
before surgery, because of its capacity to  shrink tum ours by 
up to 90 per cent, and the possibility that it may ‘sterilize’ 
them  and prevent their spread. In addition, researchers were 
excited by the prospect o f giving the drug as a preventive to 
healthy women with a family history of breast cancer.

BELO W  A mammogram is the most one shorn a small, round white 
effective breast cancer detector here, cancerous tumour at the centre.

L O O K IN G  F O R  LUM PS 
The new  trea tm en ts  for b reast cancer d epend  for th e ir 
success on the early detection of breast tum ours, and a great 
deal of effort and money has been invested since the 1960s.

O ne possible m ethod (o th er than self-exam ination, or 
manual palpation) was therm ography (see pp. 168-9), which 
measures m inute tem perature variations. Although cancers 
are w arm er than o ther body tissues, it was realized by the 
late 1970s that, in breast thermography, about 30 per cent 
of small cancerous tum ours are missed and benign ones often 
register as ‘h o t’.

The m ost successful detection m ethod so far is mammog­
raphy, the X-ray examination of the breasts. It gained accep­
tance a fte r 1962, w hen  a H o u sto n , T exas, rad io log ist, 
Robert Fgan, published his conclusions: it was superior to 
manual palpation in detecting early cancer.

A BO VE Although this thermogram 
shows a ‘hot" (i.e. cancerous) area

on the right o f  the image, some 
small cancers can be missed.

A num ber of major studies w ere then carried out. O ne was 
the Breast Cancer D etection Dem onstration Project, under­
taken in 1973 by the American Cancer Society and National 
Cancer Institute and involving 280,000 wom en. O f all the 
cancers detected, 90 per cent w ere found by mammography, 
and this led to revised recom mendations: wom en should be 
screened every one to  two years over the age o f 40, and 
annually after 50. In 1987, the British governm ent agreed to 
fund a b reast cancer screen ing  p ro g ram m e, w ith  every 
woman between the ages of 50 and 64 being invited to  have 
a m ammogram every three years.

M O R E  H O P E  F O R  O T H E R  CANCERS 
The news is much better for wom en suffering o ther forms of 
female cancers. In the US, deaths from  uterine cancer have 
decreased by m ore than 70 per cent since the 1930s (even 
though incidence has increased markedly since the 1940s). 
W ith screening tests, such as the Pap smear (see p. 114), the 
early detection — and virtual 100 per cent cure — of cervical 
cancer has become a possibility (though screening has thus 
afar had little effect on death rates). Tests for ovarian cancer 
— called  the ‘silen t k i l le r ’ because o f its lack o f early  
symptoms -  are in an advanced stage o f development.
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E M E R G I N G  V I R U S E S
OLD DISEASES IN NEW SETTINGS

Giving children pieces o f corpses

SINCE WORLD w a r  II, medicine has been surprised by a 
num ber of unknow n, lethal diseases. Some feared that 

these were caused by microbes that were either brand new 
or newly evolved, and against which medicine had few, if 
any, defences. H ow ever, research has suggested different 
reasons lor the emergence of these ‘n ew ’ infections.

PR OG R ESS A N D  DISEASE 
In 1967, 31 researchers at M arburg, in Germany, became ill 
with very high fevers and severe haemorrhaging, and seven 
o f them  died. Eventually scientists traced the disease to 
direct contact with blood or tissue from a batch of African 
green monkeys from Uganda, used for experiments. The first 
recognized outbreak in Africa itself of what had come to be 
called ‘Marburg disease’ occurred in 197S.

In 1969, another ‘new ’ disease was discovered. W hen an 
American w orker at a mission hospital in the small town of 
Lassa, in Nigeria, developed a very high fever, she was flown 
to the US for further treatm ent and study. There, the illness 
spread to those investigating the mystery virus, and some of 
them  died. Epidem ics o f this ‘Lassa fev e r’ subsequently  
occurred in W est Africa.

brains brought a disease to lije
In 1976, two severe and virtually simultaneous epidemics of 
haem orrhagic fever devastated parts o f Sudan and Z aire, 
resulting in at least 300 deaths -  at one Sudanese hospital, 
76 of the staff became ill and 41 died. The illness looked 
suspiciously like M arburg disease, and when the virus was 
isolated from a sample taken from a patient (who lived near 
the Ebola river in Zaire) and examined under the m icro­
scope, it appeared almost identical to that causing Marburg. 
However, animal studies showed that imm unity to Marburg 
did not confer immunitv to the new Ebola disease, and thus 
the viruses, though related, had to be different.

O ther previously unknown diseases have since emerged, 
nam ed after the places w here they w ere first identified: 
Junin in Argentina, Orapuche in Brazil, Hantaan in Korea, 
Rift Valley in East Africa. For a long tim e, no one knew 
why these diseases had erupted, but eventually the picture 
became clearer. The viruses are not, in fact, new. N either 
are they new mutations: they are old viruses in new' clothes.

For instance, Lassa fever is now one of the leading causes 
of disease in eastern Sierra Leone — it was here, in the 1950s, 
that a new diamond mining industry started, bringing people 
into the forest and into contact w'ith the rodents known to

S T O P P I N G  T H E  S P R E A D  O F  H E P A T I T I S  B

H ep a titis  B (serum  h ep a titis )  is spread  by contact w ith  
infectious blood or through sexual contact. I ts p rim ary  
sym ptom  is liver in flam m ation , often lead in g  to  dam age  
and, freq u en tly , to liver fa ilu re . In addition , a chronic 
carrier o f  the h ep a titis  B virus has a 270 tim es g re a te r  
chance o f  contracting liver cancer than o ther people. In 
1967, Baruch B lum berg developed a te s t th a t could revea l 
the presence o f  the virus in the blood, work f o r  which he 
sh ared the 1976 Nobel P rize  f o r  M edicine w ith Gajdusek.

H ep a titis  B is one o f  the g re a te s t g lo b a l health  
problem s, affectin g m illions o f  people in Asia an d  Africa. 
W ith the b irth  o f  the g a y  libera tion  m ovem ent in the US,

in 1969, an d  the resu ltin g  changes in sexual lifesty les, i t  
also becam e endem ic w ith in  the g a y  com m unity: in N ew  
York C ity alone, m ore than 50 p e r  cent o f  g a y  m en showed  
evidence o f  the disease.

By 1974, a vaccine h ad  been developed  in the US, using  
s te r iliz e d  v ira l p a rtic le s fro m  the blood serum  o f  carriers. 
D u ring th e  n ex t f o u r  y ea rs , the Polish-born ep idem iologist 
W olf Szm uness, a refugee fro m  both the N a z is  a n d  the  
Soviets, undertook a series o f  popu la tion  stu d ies to  f in d  out 
the best g rou p  on which to carry  ou t a do u b le -b lin d  tr ia l o f  
th e  vaccine. The N ew  York g a y  com m unity was idea l, an d  
in 1978-9, working w ith  the G ay M en’s H ea lth  Project, 
Szm uness a n d  his team  screened over 10,000 men to fin d  
1083 volunteers, who were then in jected  w ith  vaccine m ade  

fro m  the serum  o f  300 carrier volunteers.
By Jun e 1980, the resu lts  were in. O f  the 160 volunteers  

who h ad  developed  h e p a titis  B du rin g  the tr ia l, a ll  had  
been g iven  the placebo, not the vaccine, which, when a ll the  
s ta tis tic s  w ere ava ila b le , p roved  to  be 92.3 p e r  cent 
effective. And the tr ia l  i ts e l f  h ad  been shown to be the m ost 
complex an d  im peccable in the h isto ry  o f  m edicine. Sadly, 
Szm uness d ied  o f  lung cancer tw o  y e a r s  la ter.
LEFT The hepatitis B virus — the and Africa, but there is now an 
disease still affects millions in Asia effective vaccine.
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BELO W  The Ebola virus appeared similar to the Marburg virus which
suddenly in Africa in 1976; it is killed German researchers in 1967.

carry the Lassa fever virus. Shortly before Rift Valley disease 
emerged in Egypt, in 1977, the Aswan Dam provided an 
enormous inland lake for the disease-carrying mosquitoes to 
breed. As for Ebola disease, it was probably able to spread 
in a rem ote  p art o f Zaire because o f the build ing o f a 
hospital, w'here one of the practices was the sharing of 
needles. AIDS, too, has swept parts o f Africa because of 
population shifts away from rural areas into overcrow ded 
cities (see pp.204-7); it is now  reckoned that one of the HIV 
viruses has been around for at least a century.

T H E  MYSTERY O F  K U RU  
Another disease — later found to be caused by a change of 
lifestyle — decimated the Fore tribe o f New Guinea, then 
under Australian control. In 1953, a patrol officer reported 
that many women and children w ere shivering and shaking 
until, after 18 m onths or so, they became paralyzed and 
died. The Fore named the disease ‘k u ru ’ ‘to shiver or 
trem ble with cold or fear’ and blamed it on sorcery.

The ebullient American research scientist D. Carleton 
Gajdusek (1 9 2 3 -  ) was passing th rough  N ew  Guinea in 
March 1957 when he heard about the kuru epidemic. After a 
brief investigation, he decided to stay on, and som ehow 
persuaded the National Institutes of Health (NIH) in the US 
and the Australian authorities to  support him . He began 
learning the native languages and compiling family histories 
o f the victims. By August, he had uncovered m ore than 500 
deaths and 150 active cases in a total population of 15,000. 
The cause remained a mystery: nothing showed up in any of 
the samples he sent to Australia and the US, there was no

evidence of case-to-case transm ission, and poisoning and 
dietary deficiency were both ruled out.

Through his research among the Fore — during which he 
walked m ore than 1000 miles -  Gajdusek found that no 
European had contracted kuru; Fore Indians who had left the 
area could still develop it; and Fore w om en could spread it 
to  o ther com m unities by passing it on to  their children. 
Because of this, there seemed to be a complicated genetic 
basis for the disease, and as a resu lt, in July 1960, the 
A ustralian g ov ernm ent passed the first ‘genetic  law ’ in 
history, placing the Fore in quarantine. (This proved impos­
sible to  police and was quietly dropped.)

Meanwhile, in 1959, the British veterinary scientist W . J. 
Hadlow stated in a le tter to the I.ancet that the symptoms of 
kuru were remarkably similar to those o f scrapie in sheep, a 
disease known for over 250 years. He suggested that the 
kuru scientists transm it the disease to an animal in the same 
way that had been done with scrapie: by injecting suspen­
sions o f brain tissue from a kuru victim into an animal and 
then waiting -  for possibly as long as two years or more.

In 1962, Gajdusek returned  to  New Guinea and, in the 
m ost difficult of conditions, obtained 16 brains from kuru 
victim s and sent them  to  N IH , w here suspensions w ere 
injected into chimpanzees. In late 1965, when the animals 
began to fall ill, it was certain that kuru was a transmissible, 
infectious disease caused by a previously unknow n ‘slow 
virus’, with an incredibly long incubation period. Gajdusek 
shared a Nobel prize in 1976 for his w ork on kuru.

The final mystery of kuru was cleared up by anthropolo­
gists R obert Glasse and Shirley Lindenbaum, who studied the 
Fore in 1961-2. They found that the wom en had begun to 
cannibalize their dead in about 1915, learning about it from 
a neighbouring tribe. Very few o f the m en tried  it; the 
practice was almost exclusively carried out by the women, 
who would give tidbits (including brain tissue) to  their sons 
and daughters. Thus the disease would be transm itted and 
would reveal itself betw een tw o years and two decades later. 
Once cannibalism was outlawed, the incidence of the disease 
declined until, today, there are only a handful of new cases.

As well as testing chimpanzees with kuru, the NIH scien­
tists also injected some w ith brain tissue from victims of 
o ther chronic central nervous system diseases. Those injected 
w ith  tissu e  from  a p e rso n  w ho had d ied  o f th e  ra re  
Creutzfeld-Jakob disease (CJD), which results in early senile 
dem entia, also became ill and died. CJD, too, had to be 
caused by a slow virus.

B E L O W  The Fore people o j New the early 1950s: the cause was 
Guinea were decimated by kuru in some 4 0  years of cannibalism.
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P O L I O M Y E L I T I S
THE SALK AND SABIN VACCINES

The way was opened by $ 1 ,370 ,000  and 3 0 ,0 0 0  monkeys

By t h e  LATE 1 9 4 0 s , doctors knew that the polio virus was 
transm itted via faeces, and that, in crowded communities 

in under-developed countries, it w ould infect the under- 
threes who rarely, if ever, contracted the paralysing form of 
the disease. However, in developed nations, with increased 
hygiene and m ore rigorous toilet training, the virus bypassed 
the very young and, instead, struck schoolchildren and young 
adults, sometimes with devastating effects. Polio epidemics 
were thus, ironically, the result of public health measures.

John Enders, Thomas W eller and Frederick Robbins had, 
by 1949, succeeded in grow ing the virus on human and 
animal tissue (see p .IS 5), for which they were awarded the 
N o b e l p r iz e  in 1 95 4 . F ro m  1 9 4 9 , th e  US N a tio n a l 
Foundation for Infantile Paralysis (NF1P) funded a huge 
research project at four universities, aiming to classify the 
different strains of the polio virus. By 1951 -  and 30,000 
m onkeys and $1.37 m illion la te r -  the program m e had 
established that there w ere th ree recognizable families o f 
the virus, and the way was open for serious research into 
a vaccine.

T H E SALK VACCIN E 
Jonas Salk (1914— ) of the University of Pittsburgh had been 
in v o lv e d  in th e  N FIP  c la ss if ic a tio n  p ro je c t ,  and  had 
developed form alin -inactivated  influenza vaccines during 
W orld W ar II. He now started w ork on a formalin-killed 
polio vaccine (against all three strains), always mindful of 
the previous disaster with this type o f vaccine (see pp. 108-9).

B ELO W  An electron micrograph o f  attacked more than 3 0 ,0 0 0  people 
polio virus particles — polio in America in 1950.

Salk decided his vaccine was ready for testing on selected 
groups o f children, including his th ree  sons. “W hen you 
inoculate children w ith a polio vaccine,” he com m ented, 
“you d on’t sleep well for tw o or three m onths.” The results, 
he rep o rted  to  the NFIP, w ere encouraging but “should 
not be in terpreted  to indicate that a practical vaccine is now 
at hand”.

The NFIP immunization com m ittee begged to  differ and, 
in January 1953, voted to proceed with a mass trial, despite 
the fact that both John Enders and Jonas Salk disagreed. 
Covering 217 areas in 44 states and testing some 1.8 million 
schoolchildren at a cost o f $7.5 million, the polio vaccine 
trial of 1954 was the largest single clinical trial in history. 
The results w ere impressive: the vaccine caused children to 
produce antibodies against all three strains of polio; there 
were 50 per cent few er polio cases in areas where vaccina­
tions had been carried out; and not one child contracted the 
disease after being vaccinated. All over the US, church bells 
ran g  and  fa c to ry  s ire n s  so u n d ed  w hen  th e  n ew s was 
announced early in 1955.

How ever, the final repo rt after the trial did point out 
th a t, w hile the Salk vaccine was 90 p e r cen t o r m o re  
effective against polio types II and III, it was only 6 0 -70  per 
cent effective against type I. In addition, the vaccine had to 
be injected and followed up with regular booster shots.

W ithin weeks, the stockpile of 10 million doses of Salk 
vaccine was released. In April 1955, after 400,000 children 
had been inocu lated , re p o rts  from  C alifornia and Idaho 
revealed that the vaccine had induced paralytic polio in 204 
adults and children, 11 o f w hom  had died. California’s health 
departm ent ordered that a tainted batch of vaccine be taken 
off the m arket. By 7 May 1955, four million doses had been 
d ispensed  am ong A m erica ’s y oung . By N o v e m b e r, the 
C enter for Disease Control in Atlanta was able to  announce 
th a t “th e  dec line in a ttack  ra te s  fo r n a tu ra lly  acquired  
paraly tic cases had been from  tw o to  five tim es g rea te r 
among vaccinated children than among the unvaccinated”.

T H E  SABIN V A C CIN E 
Salk’s vaccine did not confer perm anent immunity and it was 
not wholly effective against polio type I. Russian-born virolo­
gist Albert Sabin (1 9 0 6 - ) of the University of Cincinnati 
believed that a vaccine made from  live virus whose virulence 
had been eliminated would be far m ore effective, would give 
perm anent im munity and could be taken by m outh.

Although he and others soon produced such vaccines, the 
abrasive Sabin -  unlike the charming Salk -  could not gain 
the backing of the NFIP immunization com m ittee which was 
deeply com m itted  to  the forthcom ing mass trial o f Salk’s 
vaccine. The resulting rift betw een  the lay and scientific 
m em bers o f the co m m ittee  led to  talk  o f the scientists
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T H E  T A L E  O F  S I S T E R  K E N N Y

One o f  the m ost rem arkable  -  an d  con troversia l -  
f ig u re s  in the h istory  o f  polio  was E lizabeth  K enny  
(1 886-1952), who f i r s t  s ta r te d  trea tin g  polio  victim s  
in 1910. W orking in the iso la tion  o f  the A u stra lian  
bush, a n d  unaw are o f  the accepted  procedures f o r  
trea tin g  the disease, S ister K enn y developed her own 
m ethod th a t em ph asized  the im portan ce o f  continu­
a lly  exercising the a ffected  lim bs. D u ring the acute  
stage, she would a p p ly  warm  compresses to aching  
muscles an d  keep them  passive ly  exercised. This was 

fo llo w ed  up in la te r  s tages by  in ten sive  exercise o f  
the m uscles to  ‘re -ed u ca te ’ them  in to  m obility .

E stablished po lio  specia lists recom m ended im m obi­
liz in g  the a ffected  lim bs in sp lin ts  to  ensure com plete  
rest, bu t S ister Kenny w as convinced th is orthodox  
regim e would exacerbate the prob lem s o f  p ara lysis  
an d fu r th e r  a tro p h y  the muscles. H er d isagreem en ts  
with the m edical estab lish m en t a ttr a c te d  much 
pu b lic ity  an d  criticism , bu t she h eld  f i r m ly  to  her 
beliefs a n d  even tu a lly  succeeded in w inning her 
critics over an d  sh iftin g  the em ph asis o f  a ftercare  

fro m  rest to  muscle re-education .
Funding f o r  her po lio  trea tm en t program m e  

becam e a casu a lty  o f  the controversy, however, a n d  so 
the S ister K enn y Foundation was se t up by her 
su pporters in 1945. A lthough th is g a v e  her indepen­
dence, the po litica l s tru gg les invo lved  in keeping it  
going m ade huge dem an ds upon her tim e an d  
preven ted  h er fro m  working on the wards.

BE L O W  Jonas Salk (1 9 1 4 - ), which went into mass production in
inventor o f  the fir s t  polio vaccine, 1954 , but required booster shots.

resigning en masse. Eventually, in D ecem ber 1954, the NF1P 
granted  Sabin funds to continue his w ork but would not 
support mass trials.

Between 1957 and 1959, Sabin’s live virus vaccine was 
tested elsewhere in the world - in Mexico, Holland, Britain, 
Sweden, Singapore, Czechoslovakia and the USSR. The NFIP 
com m ittee  praised the poten tia l o f the vaccine, b u t still 
refused to recom m end mass trials in the US. It took another 
three years o f mass trials before, in August 1961, Sabin’s 
vaccine against type I polio was licensed for manufacture and 
m arketing in the US. The type II vaccine followed three 
m onths la te r, and finally , in M arch 1962, his triv a len t 
(effec tiv e  against all th re e  ty p es) o ra l vaccine becam e 
available. Taken on a sugar cube or in a spoonful of syrup -  
em inently preferable to a syringe — the Sabin vaccine has 
now largely replaced the Salk variety.

B E L O W  Sabin vaccine is usually given on a sugar cube.
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THE S C O U R G E  O F  AIDS
THE NATURAL HISTORY OF A SERIAL KILLER

The WHO forecast that 15 million would be injected by 1995

I N THE SUMMER OF 1981, the Centers for Disease C ontrol, 
a fed e ra lly  ru n  m o n ito r in g  o rg an iza tio n  in th e  US, 
published details of a mysterious outbreak of illness in San 

Francisco. Five m en in the city  had been  diagnosed as 
su ffe r in g  fro m  Pneum ocystis ca r in ii , a d ea d ly  ty p e  o f 
pneum onia so ra re  th a t a single case occurring  w ithout 
obvious cause would have been notew orthy, let alone several 
in the same place at the same tim e. The CDC was duty-

bound to look for any factor linking them . It found one and 
duly emphasized it in its report: each of the five victims was 
homosexual. The docum ent w ent on to speculate that their 
illnesses could have some connection with their wav of life 
or sexual contacts.

