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If you picked up this book in the hope of discovering a novel way of snorting cocaine, then I am afraid I am going to disappoint you. A drug is the active ingredient in a medicine. A medicine is the manufactured product containing the drug. Aspirin is a drug; aspirin tablets are a medicine.




Introduction

Why You Need This Book

I lay on the table in the brightly lit catheter lab, naked other than for a green cloth over my groin. I was about to have an angiogram to check on the blood vessels that fed my heart muscle. There were a couple of computer screens above my head and a young female doctor was working at the top of my leg, inserting a plastic tube into my femoral artery, while the other clinicians prepared for the procedure. During my PhD at this hospital, I had volunteered for several clinical trials and was used to being experimented on. My research had involved assessing potential new drugs to treat high blood pressure, so I was interested to see the plumbing of my own body. I was rather enjoying myself, and in a jokey mood.

I looked up as a head loomed over me and said, ‘Hello.’ I read the name badge. It said ‘Gabriel’.

‘Have I passed over?’

He grinned.

‘Hey, this is my lab; no one dies on my table!’

I wasn’t worried about dying on his table, or elsewhere, as my presence here was a mistake, the result of an anomaly on an earlier test. It was only my GP’s excessive caution that had made her send me for this procedure. I knew I didn’t have a heart problem. Now in my early forties, I had been an amateur wrestler and had always run, cycled and swum. I was proud of my physique and felt as fit as a butcher’s dog.

The doctor started reeling the tube into my body. On a screen above me, I watched its tip inching its way into the artery that feeds the heart. I felt a warm flush as dye was injected into my bloodstream. The vessels of my heart lit up like a road network at night – they all looked fine to me. The tube was soon withdrawn and a heavy thumb pressed into my thigh until the bleeding stopped. I was slid onto a gurney and watched the brightly lit ceiling tiles of the catheter lab change to the mottled grey in the corridor, then the dull white on the ward. I was told to rest until the consultant came to discharge me.

Drifting, I imagined him ambling up with a benign look on his face. ‘Well, Nick,’ he would say, ‘it’s all clear.’ I smiled to myself. No, more likely it would be, ‘Well, Nick, your heart is as sound as a bell. It’s not often we get the privilege to see such a healthy heart in a man of your age.’ That would be more like it.

The consultant strode up to my bed. ‘The good news is that I don’t think we need to do coronary bypass surgery on you – the main artery that feeds your heart is around 70 per cent blocked; we consider surgery at 75 per cent. If a blood clot blocks that artery, you will be lucky to survive, so I have asked the nurse to give you some aspirin immediately as a blood thinner. You will probably have to take it for the rest of your life. You also need your cholesterol sorting out – I will refer you to the lipid clinic, and you will probably be on statins for the rest of your life too.’ And he left.

My daughter was four. I needed to stay alive long enough to shepherd her to adulthood. Fear started to grow. Only medicines could keep me alive.

Fifteen years later, I had another angiogram; there had been no further narrowing. Without treatment, I would probably have had a heart attack by then. The drugs had worked, and are still working. I am sure I’m only alive now because of them.

And yet . . .

The A&E doors crash open as Mary’s gurney is hurried through by the paramedics. Confused and bruised from a fall, there is a large bag by her feet. Her blood pressure is low, as is her glucose and sodium. Gradually, her story is pieced together. She has five conditions: high blood pressure, diabetes, arthritis, osteoporosis and chronic breathing difficulties. The bag contains her twelve medicines; she has to take nineteen doses spread across five times of the day. While each one may work for the condition it was prescribed for, together, they make a toxic cocktail of sixteen different adverse interactions between drugs and conditions. Some of them caused her to fall.

Falls are more common in patients taking drugs for high blood pressure or diabetes. More people with diabetes are admitted to hospital because their medicines cause their blood sugar to drop too low, making them dizzy, than are admitted because it is too high. Mary has suffered adverse effects caused by her medications, as have one in six of all hospital admissions from A&E, nearly half of which are avoidable.

