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            account of the drug's ride from obscurity to celebrity and around about again to its rebirth as today's wonder drug."—San Francisco Chronicle

         
         
         
         
         "The extraordinary history of the little white pill found in just about everyone's medicine cabinet...A well-told and intriguing
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         PREFACE

         
         
         
         
         SOMEWHERE CLOSE BY - in the bathroom cabinet, tucked away in a desk drawer, at the bottom of an old jacket pocket - there'll
            be a container with some aspirin in it. Take out a tablet and examine it for a moment.

         
         
         
         
         It's a pretty innocuous-looking thing, isn't it? Just an ordinary little white pill. You've seen hundreds of them before and
            no doubt you'll see hundreds of them again. It's nothing special.

         
         
         
         
         Look again and consider this. What you're holding is one of the most amazing creations in medical history, a drug so astonishingly
            versatile that it can relieve your headache, ease your aching limbs, lower your temperature and treat some of the deadliest human diseases. There's now evidence to show that aspirin might prevent heart attacks, strokes, deep
            vein thrombosis, bowel, lung and breast cancer, cataracts, migraine, infertility, herpes, Alzheimer's disease, and much else.
            The list is growing every year — which might go some way towards explaining why over 25,000 scientific papers have been written
            about aspirin and why an estimated one trillion little white pills, just like yours, have been consumed since it first came
            into being.

         
         
         
         
         In short, what you have there is a wonder drug, something with few equivalents in the annals of medical science, and one of
            the most endurably successful commercial products of all time.

         
         
         
         
         I first became interested in this extraordinary substance several years ago when my father had a serious heart attack. Fortunately,
            to the great relief of all of us who love him, he recovered and is now fit and well. But since then he's taken a small aspirin
            tablet daily to keep the blood flowing through his arteries. In recent years, my mother has started taking aspirin too, for
            much the same reason, and the two of them now follow a strict regimen of one 75 mg dose every day.

         
         
         
         
         It got me wondering. Where did this drug come from? How did something evolve from an ordinary headache pill into a drug that
            can save lives? The little I knew about aspirin's origins came from a half-remembered lesson at school - namely, that a German
            chemical company had invented it sometime in the nineteenth century.

         
         
         
         
         But when I began to look into it I realized that here was a far richer, more complex and much older tale; that this little
            chemical marvel had the most incredible history. Out of that realization grew this book.

         
         
         
         
         Although we now take it for granted, aspirin didn't just appear from nowhere. It's a product of a roller-coaster ride through
            time, of accidental discoveries and intuitive reasoning, of astounding scientific ingenuity, personal ambition and intense
            corporate rivalry. Its past embraces, in no particular order: wars, epidemics, an Oxford shire vicar, a forgotten Jewish scientist,
            ancient papyrus scrolls, the Industrial Revolution, a nineteenth-century Scottish fever hospital, a common tree, espionage,
            a mighty German industrialist, malaria, the Treaty of Versailles, the colour mauve, the City of Hull, Lily the Pink, the world's
            most powerful pharmaceutical companies, a twitching rabbit aorta, Auschwitz, a mercurial advertising genius, and a great deal
            more.

         
         
         
         
         I found that there was nothing predetermined about the way all these things came together or the impact they had. If chance
            had not sometimes played a huge role in its development, aspirin might never have come into existence. Had it not thrived
            through profit-driven competition, it might never have survived to release its incredible therapeutic benefits. But come together
            they did — a great mosaic of people, places and events that combined, little by little, to give us one of the most remarkable
            inventions in history.

         
         
         
         
         This, then, is aspirin's story. And like all really good stories it began a long time ago . . .

         
         
         
      

   
      
         
         
         BOOK ONE

         
         
         
      

   
      
         
         
         1
IF YOU EXAMINE A MAN . . .

         
         
         
         
         IT HAD BEEN a long afternoon. They had sat down when the midday sun was flooding the room; now the only light came from an
            oil lamp swaying gently over their heads. It cast strange flickering shadows on to the walls and over the two heaps of objects
            that lay on the low table in front of them. These were evidence of their cautious preliminary fencing - the half-dozen scarabs
            and amulets that the American had been persuaded to buy, and a much larger pile of those he hadn't. But now they had arrived
            at the critical point in their discussions, the real reason why they were there and the moment for which, like all good salesmen,
            they had bided their time. As one of them untied the linen wrapper from around the scrolls, his brother watched the American's
            face for any flicker of interest. They knew he had a weakness for these pieces of old papyrus and had sold him some before,
            but he could drive a hard bargain and was quite capable of rejecting anything he considered worthless or uninteresting. Unfortunately,
            the American was the only one among them who could even attempt to decipher the pictures and symbols that covered the papyri,
            and so they had to wait and gauge his reaction before they knew if they could expect a deal.

         
         
         
         
         For his part, Edwin Smith struggled to conceal his excitement. His landlord Mustapha Agha, watching impassively from a corner,
            had warned him to expect something special. Smith knew, of course, that Agha would be getting a healthy commission on anything
            sold that evening and that it was therefore in his interest to inflate the value of the artefacts on offer. But the brothers
            Ahmed and Mohammed Abd er-Rasul were different from the ordinary touts who pestered rich tourists in Luxor market. They were
            the city's most successful grave-robbers. For years they'd been Agha's main suppliers of antikas and they invariably came up with something worthwhile. Even their fakes - which they knocked up between forays underground
            - were remarkably convincing. Smith had bought and sold on enough of them himself to know that.

         
         
         
         
         In any case, if what he had been told earlier was true, these papyri really could be unique. Agha had said they had been found
            between the feet of a mummy in the Assassif area of the Theban necropolis, on the other side of the Nile. Smith knew that
            the brothers had found their way into a number of officially 'undiscovered' tombs at Assassif - he had obtained some of his
            best artefacts from that source. If these scrolls were genuinely from the same place, they would bear close examination.

         
         
         
         
         He leant forward and peered intently at the hieratic text, revealed as the first scroll was opened out under the lamplight.
            It was long, one of the longest he'd ever seen, and covered with a bewildering array of symbols. But they were written in
            a clear hand; the nameless author must have been a practised and painstaking scribe. Smith murmured to himself, lost in the
            beauty of a document that had survived almost three millennia. He began to pick out the meaning of some of the words . . .
            Tf you examine a man . . .'

         
         
         
         
         The three Egyptians watched him, exchanged meaningful glances and then settled back comfortably to wait. They knew now that
            their patience would be rewarded.

         
         
         
         
         Edwin Smith was born in Bridgeport, Connecticut in April 1822. Although details of his early life are sketchy, it is clear
            that his father, Sheldon, was wealthy enough to provide him with a good education in New York, London and Paris. In his late
            twenties Edwin married, had children and for a while lived the life of a prosperous gentleman of leisure in New England. But
            then in his early thirties he became involved in a scandal of some kind and was forced to leave the United States. Whatever
            the cause of the row, it left him estranged from his family, down on his luck and cut off from funds. He was forced to earn
            a living as best he knew how. And what Smith knew best was Egypt. Ever since Napoleon's armies had swept down the Nile some
            fifty years earlier, the land of the pharaohs had fascinated the Western world. Egyptology had become a fashionable subject
            for serious academic study in Europe and America and tourists now added their graffiti to that carved by La Grande Armee on
            the monuments of the ancient kings. As a young man Smith had developed an interest in Egypt and read excitedly of the archaeological
            discoveries being made there. He had studied hieratic - the written language of pictograms and hieroglyphics used by the Ancient
            Egyptians that was being painfully deconstructed by professional scholars from clues in scraps of old papyrus and tablets
            like the Rosetta Stone. In fact he became something of an expert albeit an amateur one - and when he was looking for a place
            to establish himself, far away from the miseries of his personal life, it was only natural that he turned to Egypt.

         
         
         
         
         He settled in Luxor, the town built adjacent to the ancient ruins of Thebes in what had become known as the Valley of the
            Kings. He was the first American to live in Egypt and achieved a certain notoriety because of it. He had only £60 when he
            arrived in 1858 but he was a resourceful man (an Indiana Jones of his time) and soon found ways of turning a penny and advancing
            his archaeological interests. He put his small capital to two uses, becoming a money-lender (enjoying the lucrative interest
            rate of 5 per cent a month) and a dealer in antiquities. One fed the other - often the poor Egyptians to whom Smith lent money
            were the same people who sold him artefacts, and so he was able to get things at a very advantageous price. These he sold
            on to the tourists, collectors and Egyptologists who came through Luxor on their sightseeing trips down the Nile and who preferred
            to buy their souvenirs from an apparently trustworthy English-speaking expert.

         
         
         
         
         As a result he gained a wide circle of friends and acquaintances. Among the expatriate community these included the great
            and the good; society people like Lucy Duff Gordon, the wife of a wealthy English baronet and friend to such literary celebrities
            as Dickens, Thackeray and Tennyson. She was living in Egypt for a time as the climate was said to be good for her health and
            compiling a book of her letters that went on to become one of the bestsellers of the Victorian era. Another intimate was Charles
            Goodwin, a well-known English Egyptologist based in Cairo with whom Smith kept up an intermittent correspondence about texts
            in the monuments at Luxor.

         
         
         
         
         But he spent most of his time among the locals. One of his closest, if most turbulent, relationships was with his landlord,
            Mustapha Agha Ayat, an Ethiopian by birth and a merchant by profession. Agha had secured the posts of consular agent in Luxor
            to the British, Belgian and Russian governments and had his own flourishing antiquities trade on the side. He also had extensive
            property interests in the town and when Smith first arrived he had let him a house on a beautiful site adjacent to the temple
            of Rameses II. Over time they became friends, but it was a friendship often complicated by their rivalry in business. While
            they would sometimes work as partners, using each other's contacts to obtain and sell artefacts, neither was above seeking
            an advantage over the other when the opportunity presented itself. Outsiders were never quite sure which state of affairs
            was prevalent at any given moment.

         
         
         
         
         But for all Edwin Smith's roguery, his genuine scholarship and his knowledge and interest in Egyptology are uncontested. If
            he was wont to sell a convincing fake or two, he was also able to spot the genuine article, and he treasured these artefacts
            when he found them. Thus it was that on 20 January 1862 he made one of the most important discoveries in the history of medicine
            - when he bought two tattered papyrus scrolls for £12.*

         
         
         
         
         When he had a chance to examine his purchases more closely, the papyri turned out to be proto-medical textbooks; one describing
            forty-eight surgical cases, their diagnosis and treatment, the other a more extensive but haphazard collection of medical
            conditions and remedies. The former came to be known after its purchaser as the Edwin Smith Surgical Papyrus, the latter as
            the Ebers Papyrus (after a German professor who later acquired it from Smith). Both were old, very old, dating from around
            1534 BC and written (probably by the same scribe) in a form of hieratic known as Middle Egyptian. But in content they were
            much older still. The papyri were copies of earlier documents dating back at least another 1,000 years and probably more.
            As James Breasted, an American Egyptologist, said of them later, it was as though someone today decided to sit down and copy
            out a manuscript written in the reign of Charlemagne.

         
         
         
         
         Although both documents are remarkable because of what they reveal about the ancient Egyptians' practice of medicine, it is
            the Ebers Papyrus that occupies the central place in this story.

         
         
         
         
         At 110 pages, it is by far the longest and most comprehensive medical papyrus ever recovered and studied by Egyptologists.
            It is also very dense. As is often the case with such documents, there is writing on both sides; papyrus was expensive at
            the time and scribes who wrote to order for cost-conscious masters were loath to waste any of it. It is dated, on its reverse
            side, to the ninth year of the reign of Amenhotep I, which puts its physical origins at around 1534 BC — from the period known
            as the Middle Kingdom. However, references within the text suggest that it is actually a copy of a manuscript, probably written
            around at the time of the Old Kingdom, around 3,000 BC. Each page and each of the 877 paragraphs are numbered, which gives
            it the appearance of one cohesive document and explains why some people have called it the first book in history. But this
            is a little deceptive. In reality the papyrus is a loose assembly of different medical texts, put together in such a way as
            to suggest the author had drawn on a number of different sources and didn't quite understand how they should all fit together.

         
         
         
         
         The texts deal with internal medicine (as opposed to external injury) and cover a huge range of conditions, everything from
            intestinal worms, eye complaints and ulcers to tumours , gynaecological disorders and heart disease. None of them, of course,
            is described as a doctor would today. While the document clearly shows that the ancient Egyptians had a rudimentary understanding
            of the circulatory system and some knowledge of basic anatomy, many of their superstitions, reasoning and treatments are based
            on concepts that are alien to us.

         
         
         
         
         One of the most important of these is the notion of wekhudu. The Egyptian theory was that four elements flowed around the bodily system: blood, air, water and wekhudu — the corrosive leftovers of bodily waste. Wekhudu was thought to be the element most responsible for illness: too much of it in your system and you fell sick. Consequently,
            driving it out or dealing with its effects was a central tenet of ancient Egyptian medical practice and it's easy to see why
            purges and enemas were among the most common treatments used by physicians.