BE L O W  A model o j  H IV  shows a 
nucleus surrounded by protein and

enveloped in a spherical membrane 
studded with protein and antigens.

wmM
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Publication o f the C D C ’s findings unleashed a wave of 
sim ilar accounts from  physicians in San Francisco , Los 
Angeles and New York, indicating a spreading pattern  of 
unusual disorders among homosexual males. The disorders 
took many forms, but all of them implied a potentially fatal 
breakdown in the p a tien t’s im m une system , the com plex 
mechanism by which the body fights invasions of harmful 
o rg an ism s. Som e d iso rd e rs , such as th e  p n eu m o cy stis  
pneum onia, had previously been identified only in people 
whose immune systems were known to have been damaged 
or suppressed, for example by drugs used to facilitate accep­
tance of transplanted organs. O ther disorders w ere relatively 
com m on, but they failed to  respond  to  trea tm en ts  that 
w ould w ard them  off in o therw ise healthy people , and 
progressed to become life-threatening.

US experts studying the phenom enon at first called it 
‘Gav-Related Immune Disease’ (GRID), though they soon 
realized it was not confined entirely to gay men. W ithin a 
few months of the CDC report, cases had been diagnosed 
among intravenous drug users, blood transfusion recipients, 
haemophiliacs and others, o f both sexes, all ages and varied 
sexual preferences. In recognition of that and the various 
forms in which the condition manifested itself, it was redes­
ignated ‘Acquired Immuno-Deficiency Syndrom e’ (AIDS).

Almost from the beginning, scientists suspected AIDS was 
caused by a virus capable o f being transm itted  from  one 
person to another. Intense efforts were made to identify it 
and, by early 1984, a French team under Luc Montagnier 
had succeeded, establishing that the virus deactivated the 
im m u ne system  by d es tro y in g  w h ite  b lo od  ce lls . T he 
o rgan ism  was ev en tu a lly  nam ed  th e  F lum an Im m uno- 
Deficiency Virus (HIV). Shortly after its discovery, French 
and US researchers devised a test to indicate its presence 
before any overt symptoms appear.

Thus far, the story is a trium ph in medical history. In 
less than th ree years, a previously unknow n disease had 
been identified, the im m ediate cause found and a technique 
developed to  help identify people who may be carrying it.

T H E DEADLY VIRUS 
Studies o f the AIDS virus indicated that it is transm itted  
when infected blood, semen or vaginal fluid enters the body, 
but probably not in other ways. To that extent, and because 
the virus is delicate, it is not highly contagious by com par­
ison, for example, with influenza or even hepatitis B. O ther 
discoveries were less reassuring.

Scientists showed th a t HIV, once co n trac ted , can lie 
dorm ant in the body for perhaps up to  20 years, during 
w hich  th e  c a r r ie r  ap p ea rs  e n tire ly  h ea lth y  o r su ffers  
disorders, such as fevers, night sweats and shingles, bearing 
no ostensible relation to AIDS. Because of this dormancy, 
and the difficulties in m any cases o f ascertain ing  w hen 
in fe c tio n  to o k  p lac e , i t  w as n o t p o ssib le  to  fo re c a s t 
accurately how many carriers would develop AIDS. N or was 
it possible to predict when, if at all, a carrier would develop 
the disease. P redicting  the course o f any individual case 
o f HIV infection  was com plicated  fu rth e r by the m any 
forms AIDS could take. In the mid-1980s, scientists found 
th a t AIDS co u ld  em e rg e  n o t o n ly  in  ‘o p p o r tu n i s t ic ’ 
disorders such as pneum ocystis pneum onia, bu t also that 
it  so m e tim es  affec ted  th e  c e n tra l n e rv o u s  sy s tem . In 
th e se  cases, th e  d isease  co u ld  lead  to  m e n in g itis ,

ABOVE An H IV  virus emerges as a The hud breaks o f f  (B O T T O M  L E FT )

bud fro m  the surface of a white and reorganizes itse lf into a mature
blood cell (T O P  LEFT &  T O P  R IG H T). virus (B O T T O M  R IG H T ).

encephalopathy and dem entia, and w ould usually result in 
death within three years.

T H E  SPREAD O F  AIDS 
As if the nature of AIDS was not formidable enough, it was 
soon shown to be present in many parts of the globe, though 
no one could say where it originated. By m id -1986, some
21.000 cases had been diagnosed w orld-w ide, o f which m ore 
than half w ere in the US, with the rest spread mainly among 
the countries o f Europe and central Africa. At that point, 
one third to  one half had proved fatal. But experts feared the 
figures w ere only the tip of an iceberg, estimating that up to
500.000 people could have the lesser disorders that m ight or 
might not be a prelude to AIDS itself — the so-called Aids- 
Related Complex (ARC) — and that up to  2 million could be 
carrying HIV while showing no sym ptom s. O n that basis 
they predicted AIDS would becom e a pandemic, an epidemic 
that sweeps the w orld. The hunt for protection and cure was 
stepped up.

But there w ere major difficulties. HIV changes its form 
m ore than 1000 tim es faster than m ost influenza viruses, 
leading scientists to describe attem pts to  develop a vaccine 
against it as “trying to hit a moving target”. A cure looked 
even m ore elusive, because m ost treatm ents for infectious 
diseases rely, at least in part, on support from the body’s 
im m une system, precisely the target the virus attacks. So, as 
both the threat posed by AIDS and the fact that science was 
u n lik e ly  to  re m o v e  it q u ick ly  becam e fu lly  ap p a re n t, 
measures had to be taken to  slow down the rate at which it 
was spreading.

Some of these measures w ere medically straightforward 
once the danger had been recognized. The HIV screening of 
blood donors and the heat-treatm ent o f blood products used 
by haemophiliacs, for example, became standard practice in 
many countries, though only after thousands o f cases o f 
in fe c tio n  by such ro u te s  had alread y  o c c u rre d . O th e r 
approaches to  p reven tion  w ere m ore com plex, involving 
social and psychological factors, as well as medical ones.
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BHLOW  The personal tragedies cloth squares, celebrating indiv-
caused by AIDS have fo u n d  expres- iduals lost to the disease, keep their
sion in ‘AIDS Q uilts’. Embroidered memories alive and raise awareness.

which has still not been adequately explained, confirmed that 
HIV can be passed  on  by h e te ro s e x u a l ,  as w ell as 
hom osexual, activities, and that the same ‘safe sex ’ rules 
apply in reducing the risk. H owever, because of the targeting 
o f the initial health campaigns in developed countries, the 
public was slow er in com ing to  aw areness o f that. O ne 
result, in the US, was that the num ber of women infected 
through heterosexual activities grew  steadily as a proportion 
of the total num ber o f AIDS cases. Between January 1989 
and mid-1991, 55 per cent of AIDS cases registered in the 
US w ere w om en, o f whom one third had contracted the 
syndrome through sex.

B E L O W  Promoting AIDS awareness Zaire, where 7  per cent o f  the 
is especially urgent in Kinshasa, population may carry the HIV virus.

R E D U C IN G  T H E  RISKS 
In the US and Europe, two groups o f the population were 
deem ed, from statistics available in the m id-1980s, to  be 
most at risk of HIV infection as a result of their behaviour 
p a t te rn s . T h ese  in c lu d e d  m ales en g ag in g  in in tim a te  
homosexual activity, particularly anal intercourse, with its 
opportunities for blood and sem en to  m ingle, and in tra­
venous drug abusers injecting themselves with non-sterile, 
often shared, needles. Male homosexuals w ere by far the 
m ore vulnerable, according to the figures; they accounted 
for nearly three quarters of known AIDS cases in the US and 
nine out of ten cases in Britain in 1985-86. Drug abusers 
made up about one third of AIDS cases in New York, but a 
much lower proportion across the US as a whole and less 
than 1 per cent in Britain.

The tw o groups w ere therefo re  the main targets for 
health education campaigns and related measures to combat 
the spread of AIDS. In the main, these w ere instigated by 
the groups themselves, whose lead was followed by govern­
m ents as public concern  m o un ted . The message o f the 
campaigns was simple — the avoidance of risk. In the case of 
hom osexuals and b isexuals, th a t en ta iled  a panoply  of 
measures grouped together under the name of ‘safe sex ’, 
among them greater care in the choice of sexual partners and 
the use of condoms as prophylactics. Among drug abusers, 
the dangers of sharing needles were stressed.

To be effective, the campaigns had to be blunt about the 
seriousness o f AIDS and the way in which it is spread. 
Inevitably, this bluntness increased public anxiety over the 
condition and also reinforced prejudices held by many against 
the high-risk groups. Controversies arose over such issues as 
general testing for the presence of HIV, needle-exchange 
program m es for drug abusers, nursing facilities for AIDS 
patients and the em ployment rights of people known to  be 
HIV-positive all o f which continue to simmer.

The early portrayal of AIDS in some quarters as a ‘gay 
plague’, based on US and European statistics, was to some 
ex ten t given the lie by an analysis o f its d istribu tion  in 
central Africa, where approximately equal numbers of men 
and wom en w ere found to  have fallen victim . This fact,

D O E S  H I V  =  A I D S ?

In the early  1990s, fu n d a m en ta l questions arose 
concerning the tru e  cause o f  AID S an d  the role th a t  
H IV  p la ys in the sp rea d  o f  the disease. The orthodox  
line — th a t H IV  causes A ID S — has been d isp u ted  by  
alm ost 50 scien tists, am ong them  P eter D uesberg, 
Professor o f  M olecular an d  Cell B iology a t  the  
U n iversity  o f  California, Berkeley, who w as the f i r s t  
to m ap  the gen etic  s tru ctu re  o f  m any o f  the re tro ­
viruses — the fa m ily  o f  viruses to  which the H IV  
virus belongs.

The d issen ters are  asking th a t  the scientific  
com m unity re -eva lu a tes a ll  th e  evidence, im plem ents  
new, fa r -rea c h in g  epidem io log ica l surveys a n d  re­
exam ines the im m un ological im plica tion s o f  AIDS. 
They m a in ta in  th a t  H IV  is  n o t a new  virus a n d  does 
not necessarily lea d  to AIDS. They fu r th e r  believe  
th a t  concen tratin g on H IV  research directs resources 

fro m  equ a lly  prom ising avenues.
Their wish is to  prom ote  a n ew  concept o f  AIDS  

th a t  is based on th e  b e lie f  th a t, in stea d  o f  H IV  
being responsible f o r  k illin g  the cells o f  th e  im m une  
system , AIDS sufferers f a l l  victim  to a process in 
which th e  cells turn upon them selves. I t is in this 
context th a t H IV, when com bined w ith as-ye t-  
unknown ‘co-factors’ brou gh t on by  h igh -risk  
s itu a tion s (such as dru g abuse an d  m u ltip le  blood  
transfusion s) th a t can affect the im m une system , m ay  
be lin ked  to  the developm en t o f  AIDS.

H ow ever, m an y em in en t sc ien tists  — including  
those represen tin g  govern m en t h ea lth  departm en ts  
in both the U K  an d  the US — stron g ly  d ispu te  this.
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were being tried on animals. Scientists of the W orld Health 
O rganization (W H O ) forecast that, by 199S, 15 m illion 
adults would be infected with HIV, and that by the end of 
the decade AIDS would probably kill up to 1 million people 
annually. Many of these deaths would be children who had 
contracted the disease in the wom b and m ost deaths would 
o c c u r  in th e  d e v e lo p in g  n a tio n s  o f  A sia, A frica and 
elsewhere. In Asia, in particular, an explosion in intravenous 
drug abuse would be partly to blame.

In W estern countries, however, there are signs that AIDS 
might be approaching its peak. According to W H O , most 
HIV infections there had been contracted in the first half of 
the 1980s, and the incidence of infection had tailed off as the 
extensive health education campaigns began to  make their 
m ark. Judged by this criterion, the high point for AIDS cases 
and deaths in the industrialized world would be reached in 
the mid-1990s.

Some experts disputed this conclusion. They argued it 
was derived from figures distorted by the health-management 
o f HIV-positive and AIDS patients in the W est, prolonging 
their lives though not, in the last resort, curing them . Such 
treatm ent falls into tw o broad categories. The first involves 
the use of drugs such as AZT, DDI and DDC in an attem pt 
to  delay a transition from  latent infection to  AIDS itself. 
Their efficacy is still being evaluated.

The second category is to use standard treatm ents, some 
o f them  40 or m ore years old, to trea t the disorders to 
which AIDS patients are vulnerable, such as pneumocystis 
pneum onia o r the brain infection toxoplasmosis. However, 
th e  d ru g s  used  in b o th  ap p ro ac h e s  can cause ad v erse  
reactions in some individuals. So alongside the quest for 
protection and cure, the search for better ways of managing 
AIDS continues.

• * ’  o W j y V & A l O S .

T O W A R D S  C O N T A IN M E N T  
By 1991, in tensive research  around  th e  w orld  had n o t 
succeeded in producing a vaccine to give universal protection 
against AIDS, much less a cure, though no fewer than 11 
were in the process of being tested on humans and m ore

A BOVE Babies with AIDS are cared 
for at a home in New York state. 
Babies that are HIV-positive at 
birth may lose the antibodies 
(received from their mothers) as 
they grow, but others develop AIDS 
and may die by the age o f  four.

BELOW Information about H IV  and 
AIDS is an important weapon in 
the J igh t against the spread o f  the 
disease. At the jorcfront o f  this 

f d ht in the UK is the Terrence 
Higgins Trust, founded in the early 
1980s in memory o f  the first 
person to die o f  AIDS there.
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Ancient and M odern 
Approaches

O
ne of the paradoxes of m odern medicine is 
th a t m uch o f w hat can be done to  cu re  
d ise a se s , r a th e r  th a n  a m e lio ra te  th e i r  
symptoms, only applies to acute conditions, 
n o t to  ch ro n ic  o nes. As a r e s u lt ,  la rge 
num bers o f the g enera l pub lic  have tu rn e d  to  o th e r 

th e ra p ie s : th o se  o f  a l te rn a tiv e , o r  c o m p le m e n ta ry , 
medicine — some of them  ancient, some of them  m ore 
recent in inspiration and developm ent — hoping that these 
will provide the cure that conventional medicine currently 
cannot promise with conviction.

And so techniques as diverse as acupuncture, shiatsu, 
m e d ita tio n , o s te o p a th y , c h iro p ra c tic , h e rb a lism  and 
biofeedback have become popular throughout the W estern 
world (some of them have always been routine in Asia). 
As conventional m edicine has evaluated the techniques,

some have become generally accepted — and taken into the 
fold o f m edicine u nd er the nam e o f ‘co m p lem en tary ’ 
tech n iqu es — w hile  o th e rs  are  still co n sidered  to  be 
extrem ely dubious.

Parallel to  this m ovem ent, there  has been a general 
shift in medical perceptions towards the idea that preven­
tive m edicine is the m ost effective m edicine o f all. So 
many diseases, the argum ent goes, are avoidable, if people 
receive adequate health education and sufficient resources 
are available to  fund public health program m es. To date, 
the results o f program m es to  deliver these have been both 
encouraging and frustrating: diseases such as smallpox can 
be eradicated; millions o f lives can be saved if people can 
be persuaded not to  smoke, and to take responsibility for 
th e ir personal health . But th e  lim iting  factors a re , as 
always, money and the wall to make changes.



ABOVK Acupuncture needles stimulate acupoints on the meridians for the large intestine and bladder.
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I N T E R N A T I O N A L  A C T I O N
VACCINATION, RURAL HOSPITALS AND WAR W ORK

Primary health care is to deliver ‘health for all by the year 2 0 0 0 ’

FROM t h e  END OF WORLD W AR II, those trying to improve 
health on a global scale could be divided into tw o camps: 

those who would enter a country in a blitz of immunizations 
and o ther treatm ents and then disappear; and those who 
concentrated on building up local health infrastructures to 
provide preventive m edicine. Both approaches had their 
successes -  and their failures -  and it was gradually realized 
that both w:ere necessary, in tandem.

Tackling the appalling health of the wro rld ’s poor was an 
uphill struggle. While immunization helped, its benefits were 
frequently outweighed bv the results of environmental and 
lifestyle changes, and by natural catastrophes and war. But, 
though m ost o f these w ere the partia l responsib ility  o f 
governments and financial institutions — many of which have 
vet to address them  fully, much less deal with them  -  there 
has b ee n  a m e a su re  o f  p ro g re s s  to w a rd s  a l le v ia tin g  
humanity’s burden of disease.

‘H EALTH F O R  A LL’
Before the war, the m ost im portant w ork in the field of 
world health wras carried out bv the Rockefeller Foundation. 
Established in 1913, by the ruthless American industrialist 
and la tte r-d a v  p h ila n th ro p is t Joh n  D . R o c k efe lle r, its 
programmes included attacks on yellow fever and malaria.

BELOW  A doctor takes primary health examined in Pakistan: TB is still a
care into the field, as recommended problem where a nomadic lifestyle
by the World Health Organization. can allow an untreated case to
Here, a nomadic tribeswoman is spread the disease.

In 1948, the U nited  N ations set up the W o rld  H ealth 
O rgan iza tion  (W H O ), based in G eneva, w ith  one sole 
p u rpo se : “the a tta in m en t bv all p eo p les  o f the h ighest 
possible level of health”. To achieve this, it perform s a wide 
variety  of functions: carry ing  ou t research , m aintain ing 
reco rd s o f notifiable diseases, standardizing in ternational 
medical nom enclature, providing aid in emergencies and to 
prevent accidents (in 1963, it gave Saudi Arabia ice factories 
to  deal with heat stroke during the annual pilgrimage to 
Mecca), improving housing and living conditions, and amelio­
rating maternal and child health.

Through the years, W H O  has carried out ‘blitzes’ against 
certain diseases. Its greatest success was w ithout doubt the 
eradication of smallpox (see pp .212—3), and in the 1950s, 
w ith  the R ockefe lle r F oundation  and U nicef (the U N ’s 
ch ildren’s agency), it was also able to reduce sharply the 
incidence of yaws in South-east Asia. However, there were 
defeats, too. In 1965, in its first worldw ide campaign, an 
a ttem p t w âs m ade to  erad icate m alaria, using D D T (see 
p.93). However, it proved impossible to spray every pool of 
w a te r  and m angrove sw am p, and th en  the m o sq u ito es  
becam e resistan t to  the insecticide. M eam vhile, the old 
co n tro l m eth o d s  — d ru g s , m o sq u ito  n e ts  and d ra in ing  
stagnant pools — had vanished, and research programm es and 
labo ra to ries  had closed. W hen  the re sistan t m osquitoes 
re turned, thousands of people died.

This disaster greatly affected the way W H O  acted from 
then on. Research w-as again emphasized and, m ost im por­
tantly, heavy reliance was placed on establishing grassroots 
health networks, wrhich could maintain any work carried out 
bv W H O . O ut of this came, in April 1977, the decision to 
try collectively to achieve ‘health for all by the year 2000’, 
and the m ethod chosen was prim ary health care.

In S e p te m b e r  1 9 7 8 , an in te rn a t io n a l  c o n fe re n c e , 
convened jointly by W H O  and Unicef and meeting in Alma 
Ata, Kazakhstan, determ ined  exactly w hat prim ary health 
care involved:
• health education.
• adequate food supplies and proper nutrition.
• safe w ater and basic sanitation.
• maternal and child health care, including family planning.
• prevention and control o f local endemic diseases.
• immunization against the major infectious diseases.
• treatm ent of common diseases and injuries.
• provision of essential drugs.
T he ‘A lm a A ta D e c la ra t io n ’, s ign ed  by 134 m em b er 
countries, also emphasized the need for self-reliance and self- 
determ ination.

In the sam e year, W H O  set up a d iarrhoeal disease 
con tro l p rogram m e to  com bat the illnesses that resu lted  
every year in the deaths o f at least 4 m illion children ,
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LEFT A ‘barefoot doctor’ administers 
a H e a j Test (see  p. 1 1 1) to a 
child in Zaire, Central Africa, in 
order to determine whether 
vaccination against TB is needed.

‘Barefoot doctors’, trained to carry 
out simple procedures and deal 
with specific diseases, have 
revolutionized health care in 
underdeveloped countries.

p rim a rily  from  d e h y d ra tio n . It p ro m o te d  th e  idea ol 
rehvdrating children with a simple fluid containing sodium, 
potassium and sugar, which could be made up by parents. By 
1 9 8 8 , so m e 100 c o u n tr ie s  had la u n c h e d  th e ir  ow n  
program m es, and 25 per cent of all diarrhoeal episodes were 
being treated with rehydration ‘salts’. It was also found that 
diarrhoeal disease control also protects against cholera.

In March 1984, W H O  and Unicef set up the ‘Task Force 
for Child Survival’, w ith the aim of giving every child a 
healthy hcadstart in life. In part, this was to be achieved by 
immunizing 80 per cent ol the w orld 's  children by 1990. 
The campaign — dubbed the ‘planned m iracle’ -  involved 
over 100 developing countries, but, despite massive effort 
and investm ent, the goal was not achieved. Nevertheless, 
millions of children were immunized, and their plight was 
firmlv placed on the w o rld ’s political agenda. And, as a 
result of W H O ’s ‘Health for all’ effort, betw een 1960 and 
1988, the num ber of countries in which 20 per cent or more 
of children die before the age o f five has been halved.