These two cases show the inherent tensions in medicines that have been recognized for millennia – their potential to both help and to harm. Indeed, the root of the words ‘pharmacy’ and ‘pharmaceuticals’ comes from the Greek word pharmakon, which means both ‘remedy’ and ‘poison’. This sense of indeterminacy, of unease about the outcome of medicine-taking, is at the core of this book.

Medicines Are Part of the Human Condition

The use of drugs is part of being a human. Anthropologists tell me that all societies and tribes have things that they consider drugs. Studies of Neanderthal sites from 50,000 years ago show they carried yarrow and camomile, and around 2680 BCE, the Chinese herbal book Pen Tsao (‘Great Herbal’) was created, which described over 365 medicinal plants, several of which are still used to provide drugs today. Hippocrates, a Greek physician born in 460 BCE, developed a theory of diseases and set much of the agenda for medicines that lasted well over a thousand years. He argued that diseases had natural causes, and were partly a consequence of our actions. Not a strong advocate of medical intervention, he proposed a balanced diet, exercise and what he called ‘gentle medicine’.

With the growth of science in the 1700s and 1800s, we realized that herbs are not simple, but a complex mixture of chemicals (a clove of garlic, for example, is made up of 2,306 different chemicals) and we also began to understand the chemical nature of our own bodies – and the relation with disease. In the latter half of the nineteenth century, Hippocrates’ ideas of disease were finally being replaced by scientific studies. As a result, there was rapid growth in the manufacturing of medicines, many of them patent medicines (which had a few cheap ingredients and outrageous claims).

Significant breakthroughs in treatment began to appear in the first half of the twentieth century. Harold Burn, for many years chair of pharmacology at the University of Oxford, remembered that, in the early years of the twentieth century, hospital beds in London were largely occupied by victims of syphilis. By the end of the First World War, syphilis had all but vanished from London’s hospitals after the invention of Salvarsan, an antibiotic that killed the bacteria behind it. Writing in 1962, Burn recalled his time at Guy’s Hospital in 1920, seeing children with tuberculous ankles, ‘who were terrified when the time came to change the dressings, who cried and sometimes screamed’. There were pneumonia patients dying within weeks, and diabetics given only a year or two to live. ‘All these would now be quickly cured,’ he noted. ‘These changes are all miracles, and the surprising thing is that they are accepted and so quickly forgotten.’

Modern medicine has made remarkable strides – from antibiotics and vaccines to gene editing; transforming once-fatal conditions like HIV and many cancers into manageable or even treatable diseases. However, for all these advances, our personal understanding has changed little since Victorian times. There is a sense that medicines have been developed by science and tested for safety, yet most of us have only a vague idea of how they work, or how to get the best out of them.

It is time to finally get to know them – and I think you’ll be surprised by what you find.

The Problems with Medicines

Internationally, the pharmaceutical industry (usually abbreviated to Pharma) is a $1.77 trillion-a-year industry, and yet many drugs don’t work well, are badly prescribed, erratically taken, barely monitored and cause immense stress, harm and waste. The time is right for you to have more control over your relationship with medicines.

Are your drugs working for you?

Probably not. As Allen Roses, a former vice-president of Glaxo (now GSK) stated publicly: ‘The vast majority of drugs – more than 90 per cent – only work in 30 or 50 per cent of the people’. Roses revealed an open secret in Pharma: medicines don’t work for everyone; only in a minority of people. You will read later that his estimate of how well they perform is probably on the optimistic side. The reasons for this include our different genetic make-ups and how drugs are prescribed. And yet, despite their limited effectiveness, they are more likely to work better than nothing at all. The good news is that, in the pages that follow, I will suggest ways to deal with this.

Are you having side effects?

Probably not, or at least, not severe enough to trouble you. It’s hard to predict whether you, personally, taking this drug at this dose, will have any side effects, and side effects are probably not as likely as you think. Most patients starting most drugs will not have them. If you do have them, we cannot predict which or how many you will have, how severe they will be and for how long they will last. Most of the time, this is not a real problem – side effects are usually either minor and disappear after a while, or are easy enough to live with.