         
         
         
         
         But as the Ebers Papyrus makes clear, they also had an extensive pharmacopoeia to draw on — around 160 herbal and vegetable-based
            remedies. Only around 20 per cent of these have ever been identified with certainty (some of the plants are now extinct or
            at any rate no longer growing in the Nile Valley and Egyptologists will argue for ever about the rest). However, among those
            that are known are many names familiar to us today - lotus, onion, watermelon, tamarisk, myrtle, juniper, cinnamon, date, dill, almond,
            celery and aniseed. How many of the 160 were truly effective as medicines is open to question. Some may have been, others
            may have been positively harmful. In many cases we just don't know. Less than 10 per cent of the world's current botanical
            species have ever been systematically investigated for any possible therapeutic properties, let alone plants from the dim
            and distant past.

         
         
         
         
         But there is one species mentioned in the Ebers Papyrus that stands out, precisely because it has been systematically investigated. The ancient Egyptian name for it is tjeret. The Latin name for it is salix. We simply know it as willow — and willow is vital to this story because it contains the key ingredient of the most remarkable
            drug the world has ever seen: aspirin.

         
         
         
         
         The true origins of willow's use as a medicine probably lie tens of thousands of years in the past - well before the Ancient
            Egyptians, indeed well before anything that can realistically be called a civilization took hold — when primitive man first
            got the notion that if he fell ill or was injured certain plants could help him recover.

         
         
         
         
         How this idea developed is anyone's guess but most likely it evolved as Neanderthal man gave way to homo sapiens and man's reasoning powers and his awareness of the world around him slowly became more acute. It may have been instinctive
            at first, an intuitive response to maddening nausea or chronic pain - a sick person reaching out for the nearest plant in
            a desperate search for a palliative. Or it could have started with mimicry; born from the observation that a sick animal will
            seek out and eat a particular plant, or roll in a particular patch of grass. One can imagine how useful such knowledge would
            be to a hunter on the trail of a weak prey, and it could have been remembered and copied when the hunter himself fell ill.
            Either way, done enough times (and allowing for all the fatal experiments with poisonous plants that there must have been),
            many trees, herbs, roots and leaves with healing properties would slowly have been identified. Over the millennia, as man
            crept towards the earliest civilizations, he would have acquired enough knowledge to fill a basic medicine chest.

         
         
         
         
         The willow tree would have been a useful addition to this primitive pharmacopoeia. For a start, it was widely available -
            there are over 300 known variants of the willow species and the tree grew in most parts of the prehistoric world. More importantly,
            it contained substances (called salicylates) that under certain circumstances can reduce fever and relieve pain in humans.* This would not be known or understood for several thousand years, of course, and it is probable that the primitive pharmacist
            was attracted to the willow only because of its bitter taste, or because he liked the shape of its leaves, or because it grew
            in a certain place. But repeated use would have released some of its secrets.

         
         
         
         
         The very earliest known written reference to willow's medicinal properties has been found on a stone tablet from the third
            dynasty of the kings of Ur. This was one of the city-states of the Sumerian civilization that sprang up on the fertile plain
            between the Tigris and the Euphrates rivers around 5000 BC. There has been much weighty academic argument over the years as
            to whether or not Sumerian medicine amounted to very much. It was bound up with magic and spells and the casting out of demons
            and while it was presumably considered effective by the patient there is no real way of knowing whether it had any genuine
            physical benefits. But the Ur III tablet, which dates from around 3000 BC, does suggest that Sumerian medicine had its practical
            side. It contains a list of more than a dozen prescriptions using raw materials like turtle shell, snake skin and milk, along
            with plants like myrtle, thyme, fig, date and willow. Unfortunately, there is no corresponding list of the diseases for which
            these remedies were intended. And that's where the Ebers Papyrus comes in.

         
         
         
         
         The Sumerian city-states were on the wane when the first Egyptian civilization was becoming powerful, but for a time they
            co-existed and there were contacts between the two. As early as the third millennium BC there were simple trade links all
            around the eastern shores of the Mediterranean and up and down the Mesopotamian deltas. Where trade flowed, people and knowledge
            followed. New ideas would have passed from one to the other and conclusions independently arrived at would have been reinforced
            and validated by the experience and influence of outsiders. This applied to medical knowledge as much as anything else, and
            while there is no direct connection between the Ur III tablet and the original Ebers Papyrus (beyond the fact that they were
            both written at roughly the same time), it is likely that many of the prescriptions and remedies they have in common were
            designed with the same illnesses in mind. It follows, then, that the Sumerians and Egyptians could have used willow for roughly
            the same things.

         
         
         
         
         It is not easy to pin down exactly what those were. Although the Ebers Papyrus does relate its remedies to diseases, many
            of them have no direct modern equivalents and are not easily translatable. Egyptologists have argued for years over some of
            Ebers's terms and because many of its underlying medical concepts are alien to us they are subject to different interpretations.
            None the less, the three clear references to willow in Ebers all point towards the plant's use as either a general purpose
            tonic or as some kind of pain reliever and anti-inflammatory therapy.

         
         
         
         
         The first of these comes in a section sandwiched between remedies for the regulation of urine and those for treating a cough.
            Willow is one of the ingredients — others are figs, beer and dates — in a treatment taken orally to 'cause the heart to receive
            bread'. Again, no one is quite sure what this phrase means but it has been suggested that it refers to a general pick-me-up remedy, a kind of medicinal drink for non-specific aches and pains. Presumably the willow
            ingredient would have come from a dried and ground-up version of the bark or leaves, which was then added to the fluid.

         
         
         
         
         The next two references are to willow's use as an ingredient in externally applied salves - for ear infection and for making
            the met supple. The met is thought to refer to the body's muscles and tendons and it's possible that willow was used to treat them when they became
            stiff or inflamed, perhaps because of conditions like arthritis. Ear infection can be painful too and willow's analgesic properties
            might have been useful in relieving the pain.

         
         
         
         
         In all three of these remedies willow would seem to have been the only active ingredient. None of the others in the various
            recipes caraway seeds, figs, dates, beer and lotus leaves — is known to have any specific medical value other than the purely
            nutritional.

         
         
         
         
         But were any of the remedies effective? It's hard to say - particularly in the case of the externally applied salves, because
            patients would have had to rub vast quantities of the stuff into their skin in order to absorb enough useful salicylates.
            But maybe that's what they did. We just don't know for sure. If it did work, then willow would certainly have filled a gap in the physician's armoury. At this stage in their development the Ancient
            Egyptians had few other pain relievers to hand, or at least none they regularly made use of. They didn't yet use opiates for
            example; although they knew of plants like the poppy and the mandrake, they were ignorant of their effects on the central
            nervous system and of their potential as sedatives. Neither is mentioned in Ebers. They did know of cannabis, however, but
            seemed to use it only as a salve and emetic. They certainly did not appreciate its narcotic effects. Indeed, their most widely
            available painkiller seems to have been alcohol; there are various beer- and wine-based remedies quoted in the document, and
            getting the patient ceremonially drunk seems to have been a favoured solution to quite a few of the problems Egyptian physicians
            faced.

         
         
         
         
         Willow's case is given a further boost by the fact that the Ancient Egyptians also used myrtle — another salicylate-bearing
            tree — in a very specific remedy to treat rheumatism in pregnant women. A decoction of dried myrtle leaves would be steeped
            in 'the dregs of excellent beer' and then applied to the patient's abdomen and back. What effect this would have had is unclear,
            but interestingly, both myrtle and willow would be used in Europe many centuries later as a rheumatism treatment.*

         
         
         
         
         The identity of the author of Ebers is a mystery (the papyrus bears no signature) but it would have been a valuable and much
            prized document at the time. Edwin Smith was told it was found with a mummy in the Assassif area of Thebes, a highly prestigious
            burial site. If the story is true, then the papyrus probably belonged to a very high-ranking doctor indeed. The medical profession,
            held in great esteem in Ancient Egypt, was highly stratified, from the simple practitioner at the bottom right up to the chief
            palace physician. The more senior the doctor, the better located and the more elaborate and well equipped his tomb would have
            been, in order that he might carry on the good work in the next world. Anyone buried in such a place as Assassif and with
            such a remarkable set of papyri as Ebers and the Edwin Smith Surgical Papyrus would have been held in the highest regard by
            his peers.

         
         
         
         
         Of course, the status and respect accorded to these eminent practitioners and their knowledge lasted far longer than the power
            of the various dynasties they served. Even when other expanding empires Ptolemaic, Persian, Greek, Roman — began to whittle
            away at Egyptian independence, the skills, experience and remedies of Egyptian physicians were much in demand and much imitated.
            Just as they had learnt from the Sumerian civilization, so succeeding civilizations learnt from them. Through trade, military
            contacts, and the links established through coastal cities like Alexandria, their influence and wisdom would be handed down
            from generation to generation and go on to inform the development of medicine throughout the Mediterranean.

         
         
         
         
         This may explain why, more than 1,000 years after the Ebers Papyrus and its secrets were sealed up in a tomb at Thebes, Classical
            Greek physicians were still dispensing remedies very similar to those the document had described, and why willow was among
            them.

         
         
         
         
         The most famous and important of these Greek physicians was Hippocrates, 'the father of medicine', who, with his many followers,
            began to free the profession of healing from the shackles of mysticism that had chained it for so long. Until then the relief
            of pain had been closely associated with spiritual belief, the idea that supernatural causes were as likely to be responsible
            for human suffering as physical ones. The doctors of Ancient Egypt who drew up and referred to documents like the Ebers Papyrus
            may have sought rational responses to pain, but they were trained in a temple-like setting and were as much priests as they
            were physicians.

         
         
         
         
         But from Hippocrates, who lived and practised on the Greek island of Cos in the fifth century BC, came the first glimmerings
            of understanding that by careful, painstaking observation the doctor became a servant of nature rather than a sorcerer. This
            led to the Hippocratic Corpus, a huge body of medical texts (contributed to by a number of different physicians) that listed
            diseases, diagnoses and treatments in terms that are free of mumbojumbo and familiar to doctors today. No one is absolutely
            sure whether those treatments, particularly the plant-based ones, were independently arrived at as a consequence of this new
            deductive reasoning or were embellishments of ideas inherited from the past. But the principle of using plants as medicines
            had certainly been handed down and many of the remedies would have been just as recognizable to healers 1,000 years earlier.

         
         
         
         
         In any event, one thing is beyond doubt. Much as the Ebers Papyrus had done, Hippocrates recommended the bark of the willow
            tree as an analgesic, although in his case it was as a remedy for the pains of childbirth and as a fever reducer. It was,
            of course, only one of hundreds of different ingredients in hundreds of different treatments and remedies - just another useful
            plant remedy with nothing too remarkable about it. But his gentle plug placed willow firmly into the pharmacopoeia of the
            Classical era and there it was to stay for hundreds of years.

         
         
         
         
         We know for instance that in AD 30 the Roman physician Celsus used extracts of willow leaves to relieve what he described
            as the four classic signs of inflammation (rubor, calor, dolor and tumor, or redness, heat, pain and swelling). Not long afterwards, Pedanius Dioscorides, a Greek doctor who served as a botanist
            in the armies of the Emperor Nero, wrote of the therapeutic potential of willow in his De Materia Medica, a work that survived to be translated by the Arabs. So too did Pliny the Elder, the Roman general who completed his thirty-seven-volume
            Natural History in AD 77 (just before his death in the ashes of an erupting Mount Vesuvius). And Claudius Galen, who studied in Egypt and
            worked in Greece as a physician to the gladiators before becoming physician to the Emperor Marcus Aurelius, recommended willow
            as a treatment for mild to moderate pain. In fact, by the time Galen died in AD 216 willow was a common remedy across the
            civilized world.

         
         
         
         
         But it was a world that was soon to disintegrate into the darkness and ignorance of more brutal times. With it went much of
            the accumulated medical wisdom of thousands of years and many of the remedies, like willow, which had been in use for so long.
            Although other cultures would continue to find their own medical uses for the plant, it would not reappear properly until
            the eighteenth century, when it took a medically minded country parson to rediscover something the Ancient Egyptians had known
            several millennia earlier. Only then would it start living up to its heritage.

         
         
         
         
         As for Edwin Smith, the papyri he found did little to improve his fortunes, although it is clear he valued them. In 1864,
            he wrote to his friend Charles Goodwin: 'I do not wish to sell either Papyrus. They are part of my collection and the prices
            put on them (as I profess to sell antiquities) are intended to be prohibitive.'

         
         
         
         
         Sadly, by 1869 Smith had suffered a number of reverses, including a distressing spell of temporary blindness, and money was
            very tight. In the late summer of that year, a sales catalogue circulated among buyers of Egyptian antiquities. It included
            an advertisement for 'a large medical papyrus in the possession of Edwin Smith, an American farmer [sic} of Luxor near Thebes'.
            The agent for the sale was none other than Mustapha Agha, Smith's old friend and sparring partner.

         
         
         
         
         It was bought for an undisclosed sum by Georg Ebers, a German professor of Egyptology and author of a series of popular historical
            works about the pharaohs. To his credit he had a good stab at translating it into German, but then rather tarnished his reputation
            by shabbily pretending to have been the one to find it as well - probably through eagerness to have his name associated with
            the document (papyri were often named after the person who discovered them). In any event it worked. The Ebers Papyrus was
            first published as a facsimile in 1875 and later passed to Leiden University where it still resides today.