F R O N T L I N E  D O C T O R S

W hile agencies such as W H O  a tte m p t to im prove the  
w o rld ’s g en era l health , there are others who leap  in to save  
lives in tim es o f  w ar an d  n a tu ra l d isaster. Two o f  these are  
the In tern a tion a l R ed Cross an d  M edicins sans Frontieres.

The Red Cross, fo u n d ed  in 1864 an d  the ac tive  arm  o f  
the Geneva Convention, now  comprises over 100 n a tio n a l 
societies (ca lled  the ‘Red Crescent’ in M uslim  countries)  and  
an in tern a tion a l h eadqu arters in Geneva. As w ell as 
helping in tim es o f  n a tu ra l ca tastroph e — earthqu akes, 

floods, epidem ics — i t  is perh aps best known f o r  its  w ar  
work: arran g in g  exchanges o f  sick a n d  wounded soldiers, 
aid in g  prison ers-of-w ar, an d  caring f o r  refugees. I t received  
the N obel Peace P rize  in 1917 a n d  1944 in recognition o f  
i ts  efforts in the tw o  world wars. H ow ever, i t  has h a d  to  
rem ain str ic tly  n eu tra l to do th is sort o f  work.

N eu tra lity  is the la s t th ing th a t M edicins sans 
Frontieres (MSF, ‘D octors w ith ou t F ron tiers’)  is concerned  
with, h aving  its  roots in the P aris dem on strations o f  
1968. A sm all grou p  o f  p o litica lly  active  French 
doctors w ent w ith the Red Cross to  N igeria  during  
the B iafran w ar (1967—70); a p p a lled  by the  
b ru ta lity  an d  suffering th ey  fo u n d  — a t lea st one 
m illion B iafrans d ied  o f  s ta rva tion  — th ey  spoke out, 
thus breaking th e ir oath o f  n eu tra lity  w ith  the R ed  
Cross. The doctors then w ent to East P akistan  (now  
B angladesh) in 1970, when cyclones k illed  500,000  in 

floods, an d  the fo llo w in g  y ea r , MSF was fo u n d ed .
Today, MSF is the w o rld ’s la rg est volunteer  

m edical re lie f  agency. B ased in France, there is now  
a European netw ork and, in 1991, a branch was 
opened in N ew  York. Volunteer doctors, nurses and  
other m edical s ta ff  — a ll working f o r  a p itta n ce  in 
horrific an d  dangerous conditions — come p rim a rily

fro m  France, b u t also fro m  the US, B rita in , Belgium , 
A rgen tin a , Iran an d  elsewhere.

L ike A m nesty  In tern a tion a l, MSF sees i ts e l f  as bearing  
w itn ess f o r  victim s. In 1985, i t  was the only re l ie f  agency to 
p ro te s t a g a in s t the E thiopian g o vern m en t’s ‘relocation  
p ro g ra m m e’, which m ean t sim p ly  rem oving people  to  labour  
cam ps an d  led  to  the dea th s o f  250,000. Ts a resu lt, MSF 
w as ordered out o f  the country. In 1991, the organ iza tion  
also re layed  the news o f  ex traord in ary  h ardsh ips in Som alia  
when the m edia  were concen tratin g on the G u lf W ar. And, 
in the sam e y ea r , i t  w as the f i r s t  to te ll  o f  the devasta tion  
o f  the K urds w reaked by the govern m en t o f  Iraq; w ith in  24 
hours, MSF w as chosen by the European Com m unity as its  
prin cip le  p a r tn er  in the d istr ibu tion  o f  $25 m illion in aid.

B E L O W  Clearly identified fo r their Cross workers tend a casualty in 
own protection, International Red war-torn Lebanon.
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S M A L L P O X
A race against time to wipe out a scourge o f millions

I T MAY WELL BE that a few decades into the next century 
scientists will know how to hold the aging process at bay. 

But there will be one sure indicator of middle and old age: a 
curiously indented blemish on the upper arm , which marks 
its possessor as having been born before 1976. That small, 
barely visible vaccination scar will serve as a living rem inder 
o f a disease whose epidemics and pandemics changed the 
course of history tim e and tim e again, and spread untold 
suffering equally among the highest and the lowliest. Today’s 
children are not to be so m arked, for smallpox has now 
been eradicated from the face o f the earth — the very first 
time that an entire disease has been eliminated by human 
intervention.

MASS V A C C IN A T IO N  
In 1966, after a num ber of unsuccessful attem pts, the W orld 
Health Organization (see pp.210-1) voted for a ten-year mass 
vaccination campaign to eradicate smallpox once and for all. 
Even at that tim e, 10-15 m illion people in 33 countries 
caught smallpox every year, and 2 million of them died.

The multi-national W H O  team , led by an American, Dr 
D onald  H en d e rso n , ev en tu a lly  co m p rised  50 fu ll-tim e  
medical w orkers and 600 on short-term  contracts, all o f 
whom  w ere allocated to  the various parts o f the w orld  
where smallpox raged virtually unchecked. Providence was 
very much on their side. Areas that, before the campaign, 
had been cut off politically from the outside w orld, opened 
th e ir doors for ju st the righ t am ount o f tim e -  before 
slam m ing  sh u t again . In th is  w ay , Ira n , U ganda and 
Afghanistan could be cleared of the disease. Elsewhere — in 
Nigeria, for example, em broiled as it was in the Biafran war, 
and in Ethiopia under Haile Selassie — delicate diplomatic

ABOVE V ario la  m a jo r, once the 
scourge o f  nations, is confined to 
two high-security, WHO-inspected 
laboratories in the US and the

former Soviet Union. In 1993, 
these are due to be destroyed, 
resulting in the total extinction o f  
the virus from this planet.

relations (both  official and behind the scenes) had to  be 
established before the W H O  teams could go in.

T he m ed ical w o rk e rs  had to  en d u re  all m an n er o f 
hardship, frustration and, som etimes, much worse: one was 
killed by an arrow , ano ther had his head opened w ith a 
cleaver and a third was kidnapped by Ethiopian rebels. This 
last, a Brazilian doctor, refused to  leave, once he had been 
released, until he had vaccinated all his captors.

Gradually, the ou ter limits o f the disease shrank away 
from the Americas, Africa and the Middle East to  centre on 
India and what was then the divided country o f W est and 
East Pakistan. By 1971, smallpox had been eliminated from 
both parts o f the la tter. But within m onths, Pakistan was 
ren t by civil war, and in Decem ber 1971, the new nation of 
Bangladesh was born out o f what had been East Pakistan.

D uring  the h ostilities, 10 m illion  people had fled to 
refugee camps in India, where smallpox suddenly reappeared. 
W hen this was discovered — by an employee of the Centers 
for Disease Control in Atlanta, Georgia, who just happened 
to  see the signs o f smallpox on the faces of refugees in a 
television news film -  medical teams w ere hurried to the 
affected camp. But when they arrived they discovered that 
th e  re fu g e e s  had  a lre a d y  b ee n  t r a n s p o r te d  back  to  
Bangladesh, w here they had fanned out in all directions.

EPID EM IC  IN BANGLADESH 
The disease took rapid hold: in the capital of Dhaka, 800 
p eo p le  w ere  ca tch ing  sm allpox  ev ery  day. T he W H O  
response was to form  surveillance teams; these located the 
focal points of the disease, which w ere then isolated so that 
the chain of transmission could be cut. From w ork done in 
Nigeria and W est Pakistan, it was known that it was only- 
necessary to  vaccinate a percentage o f a population for a 
campaign to be successful -  so long as that percentage was 
very carefully chosen. Nevertheless, the vaccination of even a 
small percentage of Bangladesh’s population of 75 million 
still represented an awesome task.

So health w orkers spread across the country , concen­
trating on m arkets, ferry docks, bus and railway stations -  
anyw here, in fact, w here people gathered. The technique 
was simple: health workers would hold up a picture of a 
baby w ith smallpox and ask: “Do you know anyone who 
looks like this?”. O n one occasion in Dhaka, photographs 
accompanied by the “Do you k n o w ...” slogan painted in red, 
white and blue, were fastened to  both sides o f an elephant in 
o rder to  attract the m axim um  attention.

As the campaign continued and success seemed to be in 
sight, the pace o f vaccinations quickened . Some o f the 
m ethods used, though, and the mechanics o f locating and 
isolating victims, w ere less than diplom atic. Some people
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refused to be vaccinated because of religious belief, o r from 
fear, apathy or ignorance, and the teams often had to chase 
individuals and search under houses and in fields for those 
who had hidden. Later, gentler tactics w ere used, with teams 
staying in villages overnight and seeking the cooperation of 
the residents.

The W H O  people and their colleagues worked 20 hours 
a day, every day, living in the field, rarely washing properly 
and sleeping where and eating what they could. And yet all 
these privations seemed w orthwhile, as the noose around the 
disease was gradually  draw n tig h te r. A to ta l o f 12,000 
Bengali workers had been co-opted, and in one survey, 89 
per cent of all the homes in the country — about 12 million 
of them -  w ere visited in only nine days, as the workers 
searched for new outbreaks.

In O ctober 1974, it was predicted that smallpox would 
be e ra d ic a te d  in tw o  m o n th s . B ut th e n  th e  R iv er 
Brahmaputra flooded, tens o f thousands o f people ran for 
higher ground, and famine and disease struck. By January 
1975, the smallpox in Bangladesh was as rife as ever.

The team s w ere m obilized yet again, racing in boats, 
cars, motorcycles, trains and even carts to  get to  any village 
with a smallpox case. Then the disease struck Dhaka. Over
200,000 people w ent into or out o f the city each day, so 
massively increasing the likelihood that the disease would 
spread. The team  isolated the shanty area that seemed the 
focus o f the outbreak, congratulating them selves on their 
success. Then, one morning, the team found the shanties had 
been bulldozed, on the orders o f the president, who felt 
they were an eyesore on the route from the airport. The 
residents, many incubating smallpox, had scattered.

T H E  F I N A L  V I C T I M

The la s t person in the w orld  to  catch sm allpox  
(Variola m ajor) by ord in ary  transm ission  was a 
th ree-year-o ld , m alnourished Indian g ir l  called  
R ahim a Banu, who J e ll  victim  to  the d ea d ly  virus on 
16 O ctober 1975. A m assive effort by  W H O  workers 
succeeded in saving R a h im a ’s life  a n d  ensuring th a t  
the ou tbreak  d id  not spread.

►
On 9  December 1979 , the WHO issued 
a proud declaration to the world’s press, 
A B O V E ; a fe r  a 13-year campaign, the 
world was fre e  o f  smallpox.

The health workers carried on, against seemingly impossible 
odds, b u t helped by a gov ernm en t ed ic t th a t those no t 
allowing themselves to be vaccinated would face im prison­
m ent. By m id-Septem ber 1975, it seem ed that they were 
winning, and tw o months later they w ere able to celebrate a 
famous victory. W H O  issued a press release, the fact that 
Bangladesh was free of smallpox made headlines around the 
w orld, the workers in Dhaka held a party -  and then a cable 
arrived from Bhola island in the Ganges delta, saying that 
one case had been reported.

By steam er, m o to rboat and Land R over, the smallpox 
w orkers sped to  the small village o f Kuralia. T here they 
found a three-year-old girl, Rahima Banu. She was the last 
person to  catch smallpox by ordinary transmission.

B ut p o o r R ahim a was n o t th e  last p e rso n  to  catch 
smallpox. That fatal honour fell to  Janet Parker, a British 
photographer. In 1978, she was working one floor above a 
research laboratory in Birmingham when the virus escaped 
through the ventilation system. She caught the disease and 
died. Today, the smallpox virus exists in only tw o W H O - 
inspected, high-security laboratories in Atlanta and Moscow. 
All the rest o f the w orld ’s stocks have been destroyed.

The ambitions of the W orld Health Organization have not 
been decreased by its achievement in eradicating smallpox. 
Using many of the techniques developed during the smallpox 
cam paign, it is cu rren tly  a ttem p tin g  to  erad icate  m ajor 
childhood diseases w orldw ide. These diseases — m easles, 
whooping cough, diphtheria, polio, tuberculosis and tetanus 
— cause the deaths o f millions o f children every year.
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P R E V E N T I V E  M E D I C I N E
THE LIFESTYLE APPROACH TO  PROPHYLAXIS

Exercise, diet and monitoring saved 30 0 ,0 0 0  a year in America

BY t h e  MIDDLE OF t h e  20th century, medical science had 
n o tch ed  up tr iu m p h  a fte r tr iu m p h  in its effo rts  to  

prevent, as well as cure, disease. However, the preventive 
successes almost all involved specific prophylactics against 
specific disorders, from malaria to poliomyelitis. Around 100 
years had elapsed since a m ore general breakthrough had 
been achieved -  improvements in public health wrought by 
better sanitation and nutrition.

Events were poised to change, however. As they did, the 
term  ‘preventive m edicine’ broadened its meaning to encom ­
pass not only specific prophylaxis, but all the inter-related 
measures that can help to prolong the span of human life and 
keep it disease-free. Because many of these entail choices by 
people about the way they lead their lives, this broader 
prevention is sometimes called the ‘lifestyle’ approach.

The approach has many roots. Particularly significant was 
m edicine’s developing struggle against heart disease and lung 
cancer. The la tte r disease was ram pant in m uch o f the 
W estern  w orld  bv the 1950s -  once co n tracted , it was 
almost always quickly fatal, resisting both the surgeon’s knife 
and drug therapy. In Britain alone, deaths from lung cancer 
rose, in the half century from 1918, from 15 per million of 
population to 900 per million.

SUSPECT SM OKE 
Doctors in Britain, the US and elsewhere noted the growing 
incidence of lung cancer soon after W orld W ar I, but they

paid little attention to its causes until well into the 1930s. 
Then, some experts suggested it must be due to an external 
factor, such as vehicle exhaust fumes -  or the smoking of 
tobacco. The first m ajor m edical paper proposing a link 
betw een smoking and lung cancer was published by D r F. H. 
Muller in Germany in 1939.

By 1951, two surveys had appeared to confirm M uller’s 
hypothesis. O ne, conducted  by doctors from W ashington 
University, in the US, showed that out of 650 m en with 
lung cancer, 95 per cent had been smokers for 25 years or 
m o re . T he o th e r  su rv ey , by R ichard  D oll and A ustin  
Bradford Hill in Britain, found that in a large sample of 
hospital patients, virtually all those w ith lung cancer were 
cigarette smokers; far few er sufferers from o ther diseases, 
including other cancers, had ever touched tobacco.

In 1956, Doll and Hill published the results of a subse­
q u en t five-year study  o f the sm oking habits o f 4 0 ,0 0 0  
m ed ical p ra c ti t io n e rs . T he  s tu d y , w h ich  c o n c e n tra te d  
primarily on participants over the age o f 35, showed that 
lung cancer deaths among doctors who were heavy cigarette 
smokers (25 or m ore a day) w ere m ore than 20 times higher 
than those among participants who had never consistently 
smoked. In addition, m ore than tw ice as many m oderate 
cigarette smokers (15 to 24 a day) than light smokers (1 to 
14 a day) had died of the disease.

The study unleashed a storm  of controversy. The main 
criticism  from the medical profession was that it did not

LEFT A thermogram o j  a person’s 
hand and arm before smoking a 
cigarette (T O P ) :  the hottest point 
on the heat scale is white; it then 
goes down through yellow, red, 
pink and light blue to dark blue, 
the coldest point. A thermogram o f  
the same person’s arm taken after 
smoking a cigarette (B O T T O M ) 

shows a drop in temperature in the 
hands, indicating that peripheral 
blood circulation is affected.
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identify the precise cause of lung cancer, nor even whether 
that cause lay in the tobacco or the smoke. Statisticians, such 
as B ritain’s Sir Ronald Fisher, pointed o u t that, as m ost 
cigarette smokers do not die o f lung cancer, no direct cause- 
a n d -e f fe c t re la t io n s h ip  had  b ee n  e s ta b lis h e d . A t th e  
University of London, psychologist Hans Eysenck weighed in 
with a study indicating a statistically significant connection 
between the extrovert type of personality and proneness to 
lung cancer. Nevertheless, by 1962, Britain’s Royal College 
o f Physicians was declaring  unequivocally  th a t sm oking 
‘causes’ lung cancer. In 1964, following large-scale investiga­
tions carried  out since 1953, the US S urgeon-G enera l’s 
Advisory Com m ittee took the same line.

C o inciden ta lly , the num b ers  o f British d o c to rs  who 
smoked fell by 50 per cent in the period betw een 1951 and 
1964. Many started encouraging their patients to follow suit. 
T heir reasoning, based on the m axim s ‘b e tte r  safe than 
sorry’ and ‘prevention is better than cu re’, laid the founda­
tions for preventive medicine in its broad lifestyle sense. This 
attitude appeared increasingly justified, morally and socially if 
not truly scientifically, as the connections became clearer 
between smoking and other potentially fatal diseases, such as 
bronchitis and circulatory disorders (see box p. 216).

G O V ER N M E N TS A C T -  SLOW LY 
The authority of such organizations as the Royal College of 
Physicians, the Surgeon-General’s Com m ittee and, in 1970, 
the W orld  Health O rganization could not be ignored by 
governm ents. But, in trying to  curtail smoking on public 
health grounds, the politicians faced powerful countervailing 
pressure — the clout of tobacco com panies, the huge tax 
revenues from tobacco sales, and employm ent problems in 
both consumer countries and producer nations.

The process of weaning the public from tobacco moved 
slowly, and as much as possible with the cooperation of the 
tobacco manufacturers. Britain, for example, banned televi­
sion advertising of cigarettes in 1965, and in 1971 secured 
an agreement from the industry that all cigarette packets and 
p r in te d  ad v ertis in g  sho uld  ca rry  a g o v e rn m e n t h ea lth  
warning. In the US, too, health warnings were introduced 
on cigarette packs.

ABOVE A smoker’s lung, with white cells attack them, and fibrous
carbon particles (black) from smoke; tissue form s in response to irritation.

M eanwhile, research  was increased to  try  to  isolate any 
possible cancer-causing agent in tobacco, much of it quietly 
funded by the m anufacturers. A British medical com m ittee, 
initially including nominees of tobacco firms, looked at ways 
of measuring the tar and nicotine levels in cigarettes -  the 
first ta r /n ic o t in e  ‘league ta b le ’ o f available brands was 
published in 1973. Tar was a prim e suspect as a carcinogen, 
but careful analysis later showed that those cancer-producing 
agents in tobacco are not in themselves enough to account 
for the link with the disease.

The slow pace of action to eliminate smoking as a health 
hazard  since D oll and H il l’s in itia l s tudy  in 1951 has 
frustrated many of the w orld ’s medical bodies, as well as the 
growing num ber of lay, anti-smoking organizations. In some 
countries, public and privately funded preventive campaigns 
have been organized on a massive scale, targeted both at the 
high-risk middle-aged groups and at young people to prevent 
them  from starting to  smoke. Legal and voluntary restric­
tions on smoking in public places and at work have m ulti­
plied, notably since the appearance in the late 1980s of data 
(since disputed) suggesting that exposure to other people’s 
tobacco may in itself cause disease.

However, the effectiveness of the preventive approach has 
been m odest. By the early 1990s, 50 m illion Americans 
(nearly  one q u a rte r o f the en tire  p op u la tio n , including 
children) were still regular smokers, and federal experts put 
the death rate from smoking-related diseases at 1000 a day. 
It was estimated that fewer than 4 per cent of US smokers 
succeed in giving up the habit unassisted. Even w ith the 
whole panoply of therapies, such as behaviour modification 
and hypnosis, and aids, such as nicotine gum and nicotine 
skin patches, three out of four w ould-be non-smokers are 
back on the weed within six months of trying to quit.

AFFAIRS O F T H E H EA R T 
The startling rise in lung cancer deaths this century was as 
n o th in g  co m p are d  w ith  th e  sp re ad  o f c o ro n a ry  h e a rt 
disorders in the affluent W este rn  w orld . As recently  as
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1892, the m ost em inent doc to r o f his day, Sir W illiam  
Osier, could describe coronary disease as “relatively rare” in 
Britain and the US, having seen onlv a few dozen cases in his 
long career. But less than tw o  decades la ter, coronary  
disorders accounted for some 12 per cent o f all deaths in 
advanced nations. By 1970, that proportion had doubled.

In the 1980s, in many W estern  countries, the figure 
reached 30 per cent -  making coronary disease the biggest 
single k ille r o f the age, ahead o f all fo rm s o f cancer. 
F u r th e rm o re , fo r every  tw o  p eo p le  w ho d ied  from  a 
coronary attack, another th ree suffered one, but survived 
thanks to prolonged and increasingly expensive medical care. 
This huge upsurge prom pted tens of thousands of medical 
s tu d ie s , such as th e  co m p reh e n s iv e  and lo n g -ru n n in g  
Framingham Heart Study in the US, started in 1948 (see box).

In essence, both coronary heart disease and strokes are 
the result of atherosclerosis, in which fattv substances in the 
blood are deposited in patches, or plaques, on the walls of 
arteries, narrowing them and thus increasing blood pressure. 
Pieces of a plaque may break off and create a blockage, or 
embolism, elsewhere. Alternatively, the plaque may initiate a 
bloodclot, causing thrombosis. Both the embolism and the 
thrombosis may be fatal.