Every drug is approved for use based on its balance of benefits and risks. If a drug is thought to be able to save or significantly improve your life, serious side effects will be seen as more acceptable, whereas a drug you may take for decades to slightly reduce your chance of a heart attack will need to be much safer. Even the best prescribing can, on occasion, result in harm. Also, as we get older and our conditions and the number of drugs we take multiply, there can be a build up of significant harm, as Mary’s case illustrated. Typically, these patients will be in hospital for six days. Probably half of these admissions could be avoided by better monitoring and judicious deprescribing, a process in which patient and prescriber, having weighed the risks and benefits of a drug, may stop it.

In this book, I’ll show you that there is more that can be done to predict those likely to have adverse effects from some medicines.

Are you taking them properly?

Possibly not. Drugs need to be given a chance to work. Unfortunately, many people do not take them as they are supposed to be taken. Sticking to the instructions on the medicine label is known as ‘adherence’. Between a half and a third of us are nonadherent; we do not take our medicines as prescribed – sometimes intentionally, sometimes unintentionally. This affects our health. We know that the less adherent patients have worse health outcomes for a range of clinical conditions. Beyond the human cost of ill health, there are significant financial consequences too. In just five groups of drugs, nonadherence cost the NHS over £1.5 billion a year in added costs of care, as patients became sicker than they needed to be. Worldwide, it is estimated that nonadherence costs £295 billion.

I will show how being supported during this period can lead to better drug-taking by those of us who wish to take them, and how to stop the drug if it is not providing benefit.

Are we getting value for money?

Probably not. Medicines involve eye-watering amounts of money. The USA, a country containing about 4 per cent of the world’s population, accounts for half of the world’s pharmaceutical sales, and the revenue of the pharmaceutical industry is similar to the Gross Domestic Product of Mexico or Australia (although, at the time of writing, the US government is introducing plans aimed at significantly reducing the amount they pay for drugs). In England alone, prescribed medicines cost £20 billion a year, evenly split between hospitals and the community. The spend on medicines is equivalent to a third of the UK’s defence budget. If, in a fit of generosity, you wished to pay off England’s drug bill, you would need to lay down a £1 coin every second of every day, for 365 days of the year over 635 years. That long ago Geoffrey Chaucer was writing The Canterbury Tales and half of Europe’s population had been killed by the Black Death.

Not all costs are financial, though; they are also environmental. Pharmaceuticals contaminate almost all the world’s rivers, excreted by ourselves and farm animals, or as manufacturing pollution, or merely thrown away. They also contribute to global warming. A quarter of the NHS carbon footprint comes from medicines, including their manufacture, distribution and use.

I will show how we can reduce the environmental impact by using drugs wisely, and by selecting those with the least environmental footprint.

It is clear that we are in a mess with medicines – a trillion-dollar technology delivering reliability we wouldn’t tolerate in a dishwasher. Drugs don’t work well, they are badly prescribed, erratically taken, barely monitored and cause immense stress, harm and waste. And yet, they vanquish disease and transform the fatal into the trivial. They offer succour when we are down, enhance our living and defer our dying.

So, how can we resolve this conundrum?

It is only by seeing drugs clearly that we can have an open and honest relationship with them, ensuring they serve us as individuals and as a society. How to Take Drugs offers that way forward.

Why This Book Now?

Management opportunity – Job title: Patient

We are seeking motivated and determined project managers with a keen interest in healthcare to join our team of health professionals to improve the health and wellbeing of our population. You will be working on a voluntary basis. There is support available, but be warned, this is variable, and sometimes sparse and difficult to find.

Graham Prestwich’s tongue-in-cheek blog shows the reality of life as a patient taking prescribed drugs – you are the project manager, the master of your ship, and you are faced with all sorts of uncertainties about things that could significantly affect your health and wellbeing. Sometimes, you also have to take on that role for your children, spouse or parents. It is a role tinged with worry and, sometimes, real fear. It is probably not a job you wanted, you didn’t apply for it and no one has given you the job description, a competency assessment or an induction pack. Well, I’m here to help you plug at least some of those gaps.