         
         
         
         
         A few years after its sale Smith left his home among the tombs, either as the result of a partial reconciliation with his
            family or, more likely, because he had run out of gullible tourists to whom he could sell antikas. Whatever the case, he departed from Egypt and then disappeared from view. On his death in Naples in 1906 his daughter Leonora
            donated his remaining treasure, the Edwin Smith Surgical Papyrus, to the New York Historical Society. Smith's name lives on
            in that one eponymous text, but, sadly for a man who brought to light two of the most important documents in the history of
            civilization, his intriguing character has been largely forgotten. Without him, the origins of the world's most remarkable
            medicine might never have been known.

         
         
         
         
         * Before they showed this papyrus to Smith, the grave-robbers stripped off some tattered remnants on the outside to make it
            more presentable. Two months later they glued these fragments to another relatively worthless scroll and sold it to him again.
            Smith detected the fraud and reconnected the genuine strips to the original papyrus, thus recovering for posterity a vital
            section relating to the heart.

         
         
         
         
         *Botanists have a number of theories as to why the salix species contains these chemicals. The most important of these is that
            they may help the plant fight off contagion, initiating a kind of cell suicide process known as apoptosis, in which a diseased
            leaf will die and fall off to avoid infecting the others. It has also been suggested that the willow tree excretes salicylates
            to deter insect predators.

         
         
         
         
         *Other trees and plants that contain salicylates include wintergreen, black cohosh root, poplar tree bark, and sweet birch
            bark. The concentration in willow is actually the lowest of all these plants.

         
         
         
      

   
      
         
         
         2
THE BARK OF AN ENGLISH TREE

         
         
         
         
         My Lord,
Among the many useful discoveries which this age has made, there are very few which better deserve the attention of the public
            than what I am going to lay before your Lordship.

         
         
         
         
         The Reverend Stone paused for a moment and gazed at these words. He was making a bold claim and he knew that the man to whom
            his letter was addressed would raise his eyebrows when he saw it. The Right Honourable George, Earl of Macclesfield was nobody's
            fool - he wouldn't have been President of the Royal Society if he were - and no doubt madmen and charlatans made similarly
            presumptuous declarations to him all the time. Stone could trade on a slim acquaintance with His Lordship and was counting
            on that to ensure that his letter was read, but when all was said and done, he was still only a country parson. He would have
            to be careful not to overdo it.

         
         
         
         
         He took up his quill, refreshed its point in the inkwell and scratched on.

         
         
         
         
         There is a bark of an English tree, which I have found by experience to be a powerful astringent, and very efficacious in
            curing agues and intermitting disorders. About six years ago, I accidentally tasted it, and was surprised at its extraordinary
            bitterness; which immediately raised in me a suspicion of its having the properties of the Peruvian bark. As this tree delights
            in a moist or wet soil, where agues chiefly abound, the general maxim, that many natural maladies carry their cures along
            with them, or that their remedies lie not far from their causes, was so very apposite to this particular case, that I could
            not help applying it; and that this might be the intention of Providence here I must own had some little weight with me.

         
         
         
         
         As his spidery handwriting filled the page, his thoughts drifted back to that moment, five years before, when Providence had
            guided his actions. It was market day, he recalled, and he had gone out for a stroll to relieve the stiffness in his joints
            . . .

         
         
         
         
         Chipping Norton was a sizeable place by eighteenth-century standards and was usually pretty busy. But it was especially so
            on that midsummer morning in 1758. The warm weather had brought in the crowds from nearby towns and villages; landowners and
            labourers, travelling tradesmen, a few fine ladies with their attendant servants and even one or two black-clad scholars from
            nearby Oxford, enjoying a day away from their gloomy labours. The townspeople welcomed them all - even the poorest might have
            money to spend - and with the shouts of stallholders echoing above the bleating and bellowing livestock, a pleasant holiday
            atmosphere prevailed.

         
         
         
         
         To many of those in the crowd the Reverend Edward Stone would have been a familiar if unconventional figure. Chipping Norton
            wasn't his parish, but he'd lived on the outskirts of the town for twelve years and on market days he made a point of going
            out among his fellow citizens. Perhaps he stopped to chat with friends or exchange pleasantries with the market traders, the
            warm sunshine easing his rheumatism and improving his mood. He was reasonably popular with his neighbours, respected rather
            than liked - there was a fussy and meticulous side to his character that discouraged intimacy. But his Whig politics in what
            was at heart a Whig town would have made him more approachable than the town's own vicar, a staunch and unbending Tory.* Many must have wished that he held the parish instead.

         
         
         
         
         But Stone had other commitments, more interesting and less strenuous than those offered by the dull, busy life he'd have had
            as parson to the people of Chipping Norton. Some years before, he'd secured an enviable living as chaplain to the family of
            Sir Jonathan Cope at their seat of Bruern, eight miles away.* His duties there were modest - a brief service for the household every few weeks and occasional prayers, blessings, weddings
            and funerals when necessary. At other times he may have been required to join his employer in philosophical conversation as
            they wandered around the ruins of the old Cistercian priory in Bruern's grounds, or to make up the numbers at dinner when
            the Copes had guests, but it wasn't an onerous life. And although the eight-mile journey on horseback had its disadvantages
            (it was uncomfortable in winter and footpads and highwaymen were an ever-present threat), Stone had grown used to it. Even the
            small stipend was not a concern; he had a reasonable private income of his own, supplemented by the rectorships of two other
            nearby parishes at Horsenden and Dray ton. He had managed to sub-contract those duties to curates and was rarely called on
            himself.

         
         
         
         
         But the biggest advantage Stone had gained from his association with the Copes was the time and freedom he had to pursue his
            many other interests. He was a Justice of the Peace (duties that mostly involved the administration of the Poor Law, expected
            of someone in his position and in his case enacted with meticulous fairness), and of course he had his politics. From his
            college days he had also retained an interest in theological, mathematical and astronomical subjects. He had come a long way
            in his fifty-six years.

         
         
         
         
         The only son of a yeoman of modest means, Edward Stone was born on a farm near Princes Risborough, Buckinghamshire in 1702.
            There is no record of his early life, but somewhere along the way - perhaps because it offered possibilities for advancement
            that would otherwise have been denied to someone from his background - it was decided he should enter the Church. In those
            days that meant a university education, and in 1720 he won entrance to Wadham College, Oxford. He graduated four years later,
            gained his MA in 1727, and ordination and a brief period as vicar to the people of Charlton-on-Otmoor followed. But in 1730
            he returned to Wadham as a fellow and for the next eleven years held posts as the college librarian, bursar, dean and sub-warden.*

         
         
         
         
         Stone's fortunes only improved from then on, with marriage to Elizabeth Grubb, the daughter of a wealthy Buckinghamshire landowner,
            and the pleasant livings at Horsenden, Drayton and Bruern. When he finally arrived at Chipping Norton in 1745 he was wealthy
            enough to acquire one of its more impressive properties.

         
         
         
         
         Two handsome parlours, storeroom, kitchen, excellent vaulted cellars, four bed chambers and four good garrets, offices, brewhouse,
            coalhouse, stables for five horses, dairy - with apartments over them, a garden, two acres of adjoining pasture and twelve
            acres at a small distance.

         
         
         
         
         To those twelve acres he had added another ten over the years and it was his custom on fine days to stroll out from his house
            at the top of the hill on which Chipping Norton is set, and down to his land on the opposite side of town.

         
         
         
         
         As he made his way through the marketplace, past the auctioneer, the sheep pens and the wool buyers, he would have passed
            a number of simple stalls. Most sold the basic foodstuffs that the townspeople needed, but there were others with more alluring
            goods — cloth and lace, ironmongery, sweetmeats and remedies. As usual, the last of these would have been the busiest, surrounded
            by a small crowd listening intently to the claims of the hawker. Health was a serious matter in those days and everyone dreaded
            falling ill.

         
         
         
         
         In common with other parts of Europe and North America, eighteenth-century Britain was slowly gearing up for a medical revolution.
            Most people didn't know it yet and the signs were barely visible, but things were beginning to happen: a few new hospitals
            in the larger towns and cities (eighteen by 1752), an important new medical school established in Edinburgh, knowledge of
            such things as anatomy, circulation and the nervous system growing all the time. There were even glimmers of understanding
            about infection and the science of pathology. Over the next 150 years, as industrialization wrought its massive changes on
            society, these small seeds would flower and prosper as doctors and scientists unlocked the secrets of hygiene, antisepsis,
            anaesthesia, vaccination, germ theory, nutrition, and much else. Individual and public health would be slowly and painfully
            transformed.

         
         
         
         
         But all that lay in the future. The day-to-day reality for Edward Stone and for most of his contemporaries was a system of
            medical provision (if one can actually call it a system) that hadn't changed much since the Middle Ages. Surgery, for instance,
            the poor relation of the medical profession, had only recently managed to assert its independence from the barbering trade
            (a separate Company of Surgeons was established in 1745) and was still largely the practice of robust manual feats like bone-setting,
            amputation and the removal of gallstones, whereas the average physician of the time — though he enjoyed rather more status,
            earned a little more money and dressed his diagnoses up in a better class of Latin — continued to cling conservatively to
            a curious hotchpotch of theories and treatments that hadn't advanced significantly since Classical times.

         
         
         
         
         The most influential of these was the Hippocratic belief in the influence on illness of the body's Four Humours (blood, phlegm,
            black bile and yellow bile). According to this theory, further developed by men like Claudius Galen and resurrected by medieval
            and Renaissance scholars, the humours were the main cause of disease. To keep them in balance and thereby to treat an illness
            effectively, a doctor either gave fluids to his patients or drained them away: letting the liquids out by bloodletting, leeches,
            enemas, purges and emetics, and adding them by poultices, salves and orally taken botanical and mineral remedies. Many of
            the latter were useless or, even if sometimes effective, used inappropriately. Some, like the administration of poisonous
            mercury for syphilis and open sores, could be downright lethal. Putting yourself in the hands of a mid-eighteenth-century
            doctor was like buying a lottery ticket. If you were lucky and found a practitioner with common sense, someone who valued
            bed rest and good nursing over the more savage procedures of his profession, then you might survive. If not, then as a contemporary
            satirist of the day, Matthew Prior, once quipped, 'Cur'd yesterday of my disease, I died last night of my Physician.'

         
         
         
         
         It is not surprising that these traditionalists were in the majority. Physicians had little desire or incentive to keep up
            with new developments once they had received their initial training. Such small scientific advances as there were took place
            in a few centres of medical learning like London and Edinburgh, and there was no formal system for disseminating this knowledge
            around the country. New ideas and new treatments could take years to seep out to the general practitioner and even when they
            did, few had the patience or understanding to try them out.

         
         
         
         
         Not that this lack of up-to-date knowledge made much difference to rural inhabitants, of course, because few of them ever
            saw a doctor. The majority of qualified practitioners preferred to spend their time with their well-to-do patients in the
            larger towns and cities. If anyone in Chipping Norton, for example, wished to see a doctor, they had to send to Oxford for
            one to come out in his carriage. That was expensive and well beyond the reach of most.

         
         
         
         
         So people fell back on the only other alternatives: self-medication or the services of the local apothecary. There was little
            difference between them. Most of the brews and specifics that the latter dispensed were dressed-up versions of the same herbal
            folk remedies that everyone practised at home and for the most part just as ineffectual.

         
         
         
         
         Which was why on market day, a stall that sold cures with such impressive titles as Aqua Mirabilis, Elixir Vitae or Heavenly
            Potion always did good business. And even if they didn't live up to the pedlar's promises and cure your chronic back pain
            or make your boils disappear, most of them contained sufficient alcohol to induce a temporary sense of well-being. In any
            case, the hawkers had a good line in health patter and you never knew what useful medical tips you might pick up.

         
         
         
         
         The Reverend Stone would have been as aware as anyone else of the discomfort and dangers of falling ill. He was fifty-six,
            already well past the average life expectancy for the eighteenth century, and he suffered from the same occasional fevers
            and rheumatism that afflicted anyone of his age. He was a man of science and of the cloth, and therefore supposed to be above
            such things, but he was a man of his time too and must have been as susceptible as his neighbour to a remedy that promised
            to cure his stiff joints, or would at least have been tempted to stop and listen to the descriptions of what it could do.
            Not on this day though. Today he walked on.

         
         
         
         
         His route took him across Chipping Norton's main street, past the White Hart coaching inn and down towards the fields that
            lay on the north-east side of town. He crossed some scrubby common land, grazed by a few cows and sheep, and then came to
            his own property. This had been enclosed only a few years earlier and a small stream known as the Common Brook ran right through
            it. Before he had bought the fields, the town authorities had planted willow trees along the bank of the stream and they were
            now mature enough to offer shade and a pleasant place to sit and think.

         
         
         
         
         It was there he had his revelation.

         
         
         
         
         We don't know what prompted Stone to take a piece of willow bark and put it in his mouth. It might have been no more than
            idle curiosity. But whatever it was sparked off a remarkable train of thought. As the bark touched his tongue he was struck
            by its acute bitterness, a strangely familiar taste. He sat there for a while, lips pursed at the sharpness of it, trying
            to remember what it might be. Then it came to him. It was almost exactly like that of a remedy that doctors used to treat
            the agues.

