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Foreword



I was born by caesarean section, and was not able to be breast-fed. That makes me a perfect poster child for the intractability of the gastro-intestinal tract in the 21st century. If I had known more about the gut back then, I could have placed bets on what illnesses I would contract in later life. At first I was lactose intolerant. I never thought about why I was suddenly able to drink milk again at the age of five; at some point I got fat, then thin again. Then, for a long time, I was fine. Until I got ‘the sore’.


When I was seventeen, I developed a small sore on my right leg, for no apparent reason. It stubbornly refused to heal, and after a month I went to see my doctor. She didn’t really know what it was, and prescribed me some cream. Three weeks later, my entire leg was covered in sores. Soon they spread to my other leg, my arms, and my back. Sometimes they appeared on my face. Luckily, it was winter at the time, and everyone thought I had cold sores and a graze on my forehead.


No doctor was able to help me — giving me vague diagnoses of some kind of nervous eczema. They asked me about stress and psychological problems. Cortisone helped a little, but as soon as I stopped using it, the sores just came back. For a whole year, in summer and in winter, I wore tights to stop my sores from weeping though my trousers. Then I pulled myself together and started doing some research of my own. By chance, I came across a report about a very similar skin condition. A man had contracted it after taking antibiotics, and I, too, had had to take a course of antibiotics just a couple of weeks before my first sore appeared.


From that moment on, I ceased to treat my skin like that of a person with a dermatological problem, and began to see it as the skin of a person with an intestinal condition. I stopped eating dairy products, cut out gluten almost entirely, swallowed various bacteria cultures, and generally improved my diet. I also carried out some pretty crazy experiments on myself … if I had already been studying medicine at that time, I wouldn’t have dared do half of them. Once, I overdosed on zinc for several weeks, causing me to have an extremely heightened sense of smell for the next few months.


With a few tricks, I finally managed to get my condition under control. This success gave me a lift, and I experienced with my own body the reality that knowledge is power. That’s when I started studying medicine.


In my first semester as a student, I was at a party where I ended up sitting next to a guy who had the smelliest breath I have ever smelled. It wasn’t a typical bad-breath smell — not the scratchy hydrogen-breath odours of stressed-out middle-aged gentlemen, nor the sugary-foetid funk from the mouth of an elderly aunt with too sweet a tooth. After a while, I moved away and sat somewhere else. The next day, he was dead. He had killed himself. I couldn’t get him out of my mind. Could it have been a diseased gut creating that smell, and if so, could a diseased gut also have affected his psychological state?


A week later, I decided to share my suspicion with a good friend. And a few months after that, the same friend contracted a bad case of gastroenteritis, which left her feeling very poorly. The next time we met, she told me she thought there might be something in my theory, as her illness had made her feel worse than she ever had before, psychologically as well as physically. Her comments inspired me to start looking more closely at this subject matter. Soon, I discovered there was an entire branch of medical research investigating the links between the gut and the brain. It’s a rapidly growing field of study. Ten or so years ago, there were hardly any published studies on the subject, but now there are several hundred academic articles covering the field. The influence of the gut on our health and wellbeing is one of the new lines of research in modern medicine! The renowned American biochemist Rob Knight told the journal Nature that the field offered at least as much promise as stem-cell research. I had stumbled upon a subject I found more and more fascinating.


As I continued my medical degree, I realised how neglected, even looked down upon, this area is in the medical world. This is all the more surprising when you consider what an extraordinary organ the gut is. It accounts for two-thirds of our immune system, extracts energy from sandwiches and vegetarian sausages, and produces more than twenty unique hormones. Most doctors learn very little about this in their training. When I visited the ‘Microbiome and Host Health’ symposium in Lisbon in May 2013, the number of participants was modest. About half came from institutions with the financial wherewithal to allow them to be among the ‘pioneers’, including Harvard, Yale, Oxford, and EMBL Heidelberg.


I’m sometimes shocked by the way scientists huddle behind closed doors to discuss their important research results, without informing the public about them at all. Academic caution is often preferable to premature publication. But fear can also destroy opportunities. It is now generally accepted in scientific circles that people with certain digestive problems often suffer from nervous disorders of the gut. Their gut then sends signals to the part of the brain that processes negative feelings, although they have done nothing bad. Such patients feel uneasy, but have no idea why. If their doctors simply treat them as irrational mental cases, it can be extremely counterproductive. And this is just one example of why some research results should be published more quickly.