What I hope to show in this book is that the problems I’ve described above arise because we have a flawed model of prescribing and follow-up care. We treat the disease rather than the person who has it, and we fail to recognize and manage the uncertainty inherent in drug treatment.

The origin of this book, and much of my life’s work, was an impossible situation: I had to deny a dying man the medicine he wanted. And while I, as the hospital’s chief pharmacist, was legally right, I felt morally wrong. The resulting ethical and emotional crisis has driven my work ever since. We can do much better. This book is a culmination of that drive, for the first time bringing my research and latest thinking together to craft a better future for us all.

How to Take Drugs offers solutions – for those of you taking medicines now, for those facing a new diagnosis, and for those who support others with their medicines. I’ll offer a detailed plan for how we can reset our relationship with medicines and be clear about what we want from them, and how, as much as possible, to make them deliver.

Why me?

You might be wondering what qualifies me to write a book on making drugs work.

I have studied drugs at the molecular level in the laboratory and also regularly walked hospital wards, providing prescribing advice to doctors. At the National Heart Hospital and elsewhere, I have run pharmacy departments. As an academic, I was one of the first professors of the practice of pharmacy in Europe and have published over 200 research papers, including collaborations with countries such as the USA, Chile and Germany. At the heart of my work is understanding how patients and professionals use medicines, to find ways to make them safer and more effective. I created a national prescribing framework, have made the ways drugs are used in care homes safer, and helped over 20 million people build a better relationship with a new medicine, a service that has now been copied in several other countries. I have worked with many experts to improve systems around medicines. As Director of Research and Evaluation at the Health Foundation, I chaired an international group of experts on quality improvement in healthcare, and as Mentor in Chief for the Healthcare Improvement Studies Institute at the University of Cambridge, I worked with innovative research fellows from many disciplines.

For all my expertise, I, too, have had to wrestle with decision-making about medicines. Concerns about my health and that of loved ones permeate this book: my long-term heart problems, struggles with depression, addiction to over-the-counter painkillers, and my role as a carer for my dying mother.

Now, in this book, I want to bring my grand plan, the evidence that underpins it and the work that needs to be done to complete it to you, the reader, by answering two important questions in terms of our relationship to medicines:


	What does ‘good’ look like?

	How do we get there?



It’s time to reset our relationship with medicines – to be clear about what they are and what they can – and can’t – deliver. In the chapters that follow, I will empower you, giving you information so you can choose whether to take a medicine and, if so, provide a person-centred framework for starting, taking and stopping medicine which anyone can put into practice. I’ll also explain how you can advocate for yourself – or others you care for – when being prescribed to.

How the book is structured

The book is divided into three parts.

Part 1 helps you understand medicines. After all, if you are going to have a relationship with them, then it helps to know what they’re really like. It sets out the basic context and information about medicines, whether they work and whether they are safe. We’ll explore how medicines get into, around and out of your body, which will give you a good basis for understanding drug dosages later in the book. In this part, we’ll also look at how a medicine is developed, so we know it works and that it is safe.

Part 2 introduces and develops the book’s core ideas by exploring what ‘good’ looks like when it comes to our relationship with medicines. I set the scene by giving insight into the problems with prescribing, and how they do a disservice to you, the patient. You might well recognize some of them from your own experience. I then introduce a term I have invented to describe a good relationship with a medicine: eupharmia (from eu, the Greek prefix for harmonious, and pharmakon). We’ll explore its rationale and how it should be used, as well as how to reach eupharmia using one of the book’s key concepts: the ‘Avoid, Kiss, Marry, Divorce’ approach to managing your relationship with medicines.

In Part 3, we’ll look at the bigger picture, exploring other issues to bear in mind when making decisions about your medicines, including the placebo effect, in which we think a drug is working when it’s not, and its evil twin, the nocebo effect, in which we think we are having side effects when we are not. We’ll examine why between a third and a half of us on a long-term medicine do not take it as advised and what can be done about it, as well as addressing the environmental impacts of medicines – something you may wish to consider when deciding whether to start or continue taking a medicine. We’ll also look to the future and explore how using advances in technology, such as artificial intelligence (AI), and the expansion of prescribing rights (in the UK, from 2026, all new pharmacists will be ready to prescribe) have the potential to help us all get closer to eupharmia.