The build-up of fatty deposits begins in childhood and 
continues throughout life. At least part of the 20th-century 
rise in co ro n ary  deaths could  be a ttr ib u te d  to  g re a te r  
longevity. W hereas in 1900 one in every three W esterners

A B O V E  A false-colour chest X -ray o j abnormally high blood pressure,
shows a heart enlarged as a result with probable arteriosclerosis.

T H E  F R A M I N G H A M  H E A R T  S T U D Y

Extensive, long-term  m onitoring o f  m ore than 5000 men 
an d women in Fram ingham , M assachusetts, un derlin ed the  
sh arp changes in US p a tte rn s  o f  ill-h ea lth  betw een the 
1950s an d  the 1980s — n o ta b ly  the decline in cardiovascu lar  
disease am ong m id d le -a g ed  m ales. The study, se t up in 
1948 by experts fro m  the N ew  E ngland Research In stitu te  
in M assachusetts, closely fo llo w e d  the m edical histories o f  
the p a rtic ip a n ts  f o r  som e 40 y ea rs .

As p a r t  o f  the in vestiga tion , 1700 men were classed in 
three grou ps according  (o w hether  
th ey  would f a l l  in to  the 50-59 age  
bracket a t the s ta r t  o f  1950, 1960 or 
1970. Each grou p w as m onitored f o r  
the ten y ea rs  fo llo w in g  the respective  
base dates. When a ll the d a ta  was 

f in a l ly  assessed, dea th s fro m  h ea rt 
an d circu latory disorders in the 1970 
grou p  were fo u n d  to be 43 p er cent 
low er than in the 1950 grou p, an d  
37 per cent low er than in the 1960 
group. The onset o f  cardiovascu lar  
disease am ong those who h ad  been 

f r e e  fro m  i t  as each grou p  came 
under scru tiny also dropped  s ig n ifi­
can tly  —fro m  190 p er  thou sand in 
the 1950 p a rtic ip a n ts  to 154 per  
thousand in the 1970 group.

The researchers — Pam ela  
Sytkowski, W illiam  K ann el an d  
Ralph D ’Agostino -  were cautious in 
a ttr ib u tin g  causes f o r  the decline in 
h eart death s. A low er incidence o f

disease, g re a te r  m edical success in a vertin g  dea th s from  
h eart disorders an d  a com bination o f  p r im a ry  and  
secondary preven tion  were a ll  c ited  as possib le  fa c to rs .

H ow ever, the rep o rt c learly  in d ica ted  th a t  lifesty le  
changes h ad  p la yed  som e p a rt. The 1970 grou p  h ad  low er  
average  cholesterol levels an d  low er average  systolic blood  
pressure than  the 1950 grou p. Fewer o f  them  sm oked  — 34  
p er  cent a g a in s t 56 p e r  cent. In add ition , those in the 1970 
grou p  who were d iagnosed  as having  blood pressure

problem s received m edication; no 
one in th e  1950 grou p  received  
s im ila r trea tm en t. The researchers 
su ggested  th a t  the im provem en ts in 
such risk fa c to r s  h a d  a g re a te r  
im pact in cu ttin g  dea th s fro m , 
ra th er than  reducing the incidence  
of, h e a rt disease.

A nother outcome o f  the 
F ram ingham  S tu dy w as the f i r s t  
clear s ta tis tic a l evidence th a t 
c ig a re tte  sm oking m ay m ake a 
sign ifican t con tribu tion  to  the risk  
o f  strokes in men under 65 an d  
women over th a t age. N evertheless, 
the stu d y  show ed th a t high blood  
pressure is a m ore rea d ily  id en tifi­
a b le  fa c to r  — doubling the incidence  
o f  strokes, irrespec tive  o f  sex or 
sm oking h abits.

L EFT A treadmill test on a child, p a n  o f  
the 40-year Framingham Study.
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could expect to  survive to age 70, bv 1970 the figure had 
improved to better than one in tw o. But longer life was by 
no means the only explanation.

A M A TTER  O F DIET 
The main com ponent o f arterial plaques, at least in their 
earlv stages, is cholesterol -  the steroid first observed in 
gallstones in the 19th century and extensively analysed by 
Heinrich Wieland in the 1930s (see p. 166). It is manufac­
tured naturally in the liver, and is supplemented in the diet 
by such foodstuffs as egg yolks and fat-rich meats. By the 
1950s, scientists in Britain, the US and elsewhere had started 
to postulate a connection between eating habits and a risk of 
heart attack.

Ample circum stantial evidence supported  their view. 
Coronary disease was far m ore prevalent in countries where 
animal fats played a large part in diet, and less common in 
nations w here they did n o t, such as the M editerranean  
re g io n . W ith in  th e  ‘h ig h - r is k ’ c o u n tr ie s , th e  w ea lth y  
appeared statistically m ore prone than p oorer people, for 
whom high-fat foods w ere a relatively rare luxury.

N o t all ex p e rts  w ere  con v inced . Som e argu ed  th a t 
emotional stress was the dominant cause, pointing out that 
those who w ere apparently the m ost vulnerable were also 
ambitious, striving types. And this was in marked contrast to  
people  such as sou th ern  Italian peasan ts, am ong w hom  
coronary attacks w ere uncommon. The only fact on which 
the two camps agreed was that, as heart disease tends to run 
in families, heredity must also plav a role.

Public debate raged through the following decades. The 
theory of stress as a single main cause gradually lost ground 
as the nature of stress w'as gradually unveiled (see pp.220-1) 
and the circum stantial evidence for a d ietary  connection  
grew. The average Japanese lifestyle, for example, is just as 
stressful as that in the W est, vet the Japanese suffer far 
few er coronary  attacks. This fact was a ttrib u te d  to  the 
preponderance of fish and vegetables in the Japanese diet a 
fact underlined by the discovery that Japanese living in the 
US and adopting American eating habits developed US levels 
of coronary disease. By contrast, Finnish lumberjacks, who 
ostensibly led a low -stress , o u td o o r life w ith  p len ty  o f 
exercise , had one of the highest incidences o f coronary  
deaths of any population in the w orld -  and their diet was 
dripping with animal fats.

It was n o t un til th e  1980s th a t sc ien tis ts  from  the 
University o f Southern C alifornia came up w ith definite 
p roof that a large reduction in blood cholesterol levels can 
slow or even reverse the arterial fatty deposits contributing 
to  high b lood  p ressu re  and co ro n ary  disease. In 1985, 
Michael Brown and Joseph Goldstein of the University of 
Texas won the Nobel prize for their w ork in discovering 
how  ch o les te ro l is tra n sp o r te d  to  and from  th e  live r, 
enabling the m anufacture o f drugs to  con tro l cholesterol 
levels. But showing that lowering blood cholesterol slows 
heart disease is not the same as proving that lowering dietary 
cholesterol has the same effect; many scientists maintain that 
this has still not been achieved, despite a num ber o f studies.

TH E  AM ERICAN W AY 
W hile re search ers  and ex p e rts  still a rgued  the p rec ise  
interplay of the factors leading to  coronary disease, many 
family doctors and well-informed m embers of the US public

LEFT A section through the aorta, 
the main artery o f  the body, 
showing the build-up o f  fa tty  
plaque (atheroma)  and the resultant 
hardening and thickening o f  the 
aortic wall.

had, by the 1970s, drawn their own conclusions. As with 
smoking, it boiled down to prevention being better than cure.

Undoubtedly, the health campaigns of such organizations 
as the American H eart Association played a part in raising 
awareness. But the general shift in lifestyles that began in the 
1960s and fostered a new interest in holistic approaches to 
medicine (see pp.218-21) made a vital contribution.

L ife s ty le  ch an g es  w e re  a lre a d y  a p p a re n t  in th e  
Framingham Study’s 1970 group, whose cholesterol levels 
and fondness for cigarettes w ere far lowrer than those of their 
c o u n te rp a r ts  o f 20 y ea rs  b e fo re . A cross  th e  b ro a d e r  
spectrum , sales of such foods as vegetable oils that contain 
the polyunsaturated fats said to decrease total blood choles­
terol w ere rising at the expense of fatty meats and dairy 
products. Exercise as a means o f combating stress, improving 
blood circulation and keeping trim  boom ed as never before. 
For th e ir p a rt, d octo rs  m o n ito red  b lood p ressu re m ore 
closely than they had done in the past; the advent of new 
drugs also m eant they could control it better.

As a r e s u l t  o f  all th e se  p re v e n tiv e  m e a su re s , th e  
frequency of coronary heart disease in the US dropped by 
about half between 1970 and 1990, representing a reduction 
in deaths of around 300,000 a year. M oreover, there was a 
substantial decline in strokes. But the im provem ents were 
not spread evenly across the population. College graduates 
and the professional classes proved to be m ore receptive to 
preventive advice than the poor and less w'ell-educated an 
ironic reversal from the tim e w’hen coronary disorders were 
found almost entirely among the w ell-to-do.

N or was the US experience widely emulated elsewhere. 
In Britain, for example, male deaths from coronary disease 
remain proportionately 10 times higher than those in Japan 
and half as high again as those in US, despite the best 
persuasive efforts o f the public health authorities to  reduce 
intakes of the saturated fats linked with cholesterol.

B E L O W  Low-cholesterol, high-jihre cholesterol levels, in conjunction
foods can help reduce blood with stress control and exercise.
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R E T U R N  OF THE H O L I S T I C
FROM CYNICISM TO ACCEPTANCE

“Obscurantist mysticism ... striking Jlints to light the gas fire”

Ph i l o s o p h e r s  c o i n e d  t h e  w o r d  ‘h o lism ’ in the 20th 
century. However, the idea it expresses -  that the whole 

is greater than the sum of its parts -  is very old indeed. As 
applied to human well-being, it appears in the teachings of 
Pythagoras and Hippocrates, the Indian Ayurveda and many 
o th er ancien t healing system s th a t assert tru e  hea lth  is 
attained only when body, mind, emotions and spirit are all 
in proper balance. As W estern science from the time of the 
Renaissance concentrated m ore and m ore on specific trea t­
m en ts  to  cope w ith  sp ecific  m an ife s ta tio n s  o f b od ily  
d isorders, the holistic approach to  health  care was first 
overshadowed and eventually largely overlooked. Its revival 
in W estern societies began as they m oved into economic 
recovery after W orld W ar 1.

Many factors contributed to the re tu rn  of the holistic. 
O ne was the reac tio n  o f young peo p le  in  the US and

elsewhere against a culture they saw as materialistic, sterile 
and, with its developm ent of the atomic bom b, frightening. 
Rejection of that culture led the ‘Beats’ of the 1950s, and 
the ‘Hippies’ and ‘Flower C hildren’ of the 1960s, to  look 
for alternatives. Eastern philosophies and religions such as 
Buddhism w ere a source of inspiration, with their emphasis 
on the roles o f meditation, exercise and diet in inner devel­
opm ent and all-round health.

O R T H O D O X Y  REAPPRAISED 
By itself, the flirtation of some young people with Eastern 
m ysticism  w ou ld  n o t have in fluenced  W este rn  m edical 
conventions. But the la tter w ere already facing something of 
a reappraisal. W hile orthodox medical science had delivered 
magnificent successes against a whole range of disorders, it 
had achieved little real progress in curing others — cancers 
and hay fever, for example. At the same tim e, there was 
growing public concern about the side-effects of prescribed 
drugs, the validity of certain  surgical operations, and the 
soaring costs o f medical trea tm en t. Questions w ere being 
ask ed , to o , ab o u t th e  e ffe c ts  on h e a lth  o f ch em ica ls  
employed in the growing and preparation of foodstuffs. And, 
in the light o f em erging research findings into the links 
betw een cigarette smoking and lung cancer o r betw een diet 
and coronary disease, m ore attention  than ever was being 
paid to the preventive role o f medicine.

T his c lim a te  o f reassessm en t tra n s la te d  in to  a new  
readiness to explore unorthodox therapies, not only among

A B O V E  Traditional cures on sale on 
a holy mountain in Sichuan,
China, where such remedies — many 
o f  them strange to Western eyes — 

have never lost their popularity.

RIG H T Massage is a growth area in 
complementary medicine. Here, the 
hack o f  the p a tien t’s neck is being 
‘hacked’ — the aim is to relax 
muscles and improve the circulation.
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those espousing alternative lifestyles, but among the much 
larger group of people whom orthodox medicine had disap­
pointed in one respect or another. Gradually, also, it evoked 
curiosity among sections of the medical profession.

A PA N O PLY  O F THERAPIES 
At the height of their self-confidence in the 19th and early 
20th centuries, orthodox W estern physicians tried to stamp 
out most forms of medical treatm ent other than their own. 
In much of Europe, the law was already on their side, based 
on the premise that anything not specifically perm itted  is 
forbidden. It was, th erefo re , fairly easy for the m edical 
establishments in such nations as France, Germany, Italy and 
Spain to ensure that few of the therapists o f whom  they 
disapproved secured permission to practice.

In Britain, the US and o ther countries with an Anglo- 
Saxon legal heritage, the situation was m ore complex. British 
doctors failed in 1858 to  win an outright ban in law on their 
unorthodox rivals, so they made their own rules stating that 
any of their num ber referring  patients to  non-recognized 
therapists would in effect be disbarred. In the US, m ost states 
adopted  legislation defining u n o rtho do x  therap ies as the 
practice of medicine and therefore the preserve of qualified 
physicians, though there were some exemptions and waivers.

Despite such restric tions, and num erous co u rt actions 
brought against unconventional practitioners, the forces of 
orthodoxy did not win total victory anywhere. Traditional 
herbal medicine, some of which had in any case been taken 
up as conventional trea tm en t, survived. So did o ther folk 
therapies, such as bone-setting, later to evolve into chiro­
practic and osteopathy. Faith and related types of healing 
with their biblical pedigree were not readily susceptible to 
the framers of earthly rules. And a few qualified physicians 
th em se lv e s  p ra c tis e d  u n o r th o d o x  te c h n iq u e s : n o tab ly  
hypnosis, homoeopathy, manipulative therapies, naturopathy, 
herbalism and, eventually, acupuncture (see pp.222-3).

So when the upsurge of public in terest in unconventional 
form s o f m edicine began in the 1960s, a large residue 
remained. Its legality depended on what the therapy wras, 
who was giving it and where the therapist and patient were 
located. In B ritain, for exam ple, various quirks of fate, 
including support from  the Royal fam ily, had p reserved  
homoeopathy as a recognized m ethod of treatm ent available 
on the National Health Service. In Germany, nature cures 
and hydrotherapy had for many years enjoyed special status.

Furtherm ore, even while orthodox attem pts at suppres­
sion were at their height, brand new types o f unconventional 
diagnosis and therapy w ere constantly appearing. To improve 
th e ir  p ro sp ec ts  o f accep tan ce , m o st o f the new co m ers 
claimed some sort of scientific basis, though few succeeded 
in impressing conventional scientists. O ne, however, came to 
be widely accepted as a valuable aid: this was biofeedback 
(see p .220), pioneered by Joe Kamiva in the US from 1958.

R ELEN TIN G  A LITTLE 
As more people flocked to practitioners of both old and new 
unorthodox  m edicine, orthodox  physicians w ere, for the 
most part, predictably stuffy. “Obscurantist mysticism” was 
the verdict in 1978 of the British polym ath D r Jonathan 
Miller on many traditional folk therapies, and he likened the 
revival of interest in them to “striking flints to light the gas 
fire”. However, even the m ost unbending of the orthodox

B E L O W  Reflexologists believe that body to the fleet. Anatomists
many diseases can be treated by disagree, and rfllexology is

floot massage, since, they say, considered an alternative, rather
meridians connect all parts o f  the than complementary, therapy.

wrere forced to  give ground a little in the face of the enthusi­
astic support of public opinion.

Thus, betwreen 1983 and 1986, the staid British Medical 
A sso c ia tio n  (B M A ), ca jo le d  by P rin c e  C h a rles  as its  
p res id en t, conducted  a lengthy inquiry  in to  uno rtho do x  
m edicine. The resu lting  re p o rt wras n o t encouraging for 
sup po rters  o f the th erap ies, v irtua lly  all o f which w ere 
dam ned  as unsc ien tific . But th e  to n e  o f m uch  of the 
docum ent was so dismissive that it was open to  charges of 
vested in terest, and the debate it engendered ensured that 
many forms of unorthodox m edicine received even w ider 
publicity than they had enjoyed before.

M eanw hile , o u t o f th e  p ub lic  gaze and d esp ite  the 
pronouncem ents of their leaders in the BMA, British medical 
students and doctors wrere expressing in te rest in learning 
m ore about the subject. Surveys conducted in Britain in the 
early 1980s showed, for example, that around 75 per cent of 
a sample o f 145 general p ractitioners som etim es referred  
patients to unconventional therapists and half believed trea t­
m ents such as hypnosis and acupuncture should be generally 
available on the National Health Service. Nine out of ten in a 
sample of 86 students thought unorthodox therapies should 
feature in their training. F urtherm ore, a grow'ing num ber 
w ere actually qualifying in unconventional techniques, so that 
by 1988 around 2,000 British doctors w ere skilled in one or

O R G O N E T H E R A P Y

When Sigm und Freud lec tu red  to the b r illia n t 
A ustrian  m edical s tu d en t W ilhelm  Reich, he li t t le  
knew  w h a t ex traord in ary  theories his p u p il would  
devise in la te r  life. In 1934, Reich came up w ith  the  
concept o f  a fu n d a m e n ta l u n it o f  life, called  the  
‘b ion ’; a f te r  m oving to the US, in the 1940s, he 
c laim ed to  have d iscovered the basic life  fo rce . Called  
‘orgon e’, he sa id  i t  was orgasm ic energy. To store  
th is fo rce , he b u ilt an ‘orgone box’, c la im ing th a t  
a lm ost an y  d isease could be cured by ‘b ioen ergetics’, 
which m ean t the p a tie n t  stay in g  in the box f o r  a 
tim e. H oun ded  by the au th o ritie s  a n d  the press,
Reich d ied  in prison in 1951 a t  the age  o f  60.
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B I O F E E D B A C K

E xperim ents undertaken on both  
anim als an d  hum ans fro m  the la te  
1950s show ed th a t responses are  not 
en tirely  involuntary, b u t m ay to some 
ex ten t be m odified  by tra in in g . Much o f  
the early  work w ith  hum an subjects was 
carried  out in the US by Joe K am iya, 
who dem on strated , through biofeedback  
techniques o f  in s ta n t response- 
m onitoring, th a t people  can learn  to  
s tim u la te  th e ir b ra in ’s ou tpu t o f  a lpha  
rhythm s, associa ted  w ith  fe e lin g s  o f  
relaxation  an d  w ell-bein g . Sign ifican tly, 
the processes involved in learn ing  were  
precisely those fo rm in g  p a r t  o f  m any  
unorthodox therapies, such as brea th in g  
exercises an d  m ed ita tion . A BOVE A patient learns to relax with the help o f  biofeedback monitoring.

m ore of them . Similar trends w ere starting to develop in 
other western countries.

The aim of practitioners referring patients to unorthodox 
therapists, or acquiring the skills for them selves, was to 
harness resources additional to  those o f orthodox medicine. 
In doing so, they effectively made judgm ents about which 
alternatives they believed to  have m e rit, and in w hich 
disorders those might help best. This corpus of treatm ents 
and conditions is sometimes referred to  as ‘com plementary 
m e d ic in e ’, to  d is tin g u ish  i t  fro m  th e  b ro a d e r  ra n g e  
of unorthodox therapies, though the dividing line is a source 
of contention (see pp.240-1).

T he c o m b in a tio n  o f o r th o d o x  and  co m p le m e n ta ry  
m edicine, w ith an elem ent o f health  education , is now  
term ed ‘holistic’ in a slight shift from that w ord ’s original 
m eaning . H ow ever, since m any o f the co m p lem en tary  
techniques have their roots in holism, it is not inaccurate. 
And m any o f  th e  d iso rd e rs  against w hich the h o lis tic  
approach is m o st w idely used appear connected  to  the 
patien t’s entire way of life -  an idea familiar to  ancient 
pioneers of holism.

RO LE O F T H E C O M PLEM EN TA R Y  
The disorders that drew people, including medical profes­
sionals, to  ex p lo re  u n o rth o d o x  th erap ie s  in in creasing  
numbers from the 1960s varied widely in nature and serious­
ness. Among the most common were degenerative diseases 
of the body cells and the circulatory, nervous and musculo­
skeletal system s, chronic infections, allergies, m igraines, 
insomnia, long-term  debility, anxiety and depression. Some, 
like cancers and heart disease, could be fatal. O thers, such as 
arthritis and rheumatism , were not intrinsically life-threat­
ening, but could cause near-perm anent misery. O thers again 
— for example, hay fever and similar allergies — w ere merely 
occasional inconveniences.

D espite th e ir d isp arities , they m ostly  shared certa in  
features. They w ere chronic conditions, which orthodox  
medicine in the m id-20th century could alleviate but rarely 
cure outright. In many cases, the alleviations produced ill- 
effects or reduced the sufferer’s quality of life.