         
         
         
         
         The agues were a significant medical problem in parts of Britain, continental Europe and the New World. Sometimes fatal, always
            unpleasant, they were usually categorized according to their intermittent and seasonal appearance with Latin names such as
            quotidian, tertian and quartan, and had been a recognizable and much puzzled-over condition for many hundreds of years. Striking indiscriminately, without
            deference to rank or fortune, attacks sometimes reached epidemic proportions, burning their mark on the consciousness of successive
            generations. In the fourteenth century Geoffrey Chaucer, in The Nun's Priest's Tale', wrote, 'You are so very choleric of
            complexion. Beware the mounting sun and all dejection. Nor get yourself with sudden humours hot. For if you do, I dare well
            lay a groat. That you shall have the tertian fever's pain. Or some ague that may well be your bane.' Two hundred years later
            Shakespeare would mention the agues in eight of his plays and they would remain a mysterious but potent threat to good health
            in Britain up until the late nineteenth century.

         
         
         
         
         In 1769, a Scottish physician named William Buchan had a go at describing their causes and symptoms in his book Domestic Medicine.

         
         
         
         
         Agues are occasioned by effluvia from putrid stagnating water. This is evident from their abounding in rainy seasons and being
            most frequent in countries where the soil is marshy, as in Holland, the Fens of Cambridgeshire, and the Hundreds of Essex.
            This disease may also be occasioned by eating too much stone fruit, by a poor watery diet, damp houses, evening dews, lying
            upon the damp ground, watching, fatigue, depressing passions and the like . . . An intermitting fever generally begins with
            a pain of the head and loins, weariness of the limbs. Coldness of the extremities, stretching, yawning, with sometimes great
            sickness and vomiting; to which succeed shivering and violent shaking. Afterwards the skin becomes moist, and a profuse sweat
            breaks out, which generally terminates the fit or paroxysm. Sometimes indeed the disease comes on suddenly, when the person
            thinks himself in perfect health; but it is more commonly preceded by listlessness, loss of appetite and the symptoms mentioned
            above.*

         
         
         
         
         This reflected the prevalent medical thinking about the disease, although the name ague was also mistakenly used to identify
            a variety of conditions, from influenza to migraine, that had broadly similar symptoms, the limited eighteenth-century medical
            vocabulary having to do duty for the thousands of conditions and complaints we know of today. In actual fact it should have
            only referred to one: malaria.

         
         
         
         
         There were five species of the Anopheles mosquito in eighteenth-century England, which bred wherever there were marshy or brackish waters,†The female of each species was capable of carrying the protozoan plasmodium parasite in its stomach and passing it to humans
            when it penetrated the skin and sucked blood. The parasite was the cause of malaria, for so long the curse of tropical countries,
            and, so it has subsequently been discovered, of England's ague too. None of this was understood by eighteenth-century physicians,
            of course, but it was known that the ague most commonly occurred in areas close to dank or stagnant water. For centuries doctors
            had believed that the disease originated in the odours or miasmas given off by these waters. It wasn't until 1897 that anyone
            thought to raise their eyes from the waters to the swarms of biting insects above them.*

         
         
         
         
         The bitter-tasting remedy that Edward Stone had recalled was the bark of the cinchona tree, or Peruvian bark, as he would
            call it in his letter to the Earl of Macclesfield. It got its name from its origins in the New World. When the Spanish conquistadors
            began their conquest of Central America, they found it as afflicted by agues and fevers as the world they had left behind.
            But they also found a remedy. It was first described by a monk, Father Antonio de la Calaucha, in the Chronicle of St Augustine in 1633: 'A tree grows which they call the fever tree in the country of Loxa whose bark, the colour of cinnamon, made into
            a powder amounting to the size of two small silver coins and given as a beverage, cures the fevers and tertiana. It has produced
            miraculous results in Lima.'

         
         
         
         
         The Spanish called the remedy quina, after its Peruvian name of kina (many years later the active alkaloid it contained would be called quinine, a derivation of both). Whether the indigenous
            population had used it prior to the arrival of the conquistadors isn't known, but according to popular (and possibly inaccurate)
            legend its reputation was supposedly made when it was given to the wife of the Viceroy of Peru who had contracted malaria.
            She recovered, and it wdf soon being exported to Europe. Pope Innocent X asked a Jesuit priest, Juan de Lugo, to test it,
            and shortly afterwards, in the late 1640s, directions for its use were disseminated by his order throughout the continent.

         
         
         
         
         It wasn't universally adopted. The bark sometimes didn't work. It couldn't cure all fevers, only those associated with malaria,
            and as the term ague was often a broad description for a range of unrelated problems, a remedy that promised to cure them
            all could sometimes be ineffective. It also took a while, particularly in Protestant England, for people to overcome their
            suspicion of a remedy promoted by Jesuits. This prejudice was so deeply held that it was said Oliver Cromwell had died of
            ague/malaria rather than take Jesuit's Bark. A humble English apothecary called Robert Talbor was able to exploit these fears
            when he developed his own secret remedy for the agues and made a big selling point of the claim that it had nothing to do
            with the Jesuits. The success of his treatments made him famous and he was appointed Physician Royal to Charles II in 1672.
            He was knighted a little later when he cured the king of a fever and was soon on his travels around Europe dispensing the
            remedy to such celebrities as the son of Louis XIV of France and Louisa Maria, Queen of Spain. On his death his secret remedy
            was revealed to be . . . Jesuit's Bark, the bitter taste of which Talbor had merely disguised by infusing it in strong white
            wine. Once the news was out, cinchona became more widely accepted. But as the tree grew only in Central America and the Spanish
            monopolized the trade, it was often unavailable and always very expensive.

         
         
         
         
         A cheaper domestic equivalent, if such a thing existed, would be a very significant discovery indeed.

         
         
         
         
         How much of this ran through the Reverend Edward Stone's mind as he sat beside his willow trees in rural Oxfordshire? He had
            just tasted something that reminded him strongly of the one effective remedy for the ague, which everyone knew was caused
            by damp vapours. Much like those, in fact, that could be found along his own stretch of the Common Brook.*

         
         
         
         
         It was then that he made his next intuitive leap and remembered the doctrine of signatures. As a former librarian of Wadham
            College, Stone would have had ample time to browse through its collection of books by eminent European thinkers. It was probably
            there that he first came across the work of Paracelsus, a Swiss botanist, natural philosopher and iconoclastic medical theorist,
            who both infuriated and enlightened the world of Renaissance medicine.* Paracelsus was convinced that nature was sovereign and only by knowing her and obeying her could a physician perform effectively.
            He drew heavily on a popular folk theory of the time, which he called the doctrine of signatures, to draw up remedies. According
            to the doctrine, nature gives signs to the close observer of the healing properties of certain herbs and trees. Hence the
            orchid could be used to treat venereal disease because it looks like a testicle, or the blue eyebright plant could be used
            to treat eye disease. It also followed that the cause of a disease could often be found close to the location where it first
            appeared, and that the cure would be present at the same place. This was why if you were stung by a nettle, the first thing
            you did was look around for the dock leaves that were sure to be growing nearby.

         
         
         
         
         To Stone, there were compelling connections between water, the known cause of ague, and a possible cure for the disease. Willows
            grew by water and, as he had discovered, willow bark tasted like the bark of the cinchona tree. According to the doctrine
            of signatures, the case for willow's potential as an ague cure was already half made. But would it work in practice?

         
         
         
         
         In great excitement Stone began gathering up twigs that had fallen from the trees and took out his pocketknife to slice some
            bark from the trunks around him. When he had an armful, he set off across his property towards a mill that sat in the distance
            at the other end of the Common Brook. If the similar taste of his willows and cinchona had any significance, then he should
            experiment when the bark had been dried and preserved in the same way as the ague cure. The miller, a man called William Kench,
            had a large oven where he sometimes baked bread for the local farmers' wives.

         
         
         
         
         What Kench had to say when the vicar arrived clutching an armful of twigs and made his odd request is> not recorded. But he
            agreed to put Stone's bundle in a bag on the top of his oven and to watch over it to make sure it didn't burn. Over the next
            few weeks Stone made a number of visits to the mill to see how the willow bark was drying and to add to the pile. In between
            times, he began to scour the libraries at Bruern and Wadham College.

         
         
         
         
         It seemed probable, that if there was any considerable virtue in this bark, it must have been discovered from its plenty.
            My curiosity prompted me to look into the dispensatories and books of botany, and examine what they said concerning it; but
            there it existed only by name. I could not find, that it has or ever had, any place in pharmacy, or such qualities as I suspected
            ascribed to it by the botanists . . .

         
         
         
         
         In the Western and Arab medical traditions, willow's therapeutic reputation had dimmed considerably since Classical times,
            becoming just another name in a huge list of plants that were considered (or had once been considered) to have some medicinal
            properties.* Over the centuries, as botanists categorized more flora, and apothecaries, monastic healers, herbalists and physicians experimented
            more widely, this list grew longer and longer and it was inevitable that many of the plants on it were either neglected or
            forgotten. Willow had been used as a folk medicine in parts of Europe throughout the Middle Ages and up to the Renaissance
            but it had gradually become more prized as a building material than a remedy. Even when it rated a rare mention in the medico-botanical
            literature, there was confusion over how it could be used.

         
         
         
         
         The best example of this is in a book by Nicholas Culpeper, called The English Physician: or an astrologo-physical discourse of the vulgar herbs of this nation, which had been written a century before Edward Stone's experiment. Culpeper is a legendary figure in the field of herbal
            medicine because of the way that he took on the medical establishment and challenged its dogma that health care was a matter
            for professionals. An apothecary's apprentice who set up as a doctor to the poor of London, he outraged the College of Physicians
            by translating its Pharmacopoeia from Latin into English, thus breaking its monopoly. The English Physician was built on this translation and contained over 500 plant-based prescriptions for various maladies. No doubt some of them
            were effective, but Culpeper's suggestions for willow's use show how far knowledge of its medicinal properties had declined
            since Classical times. His recommendations included using the bark as a treatment for staunching bleeding of wounds, reducing
            indigestion, replenishing dimmed sight, improving the flow of urine, treating warts and dandruff and staying the heat of lust
            in men and women. It is an impressive list, but sadly, mostly nonsense.*

         
         
         
         
         So Stone had to conduct his own experiments. Determined to make an accurate comparison with the curative powers of Peruvian
            bark, he returned to Kench's mill to retrieve his bag of dried willow and took it home to grind it with a pestle and mortar.
            Once he had pounded and sifted about one pound's weight of it, he began looking around for ague sufferers.

         
         
         
         
         It was not long before I had an opportunity of making a trial of it; but, being an entire stranger to its nature, I gave it
            in very small quantities, I think it was about twenty grains of the powder at a dose, and repeated it every four hours between
            the fits; but with great caution and the strictest attention to its effects: the fits were considerably abated but did not
            entirely cease. Not perceiving the least ill consequences, I grew bolder with it, and in a few days increased the dose to
            two scruples, and the ague was soon removed. It was then given to several others with the same success, but I found it better
            answered the intention, when a dram of it was taken every four hours in the intervals of the paroxysms.

         
         
         
         
         Although Stone does not identify the first recipients of the treatment, it is likely that they were either members of his
            own family and household or among the sick and destitute of Chipping Norton, none of whom would be in a position to argue
            with him about his right to use them as guinea pigs for his experiments.* But as the new medicine showed signs of being effective, word would soon have got around and more influential people would
            have begun to ask for his help. Almost certainly, Stone told his patron, Sir Jonathan Cope, about it and obtained his permission
            to treat the servants and workers on the Bruern estate. He may even have treated members of Cope's own family, the ague being
            no respecter of rank. As time went by, and the remedy (with a little modification) appeared to work against even the most
            obdurate cases, he became satisfied that his hunch was paying off.

         
         
         
         
         I have continued to use it as a remedy for agues and intermitting disorders for five years successively and successfully.
            It has been given I believe to fifty persons, and never failed in the cure, except in a few autumnal and quartan agues, with
            which the patients had been long and severely afflicted; these it reduced in a great degree, but did not wholly take them
            off; the patient, at the usual time for the return of his fit, felt some smattering of his distemper, which the incessant
            repetition of these powders could not conquer. It seemed as if their power could reach thus far and no further, and I did
            suppose that it would have not long continued to reach so far and that, the distemper would have soon returned with its pristine
            violence, but I did not stay to see the issue. I added one-fifth part of the Peruvian bark and with this small auxiliary it
            totally routed its adversary . . .

         
         
         
         
         . . . By all that I can judge from five years experience of it upon a number of persons, it appears to be a powerful absorbent,
            astringent and febrifuge in intermittent cases; of the same nature and kind with the Peruvian bark and to have all its properties,
            though perhaps not always in the same degree. It seems, likewise, to have this additional quality viz., to be a safe medicine
            — for I could never perceive the least ill-effects from it, though it had always been given without any preparation of the
            patient.

         
         
         

         
         After five years of successful experiments, Stone wanted to share his remarkable discovery. It is no surprise that he decided
            to write to the President of the Royal Society: its statutes might have been designed with him in mind:

         
         
         
         
         The business of the Society in their Ordinary Meetings shall be to order, take account, consider and discourse of philosophical
            experiments and observations; to read, hear, and discourse upon letters, reports and other papers concerning philosophical
            matters; as also to view, and discourse upon rarities of nature and art; and thereupon to consider, what may be deduced from
            them, or any of them; and how far they or any of them, may be improved for use or discovery . . .