My ultimate goal for this book is to help you reach eupharmia with each of your medicines, or to consider not taking them at all. In short, this is an agenda-setting, genuinely life-changing book that will help you and your loved ones have a better relationship with medicines, now and in the future.

A note on terminology

Drugs have three names: a complex chemical name which describes its molecular structure, a generic name that will be recognized worldwide, and a brand name chosen by the manufacturers. For example, 2-(4-isobutylphenyl) propionic acid is the chemical name for the drug that has the generic name ibuprofen, and which has several brand names, such as Nurofen. In the UK, most prescribing is by generic names, and I will use them in this book.

When it comes to healthcare, primary care is the first point of contact with the health system, providing most of a person’s day-to-day health needs throughout their life. It includes preventative, diagnostic and treatment services in a local community and consists of general practitioners (GPs, family doctors), pharmacists, dentists, community nurses and so on. Secondary care refers to hospitals, and tertiary care to specialist hospitals and clinics for more advanced treatment.




Part One | How Drugs Affect You




Chapter 1

How Drugs Work

Bad headache? Period pain? The fastest way to get relief is to dissolve a soluble analgesic tablet in a glass of water, drink it and then lie on your right-hand side. Why? Read on . . .

You may well have drugs in your body as you read this. How did they get in? Where are they inside you and how will they get out? Why are some tablets taken once a week and others four times a day? Why do you need to take some on an empty stomach and others with food? And why, for some drugs, shouldn’t that food be grapefruit? Or perhaps you are not taking any drugs at the moment. If so, you are lucky and will almost certainly take them, or be given them, in the future.

To understand some of your choices about drugs, and how to get the best out of them while reducing your chances of having side effects, it is useful to start with an understanding of how they work and get into, around and out of your body. I know that, for some people, drugs and the practices around them are quite strange, which can lead to stress and a feeling of alienation from them. By understanding why things happen, it may just lessen any worry and help you make better decisions about your own medicine-taking – and that of your loved ones. Don’t worry, we don’t need to go deep into the science – the principles are easy to understand. In the second part of this chapter, using this knowledge, we will see why we can all respond differently to drugs, so that you can understand why a drug seems not to work for you, or to give unacceptable side effects, and what you can do if and when this happens.

Your Body As a Country

Your body is a phenomenal collection of chemicals and processes; drugs work by influencing them. There are around 37 trillion cells in your body and over 200 cell types that are incredibly complex, each containing many millions of molecules. We are fundamentally a sack of chemicals that work together to make us in all our wonderful complexity (although this is probably not a view to introduce on a first date). Drugs generally work by affecting the way the body’s chemicals work together and, to do that, they have to get to the cells and chemicals that perform those functions.

There is no shortage of work to be done, either, as we are constantly rebuilding ourselves, destroying and remaking around 60 billion cells a day. (We are ignoring the additional 40 trillion bacteria in and on our bodies at this point, although they will become important later in the chapter.)

Consider the body as a country with many connected rivers and lakes (we are 50–60 per cent water after all). Most cells are like city states with a wall around them to control who comes in and out. Inside each cell city is a thriving community of molecule-makers, transporters, energy-generators and waste-disposal mechanisms. The citizens vary from tiny sodium atoms to large, folded ribbons of protein that form enzymes, and complex molecular chains such as mRNA (messenger ribonucleic acid), used in the cells to make proteins (and used in making vaccines), and DNA (deoxyribonucleic acid). There are several gates in the city wall: some let goods in and out without control (diffusion); some only let those with a visa through (they are actively transported in); and others allow you to tell someone inside what to do. These cities rise out of a sea of ever-flowing blood and the watery liquid surrounding cells and tissues.