Unorthodox therapies stressed that the disorders were not 
the p roduct o f a single cause, but o f an accumulation of 
factors inherited  predispositions, the individual’s whole 
way o f life, including such factors as d ie t, and m en ta l, 
emotional o r spiritual states. A similar them e, in fact, also 
ran through many long-established unconventional therapies 
o f W estern origin, such as hom oeopathy, chiropractic and 
osteopathy. A significant aspect o f all these therapies was the 
tim e and effort spent in diagnosis, designed to  identify every­
thing with a bearing on the disease. By contrast, orthodox 
diagnostic sessions were often short, technical affairs.

Many people who consulted unorthodox practitioners did 
so only after orthodox treatm ents had failed to  help them. 
This ten d en cy  larg ely  shaped  th e  p a tte rn  o f d iso rd ers  
unorthodox medicine was called on to treat. There was one 
m ajor exception, perhaps a legacy of the old rural bone- 
setting tradition. Sufferers from musculo-skeletal disorders 
seem to have been readier than others to  use unconventional 
therapy as a first port of call, to  the benefit of chiropractors 
and osteopaths.

Evidence was starting to  em erge that suggested aspects of 
unorthodox medicine w ere w orth  further, specific scientific 
study. And as science started to analyze this evidence, m ore 
conventional physicians began b orrow ing  from  the m ost 
promising areas of the unconventional.

B E L O W  A herbalist dispenses dried and the Far Fast, herbalism has
marigolds. Widely used in India had limited appeal in the West.
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SCIENCE CA TCH ES UP 
Anyone reaching back into the history of orthodox medicine 
could trace in it many of the com ponents o f the m ajor 
unconventional therapies. The concepts o f hereditary predis­
positions to disease, mental and emotional contributions to 
ill-health and environmental factors w ere well known. Even 
the lengthy and wide-ranging diagnostic sessions w ere, in a 
sense, an extension of the established principle that merely 
talking about their disorders to  a sympathetic listener can 
m ake p a tien ts  feel b e tte r .  T he d eb ate  on u n o rth o d o x  
medicine (see pp.2 ]8 -9 )  that began in the 1960s served to 
refocus attention on all such matters.

Am erican and o th er research  in to  degenerative heart 
disease and the roles played in it by high blood pressure, 
unhealthy diet and lack of exercise, provided probably the 
biggest single vindication of a holistic approach to therapy. 
But many other studies contributed to  w ider acceptance that 
some unorthodox forms of medicine had, wittingly or unw it­
tingly, hit on scientific truths. The most intriguing investiga­
tions concerned the interplav betw een mind and body.

The fact th a t m ental pressures such as fear p roduce 
physical responses, includ ing  changes in h ea rt ra te  and 
brea th in g  p a tte rn s , had long been o b serv ed , and som e 
connections had been made between sustained subjection to 
pressure and obvious physical disorders, for example in the 
stereotype of the harassed businessman with his gastric ulcer. 
Postwar developments in technology allowed m ore of these 
so-called involuntary responses, such as variations in the

brain waves and in the electrical resistance of the skin, to be 
identified and measured. The results were convincing.

O ther experimental findings suggested that the range of 
disorders whose onset and developm ent are influenced by 
mental pressure extends far beyond the executive’s ulcer. 
They encompass degenerative heart disease, cancers, rheum a­
tism and chronic infections -  in short, most of those against 
which orthodox medicine had achieved little. A pioneer in 
that field of research was Professor Hans Selye of Montreal. 
In 1976, he published his work The Stress o f  Life, postulating 
the now  widely accepted view of psychological factors in 
physical disease.

DEADLY STRESS 
The term  ‘stress’, borrow ed from engineering, denotes the 
changes caused in the body w hen the senses and m ind 
perceive a threat or challenge, real or imagined, physical or 
m e n ta l. T he m ec h a n ism , tr ig g e re d  by th e  re le a se  o f 
horm ones into the bloodstream and electrical impulses into 
the nervous system, is essentially protective. It prepares the 
body to m eet the challenge or flee from it ( ‘fight or flight’) 
with a host o f reactions, including heightened awareness, 
increased heart and breathing rates, raised blood pressure and 
alterations to muscles and digestion.

In the normal course of events, stress develops in three 
stages, from initial arousal to full physical and mental alert. 
At any stage, once the perceived challenge is rem oved , 
surm ounted or escaped, the stress should dissipate, allowing 
the body to return  to a balanced, calm and relaxed inner 
s ta te . As long as this p a tte rn  ho lds, stress is n o t only 
harmless, but often positively beneficial; w ithout it, human 
life would be stripped of all feelings of achievement, excite­
m ent or joy, as well as of fear o r anxiety.

H ow ever, as Selye and others show ed, m odern  living 
d isrupts the pattern  for many people. The fight-or-flight 
response originally evolved in animals and humans to cope 
with situations that were usually quickly and clearly resolved, 
with the stress discharged in physical activity. But in modern 
societies, the causes o f stress are m ore likely to be emotional 
or mental than physical, and incapable -  because o f social 
constraints — of being dealt with physically. In many cases, 
too , they are sustained or cumulative. O ne result is to keep 
the body in a p erm an en t sta te  o f partia l figh t-or-fligh t 
readiness, in which it neither lapses back into com plete 
relaxation nor moves beyond full alert to  achieve release.

Selye’s experim ents w ere among the first to dem onstrate 
that the application of negative, unpleasant stress to labora­
tory  animals over sustained periods could induce in them 
som e o f the irrep a rab le  d iso rd ers  increasingly  plaguing 
humanity, such as ulcers, heart disease and damage to the 
imm une system. It also became clear that, beyond a certain 
point, the body loses its capacity to re tu rn  fully to normal 
once the causes o f sustained stress are removed. Individuals 
have a certain tolerance to stress, according to its degree, 
nature and persistence -  now called the ‘elastic lim it’.

Such discoveries underlined the importance in preventing 
o r co m b ating  disease o f ‘s tre ss  m an ag e m en t’, ways o f 
minimizing negative stress or ensuring its discharge through 
exercise, as well as for prom oting the relaxation that is the 
opposite side of the coin. H ere, many unorthodox therapies 
and techniques such as yoga had a headstart, and could he 
respectably annexed to  orthodoxy in the name of holism.

B ELO W  A 4 6 -year-old man under- Sensors attached to his chest
goes a stress test on a treadmill. monitor heart changes.
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T H E  A C U P U N C T U R E  P U Z Z L E
JUSTIFYING AN ANCIENT TRADITION 

The ‘runners’ high’ may help explain how a centuries-old technique works

AT t h e  END OF THE 1960s, the People’s Republic of China 
entered an era of political rapprochem ent with the US 

after two decades of mutual hostility. The event that marked 
its new relationship was a highly publicized visit to China by 
US President Richard Nixon in 1972. This stimulated interest 
among W estern nations in all things Chinese — including the 
ancient medical technique of acupuncture (see p. 16), which in 
M ao’s China had more than one million practitioners.

Delegations following in N ixon’s wake gave impressive 
accounts o f operations and trea tm en ts  by acupuncturists, 
using needles made of silver alloy, stainless steel and other 
metals whose tips were carefully and precisely inserted into 
some of 365 or m ore ‘acupoints’ on their patients’ skins. 
According to Chinese medical philosophy, the needles allow 
energy (chi) to  en te r o r leave the body, im proving  or 
sustaining health or diminishing pain.

Acupuncture and the related Japanese technique of shiatsu 
(which uses finger pressure instead of needles) had long been 
known to a small coterie of medical people and others in the 
W est. But now, along with other forms of com plem entary 
medicine, acupuncture became a topic for debate, investiga­
tion and experim ent on a much w ider scale.

SIFTING T H E CLAIMS 
The wildest claims made for acupuncture in the early 1970s 
w^ere soon discarded. Even its staunchest advocates speedily 
admitted it w'as of little direct value or unsuitable in many 
types of disorders: severe infections; broken bones; cancers; 
h e a r t  a ilm en ts ; m o to r  n e u ro n e  d isease; and m u scu la r 
dystrophy. They also conceded that certain types of patient, 
such as the very young and the very old or weak, are not 
suited to acupuncture treatm ent involving needles, though 
the acupoints on their skins can be stim ulated by finger 
pressure or some other means.

B E L O W  China is thought to have Here one o f  them treats a child at
some one million acupuncturists. a school Jor deaf mutes.

Nevertheless, there rem ained a long list of both m ental and 
physical co n d itio n s in w hich , acco rd ing  its su p p o rte rs , 
acupuncture was beneficial — from anxiety and depression to 
arthritis and haem orrhoids. In 1973, the Royal Society of 
Medicine in Britain published a survey of 642 cases treated 
by acu p u n c tu re , involving n ine ca tegories o f d iso rders. 
Overall, the study classified 37 per cent of the patients as 
“cured  or m uch im proved” after acu punctu re , w^hile the 
rem ainder showed no change.

The highest proportion of ‘cures’ -  for m ore than half of 
the patients in each case -  w ere achieved for m igraine, 
asthm a and dvsm enorrhoea (m enstrual pain). The low est 
success rates, w ith m ore than one third of patients showing 
no change at all, w^ere for dvsm enorrhoea (again), peptic 
u lce rs  and in d ig e s tio n , g en e ra l p sy ch ia tric  c o n d itio n s , 
im po tence and frig id ity . N ine out o f ten  of those w ith 
muscular aches and pains, four out o f five hay fever sufferers 
and three out of four of those with arthritis in its various 
forms, registered some im provem ent.

The results o f this and similar studies proved very little 
one way or the o ther in the strict term s of W estern medical 
science. Even so, the num b er o f o rth o do x  prac titioners  
offering acupuncture as an adjunct to conventional treatm ent 
began to grow to the point at w-hich, by about 1980, there 
w ere  severa l h u n d re d  o f th em  in th e  US and severa l 
thousand in Europe. In countries such as India and Sri Lanka, 
w here forms of acupuncture had already played a part in 
their medical tradition, interest spread m ore rapidly, as it 
did in the Soviet Union.

LEFT As an alternative to steroids, both the knees and hands of an
an acupuncturist applies needles to arthritis sufferer.
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Mainstream W estern research involving acupuncture came to 
concentrate largely on its apparent capacity to alleviate pain, 
though there were forays into other areas, too. O ne was the 
use of a staple or pin in the earlobe to combat nicotine and 
o th e r  d ru g  a d d ic t io n s , w ith , at b e s t, m ix ed  re su lts . 
Gradually, various theories evolved that go at least partway 
to explaining how acupuncture mav achieve its effects.

H O W  D O ES A C U P U N C T U R E  W O R K ?
The traditional Chinese belief in acupuncture rests on the 
assumption that chi energy is carried through the body, to 
and from vital organs, along a series of pathways called 
meridians. At the acupoints, where the meridians are 
closest to the surface of the skin, skilled acupunc­
turists can adjust the energy flow to maintain or 
resto re  balance. To date , there  is no d irect 
proof that the meridians exist.

W estern scientists encountering acupuncture 
attributed  its results to hypnosis o r sugges­
tion, and a num ber of facts seemed to bear 
this out. Acupuncturists adm itted that there 
are som e people , perhaps one in th ree  or 
four, on w hom  the technique just does not 
work. Furtherm ore, the success rates of acupunc­
ture in China, even when rigorously m easured, 
w e re  h ig h e r th an  in th e  W e s t ,  possibly- 
indicating that it worked better with the 
C h in e se  b ec au se  th e i r  c u l tu r e  and 
tradition gave them  greater faith.

Against these arguments, advocates of 
acupuncture claimed to have used it with 
success on animals, which would not be 
expected to react to suggestion. Thev also 
pointed out that, in China, acupuncture treatm ent is part of 
a whole regimen of diet, exercise and other therapies, all 
geared to balancing yin and yang, which is not so widely true 
in the W est.

A more specific theory tying in with acupuncture’s role 
in relieving pain had em erged in the m id-1960s, several 
years before the upsurge of popular interest in the subject. 
In the ‘gate con tro l’ theory of Ronald Melzack and Patrick 
Wall (see pp. 190-1), stimulation bv acupuncture or shiatsu

B ELO W  Acupuncture needles are for the bladder and large intestine
placed in the acupoints on the face meridians, to treat hay fever.

could act as the ‘g ate’, blocking pain signals at the spinal 
cord. (But, this does not fully explain how the techniques 
apparently succeed with chronic pain as in arthritis.)

In addition, close examination of acupoints has revealed 
that many are located w here nerves emerge from the deep 
tissues tow ards the skin, o r w here a particular m uscle’s 
nerve enters that muscle. Finally, it has been found that 71 
per cent of acupoints correspond to ‘trigger points’ areas 
on the skin that becom e tender in certain diseases, such as 
the referred pain felt in the shoulder from liver disease.

In the 1970s, scientists investigating the central nervous 
system hit on another possible explanation for acupuncture’s 

effects. They discovered that drugs such as morphine 
and h ero in  achieve th e ir  effects by acting  on 

special receptors in the brain and spinal cord. 
Logically, they reasoned, the receptors would 
n o t ex ist unless th e  body p ro du ced  sim ilar 

substances, re liev ing  pain in the sick and 
in c re a s in g  fee lin g s  o f w e ll-b e in g  in the 
healthy. In 1973, these substances, called 
endorphins, w ere isolated and identified. 

Endorphins are now said to be responsible 
for the delay in feeling pain experienced by 

many victims of serious injury, including people 
hurt while engaged in sports. Some suggest that 

a c u p u n c tu re  and r e la te d  te c h n iq u e s  m ay 
achieve their effects by stimulating the 
release of endorphins and other chemical 
messengers. The connection is far from 
being fully proved, but the research goes 
on — n o t least because the prize is a 
safe, non-addictive way of killing pain.

A BO VE A cast o f  the head and 
shoulders showing a traditional

Chinese acupuncture chart, with 
meridians and acupoints indicated.

T H E  Q U E S T  F O R  E N D O R P H I N S

Once i t  was su spected  in the 1970s th a t  the hum an  
body produ ced its  own n a tu ra l version o f  the  
p a in k illin g  drug m orphine, th e  race to f in d  i t  was 
on. Researchers in B rita in , the US an d  Sweden led  
the f ie ld ,  a n d  a team  fro m  S cotlan d’s Aberdeen  
U n iversity, under Professor H an s K o s te r litz  a n d  D r  

John H ughes, won. In 1973, th ey  d iscovered tw o  
su bstances in the brain  a n d  sp in a l cord th a t  f i t t e d  
the bill. The nam es g iven  to  them  were cum bersom e  
— m eth ion in e-enceph alin  an d  leucine-encephalin.

M any m ore were soon iden tified , a n d  th ey were 
collectively  la b e lled  endorphins, a contraction o f  
w ords m ean in g ‘m orphine o rig in a tin g  w ith in  the  
organ ism ’. One o f  them  is 100 tim es m ore pow erfu l 
as a p a in k ille r  than  m orphine itself.

No one is en tire ly  sure how  endorphins work or 
w h at stim u la te s the body to  release them . B u t they  
are cred ited  w ith  crea tin g  the ‘ru n n er’s h ig h ’ — the  
n ea r-a d d ic tiv e  fe e l in g s  o f  euphoria experienced a fter  
prolonged, vigorous exercise  — as w ell as w ith  
p a in k illin g  properties . R esearchers a lso  claim  they  
are re leased  in to  the bra in  a fte r  acupuncture an d  
sim ilar techniques.
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DI S E AS E S  O F  T H E  F U T U R E
b y  DR NICOLA McCLURE m b b s

Family Doctor, Principal in General Practice, London

W
HEN I LEFT M EDICAL SC H O O L, in the m id-1970s, it 
seem ed th a t m ost o f the g rea t m edical m ysteries 
w ere, if not solved, well on the way to becoming so. It 

seem ed inconceivable that m ajor new  diseases w ould  o r 
could be identified — all that remained was a search for cures 
and a tendency for sets of symptoms previously thought to 
be disparate to be sorted into unified, clearly described and 
attributable syndromes. And yet, almost 20 years on, the 
world has changed in such a way that it is impossible to be 
ce rta in  ab o u t the m edical p ro b lem s th a t w ill co n fro n t 
humanity in the future.

For m e, one of the biggest changes over those 20 years 
has been the em ergence o f AIDS — b u t that is probably 
because I work in W est London, an area that has the highest 
incidence of AIDS in Britain. Opinions vary about how long 
AIDS -  or, at least, HIV -  has been with us (see p. 206). But 
could ano ther virus sw eep th rough  the w orld  to  create 
similar devastation, in the same way as the series of plagues 
of the Middle Ages?

T here are som e reasons for believing that one could. 
New diseases appear to result from new living conditions — 
both social and environmental. Viruses can m utate into other 
forms, closely related but with different effects (HIV seems 
to have done so several times), and mutations occur for a 
varie ty  o f reason s, in c lud in g  b o th  chem ical in fluences 
(possibly from  pollu tion) and the b od y ’s im m unological 
responses. Some long-dorm ant viruses can be brought to life 
by changes in social behaviour, too for example, the kuru 
virus o f New Guinea (see p .201), which was triggered by the 
adoption of ritualistic cannibalism.

A m ore extrem e, but not completely stupid, theory to 
explain the emergence of new viruses in the future might 
draw on n atu re’s own m ethods o f population contro l. In 
some species -  rats, for exam ple — overcrow ding causes 
females to become infertile; very serious overcrowding leads 
to  s e r io u s  a g g re s s io n , an d , u l t im a te ly , ca n n ib a lism . 
Lemmings, to o , may have th e ir own way of contro lling  
population increases: they ‘com m it suicide’ by leaping off 
cliffs. But the common vole may provide a better parallel for 
the human population explosion that is forecast over the next 
30 years: these small ro d en ts  have th ree-year cycles o f 
population explosions, after which a parasitic w orm  in the 
brain cuts vole numbers back to size.

A W O R L D  O F PO LLU TA N TS 
Industrial chemicals may, possibly, lead to  the mutation of 
viruses, but it is much m ore likely that they will cause a 
whole range of physical problem s, both acute and chronic.

RIG H T Two technicians in protective Jollowing the accident at Chernobyl, 
clothing monitor radiation levels Ukraine, in April 1986.

B E L O W  A flask oj nuclear waste Pennsylvania. The plant was
debris, waiting to be transported by severely damaged in an accident in 
rail jro m  the Three M ile Island 1 9 7 9 ;  the cleaning-up operation
nuclear plant near Harrisburg, may take as long as 4 0  years.
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B ELO W  A map made by the 
American Nimbus-7 weather 
satellite showing a severe depletion 
-  the 'hole' - in the ozone layer 
over Antarctica in October 1986. 
The hole is thought to be the result 
o f  pollution o f  the atmosphere by 
chlorofluorocarbons used in aerosols 
and refrigerators. First seen in 
1980, the hole has grown each

year since, reaching a maximum  
size each October: it is the deep 
blue, purple, black and grey area 
over Antarctica (outlined in white) 
and extending into the South 
Atlantic. The medical significance 
o f  the depletion o f  the ozone layer 
is that more ultra-violet radiation 
can pass through the atmosphere,
causing an increase m skin

There are many reasons for this, particularly the problem  of 
the disintegrating Eastern bloc. It seems that the old Soviet 
regime ignored the effect on both the environm ent and the 
health of people of industrial pollution. Today, it is difficult 
to pick up a magazine in the W est w ithout reading some 
new' horror story of conditions behind the old Iron Curtain.

One recent report in Britain’s Observer newspaper, o f a 
claim by Yablokov, a Russian politician, had it that 20 per 
cent of Russians lived in what could be term ed an ecological 
disaster zone, and that another 35 to  40 per cent lived in an 
‘ecologically  u n fav ou rab le’ zone; th e  re su lt o f th is , he 
claimed, was that the average life expectancy w'as between 
five and seven years less than in the industrial W est -  
because of extraordinarily high levels of industrial pollution, 
u n th ink in g  w 'orking p rac tice s , and te rr ify in g  levels o f 
radiation  le t loose in th e  co u n try sid e . Since, Y ablokov 
claimed, Russia would have to  spend twice the am ount o f its 
gross national product in 1991 over the next 20 years to 
correct the problem, it seems that little im provem ent will be 
made. Add to that the facts that the previous infrastructure 
of the Eastern bloc no longer exists, but that a large num ber 
of near-obsolete and inadequately maintained nuclear pow er 
stations do; throw' in the consideration that some sheep in 
W ales and the land in some of Scandinavia still bear the 
mark of the fall-out from Chernobyl, making the problem  
extremely relevant to W estern Europe; and the calculation 
becomes terrifying.

So we can expect a large num ber of new diseases, about 
whose nature we can barely even speculate, due to  industrial 
pollution. W e may also experience an increase in forms of 
cancer from low-level radiation, as well as a num ber of new' 
variants on existing systemic diseases. And as underdeveloped 
countries become m ore and m ore industrialized, the problem 
can only become worse.