And that is my aim in writing this book: I want to make new knowledge available to a broad audience, and communicate the information that scientists bury in their academic publications or discuss behind closed doors at scientific meetings, while many ordinary people out there are searching for answers. I know there are many patients suffering from unpleasant conditions who are frustrated by the medical world. I can’t offer any panaceas, and keeping your gut healthy is not a miracle cure for everything. But what I can do is to show, in an entertaining way, why the gut is so fascinating, what exciting new research is currently underway and how we can use this new knowledge to improve our daily lives.


My medical studies and my doctoral research at the Institute for Medical Microbiology have given me the skills to sift and sort scientific data. My own personal experience has helped me develop the ability to communicate this knowledge to people. My sister has given me the support I needed to keep me on the right track — listening to me read aloud from my manuscript and saying, with a charming grin, ‘I think you better try that bit again.’
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Gut Feeling


The world is a much more interesting place if we look beyond what is visible to the naked eye — there is so much more to see! If we start to look more closely, a tree can be more than a spoon-shaped thing. In a highly simplified way, ‘spoon’ is the general shape we perceive when we look at a tree: a straight trunk and a round treetop. Seeing that shape, our eyes tell us ‘spoon-like thing’. But there are at least as many roots beneath the ground as there are branches above it. Our brain should really be telling us something like ‘dumbbell’, but it doesn’t. The brain gets most of its input from our eyes, and that information is very rarely in the form of an illustration in a book showing trees in their entirety. So it faithfully construes a passing forest landscape as ‘spoon, spoon, spoon, spoon’.


As we ‘spoon’ our way through life like this, we overlook all sorts of wonderful things. There is a buzz of constant activity beneath our skin. We are perpetually flowing, pumping, sucking, squeezing, bursting, repairing, and rebuilding. A whole crew of ingenious organs works so perfectly and efficiently together that, in an adult human being, they require as much energy as a 100-watt light bulb. Each second, our kidneys meticulously filter our blood — much more efficiently than a coffee filter — and in most cases they carry on doing so for our entire lives. Our lungs are so cleverly designed that we use energy only when we breathe in. Breathing out happens without any expenditure of energy at all. If we were transparent, we would be able to see the beauty of this mechanism: like a wind-up toy car, only bigger, softer and more lung-y. While some of us might be sitting around thinking Nobody cares about me!, our heart is currently working its seventeen thousandth 24-hour shift — and would have every right to feel a little forgotten when its owner thinks such thoughts.


If we could see more than meets the eye, we could watch as a clump of cells grows into a human being in a woman’s tummy. We would suddenly see how we develop, roughly speaking, from three ‘tubes’. The first tube runs right the way through us, with a knot in the middle. This is our cardiovascular system, and the central knot is what develops into our heart. The second tube develops more or less parallel to the first along our back, then forms a bubble that migrates to the top end of our body, where it stays put. This tube is our nervous system, with the spinal cord including the brain at the top, and myriad nerves branching out into every part of our body. The third tube runs through us from end to end. This is our intestinal tube — the gut.


The intestinal tube provides many of the furnishings of our interior. It grows buds that bulge out farther and farther to the right and left. These buds will later develop into our lungs. A little bit lower down, the intestinal tube bulges again, and our liver has begun to develop. It also forms our gall bladder and pancreas. But, most importantly, the tube itself begins to grow increasingly clever. It is involved in the complex construction of our mouth, creates our oesophagus, with its ability to ‘breakdance’, and develops a little stomach pouch, so we can store food for a couple of hours. And, last but not least, the intestinal tube completes its masterpiece — the eponymous intestine, or gut.


The ‘masterpieces’ of the other two tubes — the heart and the brain — are generally held in high regard. We see the heart as central to life since it pumps blood around the body; the brain is admired for its ability to create a firework of new mental images and concepts every second. But the gut, in most people’s eyes, is good for little more than going to the loo. Apart from that, people think, it just hangs around inside our bellies, letting off a little ‘steam’ every now and then. People do not generally ascribe any particular abilities to it. It would be fair to say that we underestimate our gut — or, to put it more bluntly, we don’t just underestimate it, we are ashamed of it: more ‘guilt feeling’ than ‘gut feeling’!


I hope this book will change that — by making use of the wonderful ability that books possess to show us more than the world we see around us: trees are not spoons! And a gut feeling is a good feeling!



How does pooing work? … and why that’s an important question


My flatmate wandered into the kitchen one day, saying, ‘Giulia, you study medicine — so how does pooing work?’ It probably wouldn’t be a great idea to begin my autobiography with that question, but that little query did literally change my life. I withdrew to my room, sat on the floor, and was soon poring over three different textbooks. The answer I eventually discovered left me flabbergasted. This unspectacular daily necessity turned out to be far more sophisticated and impressive than I ever would have imagined.