         
         
         
         
         The Royal Society originated in casual meetings between men of science and learning in London in the mid-seventeenth century,
            which gradually became formal weekly gatherings. At first a nameless and unofficial body, it gained a Royal Charter from King
            Charles II in 1663 as The Royal Society of London for Improving Natural Knowledge. Two years later, the first issue of its
            famous journal Philosophical Transactions appeared. Fellows of the Society were supposed to be elected, but the qualifying criteria were vague in the early days. Even
            though its founder members included men like Christopher Wren, Robert Hooke and Sir Robert Moray, the majority of its fellows
            were not professional scientists as such and at times it had the air and prejudices of a gentlemen's club.

         
         
         
         
         But for all the bickering and claims that it sometimes wasted its time on the consideration of foolish and irrelevant projects,
            the Society had slowly established itself as one of the pre-eminent scientific bodies in Europe. By the mid-eighteenth century,
            its journal was edited by a specially appointed committee of qualified scientists and had published groundbreaking work by
            a breathtaking array of medical men, scientists, astronomers, botanists, chemists, mathematicians and natural philosphers;
            Isaac Newton, Edmond Halley and Benjamin Franklin were among the early contributors. Getting an issue or theory considered
            at one of its meetings or published in Philosophical Transactions was a significant achievement, something that many aspired to but comparatively few managed. For a relatively unknown country
            parson to try to gain access to this exclusive body was ambitious indeed.

         
         
         
         
         But the Reverend Stone had two things going for him. The first was that his theories about willow bark were of genuine scientific
            interest, even though that his experiments were a little amateurish. The second was that he knew the Royal Society's current
            President personally, despite the yawning social gap between them. George Parker, the second Earl of Macclesfield, was an
            eminent mathematician and astronomer (he built one of England's finest observatories at his residence at Shirburn Castle in
            Oxfordshire, very close to Princes Risborough where Edward Stone had been born). He had been a Fellow of the Royal Society
            since 1722 and had served four terms on its council prior to his election to its highest office in 1752 at the age of fifty-three.
            He was also a Whig politician of some influence. His son, Lord Parker, was elected one of rural Oxfordshire's two MPs in a
            bitterly fought contest in 1754. Parker's agent at that election had been Edward Stone. What the Parker family thought of
            him can only be guessed at from a comment made by Sarah Parker, the Earl's daughter-in-law, who described him in a letter
            after the election as a good man, but slow for a celebrated canvasser'. However, there was a connection and Stone was determined
            to exploit it.

         
         
         
         
         I have no other motive for publishing this valuable specific, than it may have a fair and full trial in all its variety of
            circumstances and situations and that the world may reap the benefits accruing from it. For these purposes I have given this
            long and minute account of it, and which I would not have troubled your Lordship with, was I not fully persuaded of the wonderful
            efficacy of this Cortex Salignus in agues and intermitting cases, and I did not think that this persuasion was sufficiently
            supported by the manifold experience, which I have had of it.
         
I am, my Lord,

         
         
         
         
         With the profoundest submission and respect.
Your Lordship's most obedient and humble servant.

         
         
         
         
         Edward Stone.
Chipping-Norton,
Oxfordshire. April 25, 1763

         
         
         
         
         As he signed the letter, sprinkled sand over the wet ink and called for one of his household to take it down to the London
            coach, Stone must have wondered again about its possible reception. Much would depend on His Lordship's reaction. If it got
            past him and was considered by the various eminent men on the Royal Society's governing council, then it might be chosen for
            a reading at one of the Society's famous meetings. He couldn't hope to be invited himself, of course, but there was at least
            a chance that it might subsequently be published.

         
         
         
         
         Almost certainly, the Earl of Macclesfied did see it and passed it on, but he was unable to influence events much further.
            Early that summer he fell grievously ill and although he remained President of the Society until his death the following year,
            he took no further part in its transactions. It is to Stone's great credit, therefore, that his letter was considered on its
            scientific merits alone. But although it was read at a Society meeting on 2 June 1763, neither he nor his noble patron was
            present. A James Burrows Esq. sat in the chair. Not knowing Stone, he merely recorded the Society's thanks for 'a useful communication'
            and moved swiftly on to other business.

         
         
         
         
         Later that year the letter did receive the further accolade of publication in the Philosophical Transactions. By no means an automatic honour, this was probably sufficient recognition for its modest author. But it must have hurt a
            little that the journal erroneously attributed it to a Rev. Edmond Stone (a mistake that has caused no end of confusion since) even though his signature at the end of the document was correctly
            transcribed.* However, he had his mind full of other things by then. That same year (1763) he wrote a short book called The Whole Doctrine of Parallaxes, which predicted where a transit of Venus could best be observed. More surprising was another letter he wrote to the Royal
            Society four years later, containing an ambitious algebraic resolution for cubic equations. But the Earl of Macclesfield was
            in his grave by then and the letter, dismissed as unoriginal, was never published. Stone died suddenly himself the following
            year, aged sixty-six.*

         
         
         
         
         His first letter remained in the annals, though, and although it happened slowly he did make a few converts. In 1792, a Hertfordshire
            doctor called Samuel Jones reiterated the 'singular efficacy in the cure of agues' of willow bark, and by 1798 an English
            pharmacist named William White was reporting: 'Since the introduction of this bark into practise in the Bath City Infirmary
            and Dispensary, as a substitute for the Cinchona, not less than 20 pounds a year have been saved to the Charity.'

         
         
         
         
         But the great irony of Stone's story is that although his rediscovery of willow's medical potential was a genuine milestone
            in the development of aspirin, he completely misinterpreted its effects. He believed he had found a cure for the ague at least
            as effective as quinine. But quinine attacks the plasmodium parasite that causes malaria (or at least it did until the parasite developed resistance to it), whereas what Stone had found was a therapeutic
            remedy for malaria's symptoms. Those symptoms - feverishness, high temperature, aching limbs and headaches can be associated with a number of conditions,
            and the real significance of Stone's work was that he had stumbled on an extraordinary substance that could relieve them all.
            With hindsight, it is possible that some of his patients may not have had the ague at all.

         
         
         
         
         None the less, years later, in the dazzling new chemical laboratories of Europe, his words would inspire a new generation
            of scientists. The work of harnessing his discovery could begin.

         
         
         
         
         * During a famous election in 1754, when the rural Oxfordshire seat was won by the Whigs, the Tory vicar of Chipping Norton
            barricaded himself into the church to stop townspeople getting in to ring the bells in celebration.

         
         
         
         
         *The Copes were a well-established landowning and military family. Sir Jonathan's father had earned a footnote in history some
            years earlier when Bonnie Prince Charlie defeated him in battle.

         
         
         
         
         * An interesting insight into Stone's character can be gained from his involvement in an infamous scandal that broke at Wadham
            during his time there. A commoner (the lowliest rank of scholar) called William French complained to Stone that the Warden
            of the college, one Robert Thistlethwayte, had sexually assaulted him. To his credit, Stone didn't turn him away and hush
            the matter up as others might have done, but bravely helped initiate proceedings against Thistlethwayte, his ultimate superior
            in the college hierarchy. Thistlethwayte had to flee the country, leaving contemporary satirists to make play with the unfortunate
            alliterative potential of the name of the college and the crime of which he had been accused. Thus: There once was a Warden of Wadham/Who approved of the folkways of Sodom/For a man might, he said/Have a very poor head/But
               be a fine fellow at bottom.

         
         
         
         
         * Dr William Buchan was an eighteenth-century success story. His book became one of the bestsellers of the age, particularly
            in postcolonial America where domestic medicine was a fixture in every middle-class home. On his death in 1805, he was buried
            in Westminster Abbey.

         
         
         
         
         * The most competent being the Anopheles antroparvus, which preferred to breed in river estuaries. Although all five species can still be found in this country, they are no longer
            malarial here. However, some scientists have warned that global warming could one day see the return of the disease.

         
         
         
         
         * In 1880, a French physician, Alphonse Laveran, found the parasite in malaria-infected blood cells. In 1897, an Englishman,
            Sir Ronald Ross, working in India, deduced that they were transmitted by mosquitoes.

         
         
         
         
         * The trees are still there - or at least their botanical descendants are. I set off to find them one day, armed with a copy
            of an eighteenth-century map that detailed the boundaries of enclosed land around Chipping Norton and a more modern one of
            the area from the Ordnance Survey. The common is still there, although one corner of it is now dominated by a huge building,
            built in the nineteenth century as a textile mill and now turned into luxury flats, but the brook runs through it on to what
            was once Reverend Stone's land. I traced the course of this for about a mile until I judged I was at the right spot and there
            found a dozen beautiful and very old willow trees. It was a warm summer's morning, pretty much as it must have been in 1757,
            and apart from two or three cows munching quietly among the thistles, there was no one else about. I sat down in the shade
            of the trees and nibbled on a piece of the bark. It was just as bitter as Stone had said it was. To my surprise there was
            nothing else to mark the place where this monumental discovery took place, which is something the people of Chipping Norton
            might want to remedy. A small plaque would suffice.

         
         
         
         
         * His real name was Theophrastus Philippus Aureolus Bombastus von Hohenheim. He gave himself the name Paracelsus to denote
            the fact that he came after Celsus, the famous Roman doctor, and therefore represented a new way of thinking.

         
         
         
         
         * Other cultures had independently learned to use willow medicinally. It appears in texts of Chinese medicine as early as the
            sixth century, although it is not clear how widely it was used or what it treated. There's also some evidence that it was
            used by indigenous tribes in southern Africa (by the Hottentots in particular - see Chapter 3) and by Amerindians prior to
            the arrival of Europeans, although as neither of these cultures had a written medical tradition, it is difficult to be specific
            about dates.

         
         
         
         
         * On the contrary, as we have known for some time, it improves blood flow and upsets stomachs. But the idea that it can treat
            warts may have some merit, or so it is thought in parts of Italy, where one 'traditional' home remedy for a wart is to tape
            an aspirin to it for a couple of weeks.

         
         
         
         
         * There was no resident doctor in Chipping Norton at the time to contradict him.

         
         
         
         
         * By a strange quirk, a mathematician called Edmond Stone was an almost exact contemporary of Edward Stone. He was no relation
            but was considerably better known. Even today, some people persist in attributing the Reverend's discovery to his namesake.
            This confusion was finally resolved by William Pierpoint in 1996. See Notes and Records of the Royal Society of London, vol. 50, 1996.

         
         
         
         
         * Stone wrote four books in total: The Reasonableness and Excellency of Abraham's Faith in offering up his Son, Oxford University Sermons 1732; The Whole Doctrine
               of Parallaxes Explained and Illustrated by an Arithmetical and Geometrical Construction of the Transits of Venus and Mercury
               over the Sun (Oxford and London 1763); Remarks upon the History of the Life of Reginald Pole (1766); and Discourses on some Important Subjects by the late Reverend Edward Stone, published in 1771 by his son - also called the Reverend Edward Stone.

         
         
         
      

   
      
         
         
         3
THE PUZZLE TAKES SHAPE

         
         
         
         
         REVOLUTION, INDUSTRIALIZATION AND warfare - as dawn broke over the nineteenth century the world was being torn asunder by
            dramatic and violent change. It says much for human adaptability and endeavour that a century beginning amidst such ground-shaking
            confusion would end with the mass production of one of the most significant medicines ever discovered. There was nothing predestined
            about the industrial formulation of aspirin, any more than there was about the invention of the internal combustion engine
            or the building of the Suez Canal. But fortunately for us, the nineteenth century was a period when people frequently had
            the means, motive and determination to take an idea and turn it into reality. In the case of aspirin, this happened piecemeal
            — a series of minor, often unrelated advances, fertilized by the century's broader economic, medical and scientific developments,
            that led to one big final breakthrough.

         
         
         
         
         Over the five decades that spanned the old and the new centuries, the world had been thrust into a bubbling stew of competing
            ideologies, political and social upheaval, unforeseen events and new ideas. The Enlightenment had brought scepticism and reason
            into fashion as the dominant philosophical tenets of the age. Capitalism, if not quite yet red in tooth and claw, had developed
            sufficiently to make aggressive competition, investment, entrepreneurship and the limited company the cutting tools of business.
            Utilitarianism, with its theory of the greatest happiness of the greatest number; the French and American revolutions, with
            their violent reactions to the ancien regime', the peculiar geological, political and economic circumstances that were bringing about the Industrial Revolution in Britain
            - all these things contributed to a world in which the old ways were being done away with, sometimes at a great cost in terms
            of human misery. Huge demographic shifts took place as people began moving from the countryside into the new urban centres.
            Warfare - always a great engine of change — enveloped Europe as Napoleon sought to establish his supremacy over land and Britain
            fought back by reinforcing its dominance of the seas and securing its new colonies. And in between - often unnoticed at the
            time but just as significant in their way - were the smaller things, the gradual transformation of everyday life by technological
            innovation, scientific enquiry and economic enfranchisement.

         
         
         
         
         It was against this background of almost unremitting change that the next intricate episodes in aspirin's story would be written.
            A new spirit of sceptical enquiry was abroad, a thirst for knowledge that would see chemistry emancipated from alchemy and
            pharmacy from the apothecary. New laboratories and scientific institutes would challenge preconceived ideas, increasingly
            spurred on by national rivalry and commercial competition. New businesses would turn these discoveries into products and develop
            new ways of selling them. Industrial scientists, pressed hard by investors and entrepreneurs, joined the ranks of dedicated
            amateurs and lofty academics in chasing science's great prizes. Eventually thousands of new technologies would emerge from
            this process, but such was the bewildering pace of events in the nineteenth century, and from so many different directions
            did changes come, that these discoveries would often be due as much to happenstance as systematic investigation. This underlined
            one of science's great truths: that only rarely do scientific breakthroughs result from a single moment of genius. More often
            they follow from small steps taken by individuals, each contributing one piece to the final solution of the puzzle. In aspirin's
            case, there were still a great many pieces to find.