IN D U STR IA L IZ A T IO N  A N D  T H E  T H IR D  W O R L D  
O ne of the major health stories of the last century has been 
the way in w'hich a num ber of industrial advances, generated 
in the a ttem p t to  service a consum er boom , have been 
successively shown to be either life-threatening or damaging 
to  the environm ent. Asbestos seem ed the ideal insulating 
material -  but it causes cancer; pesticides increase agricul­
tural production — but some also cause birth defects, among 
o ther problem s; aerosol sprays and the first refrigerators 
were a boon -  but they helped deplete the ozone layer, and 
so may have caused skin cancers, and th e ir effects will 
increasingly do so in the future. And what will be the effects 
of the equivalent consumer godsends of the 1990s, by the 
tim e we reach 2020? The answ er is th a t nobody really 
know s, for such substances do n o t go through the same 
exhaustive tests as drugs (and even some drugs pass the tests 
but fail in practice); some scientists argue that, since testing 
of new' substances on animals is being reduced, for moral 
reasons, the risk is increasing.

O ne thing, though, is certain: the problems of industrial­
ization will become worse and w'orst of all in countries 
presently said to  be underdeveloped. Such countries need 
industry desperately, in order to  survive and to feed their 
ever-increasing populations (the b irth  rates in Africa, the 
Middle East and Far East increase exponentially each year). 
The need will be so extrem e, and the effective labour force

already massively reduced in Africa by AIDS -  so inade­
quate, that scrupulous safety standards may well of necessity 
go by the board.

Linder such pressures, underdeveloped countries will have 
few resources available to  counter the diseases that travel 
hand-in-hand with a lack of public health funding and over­
crow d in g : ch o lera , d y sen te ry , tu b ercu lo s is  and typhus. 
R ecen t o u tb reak s  o f ch o le ra  in South  A m erica are  an 
ominous pointer to the future. Antibiotics on their own do 
not provide the long-term  solution, because bacteria have a 
nasty habit o f developing new' strains that are resistant to  the 
antibiotics used. (Sheffield University, in Britain, now has a 
database of new' strains of bacteria, with the antibiotic to 
which they are resistant noted; it is becoming bigger and 
bigger.) The only answ'er is an increase in the resources 
d irected  to  health  ed ucation , public health schem es and 
im proved sanitation. But w'here these resources arc to  come 
from is still a m atter o f argum ent.

FINANCIAL O P T IO N S  
Ultimatelv, it all comes down to money. Medicine has been 
rem arkably successful at dealing w ith acute disease. The 
result is that the developed countries have an ever-aging 
population: simply, far fewer people die young from acute 
problem s. The majority live longer and longer, eventually to 
die from chronic degenerative problem s: Alzheimer’s disease 
(only recognized after I qualified); m otor neurone disease; 
emphysema; chronic bronchitis; and so on. Chronic disease 
costs m ore m oney in nursing and care, and the declining 
birth rate in the W est means that fewer and fewer carers are 
available; th e  ex p losion  in p ossib ilities fo r increasingly  
expensive treatm ents of acute disease reduces the financial 
options even further.

Sometimes -  but not too often I feel very grateful that 
I will have retired by 2020; and even m ore grateful that I 
am a doctor, not a politician.
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A LL DISEASES a r e  CAUSED by genetic o r environm ental 
factors that act singly or in combination. Public health 

programmes in many countries have already led to a striking 
reduction in environmental causes, such as malnutrition and 
in fections, w ith  a co nsequen t rise in the p ro p o rtio n  of 
illnesses w ith a genetic co n tribu tion . P revention  of such 
diseases, which have either a major or m inor genetic con tri­
bution, now poses a key problem  for medical science.

C L O N IN G  O F  H U M A N  GENFS 
Perhaps the single most im portant developm ent in tackling 
this problem will be the laboratory isolation and cloning of 
all human genes. Currently, just over 1000 of our estimated

BELOW A sc ien tist examines the light box, before fin d in g  out which
sequence o f  DNA components on a genes are present in the sample.

to tal o f 100,000 genes have been cloned, yet this small 
fraction of the total has already produced significant clinical 
benefits in the treatm ent of some of the com m onest genetic 
disorders that arise from faults in one or both m embers o f a 
pair o f genes (single gene disorders).

Cystic fibrosis provides a good example of this, for it is 
now possible to track the faulty genes within a family, detect 
couples at risk with certainty and, if the couple wish, give a 
reliable diagnosis of w hether the child will be affected before 
birth. The same approach could also be applied to population 
screening to detect which person in every 20 carries a faulty 
gene for cystic fibrosis — if the procedure was accepted and 
widely introduced, the frequency of this condition could be 
markedly reduced.

DNA diagnosis is now  also the  m ainstay  o f gen etic  
m an ag em en t fo r o th e r  com m on  single gene d iso rd e rs , 
in c lu d in g  s e x - lin k e d  m u sc u la r  d y s tro p h y , m y o to n ic  
dystrophy, fragile X syndrom e, sickle cell disease, thalas- 
saemias and H untington’s disease, and will apply to even- 
single gene disorder once the appropriate genes are cloned. 
The cloning of each gene also allows a detailed analysis of its 
p ro te in  p ro d u c t an d , in  turn., opens up p ro sp ec ts  fo r 
trea tm en t o f a particular condition. This can be achieved 
either by genetic engineering — the laboratory production 
and rep lacem ent o f the missing p ro te in , for exam ple in 
haemophilia; o r by supplemention gene therapy -  giving the 
patient normal copies o f the faulty gene, as, for example, in 
a case of im m une deficiency due to the defective enzyme 
adenosine deaminase (see p. 163).

LINKS W IT H  CA N CE R  
Some single gene disorders can cause cancer, and their study 
has already provided invaluable insight into the mechanisms 
underlying the com m oner, non-inherited cancers. Cloning of 
the appropriate genes will allow- identification of families in 
w-hich the condition is inherited , and provide appropriate 
screening for early diagnosis in family m em bers at risk. In 
the non-inherited  cancers, a knowdedge of the cascade of 
genetic faults that accompanies the progression of malignancy 
w ill lead to  accu ra te  p ro gn osis  a t d iffe re n t stages and 
influence the choice of therapy for each patient; it may also 
be possible to  screen accessible tissues for evidence of any 
pre-malignant genetic changes. M oreover, it will also become 
feasible to identify the environm ental factors that induce or 
interact with the genetic changes, and to determ ine if some 
individuals are m ore susceptible than o thers to  particular 
carcinogens. The frequency of certain cancers could then be 
reduced if susceptible individuals took action to avoid their 
specific carcinogens.

This idea of genetic prediction of individuals at particular 
risk o f developing disease is expected to extend to  other
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RIG H T A microscope is set up in Institute, Paris, prior to injecting
cancer gene researcher Professor genetic material into the nucleus o f
S tehelin’s laboratory, at the Pasteur a single cell.

com m on d iso rd e rs  o f a d u lth o o d , in c lu d in g  p re m a tu re  
v ascu la r d ise ase , d ia b e te s , a r th r i t i s ,  d e p re s s io n  and 
schizophrenia. In each disorder, genetic o r environm ental 
factors alone are insufficient to cause disease and so identifi­
cation of genetically predisposed individuals, together with 
targeted avoidance of specific environm ental factors, could 
prevent disease.

SCREEN IN G  BEFORE BIRTH 
Some genetic disorders, though, cannot be predicted prior to 
conception, and in such cases screening for affected pregnan­
cies is likely  to  rem ain  the m ainstay  o f m an ag em en t. 
Analysis of m aternal blood during pregnancy has already- 
allowed a doubling of the detection rate for serious chrom o­
som al a b n o rm a li tie s , in c lu d in g  D o w n ’s sy n d ro m e , as 
compared with offering antenatal diagnoses on the basis of 
maternal age alone. Some major congenital malformations, 
most notably spina bifida, can also be detected by maternal 
blood tests, while routine introduction of detailed ultrasound 
scanning would lead to  antenatal diagnosis o f a wide range of 
o th er m alform ations. F u rth er developm en t o f these and 
other approaches to  pregnancy screening are to be expected.

All of these developments have the potential to  reduce 
the burden of disease w ith  a genetic co n tribu tion , with

consequent benefits for the families concerned and society in 
general, but each development needs wide public debate of 
the issues involved. Scientific possibility need not becom e 
clinical practice, and it should always be borne in mind that 
genetic disease m erely represents the extrem es of normal 
human diversity w ithout which evolution could not occur.

B E L O W  A light microscope is used of D \'A . The genetic material is 
to facilitate the micro-manipulation contained in the petri dish.
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D I A G N O S I S
by DR BILL LEES f r c r

Consultant Radiologist, The Middlesex Hospital, London

W
ITHIN A FEW YEARS of W ilhelm Rontgen’s discovery of 
X-rays (see pp. 126-7 ), all the basic p rinciples and 
concepts of medical radiography had been established. It was 

not until the early 1970s, almost 80 years later, that a new 
generation of imaging techniques, such as ultrasound scanning 
and X-ray computed axial tomography (CAT scanning), made 
any significant impact on medical diagnosis.

These new imaging methods all shared a common feature: 
scanning. Each scanner, how ever rudim entary or sophisti­
cated, interrogates the body, piece by piece, taking large 
numbers of individual measurements from which images are 
generated by a process o f mathematical reconstruction. The 
early com puters used for this purpose w ere slow , often 
relying upon analogue com ponents to  achieve practicable 
speed s. T he as to n ish in g  d ev e lo p m en ts  in all scann ing  
techniques during the 1980s have been due mainly to the 
application of greater com puter power.

BELOW A 3-D computer generated such computer images have
image o f  an 18-week-old foetus: revolutionized diagnostic techniques.

T H E PR O SPE C TS F O R  U L T R A SO U N D  
The first ultrasound machines w ere manufactured in the early 
1950s (see p. 168), often using war surplus radar equipm ent 
that was modified to use sound waves and produced blips 
and traces on primitive oscilloscope screens.

T he p re s e n t g e n e ra tio n  o f u ltra so u n d  scan n ers  can 
produce two-dimensional slice information at high speed to 
track moving structures, such as valves within the heart. The 
scanners can reco rd  and illu stra te  subtle changes in the 
density of soft tissues whilst simultaneously mapping blood 
flow in full colour over the whole field of the moving image.

Ultrasound transducers have been made in many hundreds 
o f specialized forms for external scanning of particular organs 
and for insertion into body cavities. Recently, probes have 
b een  m in ia tu riz e d  d ow n  to  1 m il lim e tre  in  s ize , and 
m ounted in catheters for use in conjunction with endoscopes 
and surgical instrum ents. They can even be used within the 
coronary arteries of the heart.

This evolutionary  process has diffused ultrasound into 
every area o f m edicine, and, with the advent o f portable 
machines, it now routinely takes its imaging pow er to the 
bedside, the clinic and the operating theatre. On average, 25 
per cent of the imaging undertaken in a UK hospital will 
involve ultrasound. This figure is rising, and is expected to 
reach the 40 per cent already attained by some hospitals.

T he  safe ty  o f u ltr a s o u n d , and its  lack  o f io n iz in g  
rad ia tion , has m ade it the p re -em in e n t im aging to o l in 
obstetrics and gynaecology, but its uses are far w ider than 
this. For example, D oppler scanning provides data on rates 
o f blood flow, helping vascular surgeons detect changes in 
the diam eter o f blood vessels. The technique makes use of 
the Doppler effect, familiar to all those who have heard the 
ch ang in g  p itc h  o f  an e m e rg en cy  v e h ic le ’s s ire n  as it  
approaches and then recedes. O th er areas in which u ltra­
sound is likely to  be increasingly em ployed in the future 
include gastro-enterology, scanning of the prostate gland and 
the delivery of treatm ent in neonatal heart and brain surgery.

C A T SCA N N IN G  
The earliest CAT scanners (see p. 170) w ere slow and clumsy, 
barely capable of producing tw o image slices per m inute. 
The latest m achines, which em ploy continuously ro tating  
gantries and table m ovem ents, scan in a spiral fashion and 
sweep an in terrogating  X-ray beam  through a volum e of 
tissue to produce up to 30 slices in 30 seconds. Such high­
speed scanning methods can freeze the m otion of m ost o f the 
body’s parts, so mapping the passage of an intravenously 
injected contrast agent through blood vessels and into the 
substance o f organs and tum ours.

A lthough CAT scanning is a t p resen t enjoying a fair 
am ount o f popularity, the radiation burden it imposes on
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ABO VE A toddler lies outside an BE I.O W  A series o f  false-colour
M RI scanner with his mother, prior 3-D  images o f  the heart of the
to being scanned in the child  (A B O V E ), looking fro m  the
investigation oj a congenital heart foot to the head. The thin
defect. In this case, a series o f horizontal line (T O P  L E F T ) is a
conventional two-dimensional M RI tiny l f t  ventricle; while the left
scans were assembled by computer to and right atria are only separated
give 3-D  images o f  the heart. by a thin strand o f  tissue.

patients is relatively high, particularly in paediatric cases. As 
a re su lt , th e  techn ique is ex p ec ted  to  decline as o th er 
methods take over, but it will rem ain the standard technique 
for the study of the lungs and abdominal organs.

M A G N ET IC  R E SO N A N C E  IM A G IN G  
Interrogating a patient w ith special sequences of radio pulses 
in a strong magnetic field can provide images of the distribu­
tion of w ater and its chemical environm ent within the body. 
This magnetic resonance imaging (MRI) technique (see p. 171) 
is ideal for picturing parts o f the body that do not move, 
such as the head. It has revo lu tion ized  the diagnosis o f 
neurological d isorders, is having an enorm ous im pact on 
orthopaedic and musculo-skeletal imaging and proves invalu­
able when viewing liver tum ours.

M ost MRI m achines use sup erco nd uc ting  m agnets of 
enorm ous size and pow er to generate the necessary strength 
o f magnetic field. However, the technique has its limitations, 
because of the trade-off between data and dose: the longer a 
patient is scanned, the m ore data is acquired but the greater 
the radiation burden im posed. D espite this draw back, an 
enorm ous investment in research and developm ent, coupled 
with imaginative new ideas, continues to  improve the quality 
and speed of image acquisition. This effort makes it likely 
that the technique will be adapted for use in new areas, such 
as imaging blood vessels, and it is generally accepted that 
MRI w ill g radually  im p ro v e  u n til sm aller and ch eaper 
systems are widely available.

ANTERIOR
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TH E N E W  C O N C E P T  O F T H E M EDICAL IMAGE 
Computerization of conventional X-ravs has initiated the era 
o f digital radiography , w hich is g radually  replacing  the 
existing technologies o f analogue com ponents and silver- 
based film. The subsequent loss of resolution is outweighed 
by the enorm ous advantages in h eren t in d igital X -rays, 
especially the potential to reduce by a large m easure the 
dose o f radiation  delivered  to  the p atien t. As a resu lt, 
conventional X-ray film will become obsolete, giving way to 
digital images that can be viewed on high-resolution (2000 
line) com puter screens. W hile this concept is feasible, it 
remains expensive and impractical for day-to-day diagnosis.

The im pact of com puting has changed our concept of 
what constitutes an image. Once, an image was a physical 
entity, a pattern of shadows on a piece of film. Now, it is 
more likely to  exist as a pattern of numbers held within a

com puter as a th ree- o r m any-dim ensional m odel o f the 
p a tien t th a t can be m an ipu lated  and displayed in m anv 
d iffe re n t w ays. In c rea s in g ly , im aging  d ev ices  w ill be 
n e tw o rk e d  and th e ir  o u tp u t e le c tro n ic a lly  s to re d  and 
d istributed , potentially  accessible anyw here in a co u n try ’s 
health service.

The enormous com puter pow er now available allows us 
to  extract m ore and m ore usable information from an image 
data set. W e can already generate three-dim ensional models 
of a patient and interact with them  in the workstation to 
im prove our perception of complex anatomy and of spatial 
relationships. W e can simulate and rehearse critical surgical 
p rocedures. W e can generate ou tpu t in CAD (com puter- 
aided design) and CAM (com puter-aided manufacture) form, 
producing solid models for templates to  manufacture tailored 
prostheses and other implantable devices. Three-dimensional
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imaging workstations can also be transform ed into simulators 
and o th er tra in ing  aids. T he in te lligence b u ilt in to  the 
hardware means that radiologists, except those at the leading 
edge, will be operating user-friendly equipm ent and will 
need to be well-versed in the details o f human anatomy and 
disease to  carry out their work.

Image data sets acquired from different scanning devices 
can be ‘re g is te re d ’ o r fused w ith in  the w orksta tio n  to  
produce multi-modality images that can reveal m ore detail of 
the b ody’s internal s tru c tu re . This process can be taken 
further to control the delivery of treatm ent. The workstation 
can ‘register’ the patient, surgical instrum ents and images 
into one multi-dimensional space, thereafter to control and 
direct needles, laser fibres and even robotic surgical instru-

ABO VE Modern diagnostic techniques system: a commercial network, run
involve an awe-inspiring array o f  by  F ran ce  T e le c o m , that transfers
technology. Here, medical images sound, images and data on the
are being transjerrcd via the RNIS same line fro m  hospital to hospital.

m en ts  w ith  p rec ision  u n d e r th e  re m o te  co n tro l o f the
surgeon and radiologist.

Imaging laboratories are developing all these techniques so 
that, by the early 21st century, they will be commonplace. 
New  forms of energy, and new com puting tools, such as 
artificial intelligence and mathematical modelling, will yield 
m ore inform ation w ithout the burden of radiation. These 
will enhance the diagnostic and treatm ent capabilities of the 
radiologist and surgeon w ithout affecting patient relationships.

2 3 3



H I S T O R Y  O F  M H D I C I N E

REPAI RI NG THE B O D Y
by PROFESSOR DR HERO VAN URK m d  p h d  

Head o f Vascular Surgery, University Hospital, 
Rotterdam, The Netherlands

FIRST u s e d  IN 198S, the term  ‘minimally invasive surgery’ 
describes a complex of developm ents, all o f which are 

directed towards making surgery less invasive to  the patien t’s 
body. To a large extent, the practice o f such surgery is a 
genuine alternative to conventional surgery, but in instances 
where no appropriate surgical treatm ent previously existed, 
it represents an entirely new technique — for example, laser 
treatm ent for port wine stains.

A general tend en cy  to  lim it the negative effects o f 
extensive surgical procedures -  in the past, ‘big surgeons’ 
made ‘big incisions’ -  has been favoured by the simultaneous 
developm ent o f tw o ranges of diagnostic and therapeutic 
procedures. New imaging techniques (see p. 1 6 8 -71), such as 
ultrasound, computerized axial tomography (CAT scanning), 
m agnetic resonance im aging (M RI scanning) and single 
photon emission com puted tom ography, have transform ed 
the field of diagnostic procedures. They are starting to be 
employed on a wide scale and will be even m ore readily 
available in the near future.

The in troduction  o f endoscopes and associated in stru ­
ments and tools, including the use o f laser energy to replace 
the surgical scalpel (see p. 173), represent the kind of thera­
peutics that has played such a major role in the furtherance 
of minimally invasive surgery. The therapeutics often go

hand in hand w ith  th e  n ew er im aging tech n iqu es. For 
exam ple, CAT scans and u ltrasound are used in guiding 
needle biopsies, while at the sam e tim e identifying and 
characteriz ing  the lesion u n d er investigation . Abdom inal 
abscesses and pancreatic pseudo-cysts can be therapeutically 
drained by needle punctures guided by ultrasound.

The general feeling th a t a large surgical scar was no 
longer something to be proud of, and the growing conscious­
ness that many of the complications and detrim ental side- 
effects o f open surgery  could be avoided by perform ing 
smaller operations o r ‘button  h o le’ operations with equal 
effectiveness, have created  a clim ate in which these new 
developments have not only been welcom ed by the public, 
but also by the political and governm ental authorities, who 
have provided active endorsem ent.

FLEXIBLE A N D  STEERABLE 
The historical use o f endoscopes (see p-171) dates back to 
1853 with the developm ent o f the first workable endoscopic 
instrum ent for visualizing the urethra and urinary bladder. 
F or over a c e n tu ry , en d osco pes w ere  in tro d u c ed  only

B E L O W  A surgeon uses a inserted through the abdominal
laparoscope (a type o f  endoscope) wall to examine the organs within.
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through the natural orifices of the body, such as the m outh, 
the anus and vagina. Rigid endoscopes, m ounted with a light 
source, were substituted bv semi-rigid ’scopes, later to be 
replaced by flexible fibre-optic endoscopes.

Extra channels w ere soon included in the instrum ents, 
thereby providing the means to inflate an organ for better 
viewing, to flush w ater for irrigation, or to replace blood 
when using an angioscope in a b lood  vessel. ‘W orking  
channels’ w ere also created  for the passage of m iniature 
instrum ents, forceps, snares, coagulation devices and fibre 
systems so that laser energy for the removal of tum ours or 
atherosclerotic lesions could be conducted.

The materials used in flexible and steerable endoscopes 
are usually vulnerable, resulting in a lim ited lifespan for 
these instrum ents and a need for costly repairs. Ingenious 
and imaginative m anufacturers have solved this problem  -  
and continue to refine their solutions -  by providing dispos­
able instrum ents or spare parts for the various ’scopes.