Drugs diffuse through and flow with the water, past some cities, surrounding the walls of some and entering into others. Some drugs just drift through the cell walls to affect processes in the cell. Many drugs work at what we call ‘receptors’ on the cell wall. Receptors are one kind of gate on the city wall – when stimulated by a drug or natural chemical, they send a message into the cell, telling it what to do. There are several types of receptors, each triggered by a different chemical. A drug may pretend to be a naturally occurring chemical (such as adrenalin) that acts on one type of receptor. One drug may enhance the natural chemical’s effect (these drugs are called agonists), while a different drug may reduce the effect or stop it (these drugs are called antagonists) by blocking the city gate.

There are two important areas of the body that are protected by narrow causeways that allow only some types of molecules to pass. One is the brain, shielded by the tightly packed cells of the ‘blood–brain barrier’. The other is the foetus, guarded by the placenta – a filter that blocks many drugs, but not all.

If the drug is competing with the body’s own chemicals at these receptor sites, then how much is required? The odd molecule is not going to have an effect, yet vast quantities could completely overload the receptors, with potentially toxic consequences. So, how much is the right amount? How do prescribers find a middle path?

Goldilocks Dosing

Goldilocks’s experience of the three bears’ porridge, chairs and beds was that too little of something didn’t work, and nor did too much, but there was a sweet spot in the middle that provided what she needed. The same idea about drugs was proposed 500 years ago by Swiss physician Phillippus Aureolus Theophrastus Bombastus von Hohenheim. With an ego even larger than his name, he publicly burned books by famous physicians such as Galen, Ibn Sina and Celsus – and, believing himself superior to the latter, adopted the name Paracelsus, meaning ‘beyond Celsus’. Importantly, though, he was the first to argue that it was not the drug itself, but the amount of it that was given that made the difference between whether the drug heals or harms: ‘Only the dose makes the poison,’ he said. ‘Goldilocks dosing’ refers to getting the right dose of a drug for it to be effective and not toxic.

There is something curious about how a drug’s effect moves from being ineffective to toxic as the dose increases. Instead of the dose going up, say, 1mg at a time, it needs to keep doubling to make a difference. This is why a statin doesn’t come in 20mg, 21mg, 22mg and 23mg tablets, but as 20mg, 40mg and 80mg. The increase in the effect produced by changing from 20mg to 40mg (a 20mg increase) is the same as going from 40mg to 80mg (a 40mg increase – twice as much drug is required to get the same additional effect).

We can understand it better using the graph below. Along the bottom, we have the dose of an imaginary drug, starting with 2mg and doubling repeatedly to 128mg (a range of doses unlikely in real life). Up the side, we have the clinical response, increasing as we go up, and ranging from ineffective doses, through the Goldilocks response (called the ‘therapeutic window’ in medical terms) and up into toxic effects. Follow the line from the bottom up: 2mg is ineffective, and we are just beginning to get a small effect at 4mg. By 16mg we are starting to get toxic effects, although the clinical effect keeps increasing until the curve flattens out, where there is no further increase in effect.

[image: A graph with dose on the x-axis and clinical response on the y-axis. Dose starts at 2 units and doubles every step. The y-axis has three parts: The graph moves from ‘No effect’ where doses below 4 units are not effective. Between 4 units and 16 units, the ‘concentration of the drug is within the therapeutic window’, and these doses are called ‘Goldilocks doses’. Beyond 16 units, the graph begins to reach a plateau marked by point A and these doses cause ‘Increasing toxicity’. 4 units and 16 units are the minimum and maximum effective concentrations, respectively.]
Relationship between the dose of a drug and the clinical response
 Note the dose keeps doubling.

For some drugs, the therapeutic window is narrow, and it is a delicate balancing act to get an effective dose that is not toxic. To work out how to keep drug levels in the blood within the therapeutic window, first we need to understand how drugs get in, around and out of your body.

A Drug’s Journey Through Your Body

One of the joys of writing this book is that most people I talk to tell me a story about medicines. My friend Rob said his grandmother was about to take a tablet when she looked at him and said, ‘How does the tablet know where to go?’, so this section is for her (and you).