         
         
         
         
         What is this substance actually made of? It was a question asked time and again by nineteenth-century scientists as they began
            to grapple with the chemistry of a range of materials that had hitherto been taken for granted. A particular feature of these
            early pharmacological investigations was the rigorous re-examination of the materia medica, the naturally derived medicines and herbal remedies that doctors had relied on for years. Chemists were keen to identify
            and isolate the active ingredient in these substances, partly out of pure scientific interest, but in some cases for sound
            medical and commercial reasons too. Isolation, it was felt, could improve the potency of the drugs, help regulate their dosage
            and in the long term perhaps even make it possible to reproduce them synthetically and at lower cost.

         
         
         
         
         The intellectual justification for this new science had been set out in 1797 by Johann Christian Reil, a medical philosopher
            who ironically would go on to become famous as one of the founding fathers of German psychiatry. In a paper entitled 'An article
            on the principles for a future pharmacology'* he outlined what must be achieved:

         
         
         
         
         It must factually and scientifically expose the changes in the conflict of a drug and a living body in its very origins. The
            drug also undergoes changes but these only interest us in that they help to explain the change to the human body . . . Scientific
            pharmacology requires a complete knowledge of the nature of the drug in all its conditions, especially chemical . . . We do
            still not know the specific and general constituents and especially not the quantitative condition of many medicines. As long
            as there are still gaps, a scientific treatment of pharmacology in all its parts is not possible . . . the only way to render
            pharmacology more complete is therefore to perform experiments, record the results accurately and subsume isolated experiences
            under higher laws.

         
         
         
         
         On a more prosaic level, the new science may also have had its roots in the Napoleonic wars and the resulting shortage of
            cinchona bark. Way back in 1763, the Reverend Edward Stone had tested out willow as a possible alternative to cinchona because
            the latter was so expensive and difficult to get hold of. Fifty years later, several attempts to transplant cinchona trees
            to Europe had failed, and the continent was still reliant upon supplies from Latin America. Following the French Revolution,
            the rise to power of the Emperor Napoleon and the resulting conflict between Britain and France, those supplies were disrupted
            by a fierce Royal Navy blockade of commercial traffic across the Atlantic and a French stranglehold on the movement of goods
            throughout continental Europe. Furthermore, Spain's ability to maintain the trade (it was still one of the principal importers)
            was hampered by the fact that for several years it was either allied to France and therefore subject to the Royal Navy blockade,
            or occupied by the French and so unable to keep in regular communication with its overseas possessions. But malaria still
            plagued much of Europe and the demand for its most popular therapy was undiminished. Even when cinchona did get through, it
            was in such small amounts as to render it unaffordable to most people. The virtue of making such limited supplies go further
            was clear, and isolating its active ingredient was the next obvious step. But although the will was there, the know-how was
            not. Cinchona clung on to its secrets for some time yet.

         
         
         
         
         But the experimental science that sprang out of these ambitions particularly in France at the beginning of the century — allowed
            chemists to make giant strides in understanding the action of other natural drugs and in breaking them down. One of the first
            to be cracked was opium. In 1804, two French pharmacists, Armand Seguin and C. L. Derosne, isolated a raw crystalline substance
            from opium, although they weren't sure what it was. A year later a German pharmacist called Friedrich Seturner showed it was
            an alkaline substance and named it morphium. In 1809, another French scientist, Louis-Nicolas Vauquelin, did the preparatory
            work towards isolating nicotine. But the lions of this new chemistry were Pierre-Joseph Pelletier and Joseph Caventou, two
            Paris-based pharmacists. Between 1818 and 1821, they had a string of remarkable successes, isolating strychnine, brucine,
            veratrine, caffeine and then finally quinine, the active substance in cinchona bark which had eluded scientists for so long.
            All of these refashioned potent drugs were alkaline and so naturally came to be known as the alkaloids.

         
         
         
         
         It was inevitable that before long the alkaloid chemists would get around to thinking about willow bark. By the end of the
            eighteenth century willow was sometimes being used as a cheaper substitute for cinchona in England and the knowledge had spread
            to the continent. Whether any of these scientists dug out and read Edward Stone's forty-year-old letter detailing his simple
            experiments isn't known, but old copies of the Philosophical Transactions were kept in libraries across Europe and it is certainly possible that they were referred to. What is known is that willow began to attract attention again and the race to isolate its key ingredient was on. Indeed, it seems
            to have been an obsession with some chemists; as each faltering step forward was reported in the journals, so others would
            be goaded back into the laboratory to try to improve on the efforts of their competitors. The first to have a go were two
            Italian scientists, Brugnatelli and Fontana, in 1826, but they found it difficult to prove that the impure lumps they had
            produced were the real thing. The first substantial breakthrough was made two years later by Joseph Buchner, Professor of
            Pharmacy at Munich University, who refined willow down into bitter-tasting yellow crystals. He obtained only a tiny amount
            of the substance but he christened it salicin (after salix, the Latin name for willow). In 1829, a French chemist called Henri Leroux refined the extraction procedure and managed to
            obtain around 25 g of salicin crystals from around one kilo of willow bark. He was then trumped in turn by another Italian,
            called Raffaele Piria, who in 1838 produced a more potent acid from the crystals, which he dubbed salicylic acid.

         
         
         
         
         This was all cutting-edge stuff, advances made by a small group of specialist scientists each of whom knew, at least in outline,
            what the others were up to. In such cases, it is easy to forget that scientific discoveries can also come out of nowhere,
            from individuals working in isolation, unaware that their own pet project 'X' might one day have major implications for someone
            else's pet project 'Y'. This happened in aspirin's case. Not long after Henri Leroux finished refining his extraction procedures
            for willow, a Swiss pharmacist began working on a completely different plant.

         
         
         
         
         Johann Pagenstecher was already something of an anachronism in 1830, one of Europe's last traditional apothecary-pharmacists,
            a figure who straddled the old era of individual empirical investigation and the new age of objective scientific analysis
            and laboratory chemistry. He lived on the edge of Switzerland's Bernese Oberland, where he ran a modest business administering
            cures and remedies to local people. It was a typical practice of its time and of many generations preceding it — for centuries,
            throughout Europe, apothecaries had been the equivalent of today's general practitioner, the closest thing to a local doctor
            for most people. But Pagenstecher was more than just a village quack. He was a man with a mission, devoting much of his life
            to a search for substances that would help relieve pain. Inevitably, he looked for these cures among the kind of folk remedies
            and herbal cures that formed part of his professional armoury. Like the Reverend Edward Stone seventy years earlier, he was
            a disciple of Paracelsus and the doctrine of signatures. The doctrine had been embellished over the years and now embraced
            the notion that each herhal remedy must contain at least one active ingredient to treat one specific disease. It was the same
            principle, though arrived at in a different way, which motivated many of the more sophisticated laboratory scientists working
            away in the continent's new scientific institutes.

         
         
         
         
         One day Pagenstecher's attention fell on one of his favourite remedies, the meadowsweet flower, Spiraea ulmaria, which was thought to be of some benefit in treating toothache and rheumatism. If he could isolate meadowsweet's pain-relieving
            ingredient, it would mean an end to the laborious process of hunting for it in the fields around his home and make the remedy
            stronger and more widely available. So, working in a small room at the back of his premises, he began a simple distillation
            process, putting the shredded leaves through a vat of boiling water before transferring the juice to the simple glass bottles
            and test tubes that made up the rest of his apparatus. He kept at it for several weeks and eventually produced a colourless
            but sweet-smelling liquid — a tincture - which he believed contained the therapeutic essence of the flower. He wrote up a
            simple report, sent it off to a Swiss journal, and from time to time dispensed the distilled remedy to his local patients.
            And there the matter might have rested but for the fact that three years later his article came to the attention of one of
            the new alkaloid specialists, Karl Jacob Lowig of Berlin.

         
         
         
         
         The paper fascinated Lowig because he was always on the lookout for new substances to play with. He managed to obtain some
            of the Pagenstecher tincture (which the Swiss pharmacist had named as an aldehyde) and set to work in his laboratory. After
            a great deal of experimentation he found that by adding oxygen to the aldehyde he was able to isolate an acid. This he tried
            out on himself and on volunteers (animal testing did not become fashionable until the end of the nineteenth century) and discovered
            that his new substance had some remarkable properties - it could reduce fever and alleviate pain. Believing he had identified
            a potent new remedy, he christened it spirsaure (after meadowsweet's Latin genus) wrote up his findings and waited for the plaudits to come in.* It was only later, when Raffaele Piria's work was published, that Lowig realized to his surprise that he hadn't found a new
            substance at all. He'd actually discovered salicylic acid, the same chemical that other scientists had been labouring to release
            from willow bark for many years. But his unforeseen results had at least made one thing abundantly clear. Whatever this substance
            was called and from wherever it was derived, it had undeniable medical potential - and that knowledge would tempt scientists back to it again and again in years to come.

         
         
         
         
         Of course, Lowig's discovery was not the only unexpected contribution to this complex puzzle. Around that time, events were
            unfolding elsewhere that would have an even more dramatic effect on the development of aspirin and indeed of the whole pharmaceutical
            industry.

         
         
         
         
         The Industrial Revolution that began in Britain in the latter part of the eighteenth century was founded on many things -
            a fortuitous mix of liberal politics, laissez-faire economics, the right geography and geology, innovative technologies and
            entrepreneurial business — all of which came together in the same place at the same time. But other more mundane matters played
            a part too, one of the most significant of which was Britain's ready supply of coal. Coal had long been used to heat people's
            homes - or at least the homes of those able to afford something produced in relatively modest amounts from small drift mines.
            Now, though, industrial quantities of it were required. Coal provided the energy that drove the new steam engines that were
            transforming the manufacturing process. Its derivative, coke, was used to run the blast furnaces that produced the iron from
            which those steam engines were made. As deep mines were sunk to meet this growing demand, so it became cheaper and more ubiquitous,
            and more ingenious uses were found for it. One of these came in 1792, when a Scottish engineer, William Murdoch, discovered
            that burning coal in a vacuum produced a bright flammable gas.* For factory owners with tireless new machines that could work though the night, it offered a cheap way of lighting their
            vast premises. Town corporations followed suit, lighting dim and foggy streets so that workers could get to work safely and
            on time to meet the shift patterns of this demanding age. Gas companies began to lay networks of pipes to carry the new fuel,
            and their lamps sprang up on street corners and were installed in front parlours. Indeed, one of the most visible signs of
            the nineteenth century's spreading industrialization - in Britain and in the rest of the developed world - was that it took
            place under the pale luminescence of artificial light.

         
         
         
         
         Unfortunately, light was not the only product of coal gas. It left behind a noxious residue; a nasty, foul-smelling gunge
            called coal-tar that was difficult to get rid of and had no apparent uses. But then, once again, the ingenuity of investigative
            scientists provided the answer. Coal-tar, they found, was full of interesting chemicals and promised to create whole new areas
            of industrial exploitation. One of those scientists was a brilliant young German called Friedlieb Ferdinand Runge. At the
            age of twenty-five he had independently worked out how to isolate caffeine - though he was just beaten to it by Caventou and
            Pelletier in Paris. However, in 1834 he made his three most remarkable discoveries. The first was isolating a remarkable new
            substance from coal-tar, called aniline. The second was deriving a chemical from that aniline, called phenol. Phenol became
            better known as carbolic acid and was found to have antiseptic properties. Initially used in the sewage industry, carbolic
            later became famous when the Edinburgh surgeon Joseph Lister discovered its benefits in preventing post-operative infection.
            Tens of thousands of surgical patients in the nineteenth century who would otherwise have succumbed to gangrene probably owed
            their lives to Runge's discovery, and it remained in use until better ways of preventing infection were found.

         
         
         
         
         But it was the third of Runge's discoveries that had the most marked effect. Phenol was not the only derivative of aniline
            that he found; he also worked out that he could get dye from it - the first organic dye, which he called aniline black. At
            the time this was mostly of academic interest; as a pure scientist, Runge had neither the means nor the motive to exploit
            this discovery himself. Others could, however, and the story of how that happened - as is so often the case in this complex
            narrative — is tied up yet again with the search for an alternative to quinine.

         
         
         
         
         William Henry Perkin was born in London on 12 March 1838, and right from an early age it was clear that he had an interest
            in the way things worked. As a boy he tinkered with mechanics, taught himself to paint, and even at one point tried to build
            an engine — no mean feat in an age where such things were a rarity. His father, George, a builder by trade, hoped that these
            precocious talents would one day earn his son an elevated place in the same profession — as a draughtsman, perhaps, or as
            an architect. But it was not to be. A school friend showed young Perkin a few basic chemistry tricks with crystallizing substances
            and he was hooked. It was the start of an obsession that changed his life.

         
         
         
         
         Around that time he was enrolled at the City of London School and attended classes on chemistry given by one Thomas Hall.
            The teacher recognized that Perkin had potential and suggested that he sign up as a student at the new Royal College of Chemistry.
            He was accepted at the tender age of fifteen.