A BOVE A pa tien t’s kidney stones which can he passed in the urine,
are broken into smaller pieces, by ultrasound waves in lithotripsy.

Percutaneous (through the skin) procedures have now been 
developed, both for diagnostic and increasingly — for thera­
peutic purposes. For exam ple, percutaneous translum inal 
(coronary) angioplasty, or PT(C)A for short, is established as 
a standard procedure in vascular conditions, possibly to  be 
replaced by lasers, drills and cutting and vibrating tools.

C ustom -built steel or hard plastic tubes, called stents, 
can be inserted, under angioscopic o r ultrasound guidance, 
to  prevent the collapse of blood vessels and ducts. Such a 
procedure improves the long-term  results o f percutaneous 
catheter operations. Self-expanding stents, shunts, or even 
vascular prostheses can now be introduced through the skin 
o r by minimal surgical exploration.

Extra-corporeal shock wave lithotripsy (ESWL) was in tro ­
duced in the early 1980s to trea t urinary tract stones, and is 
now the treatm ent o f choice for this disease. Shock waves 
are beamed from outside the body so that the stones break 
up into tiny pieces and are m ore easily passed. Now  this 
example o f com pletely non-invasive therapy is starting to  
become the treatm ent of choice for bile stones and pancre­
atic d u c t s to n es. O th e r  ap p lica tio ns  o f th is t r e a tm e n t 
procedure are being tested  in experim ental studies — for 
example, ESWL appears to be surprisingly effective in the 
treatm ent of non-union after bone fractures. In the future,

it may be feasible as a p re trea tm en t o f heavily calcified 
atherosclerotic lesions in arteries -  in o rder to allow balloon 
angioplasty (expanding blood vessels) in situations that seem 
not to  be amenable for state-of-the-art catheter passage.

INCREASED D EM A N D  
Strangely enough, technical developm ent is m ore advanced 
than clinical application. Many of the new' devices have not 
been produced as a result of a clinical need, but rather as a 
result of technical pioneering. Such catheter procedures as 
PT(C)A can replace coronary bypass surgery, and carry the 
promise of lowering the costs o f health care in this area by 
reducing the length o f hospital stay and the em ploym ent of 
expensive hospital equipm ent. In the future, recovery from 
percutaneous procedures will be faster, allowing an early 
re tu rn  to  norm al professional activity and so a saving of 
potentially an enormous am ount o f money.

H owever, there is another side o f the coin. The ease and 
allegedly low' risks pertaining to  ca theter procedures and 
o ther forms of minimally invasive surgery have created an 
increased demand amongst consumers -  the patients.

The cost-effectiveness o f these procedures has not been 
fully investigated in randomized controlled trials, and safety 
has n o t  a lw ays b e e n  te s te d  in  re l ia b le  p ro g ra m m e s . 
Definitions for efficacy and success rate are lacking in most 
instances, and long-term  follow-up is not yet available for 
new'er techniques. Some of these procedures, such as laser - 
angioplasty, became quickly fashionable and were clinically 
in tro d u c ed  long b efo re  th e ir  efficacy cou ld  be reliab ly  
dem onstrated  Consequently, several machines have -  not 
surprisingly -  disappeared from the medical armoury just as 
fast as they arrived.

A lthough considerab le scepticism  is both  needed  and 
healthy w hen forecasting the fu tu re , several o f the new 
treatm ent methods have dem onstrated their value beyond any 
doubt and are here to stay. Over-enthusiastic application of 
technical gadgets, however, may lead to  disappointm ent for 
th e  p a tien t and th e  d o c to r, and should  be avoided . In 
general, it seems clear that minimally invasive surgery is a 
definite trend for the future and that many new and exciting 
developm ents in this field can be expected , both in this 
century and the next.

B E L O W  A surgeon uses a Jlexible control bleeding. Another doctor
endoscope to direct an argon laser (R IG H T ) fo llow s the procedure,
at blood vessels in the abdomen to observing through a second eyepiece.
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H E L P I N G  T H E  B O D Y
by PROFESSOR JAMES MOWBRAY m b b c h  f r c p  

Professor o f Immunopathology, St Mary’s Hospital Medical School, London

THE FIRST SCIENTISTS TO NOTE the importance of im m uno­
logical processes in the body’s control of infection were 
Louis Pasteur and Robert Koch (see pp.5 6 -9 ).  Immunity was 

deemed to be fundamentally good, with a primary role of 
protecting the body against all infectious agents. After scien­
tists began to understand its role in transplant rejection and 
the control of tum ours, immunity was considered good in 
prophylaxis and cure. And so m atters stood, until the 1960s.

Then Sir Macfarlane Burnet, the Australian scientist and 
N obel p rizew in n er, p u t the  cat am ong the p igeons by 
suggesting that immunity was often a ‘bad thing’, and might 
cause a group of disorders later to be called ‘auto-im m une’ 
-  that is, the result of the body reacting against itself. The 
idea generated enorm ous excitem ent and research: first, into 
the identification of antibodies that were auto-reactive; then 
into investigating cellular immune reactions that might also 
damage the body. It was soon realized that the auto-reactive 
antibodies acted as messengers in the control system of the

body’s imm unity. Known as ‘anti-idiotypic antibodies’, these 
then became the focus of interest.

A further advance came when it was realized that the 
con tro l o f d ifferent groups of w hite cells (lym phocytes) 
req u ired  the transm ission o f m essages from  one cell to  
a n o th e r .  O n e  o f  th e  f i r s t  o f  th e se  m e s se n g e rs , th e  
‘m acrophage im m obiliz ing  fa c to r ’ (M IF), was found to  
immobilize phagocytic cells at the antigen site. At the same 
tim e, haematologists w ere also identifying proteins, known as 
growth factors, that controlled the proliferation of different 
cell types in bone m arrow . Similar grow th factors were also 
identified for lymphocytes, and given a variety of names — of 
which the m ost com m on is in terleuk in  2 (IL-2). This is 
released at certain sites in response to a particular antigen, 
and can increase the growth rate of the cells involved.

B E L O W  Grown as a result o f  IL-2, killer (LANAK) cell (yellow) attacks 
a lymphokine-activated natural a cancer cell (red).
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A B O V E  A scientist checks cell been doped with interleukin 2,
cultures o f  lymphocytes, which hare for possible contamination.

The small proteins that carry messages from cell to cell are 
now called, genericallv, cytokines. The cells have receptors 
on their surface, to  which cytokines can bind, the effects 
depending on the nature of the cytokine and the type of the 
re c e p to r : one cy tok ine may b ind  to  one re c e p to r  and 
stimulate the cell; a related cytokine may bind to the same 
re ce p to r and block it, p rev en ting  s tim u la tio n  by o th er 
cytokines. But the second cytokine may bind to a different 
receptor, perhaps on another cell, and cause stimulation.

And this is where we stand in 1992. W hen theoretical 
immunology began to explode with ideas, in the 1960s, it 
was hoped that a vast num ber of clinical applications wrould 
stem directly from the research. But such applications have 
been slow to come, partly because the w'orkers in their ivory 
tow ers did not know which derangem ents of the immune 
system  w ou ld  p resen t as diseases in clin ical m ed ic in e . 
Instead, scientists invented theoretical derangements of the 
system, and then tried to assign diseases, which superficially 
resembled them , to the derangem ents. However, the need to 
control the immune response to allow transplanted organs to 
survive led to attem pts in the 1980s to produce some order 
out of the chaos that typified the early 1970s.

TH E W AY F O R W A R D  
So where do we go from here? There is still a great deal to 
learn about how the controlling netw orks operate — those 
p ro d u ce d  by an tib o d ie s , bv th e  d iffe re n tia l ac tion s o f 
cytokines, and by the variation in antigens. W hat clinical 
uses can we expect to see developed from the theoretical 
understanding of a vastly complex system that involves many 
cell types and tens of thousands of antibody specificities?

Organ transplants inspired much of the developm ent that 
led to  the clinical app lication  o f m o dern  im m uno logy . 
Today, kidney transplants are so rou tine that the tens of 
thousands that take place each year evoke minimal interest; 
bone m arrow  transplants are routine in, for example, the 
tr e a tm e n t o f leukaem ia; and h e a r t tran sp la n ts  are  th e  
treatm ent of choice for some conditions.

But one transplant method has so far only seen limited 
use — that of genetic material. Although genetic engineering 
is evolving as a treatm ent of some genetic diseases, there are 
some disorders in which it mav be easier — and preferable -  
to  tran sp lan t w hole tissues contain ing  the healthy  gene 
instead of using vectors to carry it. I was involved in some 
very early attem pts to overcome rare disorders of lysosomal 
tissues; we grafted cells from normal HLA-identical siblings 
into children w ith a m utated  enzyme gene. This type of

A B O V E  A group o f  ‘killer’ T- antigens on viruses and bacteria
lymphocytes — these recognize and release enzymes to kill them.

procedure has a considerable future if the appropriate cells 
can be grown in tissue culture and rejection is prevented, 
either by using compatible family donors to supply the cells, 
or by immunosuppression with drugs such as cyclosporin.

About 10 per cent of Britain’s population suffers from 
d iso rd e rs , such as rh eu m ato id  a r th r it is , w hich have an 
immunological basis. Despite drugs to control inflammation 
and inhibit some antibody responses, these diseases remain 
trou b lesom e . H ow ever, agents th a t b lock the activation  
pathways will probably be developed once the mechanisms 
behind such diseases are understood. The drugs will probably 
be either natural cytokines or genetically engineered ones, 
which may have m ore potent blocking or stimulating effects.

M O N O C L O N A L  A NTIBODIES 
In 1984, D r Cesar M ilstein and his team  at Cam bridge 
University won a Nobel prize for their w ork on the develop­
m ent of monoclonal antibodies. Since then, it has become 
possible to make antibodies to exact specifications for partic­
u lar cell shapes. These an tibod ies can d e te c t p articu la r 
antigens on the surface of cells, and so bind to a specific set 
o f cells -  or even to  a set in a particular stage o f activation. 
This means that monoclonal antibodies can be used to target 
cytotoxic drugs to tum our cells w'ith particular markers.

Furtherm ore, the presence of viral antigens on the surface 
of infected cells means that it should be possible to detect 
and eliminate the cells, and theoretical systems exist to  do 
th is . P rac tica l d ev e lo p m en ts  o f th em  m ay lead to  the 
successful trea tm en t o f some of the viral infections wrhich 
evade the normal im mune responses; they may, too, provide 
a means by which people exposed to an infectious agent can 
be passively p ro tec ted  before their own im m une systems 
have had time to react. It is likely that monoclonal antibodies 
w ill be used m uch  m o re  w idely  fo r th is pu rpo se  than 
naturally occurring antibodies produced by infection or by 
the immunization of humans or laboratory animals.

O ver the last 20 years, immunology has crept into almost 
every area of medicine, largely because its techniques are the 
best way to assay horm ones and drugs. The widespread use 
o f monoclonal antibodies in analytical w ork means that they 
will play a much greater role in screening and diagnosis over 
the n ex t ten  years. T he techniques o f im m unology and 
m o lecu la r b io logy  w ill take o ve r m uch  o f th e  labour- 
intensive, and often rather inaccurate, laboratory methods of 
today. And for this reason alone, an understanding of the 
processes and, especially, the methods of immunology will 
be an essential requirem ent for those working in health care.
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THE S E A R C H  F O R  C U R E S
b y  PROFESSOR KAROL SIKORA m a  m b  p h d  f r c r  f r c p  

Professor o f Oncology, The Hammersmith Hospital, London

THE FIRST d i s e a s e s  SU FFERED  by hum anity p ro m pted  a 
search for cures that, thousands o f years later, is still not 
over. Various cancers, multiple sclerosis, AIDS and even the 

common cold are just some of the many disorders that have 
eluded all attem pts by medical science to  elicit a cure. As in 
the Renaissance and the Enlightenment (see p. 32), the 20th 
c e n tu ry  b ro u g h t h o p e  th a t  ev e ry  d ise ase  w o u ld  be 
conquered: by new drugs, vaccines or some other therapy. 
Unfortunately, this goal has not yet been achieved -  but the 
hope remains that technological and scientific breakthroughs 
will lead to a new range of medical and scientific triumphs 
over the next 30 years.

In the environm entally  conscious 1990s, m ultinational 
companies are finally coming to  realize that a storehouse of 
medicinal drugs awaits them  in the dwindling gene pools of 
botanically rich habitats around the w orld. The success of 
tw o such drugs will no doubt act as a beacon in the search 
for m ore: vincristine, from the Madagascan periw inkle (see 
p. 195), has helped in the fight against leukaemia; and taxol, 
from the bark o f the endangered Pacific yew tree , is used 
to  red u ce  tu m o u rs  in b o th  b rea s t and ovarian  can cer. 
Nevertheless, the remorseless routine of devising, researching 
and testing new drugs, whether natural or synthetic, continues 
in many pharmacology and pharmaceutical laboratories around 
the world.

C O N T R O L L IN G  CELL G R O W T H  
Much of current research into the prevention (see p. 228) and 
cure of diseases is focused at the genetic level. The bold 
en terprise o f the international Hum an Genome Project to 
identify every hum an gene by the year 2006 (see p. 163) 
indicates the scale of the effort being made to come to grips 
with disease. W ith spin-offs from this project likely to bring 
results at any tim e, there is a good chance that progress 
towards curing some of the 4000 diseases believed to have a 
h e re d ita ry  fa c to r is ju s t ro u n d  th e  c o rn e r . M o reo v er, 
increased  know ledge ab o u t o u r genes w ill give g rea te r 
understanding of the molecular basis of norm al and abnormal 
growth — and especially o f how cell proteins and ribonucleic 
acid (RNA) are synthesized under the control of the DNA 
tem plate  (see pp. 1 6 0 -3 )  o f o u r genes. Advances in such 
know ledge will alm ost certain ly  im prove diagnostic and 
therapeutic procedures as we enter the next millennium.

The discovery and identification of genes that lead to the 
synthesis of grow th-control molecules is expected to revolu­
tionize the production o f anti-cancer agents over the next 
few decades. Drugs, such as antisense, that selectively inhibit 
the synthesis o f RNA from a DNA tem plate, may be used to 
change the activity o f selected genes — to  switch them on 
and off — and to  prevent tum ours from turning malignant.

Progress is also likely in the future in another area of 
cancer management: methods of blocking the growth of new 
blood vessels (angiogenesis — a norm al and vital process 
when wounds are healing) in o rder to prevent tum ours from 
spreading. T w o poten tia l m ethods exist: obstructing  the 
vessels by injecting tiny plugs, known as starch microspheres; 
and the use of drugs to inhibit the production of substances 
called angiogenesis factors in the area involved.

SELECTIVE T A R G E T IN G  
O ne way of helping the body to  help itself m ight be to  
modify the genetic basis o f immunity - a technique known as 
genetic im m unom odulation. W hen genes that contro l the 
synthesis of cytokines (see p. 236) are introduced into cancer 
cells o r lymphocytes, they trigger an im mune response that 
is cytotoxic: tum our o r o ther diseased cells are killed.

At present, these cytokines produce unwanted side-effects 
because they are not yet sufficiently selective to  p revent 
healthy cells from being killed. Methods to im prove selec­
tivity  include the use o f chemically m odified anti-cancer 
drugs that remain non-toxic until they reach their target site: 
when they are in place, they are activated either by light 
(photoactivation), by monoclonal antibodies, or by enzymes.

LEFT A technician monitors the proteins are removed by ion
purification o f  monoclonal exchange chromatography: one of
antibodies as contaminating the f in a l  steps o f  a complex process.
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Until now, photoactivation has only been possible in the case 
of superficial skin tum ours. Now, however, the advent ol 
lasers, fib re-op tic  system s and in vitro b lood  separation  
techniques means that photochemotherapy will have a much 
wider application in the future.

Selectivity has proved the keyword in the search for other 
cures. Monoclonal antibodies (MAbs) lock on and bind to 
features on the surface of cells (see p. 237). The features are a 
kind of cellular fingerprint, different cells having different 
sets. Scientists have already started to identify these features 

both normal and abnormal — and as their chemical profiles 
are mapped, so relevant MAbs can be created. They can now 
be produced in sufficient quantities to  be used for some 
diagnostic purposes pregnancy tests, for example, and the 
m icroscopic study of diseased tissue. It seems likely that 
monoclonal antibodies will be used for clinical purposes in 
the not too distant future.

One example of a clinical application might, for instance, 
be the trea tm en t o f m ultip le sclerosis. This is an au to ­
im m une disease in which lym phocytes lose th e ir norm al 
defensive role and tu rn  against the brain and the nervous 
system. The prospect that a MAb can eventually be found 
that will lock on to  a feature o f these lym phocytes, and 
prevent them destroying nervous tissue, is not beyond the 
bounds of possibility. In another effort to  employ chemical- 
specific MAbs, scientists have tried to turn  them  into drug 
carriers: by attaching a particular drug to MAbs, they can be 
sure that the drug will end up exactly on target, and not 
reach any unwanted areas. Ricin, a plant poison, has already 
been used in this way, with some success, in the treatm ent 
of lymphomas and leukaemia. In the fu ture , it should be 
possible to  attach an increasing num ber o f drugs to  MAbs, 
and so target particular sites throughout the body.

ENLISTING VIRUSES AN D  BACTERIA 
Just as MAbs can lock on to specific features on a ce ll’s 
surface, so harmless viruses might be em ployed to en ter a 
cell and deliver cytotoxic drugs. A characteristic o f diseased 
cells is that they often synthesize quantities of RNA that are 
absent from, and not vital to, healthy cells. Virally directed 
drugs may, in theory, be targeted specifically at the diseased 
cells: the viruses w ould recognize the RNA and release 
cytotoxic drugs at the site.

O ne harmless group of viruses has already been employed 
in the battles against disease: the bac teriophages, which 
attack and destroy disease-producing bacteria, particularly in 
the intestinal tract. Using such viruses has proved successful 
in animals, and in certain diseases in humans. In the future, 
they could prove extrem ely effective against such diseases as 
dysentery and cholera. The advantage of bacteriophages over 
antibiotics is two-fold: first, bacteria seem, as yet, unable to 
develop resistance; second, the bacteriophages stay even after 
th e  b ac te ria  have been  d e s tro y e d , g iv ing  a d eg ree  o f 
immunity to  re-infection.

In the 1980s, biotechnologists started to enlist the help of 
harm less bacteria to  p roduce specific chem icals, such as 
in su lin  and  in te r fe ro n  and  la te r ,  g en es  and  d ru g s . 
Biotechnology itself is not new makers of wine, beer and 
yogurt have exploited bacteria and yeast for centuries. But 
once scientists discovered howr to insert a gene into a single­
celled organism, such as a bacterium , genetic engineering 
could begin in earnest. A fter genetic  m aterial has been

in se rte d , b ac te ria  g ro w  quick ly  in fe rm e n ta tio n  tanks, 
producing a large quantity o f the gene required. This can 
then be filtered out and used in gene therapy. At present, 
only bacteria can be used in this way, because other cells 
will not m ultiply unless fixed to  som ething firm . In the 
future, though, it may be possible to grow animal and even 
human cells on tiny beads or drops of oil to enable gene 
transplants to take a m ore direct route to diseased cells.

A BO V E Culture cells after 4 8  hours B E L O W  H uman hyhridoma cells,
o f  growth on microcarrier beads — the result oj a Jusion between a
beads offer a much larger area than lymphocyte and a tumour cell, can
that available in a petri dish. produce highly specific antibodies.
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C O M P L E M E N T A R Y  M E D I C I N E
by DR PATRICK PIETRONI f r c g p  m r c p  d c h  

Founder member and former Chairman o f the British 
Holistic Medical Association

I N 1982, THE CONSUMER MAGAZINE WHICH? -  conducted a 
major survey and identified a total of 30,000 com plem en­
ta ry  p ra c titio n e rs  o f one k ind o r a n o th e r in the UK. 

Subsequent developments have suggested a growth of 10 per 
cent a year, which would make the figure nearer 50,000. 
The survey of almost 2000 readers found that one in seven 
had visited a complementary therapist in the preceding year. 
A survey undertaken by MORI in 1989 showed that 74 per 
cent of the sample surveyed (1826 adults) would like to see 
some form  o f com plem entary  m edicine (see pp. 2 18 -2 2 1 )  
introduced into Britain’s National Health Service.

Interest amongst family doctors (known as GPs in the 
UK) has increased in the last ten years. A 1982 survey found 
a positive attitude towards com plementary medicine in 86 
out of 100 GP trainees and a 1986 survey of 200 GPs in the 
Avon D is tr ic t o f E ngland found  th a t 38 p e r cen t had 
received some additional training in one form of com plem en­
tary therapy.

Clinical outcome and research papers in several areas of 
co m p lem en ta ry  th erap y  now  find a p lace in o rth o d o x  
medical journals and it is no longer possible to maintain the 
traditional medical stance that referring patients to com ple­
mentary therapists is unethical. The pressure for including 
some form of complementary therapy within the UK health 
service will continue to  increase. In 1991, a Bill before 
Parliament recommending the recognition and registration of 
osteopathy was introduced, but the subsequent election in 
April 1992 delayed its successful passage.