Getting into your body

Let us start with a simplistic, if rather unflattering, view of ourselves. We are fundamentally a cylinder with thick walls and a wiggly tube going through the middle. The walls are our body – muscle, bone, blood and so on. The outer wall of the cylinder is our skin, which has evolved to keep the outside out and us in. It is a barrier to protect us from risky things, and hence rather hard to get drugs through. However, the tube from the mouth to the anus has the opposite role – it is designed to break down food into its constituent molecules and absorb them. It is an ideal way to get drugs into the body, which is why most drugs are designed to be swallowed in a bewildering array of dosage forms, such as tablets, capsules, caplets, soluble tablets, mixtures, cachets, pills, powders, draughts, suspensions and tinctures.

Have you wondered why, when you swallow a painkiller, it takes a while before it works? The reason is that it first needs to be absorbed into the body.

Let us start with a tablet, the most common dosage form. It is made up of the active molecule of the medicine, which is called the drug, and a small number of innocuous substances which are mixed with the drug for a variety of reasons: to make the tablet large enough to handle, to keep the drug from degrading, to help the powders flow evenly in the industrial tableting device, to mask the taste of the drug and to keep the tablet together, so it doesn’t start flaking or crumbling when jiggled around while being transported.

How does the drug get out of the tablet and into the bloodstream? The tablet needs to fall apart to release the drug, which then needs to dissolve in liquid to form a solution, before being moved to an area where it can be absorbed. Tablets fall apart and dissolve in the stomach and the solution is then moved to the intestine, where the drug will be absorbed.

To get a rough idea of where your stomach is, loosely clench your right fist, turn it so the fingers are uppermost and tuck the fist under your breastbone with your palm around the middle of your body; your forearm should slope down slightly. When you swallow something, it goes down a tube (the oesophagus) to enter the stomach (fist) somewhere near your fingertips. The contents of the stomach go out through a valve in the right-hand side into the small intestine, about where your wrist is. Which is why lying on your right-hand side pools the stomach contents over the valve to the intestine, ensuring as much as possible goes through when the valve opens.

Tablets often come with the instruction ‘Take with a glass of water’ for a good reason. Not doing so has disadvantages. First, the tablet can stick in the throat, which feels uncomfortable and will need to be dislodged by swallowing water or food. Second, if the stomach is empty, the tablet disintegrates to form a very concentrated puddle of drug, in the hydrochloric acid and enzymes that your stomach naturally secretes. This mixture may irritate the stomach wall. It also takes longer for the drug to get through to the intestine, which means it takes longer to get into the bloodstream and do its job. Taking tablets with a full glass of water stops these problems and has the added benefit that the greater volume of liquid will stimulate the stomach to move its contents into the intestine.

The stomach is an elastic sack and can stretch as needed to accommodate food and drink. Its role is to break down food, using hydrochloric acid and enzymes, into a sort of thick soup and pass it through a valve, a bit every so often, into the intestine for absorption into the body. The fuller the stomach, the longer it will take to get food into the intestine, particularly if it is a fatty meal. A drug is absorbed most rapidly from an empty stomach, because it gets to the intestine quickly. However, some drugs irritate the stomach wall, so are recommended to be taken after a meal so they will be diluted by the stomach contents. There is little drug absorption through the stomach’s smooth, mucus-covered walls. From our point of view, the stomach’s role is to change the tablet into a solution of drug, which is why taking a medicine as a liquid or soluble tablet works quickest.

A tablet releases an incredible number of molecules of drug. If I take a 400mg tablet of ibuprofen to deal with a headache, it releases 1,170,000,000,000,000,000,000 molecules into my gut, otherwise known as 1.17 sextillion. This is an unimaginable number. I tried to work out what was happening 1.17 sextillion seconds ago – it was incalculable; I quickly reached the birth of the universe, beyond which time did not exist. So, here is another analogy to boggle your mind: 1.17 sextillion sheets of printer paper, piled on top of each other, would take us past the planets, out of the solar system, beyond more than thirty stars, and more than 12 light years into space. In case you find that worryingly large, let’s put it in perspective: you take in a similar number of oxygen molecules in one breath, and a teaspoon of water contains nearly 150 times more molecules!