         
         
         
         
         The College was the consequence of a growing awareness that British science was lagging behind that of its continental competitors
            — Germany in particular. In the early 1840s, a public fund had been set up to establish a new institute to teach practical
            chemistry. Contributors included Gladstone, Disraeli and Albert, the Prince Consort. Through his contacts in his native land,
            Prince Albert persuaded a celebrated German scientist called Auguste Wilhelm von Hofmann (then only twenty-eight) to be the
            first professor at the Royal College of Chemistry. Hofmann was an inspirational teacher and a highly accomplished chemist
            in his own right, but he also clearly recognized talent when he saw it. At first Perkin was just one of his students, but
            by 1856 Hofmann had also made him his personal laboratory assistant at the College. Looking for challenges to occupy this
            precocious young mind, Hofmann suggested that Perkin try to synthesize quinine. The cinchona tree was still stubbornly defying
            attempts to grow it commercially outside Central America, and even though Caventou and Pelletier had isolated quinine some
            thirty-five years earlier, no one had yet been able to reproduce it chemically. What's more, this was a time of fresh colonial
            expansion for Britain, with the interior of Africa being opened up by a new wave of Victorian explorers. Malaria continued
            to be a significant problem, and even the vast amounts of cinchona bark that were being expensively imported from Central
            America were insufficient to meet demand.

         
         
         
         
         So, during a break from his studies and lab duties, Perkin took the problem home to the tiny laboratory in his digs overlooking
            London's East End docks. His first attempts were with a substance called allyl tolluidine that he attempted to oxidize with
            potassium dichromate. This failed, so he tried replacing the tolluidine with aniline, the now commonly available coal-tar
            derivate found by Runge some years earlier. This failed too, but by one of those flukes of science, the aniline Perkin used
            contained impurities. The resultant reaction left a black sludge that turned his test tubes a striking purple colour when
            they were washed in water. Perhaps he remembered Runge's own aniline dye derivative at this point, but something piqued his
            interest and he began to work out a way of extracting the wonderful new colour to see if it too had potential as a dye. We
            owe a great deal to that intuitive leap.

         
         
         
         
         For almost as long as there have been clothes, people have been dyeing fabric to make it more attractive. For centuries, though,
            there was little variation in the colours people had available to them or the sources from which they were drawn. Until industrial
            chemistry came along, dye was produced from animal, vegetable or mineral bases, an expensive and time-consuming process. As
            a result the search for new dyes was always intense and the rarer colours highly prized. Purple, the colour of wealth, power
            and prestige, was a good example of this. Alexander the Great marvelled at the purple robes he found in the royal treasury
            in the Persian capital of Susa, when he took the city in 331 BC. Roman emperors dressed themselves in Imperial Purple extracted
            from the murex mollusc and restricted its use to the royal line. Pope Paul II introduced Cardinal's Purple, taken from the
            kermes insect in 1464, with a similar embargo on its use. Other colours had been found over the years, of course; the blue
            woad of the Picti in Gaul and the Celts in Britain, the brilliant red of cochineal developed by the Dutch in the seventeenth century, the yellow
            of querticon bark found in American oak in the late eighteenth century, but like the purple of kings and cardinals their production
            was fraught with difficulties. Even the most common colours, the red of madder, the deep blue of indigo and the yellow of
            saffron, were extremely hard to obtain. Saffron dates back to the ancient Minoan civilization of 1900 BC and came from the
            saffron lily found on Crete, but the process of extracting its dye involved simmering the stamens of the flower for hours
            and then only resulted in tiny amounts. Indigo came from an Indian plant of the same name and it too would release its colour
            only after weeks of complicated fermentation. Madder was even harder to obtain, coming from the rare rubia tinctorum plant found only in Turkey and the British West Indies. To produce enough madder dye for one bolt of cloth could take over
            a month.

         
         
         
         
         People had always experimented with mixing these dyes, of course, developing different variants of shade and ways to make
            them fast. But as the Industrial Revolution took hold of Europe and millions of yards of cotton fabric poured out of the new
            machine-driven textile mills of Lancashire and elsewhere, the demand for cheaper and more interesting alternatives to the
            limited range of traditional colours became intense.

         
         
         
         
         This is why William Perkins discovery could not have been better timed. His further experiments with his new chemical solution,
            including dyeing several pieces of silk a brilliant purple, convinced him that this was a commercially viable productv With
            the help of his father and some advice from the dye industry, he obtained a patent and in 1857 set up % factory adjacent to the Grand Union Canal in London to produce it. He called his new purple mauveine or mauve, and within a few short years it became one of the most fashionable and sought-after colours on the market. It truly
            took off when Empress Eugenie, wife of Napoleon III, took to wearing it because she thought it matched her eyes. Queen Victoria
            followed suit, wearing mauve dresses to her daughter's wedding and to other grand public occasions. The press and public took
            note, and by the time he was thirty-five, Perkin was a rich man. Purple, once the exclusive preserve of cardinals, kings and
            emperors, was now available to all.

         
         
         
         
         However, his contribution to science was more than just as a producer of one fashionable new colour.* By showing the way to others he became the father of a whole new organic chemical industry. Soon new coal-tar-derived colours
            were appearing throughout Europe, and out of the chemical processes they gave rise to, a whole range of innovative products
            would one day emerge — from explosives, flavourings and perfumes to plastics, paints and preservatives. Most significantly
            for our story, the pharmaceuticals industry that sprang up in the years following Perkins discovery was a direct result of
            his pioneering example. He may not have discovered a way to synthesize quinine but indirectly he played a significant part
            in the development of aspirin. William Perkin didn't know it at the time, but he had placed another piece in the jigsaw puzzle.

         
         
         
         
         Back in the world of pure science, there had been few advances since Buchner, Leroux, Piria, and Lowig had begun to unlock
            the therapeutic secrets of willow bark, meadowsweet and the other salicylic acid-bearing plants. Although their discoveries
            had received attention within a small peer group of scientists, they hadn't done much to change the public status of the substance.
            A few more pharmacists experimented with salicylic acid — for a time it was thought to be a possible food preservative or
            useful for keeping water fresh on long ocean voyages. A few more doctors tried prescribing it, chiefly for rheumatism and
            to reduce fever, although many still preferred to use salicin (the basic crystallized willow bark extract) instead. But for
            nigh on twenty years it had remained only one of a large number of compounds drawn from organic materials, none of which yet
            stood out as being uniquely beneficial. Its chief problem was that it was very unpleasant to take, irritating the mouth, gullet
            and stomach if swallowed in large doses. When it was isolated as an acid these side effects were more noticeable than they
            had been when it was subsumed in willow bark, and many people, having tried it once, were reluctant to take it again.

         
         
         
         
         In 1853, however, around the time that young William Perkin was attending his first chemistry lectures in London, a French
            scientist called Charles Gerhardt came tantalizingly close to remedying this problem. Indeed, if things had turned out differently,
            we might have had aspirin forty-six years earlier than we did. A native of Strasbourg, Gerhardt was Professor of Chemistry
            at Montpellier University. Aged thirty-seven, he already had a brilliant reputation among his contemporaries in Europe, achieving
            a modest sort of fame in 1852 with a book called Precis de Chimie Organique in which he described his work with acid anhydrides, substances obtained when you separate acid molecules from water. His
            latest project was an ambitious attempt to classify organic compounds and to find out how they related to each other and what
            happened when he mixed them up (although with hindsight nineteenth-century chemistry sometimes appears to have been a logical
            and straightforward process, it was quite often just a question of chucking a few ingredients together to see what happened).
            One of the many substances Gerhardt examined closely was salicylic acid. Aware of its uncertain therapeutic pedigree, he was
            curious to see how it was put together and to find out if tinkering with its constituent elements could enhance it in some
            way. The first thing he noticed was that the acid's molecular structure was made up of a central corpus (later identified
            as a six-carbon benzene ring) with two attached components. These were a hydroxyl group of atoms (given the designation OH)
            and a carboxyl group of atoms (COOH). When the hydroxyl came into contact with the stomach lining it caused the dreadful gastric
            irritation that was the remedy's Achilles heel.

         
         
         
         
         Gerhardt then attempted something very complicated. He tried to induce a reaction between a variant of salicylic acid, called
            sodium sali-cylate (chemically synthesized by a scientist called Henri Gerland a few months previously and a little easier
            to work with) and another substance called acetyl chloride. His aim was to replace the hydrogen atom of the hydroxyl group
            with an acetyl group — which in layman's terms was the equivalent of taking out a little bit of hydrogen and putting in a
            bit of vinegar. If his experiment had been completely successful, he would have found a way to reduce much of the drug's stomach-churning
            acidity. But it was a tricky process, nineteenth-century laboratory techniques being that much less sophisticated than they
            are today, and he only managed to obtain a crude and impure version of the final substance. None the less, Gerhardt was the
            first person to synthesize chemically a recognizable form of acetylsalicylic acid.* When we swallow an aspirin today, that is what we are taking - a compound of acetylsalicylic acid, or ASA as it is known.
            Regrettably, Gerhardt found the whole procedure so lengthy and tedious that he decided to shelve it.

         
         
         
         
         Over the next few years others had a go either at refining the chemical synthesis of ASA or at coming up with a better process
            for replicating the basic salicylic acid. The former group did not get very far at first (the next best stab at it coming
            from a German scientist called Karl Johann Kraut some years later) but the latter had more success. In fact the process developed
            by one German scientist, Hermann Kolbe of Marburg University (who in 1859 managed to synthesize salicylic acid from sodium
            phenolate and carbon dioxide) proved so effective that it would later be taken up by one of his former students, Friedrich
            Von Heyden. He established a large factory, the Heyden Chemical Company, to produce it.

         
         
         
         
         The jigsaw puzzle was coming together. But before the final picture would be revealed two more pieces were needed. Someone
            had to invest time, money, scientific expertise and industrial acumen into obtaining a commercially viable, side-effect-free
            formulation for the substance. And someone had to provide the medical impetus to convince physicians that all this frenzied
            activity was relevant to their patients, that this much-investigated family of chemicals (salicin, salicylic acid, spirsaure
            and acetylsalicylic acid) was as therapeutically beneficial as its supporters said it was. It is to a well-built Scottish
            doctor in top hat and frock coat that we turn next.

         
         
         
         
         When the journalist and author Daniel Defoe made his famous tour through Britain in 1725 he found Dundee to be 'one of the
            best trading towns in Scotland . . . populous, full of stately homes and large handsome streets'. It is unlikely he would
            have recognized it 150 years later. A city that had once been famous for the manufacture of fine linen had given its heart
            and soul to more aggressive industrial processes. Jute was to blame. From the 1830s onwards, the importation of this raw plant
            fibre from India and its production into the strong fabric used in sacking, carpets and luggage, became Dundee's most important
            business.*Vast mills, their chimneys belching out steam and smoke, soon dominated the landscape, and a huge migration of workers, many
            from as far away as Ireland, came to service them. Juteopolis was born.

         
         
         
         
         Mill owners encouraged this massive inrush of people for obvious commercial reasons, and in their blinkered terms it worked
            all too well. Before long, the labour market was dramatically overstocked and wages in Dundee were among the lowest anywhere
            in Britain. Many of the workers were women and children and were exploited dreadfully; young men were frequently thrown out
            of their jobs before they could reach the age of eighteen and start demanding adult rates. And predictably, this new, vast,
            impoverished workforce completely overwhelmed the limited housing supply. With everything happening so fast, there was little
            time, money or inclination to build suitable accommodation for everyone. Short-term lodgings became long-term housing, tenements
            were divided and then divided again, and many of the once stately homes noted by Defoe became squalid warrens where hundreds
            of people lived.

         
         
         
         
         The consequences were inevitable and tragic. By the mid-nineteenth century infant mortality in Dundee was among the highest
            in Scotland. Three big cholera epidemics hit the city between 1832 and 1854. Typhus and tuberculosis were endemic. Polio and
            rickets were commonplace. Eventually the city authorities awoke to their responsibilities and began trying to tackle the worst
            of the deprivation, but the problems of industrial poverty took much longer to repair than they had to create. The dank and
            overcrowded ghettoes at Overgate and Blackness would shame the city for some years to come.

         
         
         
         
         Such was the situation that an ambitious young doctor called Thomas John Maclagan found when he arrived to take up a post
            as resident medical superintendent at the Dundee Royal Infirmary in late 1864. The city was in the grip of one of its periodic
            typhus epidemics at the time and the hospital must have been desperately pleased to have him on board. But it was something
            of a shock to Dr Maclagan whose medical experience up until then had been gained in more salubrious climes.

         
         
         
         
         Although his parents lived only forty miles away, he was a well-travelled young man. His father, also a doctor, had married
            into a wealthy plantation family in Jamaica in his youth and on the proceeds had returned to Scotland to build up a large
            country practice at Scone in nearby Perthshire. This comfortable income had funded young Maclagan's impressive education:
            an expensive private school in Perth, Glasgow University to read humanities, and then to Edinburgh for training as a doctor.
            He qualified as an MD in I860 and set off around Europe for postgraduate study at medical schools in Paris, Munich and Vienna.
            This had left him well acquainted with the French and German languages as well as the latest advances in medical science,
            and with big ambitions. When a job opportunity arose in Dundee in February 1864, he decided to return to Scotland. The typhus
            epidemic was his first serious challenge - the medical superintendent's post carried certain public health responsibilities
            - and his recently acquired knowledge of European quarantine techniques was in demand from the outset.