TH E CHALLENG E T O  T H E  M EDICAL PR OFESSIO N  
Practitioners of complem entary medicine in the UK practise 
under Common Law, and are, as yet, not subject to any 
statutory regulatory body. As a result of both its popularity 
and its growth, com plementary medicine is unlikely to retain 
this status. Initially, the European C om m ission chose to 
adopt a neutral position regarding complem entary medicine, 
referring all questions related to practice to the jurisdiction 
of the individual m em ber states. Indeed, when the European 
Court of Justice passed judgm ent on a specific case regarding 
the p rac tice  o f osteopathy  by a non-m edically  qualified 
practitioner, it ruled that:

“In the absence of harmonization at the community level 
in relation  to  activities relating  solely to the practice of 
medicine, Article 52 of the EC treaty does not preclude a 
m em ber state from reserving a paramedical activity, such as 
in particular, osteopathy, exclusively to those holding the 
qualification of doctor of medicine.”

The same ruling was given to the practice of acupuncture 
in February 1991.

It is therefore clear that the centuries’ old battle between 
doctors and their com plem entary counterparts (whether they

are alternative, traditional, folk o r natural) will continue and 
the powerful medical lobby will do all it can to  restrict and 
pro tect its m onopoly. But it is doubtful whether it will be 
successful, for it is not only the com plem entary therapists 
who are challenging the control of the medical profession. 
Nurse practitioners who now have the freedom to prescribe, 
midwives who retain the right to  w ork independently of the 
obstetrician, pharmacists who establish ‘surgeries’ for m inor 
self-lim iting conditions, all provide exam ples o f how the 
pow er o f the medical profession is being eroded.

For complem entary therapists, the major area of debate 
will be w hether they practise within the primary health care 
field and challenge the role of GPs, or w hether they accept

B E L O W  In shiatsu (the Japanese 
word fo r finger pressured), the

hands are used to stimulate 
acupuncture pressure points.
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BELO W  British and American doctors treating a nodule o f  nerve or muscle
now refer patients to osteopaths as tissue with thumb pressure, having
a matter o f  routine. Here, one is moved the shoulder blade away.

the ro le  o f ‘specia list’. Many exam ples of co -o p era tion  
between GPs and complementary therapists exist within the 
UK, and in several centres GPs refer freely to osteopaths, 
herbal practitioners, homoeopaths and massage therapists.

The reorganization of the NHS in 1990, which introduced 
‘m a rk e t’ and co m m ercia l fac to rs  in to  th e  re la tio n sh ip  
b e tw een  d o c to r and p a tien t, w ill fu rth e r facilita te  the 
integration of com plem entary medicine. Fund-holding GPs 
who are able to  m anage th e ir own budgets are quickly 
appreciating that having the services o f an osteopath  or 
massage therapist within their health centre not only reduces 
the drug bill but allows them  to refer far less frequently to 
expensive orthopaedic services. The move away from ‘high- 
tech ’ medicine, which is experienced as being impersonal, 
costly and dangerous, is linked to  the move towards com ple­
m entary therapies, which are seen as being personal, low 
cost and low risk.

W e ste rn  m ed ic in e  has, by and la rg e , b een  a m ale 
preserve practising so-called ‘m asculine’ interventions (drugs, 
surgery, radiotherapy). As a result o f major social changes 
in the relationships between men and wom en, and influenced 
by the feminist m ovem ent, medicine has gradually adopted 
a m ore ‘fem ale’ perspective (increase in wom an doctors, 
increasing influence of the nursing profession) and many 
so-called ‘gentle’, or ‘fem inine’, therapies have come to  the 
fore (counselling, massage, arom atherapy). Com plem entary 
medicine has been linked to this m ore gentle approach to 
health care and is expected to continue to gain in popularity 
and prestige.

T H E  AM ERICAN  PERSPECTIVE 
In the US, the alternative medical system has m et with the 
same hostility from orthodox medicine as it has in Europe. 
However, both the School of Chiropractic and the School of 
O steopathy are fully recognized and insurance claims for 
treatm ent are accepted by both Blue Cross and Blue Shield. 
There are about 45,000 practising chiropractors and 14 accred­
ited schools offering a full, five-year academic program me. 
Similar degrees can be obtained in osteopathy, and there have 
been developments regarding the training of naturopaths and 
homoeopaths that are further advanced than Europe.

The attraction of alternative therapies in the US is partly 
a result of the high cost of m odern, orthodox medicine but 
a lso , as in E u ro p e , re fle c ts  a w ish  fo r ‘w h o le -p erso n  
m edicine’. In a recent lim e/CN N  poll, some 62 per cent of 
Americans who had never sought alternative medicine said 
they would do so if conventional treatm ent failed; and 84 
per cent of those who had visited alternative therapists said 
they would make further visits.

Many popular books w ritten  in the US have helped to 
encourage the myriad of ‘mind-body therapies’, which aim to 
re v e rse  d isease p ro cesses  and en co u rag e  ‘b a la n c e ’ and 
‘harm ony’ within the individual. Books such as Love Your Own 
Cancer and The Anatomy o f  an Illness have helped to support 
the view that positive-thinking techniques, to g eth er with 
crea tive visualization , are a lte rnative  form s o f m anaging 
cancer and, m ore recently, AIDS.

The medical establishment in the US is far m ore critical 
o f these approaches than is the case in the UK, but the 
g ro w th  o f in te re st in all form s o f a lte rnative therap ies, 
although patchy, is much greater. There are 1800 therapists 
p ractising  b iofeedback (see p .221)-, hypnotherapy  is very 
pop u lar am ongst tra in ed  psychologists and m ost o f the 
serious research into it is being conducted in the US.

The newr speciality o f psycho-neuro-im m unology (PNI) 
has flourished and becom e eminently respectable: it focuses 
on how behaviour, lifestyle, m ood and attitude affect bodily 
processes, including the endocrine, autonom ic and immune 
system s. If a lte rn a tive  th erap ies are to  gain a scientific 
resp ec tab ility , it will alm ost certain ly  be as a re su lt o f 
research w ork undertaken in this new speciality.

B E L O W  Customers relax at a ‘brain lights soothe the eyes and the
tun e-u p ’ session a t the ‘Universe o f  sounds o f  waves flo o d  the ears, to
You’ clinic, in California. Coloured aid new-age meditation.
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MI ND AND B O D Y
b y  DR COSMO HALLSTROM m d  m r c p  f r c p s y c h  d p m

Consultant Psychiatrist, Charing Cross Hospital, London

BIO L O G IC A L  P S Y C H IA T R Y  w ill u n d o u b te d ly  see m ajo r 
advances and successes over the n ex t 30 years. The 

mapping of the human genom e (see p. 163) is expected to 
locate and define the genetic abnorm alities that underlie 
genetic syndromes, such as H untington’s chorea, and m ore 
complex conditions, such as schizophrenia and manic depres­
sive psychosis. T he p ro te in  d efec ts  in v o lved  in th ese  
d iso rders w ill be iso lated  and trea tm en ts  developed  to  
iden tify  and c o rre c t th e  ab n orm alitie s  b e fo re  they  are 
expressed during life, or even before birth.

R efinem ents and developm en ts in b rain-im aging will 
supersede curren t techniques. In particular, developm ents 
in MRI scanning (see pp. 230-3) should result in simultaneous 
high resolution structural and functional images, providing 
serial images over b rief periods of time. From these we will 
understand m ore about the organizational, s tructural and 
m e ta b o lic  a b n o rm a li t ie s  u n d e r ly in g  m e n ta l il ln e s s . 
D evelopm ent of brain electrical activity mapping (BEAM) 
should also delineate more precisely the functional aspects of 
th e  b ra in  th ro u g h  s o p h is t ic a te d  use o f c o m p u te r iz e d  
elec tro en cep ha lo grap hy , again show ing abnorm alities  o f 
mental activity and organization.

D R U G S A N D  T H E  M IN D 
P sy ch o ph arm aco lo g y  is p o ised  to  m ake e x tra o rd in a ry  
advances. By refining current therapeutic avenues, drugs will 
be safer and m ore pleasant to take, thereby improving the 
compliance of the patient. (At present, this lack of com pli­
ance is a barrier to ensuring effective long-term  treatm ent 
and prophylaxis.) M oreover, a curtailm ent of side-effects will 
enable medication to be taken in proper and effective doses
-  this can be a major problem  with anti-depressants, which 
are often given at sub-therapeutic doses because the side- 
effects are intolerable.

The benzodiazepines (m inor tranquillizers) are due for a 
new lease of life as we increase our understanding of their 
positive, negative and selective actions at the receptor level 
of nerve pathways. For example, we know that the classic 
drug diazepam  (V alium ), as w ell as having an ti-anxie ty  
actions, is also an anti-convulsant and can impair m em ory as 
well as potentiating alcohol. Some new benzodiazepines can 
cause ex trem e anxiety  and tr ig ge r fits, w hile o thers of 
greater interest can enhance m em ory and block the intoxi­
cating effects of alcohol.

Nootropics are substances that are said to act like a tonic
-  w ithout actually doing anything in particular, they seem 
able to prom ote health and offer protection against stress. 
Already gaining in popularity in Japan and other parts of the 
Far East, nootropics will em erge as agents that have little 
intrinsic activity of their ow n, b u t p ro tec t the individual 
against noxious environmental stimuli. These agents may, for

B E L O W  BEAM scans o f  an epileptic to the right o f  centre: a magenta
show an abnormal spike o f patch in the vertical scan (T O P ) ;

electrical activity deep in the brain, orange-pink in the lateral (B E L O W ).

example, delay the process o f aging and reduce the effects of 
disease processes on the individual.

Many other drugs are being developed with novel modes 
of action, offering real hopes for a different spectrum  of 
activity and greater therapeutic efficacy. Although some will 
fail to  live up to  their prom ise, o thers will undoubtedly
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succeed, resulting  in trea tm en ts  that should co rrec t the 
fundamental defects causing mental illness.

U N D ER ST A N D IN G  DEM EN TIA  
W ith  th e  ever-increasing  age o f o u r p op u la tio n , senile 
dementia of the Alzheimer type will becom e m ore common 
and im portant. Again, a greater understanding of the patho­
logical nature of this condition will be reached, resulting in 
earlier detection and treatm ents that can arrest the process 
of the disease. The drug Ondansetron, acting at the receptor 
level, has dem onstrated  significant im provem ents in age- 
associated mem ory impairment — an example of the many 
cognitive enhancers under development.

Greater emphasis will be placed on earlier diagnosis and 
long-term prophylaxis of disorders throughout the spectrum  
of psychiatric illness (from anxiety through depression to 
schizophrenia) as the chronic nature of these conditions is 
fullv recognized. In add ition , th ere  will be a significant 
development in our understanding of the biological m echa­
nisms underlying social and psychological disorders, such as 
dependence on alcohol and drugs. Also in the pipeline are 
drugs to improve the treatm ent of withdrawal symptoms and 
to reduce the compulsions that lead to relapses.

D EVELO PM EN TS IN SO CIA L PSYCHIATRY 
Significant organizational changes are predicted within psychi­
atry, which is ultimately a psycho-social discipline. The shift 
from institutional to community care will gain m om entum  as 
m ore mental hospitals are closed, and the com munity and 
social agencies will be required to  absorb the hundreds of 
thousands of individuals who would in previous times have 
resided in long term  mental institutions.

This shift is expected to  throw’ up many challenges and 
re su lt in both  positive and negative effects. Innovative 
com m unity  care p ro jec ts  w ill d ev elo p , p rov id ing  m o re 
hum ane and personalized residential facilities for patients 
nearer their original communities. ‘Norm alization’ (where an 
individual is encouraged to live as near a normal existence as 
possible w'ithin the level of his or her disabilities) will result 
in significant im provements in the quality of life for many 
p a tien ts  w ith  se rio u s  lo n g -te rm  p sy ch ia tric  p ro b lem s. 
U nfortunately , many patients could fail to adapt if their 
disabilities are underestim ated. These individuals will place a 
heavy  b u rd e n  on th e  c o m m u n ity  and  w ill be  fo u n d  
languishing inappropriately in prisons o r joining the ranks of 
the homeless, sleeping rough in shop doorways.

To cope with the required housing schemes, paramedical 
and untrained staff will, increasingly, have to  be employed, 
giving the initial appearance of saving money but in reality 
jeopardizing the quality and levels of care. As a result, new 
models of care, together with m ore appropriate and effective 
mental health legislation will be needed.

The increased social and financial cost o f providing a 
com prehensive, com m unity-based, m ental health  service, 
together with the realization that not all mental illness can 
be cured, is very likely to result in a reversal of the trend  — 
a return  to institutional care on a smaller, m ore personal 
level than has hitherto been seen.

ADVANCES IN PSY C H O TH ER A PY  
Psychotherapy is likely to move away from its roots in classic 
psychiatry, where its contribution will not be valued as a

A BO V E An axial PET scan o f  a tracers have been used to show
normal brain (L E F T ), compared with increased glucose metabolism as a
a schizophrenic’s brain. Radioisotope red area in the abnormal brain.

treatm ent of severe depression and schizophrenia, and adopt 
an increased ro le in prim ary care. Counselling will be in 
grea ter demand and m ore available, too , as people grow 
richer and becom e m ore concerned about their overall w ell­
being. Psychotherapy will becom e m ore d irected  towards 
brief focal therapv rather than classic long-term  psychoanal­
ysis, which wdll be restricted to introspective individuals and 
those undergoing training.

The future for psychotherapy is expected to be in helping 
those w ith physical illnesses understand the psychological 
roots of their symptoms. Currently, many patients come to 
family doctors and specialists w’ith physical symptoms, when 
clearly these are an expression of an underlying psychological 
conflict, or at least are aggravated by one.

Progress in cognitive behavioural techniques, especially in 
the field o f anxiety m anagem ent, will lead to  therap ies 
designed to reduce the psychological stresses that precipitate 
episodes of major psychiatric illness, such as schizophrenia.

Q U E ST IO N S O F  C O ST  
As treatm ents become m ore expensive, plans are certain to 
be devised to  im prove the quality of life for the individual 
patient with maximum cost-effectiveness. Patients, insisting 
on their rights as consumers, will tu rn  increasingly to legal 
action to  gain compensation for adverse side-effects of drugs 
and fo r neg ligence am ong p ra c titio n e rs . As a c o u n te r­
measure, defensive psychiatry is bound to develop.

C onflicts over expenditu re  will persist betw een  those 
who w ork towards finding a cure for different conditions, 
and so sacrifice the present for the hope of a long-term  
future im provem ent, and those preoccupied w ith treating 
serious mental illnesses in the present circumstances, which 
are far from ideal.

Significant -  almost quantum  -  leaps in our understanding 
of the causes of major mental illnesses, their treatm ent and 
care are undoubtedly just around the corner. The past has 
dem onstrated that these leaps are usually — despite questions 
of cost and expenditure — unplanned and poorly predicted, 
but when they occur they have revolutionary effects. Such 
leaps are follow ed by a pro longed  period  of therapeutic 
refinem ent and a period of consolidation. But, in the final 
analysis, it is impossible to predict where and when the next 
b reak th rou g h  w ill com e, since effo rt is n o t necessarily  
rew arded by success.
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C O P I N G  W I T H  DEATH
by DR ROBERT TW YCROSS m a  d m  f r c p  

Macmillan Clinical Reader in Palliative Medicine, University o j Oxford; 
and Consultant Physician, Sir Michael Sobell House, 

Churchill Hospital, Oyford
U t t e  WHO PRETENDS to  look on death w ithout fear lies.

1  X All men are afraid of dying, this is the great law of 
sentient beings, w ithout which the en tire  hum an species 
would soon be destroyed.”

These w ords, of the 18th-century French philosopher, 
Jean-Jacques Rousseau, will be as true in the year 2020 as 
they w ere when first published 200 years ago, and the 
challenge of coping with death will essentially be unchanged. 
In general, society will still be focused on youth, physical 
vitality and material profit. On the other hand, the impact of 
the hospice (palliative care) m ovem ent will be even greater.

CARE O F TH E  W H O L E  PER SO N  
As a resu lt of the controversv over the dalliance by the 
Dutch with euthanasia in the 1990s — a social experim ent 
which rapidly got out of hand -  and following the establish­
m ent of a chair in palliative medicine in every medical school

B ELO W  The increasing life network o f  supportive care — as
expectancy o f  men and women in provided at this old people’s home 
developed countries means that a — will become oj prime importance.

in Britain, the selection and training of medical students is 
expected to be radically different. Stimulated by recom m en­
dations from the Council of Europe and by the inclusion of 
palliative care education as one of the goals of the ‘Europe 
Against C ancer’ program m e, doctors and other health-care 
professionals will be com petent in the skills of comm unica­
tion and of psychological assessment. No longer will non­
physical aspects of care be peripheral: ‘add-on’ extras for the 
en th u siast. C are o f th e  w ho le  p erson  w ill be th e  new  
orthodoxy, demanding carers who have the ability both to 
think and to  act in a multi-dimensional way within a m ulti­
professional team.

Despite advances in cancer detection and treatm ent, the 
incidence of cancer in 2020 will be much as today: one in 
three will develop a cancer at some point in their lives and one 
in four will eventually  die from  it. These statistics will 
represent an improvement, however, on the situation in the 
early part of the 21st century, when the impact on the popula­
tion of cigarette smoking and of aging is expected to peak. 
Then, for several years, more than two in five will develop 
cancer and a correspondingly higher proportion will die.
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A BOVE Some present-day terminal clinically dead patient is fro zen  in
patients may be cured by the 'suspended anim ation’ at the Trans
medicine o f  the future: here, a Time Clinic, California.

‘A SAFE PLACE T O  SU FFER ’
Thankfully, expertise in pain and symptom control will have 
long reached the point at which patients can expect to be 
almost free of physical pain. The fear o f an agonizing death 
will be a thing of the past. But no longer distracted and 
exhausted by unrelieved pain, patients will have tim e and 
energy to reflect on their approaching death. Then, as now, 
few  w ill do th is  w ith  e q u ilib r iu m . M o st w ill d e fen d  
themselves psychologically in a variety of ways — some by a 
persistent denial of reality. The m ajority, as now , will have 
periods of emotional turmoil as they seek to integrate what 
is happening to  them into their personal w orld. The hospice 
will continue to be a ‘safe place to  suffer’.

“They need to know that their turm oil and distress is a 
sign that they are making a major adjustment, and not that 
they are going mad, for the fear o f madness is even greater 
than the fear of death”, said D r A. Stedeford, in Palliative 
Medicine, in 1987. Faced with this, the carers will need to 
learn, as now , the skill of remaining alongside people in 
their personal Gethsemane. As one doctor put it:

“Slowly, I learn about the im portance o f powerlessness. I 
experience it in my own life and I live with it in my work. 
The secret is not be afraid o f it — not to  run awray. The
dying know we are not God __  All they ask is that we do
not desert them ”.

Fortunately, with the expected introduction of an HIV 
vaccine before the turn  of the century, AIDS should have 
been consigned to the chapter on conquered diseases in the 
history books, alongside smallpox. The situation in relation 
to  A lzheim er’s disease will still be bad, how ever, partly 
because of the increased num bers o f over-80s. Though, here 
too , there will be hope because of advances in neuropharm a­
cology, and the w orst cases will be relatively few.

T H E  SURFACE A N D  T H E  DEEP 
To cope with the continuing need for supportive care, a 
netw ork of hospices for people with A lzheimer’s and related 
degenerative disorders wdll have been established. Like the 
older cancer-oriented hospices, these, too , will concentrate 
on hom e care w ith specialist com m unity  nurses w orking 
alongside the prim ary  health -care team . The hub o f the 
A lzheim er hospices will similarly be the day centre, with 
‘bac k -u p ’ in p a tien t beds fo r re sp ite  adm issions and for 
longer-term  care for those w orst affected.

Both types o f hospice will acknowledge and respond to 
tw o levels o f experience -  the surface and the deep, the 
conscious and the unconscious, the tangible and the intan­
gible. Inevitably, the focus will be on healing and not cure: 
the enhancem ent of ‘right-relatedness’ (i.e. harmony) with 
self, neighbour, environm ent and Maker. Activities that facil­
itate the crossing from  the surface to  the deep levels o f 
experience will be part o f all hospice programm es — creative 
activity, such as poetry, art, crafts, etc., as well as music, 
massage, reminiscence and relaxation. The emphasis will be 
on the search for meaning, o f making sense of the suffering. 
Even in 2020, suffering will be an inevitable, ineradicable 
and integral part of the human experience. And, even in 
2020, words spoken by a bereaved husband in the late 20th 
century will still express the terrible paradox:

“I think my wife learnt m ore of our love during those 
dreadful months than she did at any o ther time, and we of
hers too __  The suffering of a long and term inal illness is
not all waste. Nothing that creates such tenderness can be all 
waste. As a destroyer, cancer is second to none. But it is 
also a healer; or an agent of healing”.

B E L O W  Specialized care in hospices death approaches will become a 
will mean that physical pain as thing o f  the past.
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