The small intestine has evolved to absorb the nutrients from food and is where most drugs are absorbed. A tube 3–5m long, it has a surface area the size of a third of a soccer pitch, its wall covered in tiny finger-like protuberances called villi (looking a bit like the fronds of a sea anemone). The villi absorb, or actively extract, chemicals (food, drugs, toxins, and so on) through their very thin walls into the bloodstream. The intestine’s blood supply is carried in a large vein straight to the liver where it is scrutinized for substances. Some detoxification and processing happens here before being passed into the general blood circulation around the body. The proportion of drug that reaches the general circulation is known as its ‘bioavailability’. If you are reading about a drug, this is a term you may come across – 80 per cent bioavailability means that 80 per cent of the drug has been absorbed into the body; the rest will remain in the gut until passed out of the bowel with no effect on the body, but with consequences to the environment, as we will see in Chapter 8.

What is left of the small intestine’s contents moves into the colon, which forms most of the large intestine, around 1.5m of tube. Having been churned and moved along, what is left of the food can now dawdle. Water is mainly extracted here; however, it is also an excellent site at which to deliver some drugs; special tablets can be made which hold on to the drug until they reach this region.

Getting around your body

Having absorbed the drug, how does it get to the sites where it needs to work? Imagine filling a goldfish bowl and a large aquarium with water and pouring a thimble of blue ink into each – you would notice two things. First, the ink would go from an intense dark blue and spread across the tank until the colour was spread evenly everywhere. This is diffusion, the most common way that drugs travel around the body. Second, the colour in the goldfish bowl would be a deeper blue than in the aquarium, because in a smaller space the ink is more concentrated. The same principle applies when we take a tablet – it will be more concentrated in the body of a petite ballerina than in a hulking rugby forward. As drugs were historically tested more extensively on men than women, it means that a dose that worked well for a man may be more likely to cause side effects in women, something we will come back to in Chapter 2.

The drug is carried in the blood from the intestines to the liver and, from there, around the waterways of the body, carried in the blood and diffusing into the watery surrounds bathing our cells, and sometimes entering them.

As I mentioned before, we are a marvellous mass of molecules, and the way a drug molecule gets around our body to reach
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The Dosing Relay Race





[image: A graph with time on the x-axis and concentration of drug in blood on the y-axis. Dashed lines parallel to the x-axis divide the y-axis into three areas, namely, concentration too low to be effective, the therapeutic window, and toxic effects. The graph is a downward facing parabola starting from the origin and reaching the point of Peak of effect in the therapeutic window. It then begins to fall before entering the too low to be effective region. The distance on the x-axis between the ascending point into the therapeutic window and the descending point into the too low to be effective region is labelled as the duration of action.]



[image: A graph showing Time on the x-axis and concentration of drug in plasma on the y-axis. Several points on the time axis are labelled D denoting taking a dose. The graph shows a wave-like pattern beginning from the origin and reaching the peak of effect and falling back, rising again to reach a higher peak before falling again, and so on. The pattern shows an increasing trend at the points marked D. Repeated doses at points marked D maintain the drug level within the therapeutic window.]
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	Monoclonal antibodies to treat cancers and to fight inflammatory conditions such as Crohn’s disease, rheumatoid arthritis and psoriasis.

	Replacement proteins such as insulin, blood factors for haemophilia and growth hormone.

	Peptide hormone analogues such as GLP-1 agonists which mimic gut hormones that increase insulin release in response to food. Designed for the treatment of diabetes, they were also found to reduce weight. Examples include semaglutide (marketed as Ozempic for diabetes and as Wegovy for weight management).

	Vaccines to protect against Hepatitis B and HPV, which can cause cervical cancer. mRNA vaccines have been successful against Covid-19 and other viruses.

	Gene therapies (replacing dysfunctional genes) and CAR-T cell therapies, in which a patient’s T cells are taken, genetically modified and reinfused.
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