         
         
         
         
         Maclagan was appalled by the conditions he found in Dundee. Writing later, he described the 'filth and gloom' of some of the
            homes he visited. Some of these problems, he said, were not even the problems of deprivation but of the sheer inadequacy of
            the housing stock. 'On many occasions when visiting the typhus haunts I have found a family composed of father, mother and
            several children of all ages occupying the one room which formed their entire occupation and this not because of poverty but
            because they could get no more suitable place of abode.'

         
         
         
         
         Amidst such squalor he was lucky not to become seriously infected himself. During the course of the 1865-6 epidemic, twenty-three
            of Dundee's doctors and nurses died of typhus. Indeed, on a later occasion while Maclagan was battling an outbreak of typhoid
            (which gives its victims acute dysentery and diarrhoea), the sewage pipes at the Royal Infirmary burst, flooding the hospital
            with contaminated water. He was fortunate that he caught only a mild form of the disease; his predecessor had died of the
            very same complaint in 1863.

         
         
         
         
         By enforcing a basic and rigorous public health policy - quarantining patients and their relatives, destroying contaminated
            clothing and bedding, and so on - Maclagan and his colleagues gradually brought the typhus epidemic under control. And although
            there was little he could do about the widespread poverty in the city, he managed to improve sanitary conditions at the hospital
            to such an extent that it soon had the lowest patient-mortality rates in Scotland.

         
         
         
         
         But, not surprisingly, when his contract expired in 1866 he decided not to seek another term. Instead he moved into general
            practice, bought a large house in Dundee's Nethergate Street and with his wife Isabella settled down into the life of a popular
            local physician. His experiences had affected him hugely, though, and over the following years he was to turn his considerable
            intellect on to the whole problem of fever and infection. Thus it was that in 1874 he began investigating one of the most
            prevalent and distressing complaints in the city at that time —rheumatic fever.

         
         
         
         
         As we now know, this condition, with its painful arthritis-like symptoms, is caused by a strep-type infection. It was therefore
            bound to be rife in a place like dank and overcrowded Dundee where contagion was all too easy. But in the nineteenth century
            there were still a great many competing theories as to what caused rheumatic fever. Some physicians claimed that it was a
            result of too much lactic acid in the blood, others that neurosis was to blame. Maclagan's own strange pet belief was that
            rheumatic fever must be triggered by a parasite living in the muscles and fibrous tissues of the joints and the heart.* However, it wasn't the cause that occupied him so much as finding effective ways to treat it. In pursuing this interest he
            made one of his most valuable contributions to medical science. He began to experiment with salicin.

         
         
         
         
         Until then, the extensive investigations into the chemical make-up of salicin and the search for an artificial synthesis of
            salicylic acid had taken place in the closed world of the laboratory and little of this knowledge had yet been exploited.
            The pharmaceutical industry was then still in its infancy and the close relationship that would later develop between science,
            medicine and the drugs business was some way in the future. Indeed, there were not yet any chemically produced drugs on the
            market, although their appearance was approaching fast. Nowadays, the process for a promising new drug is for it to be subjected
            to extensive medical trials before being put on sale. In 1874, even the idea of a trial was a novel one. The significance
            of Maclagan's experiments was that they tested for the first time - in a scientific frame work — the claims made by those
            who believed in the therapeutic benefits of the salicylates, including their use as an anti-rheumatic treatment. This is not
            to devalue Edward Stone's earlier, more modest research. He was after all the first person in modern times, albeit obliquely,
            to identify the potential value of the drug. However, Stone was a parson, not a doctor, and his work lacked the legitimacy
            of a full medical analysis. Likewise with the pharmacists and chemists who followed him. They had all contributed to the bank
            of knowledge about the substance, but their focus had primarily been on working around the chemical formulation of its key
            ingredient. It would take Thomas Maclagan to prove that it worked.

         
         
         
         
         He had two sources of rheumatic fever victims: his own private patients at his practice in Nethergate Street and those who
            had been admitted to the Dundee Royal Infirmary. The DRI was an impressive institution for its time. It was built between
            1853 and 1855 (at a cost of £14,500 in public subscriptions) in a grand Gothic style and stood on high open ground on the
            south side of the city. But there was more to it than just imposing architecture. It had 235 beds and during Maclagan's time
            as medical superintendent had become one of the first hospitals in Scotland to have separate medical, surgical and fever wards.
            Given the susceptibility of poorer Dundonians to rheumatic fever, many of them were to be found languishing on those wards
            or pressing to be admitted. Although he was no longer medical superintendent and strictly speaking had no direct access to
            its patients, Maclagan had become a governor at the hospital and so was not short of human guinea pigs.

         
         
         
         
         In a curious echo of Edward Stone's experiments, Maclagan began his trial with the fabled doctrine of signatures firmly in
            mind; the creed of Paracelsus still held sway among many nineteenth-century physicians.

         
         
         
         
         Nature seeming to produce the remedy under climatic conditions similar to those which give rise to the disease . . . among
            the Salicaceae . . . I determined to search for a remedy for acute rheumatism {rheumatic fever]. The bark of many species
            of willow contains a bitter principle called salicin. This principle was exactly what I wanted.

         
         
         
         
         He seems to have chosen salicin for his experiments in preference to salicylic acid because the less refined substance was
            known to be more palatable to the stomach. However, he did try two types of salicin, one derived from willow and one from
            meadowsweet.

         
         
         
         
         I had at that time under my care a well-marked case of the disease which was being treated by alkalies but was not improving.( I determined to give him salicin; but before doing so, took myself first five, then ten, then thirty grains without experiencing
            the least inconvenience or discomfort. I gave the patient referred to twelve grains every three hours. The results exceeded
            my most sanguine expectations.

         
         
         
         
         The patient was forty-eight-year-old 'William R', who for the preceding four days had had a temperature of 103 degrees. In
            the days after taking salicin this came down rapidly and he was subsequently discharged from care. It was the first of many
            such recoveries that Maclagan witnessed over the following two years. The trials were rigorous - some patients were given
            the drug and others not, so establishing a simple control process that validated his results — and he was meticulous in insisting
            on regular doses until he was satisfied that the patient's pain had subsided and his temperature had become normal. This must
            have been a sore trial to the Dundee Royal Infirmary's bursar. In choosing salicin as opposed to salicylic acid, Maclagan
            was going for the more expensive option — at two shillings an ounce, salicin was nearly twice the price of the chemically
            produced alternative (one of the reasons why chemists had been keen to produce it in the first place). While some of Maclagan's
            wealthier private patients would have been able to bear the cost, many of the DRI's patients were there on charity and the
            hospital would have had to pick up the bill. Still, as a friend and colleague said of him some years later, 'he holds the
            strictest views as to his duty and carries out those views with a rigid and unflinching exactness',† and it is hard to imagine that he was ever bested in any arguments about money with his colleagues on the hospital's board
            of management.

         
         
         
         
         Maclagan wrote up his results and sent them off to the Lancet, which published his findings on 4 March 1876. Salicin, he declared, was a winner. He described it as 'quite apart from its
            antipyretic properties, the most effectual means yet for the cure of acute articular rheumatism and that it may even show
            itself to be a specific in the disease'. It had lessened the patients' symptoms - fever, inflammation and pain - and was undoubtedly
            a very useful addition to modern medical pharmacopoeia.

         
         
         
         
         Maclagan's report had two immediate effects. The first was that the price of salicin began to shoot up - within a year it
            cost more than ten shillings an ounce. The second was that a flurry of other doctors began publishing their work on the same
            area. Almost contemporaneously, a German physician, Solomon Strieker, declared that his tests had shown that salicylic acid was also effective in treating rheumatism. Shortly afterwards, another German doctor,
            Ludwig Reiss, reported the same thing. The following year, Germain See, in Paris, claimed that the sali­cylates were useful
            not only against rheumatism but also against the chronic condition called rheumatoid arthritis. Furthermore, he added, they
            could be helpful in gout too. Others chimed in with claims that salicylic acid could help with headache, migraine and neuralgia.
            Between 1877 and 1881, four of the main London teaching hospitals began large-scale trials of the salicylates and subsequently
            introduced them as regular therapies. A more curious footnote came in the shape of a letter to the Lancet from one Dr Ensor of the Cape of Good Hope. Dr Maclagan might also like to know, he said, that the Hottentots of southern
            Africa had been taking willow bark to relieve rheumatic disease for years.

         
         
         
         
         It is perhaps not so surprising that Maclagan's fellow professionals took such an interest in his findings. The Lancet, in which he published his results, was already established as one of the world's leading medical journals and its letters
            and articles were taken,very seriously. Moreover, it should also be remembered that aside from quinine, the opiates and, to
            a different degree, digitalis (the heart drug which was extracted from the foxglove flower), there were still few proven treatments that physicians could rely on. Many of the other nostrums they dispensed had been around for hundreds of years
            and were often no more effective than a winning bedside manner. But salicin and the other salicylates were available, albeit
            in limited quantities, and now had the added endorsement of medical analysis. That gave them extra kudos.

         
         
         
         
         Three years later, buoyed by his success and perhaps also keen to get away from the enduring grimness of his surroundings,
            Maclagan moved south to London. Although he retained an interest in the rheumatic diseases, fever and germ theory (hanging
            on firmly to his belief that rheumatism was caused by a parasite), from then on he turned to fashionable medicine. He opened
            up a practice in Cadogan Place and made his name as a society doctor, counting the Duchess of Albany and Thomas Carlyle among
            his patients and even becoming physician-in-ordinary to the Prince and Princess Christian of Schleswig Holstein. He died in
            1903 of stomach cancer and was buried in a modest grave in Woking cemetery on the outskirts of London. Amid the many tributes
            he received on his death was this recognition from the Lancet.

         
         
         
         
         Decoction of willow bark had of course been known as a 'cure' of rheumatism for many years prior to 1876 and the use of salicin
            is nowadays almost superseded by the salicylates, but still Dr Maclagan would seem to have been the first to draw the attention
            of the medical profession to the use of salicin in modern days.

         
         
         
         
         That is understating his contribution to no mean degree. By taking the salicylates seriously Maclagan helped create the climate
            in which they would finally be developed into one of the most significant medicines of the modern era. The thorny problem
            of mitigating the dreadful side effects still had to be solved of course, but fortunately the foundations for dealing with
            that had already been laid by Messrs Runge, Murdoch and Perkin, some years before. The last piece in aspirin's jigsaw puzzle
            was about to be placed by - of all things - the German coal-dye industry.

         
         
         
         
         *Beitrag zu den Prinzipien fur jede zukiinftige Pharamakologie.

         
         
         
         
         * The name 'spirsaure' would later be reflected in the name of the drug that emerged at the end of this lengthy process of
            discovery: aspirin.

         
         
         
         
         *One of the most remarkable figures of the Industrial Revolution, William Murdoch was a Scottish engineer, who in his mid-twenties
            walked 300 miles from his home in Ayrshire to seek work at the Birmingham steam engine factory of James Watt and Matthew Boulton.
            Watt was not there at the time but apparently Boulton was so impressed by Murdoch's metal top hat, which he had made himself
            on a lathe, that he gave him a job. In 1779, the company sent him off to manage one of its engines at a tin mine near Redruth
            in Cornwall. Over the next twenty years Murdoch's home and workshops there became a centre of astonishing innovation. One
            of his many prescient ideas was for a road-going steam car. The company told him (a little unwisely) that there was no future
            in moving engines, but this didn't stop him terrorizing the people of Redruth with his prototype. Gaslight was his most notable
            invention. One day, while relaxing by his fire, he put some coal dust into his pipe and laid it among the embers. As coal
            gas was formed and shot out of the mouthpiece, Murdock saw that it shone brightly. In 1792, he installed the world's first
            gaslights in his home and works. Within fifteen years gaslights were going up over London's Westminster Bridge.

         
         
         
         
         * He went on to discover other aniline colours and also to identify a set of chemicals that would later form the basis of the
            perfume industry.

         
         
         
         
         * An event marked by the citizens of Strasbourg if no one else. In 1956, on the centenary of Gerhardt s death, they raised
            a memorial to him in his home city.

         
         
         
         
         * There were others of course - engineering, textiles, shipbuilding etc. A popular epigram about Dundee later described it
            as a city of 'jute, jam and journalism - reflecting the importance of Dundee's Keiller company's marmalade production and
            the D. C. Thompson comic business (Dennis the Menace's Beanotown is set on the outskirts of Dundee). But for much of the mid-nineteenth
            century jute was king. Even the city's large whaling industry was partly dependent upon it, blubber oil being important for
            the treatment of jute fibre.

         
         
         
         
         * Right idea, wrong illness. Had Maclagan applied this theory to malaria - or the ague, to give its traditional English name
            - he could have cracked one of the great mysteries of medicine earlier than it was. The ague had often been confused with
            rheumatic fever in years gone by because of the superficial similarity of some of the symptoms. In 1880, some time after Maclagan
            came to believe that rheumatic fever was caused by a parasite, the French physician Alphonse Laveran discovered a parasite
            living in the white blood cells of a malaria victim.

         
         
         
         
         * Possibly quinine - sometimes used to treat rheumatics because of its antipyretic (fever-lowering) properties. Other more
            ineffective contemporary treatments included bleeding and infusions of mint or lemon water.

         
         
         
         
         * A remark made by Sir Frederick Treeves, Maclagan's own doctor.
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