Every time we go to the loo, it’s a masterly performance — two nervous systems working tirelessly in tandem to dispose of our waste as discreetly and hygienically as possible. Very few other animals do their business in such an admirable and orderly manner. Our bodies have developed all sorts of mechanisms and techniques to help us poo properly. The first surprise is the sophistication of our sphincters. The vast majority of people are familiar only with the outer sphincter; the muscle we can consciously control, opening and closing it at will. There is another, very similar, muscle just centimetres away — but this is one we can’t control consciously.


Each of the two sphincters looks after the interests of a different nervous system. The outer muscle is a faithful servant of our consciousness. When our brain deems it an unsuitable time to go to the toilet, the external sphincter obeys and stays closed with all its might. The internal sphincter represents our unconscious inner world. Whether Great Aunt Bertha approves of breaking wind or not is of no concern to the sphincter ani internus. It is only interested in making sure everything is okay inside us. Is the gas pressure rising? The inner sphincter’s mission is to keep all unpleasantness at bay. If it had its way, Great Aunt Bertha would break wind more often. The main thing for the internal sphincter is to keep everything comfortable and in its place.


These two sphincter muscles have to work as a team. When what’s left of our food reaches the internal sphincter, that muscle’s reflex response is to open. But it does not just open the floodgates and let everything out, leaving the outer sphincter to deal with the onrush. First, it allows a small ‘taster’ through. The space between the internal and external sphincter muscles is home to a large number of sensor cells. They analyse the product delivered to them, test it to find out whether it is solid or gaseous, and send the resulting information up to the brain. This is the moment when the brain realises: it’s time to go to the toilet! … or maybe it’s just a bit of wind? It then does what it is so good at, with its conscious awareness: it adapts to the environment we find ourselves in. It compares the information it receives from our eyes and ears to the data in its memory bank of past experiences. In this way, the brain takes just a matter of seconds to make an initial assessment of the situation and send a message back to the sphincter: ‘I’ve had a look, and we’re at Great Aunt Bertha’s, in the living-room — we might get away with breaking a little wind, if we can squeeze it out silently. Anything more solid might not be such a good idea.’
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The external sphincter gets the message, and dutifully squeezes itself closed even more tightly than before. The internal sphincter receives this signal from its more outgoing partner and respects the decision — for now. The two muscles work together and manoeuvre the ‘taster’ back into the holding pattern. Of course, it will have to come out sooner or later, just not here and not now. After a while, the internal sphincter will simply give it a try with another little ‘taster’. If by then we’re back within our familiar four walls, it’s ‘full steam ahead’!


Our internal sphincter is a no-nonsense little guy. His motto is, ‘If it’s gotta come out, it’s gotta come out!’ Not much room for argument there. The external sphincter, on the other hand, has to deal with the vagaries of the outside world and its many options: it might, theoretically, be possible to use this stranger’s toilet, but is that a good idea? Have my new girlfriend/boyfriend and I been together long enough for farting in front of each other to be okay — and if so, is it down to me to break the ice and go first? If I don’t go to the loo now, can I wait till this evening, or will I get caught short?


The considerations of our sphincter may not sound worthy of a Nobel Prize, but in fact they are concerned with some of the most basic questions of human existence: how important to us is our inner world, and what compromises should we make to get by in the external world? There are those who clench with all their might to keep the wind in, come what may, eventually struggling home wracked with belly ache. Others get granny to pull on their finger at a family party, making a funny, if slightly vulgar, magic show out of their need to break wind. In the long run, the best compromise is probably somewhere in the middle.


If we suppress our need to go the loo too often or for too long, our internal sphincter begins to feel browbeaten. In fact, we are able to re-educate it completely. That means the sphincter and the surrounding muscles have been disciplined so often by the external sphincter that they become cowed. If communication between the two sphincters breaks down completely, constipation can result.


Even without such defecatory discipline, something very similar can happen to women during labour. Childbirth can cause tearing of the delicate nerve fibres that allow the two muscles to communicate with each other. The good news is that those nerves can heal and reconnect. Irrespective of whether the damage was caused by childbirth or some other way, one good treatment option is what doctors call biofeedback therapy. It teaches the two sphincters to overcome their estrangement and get to know each other again. A machine is used to measure how efficiently the internal and external sphincter are working together. If messages from one to the other get through, the patient is rewarded with a sound or light signal. It’s like one of those quiz shows on early-evening TV, where the whole set lights up and fanfares blare when a contestant gets the answer right — only it’s at a medical practice, not on TV, and the ‘contestant’ has a sensor electrode up their bum. That may seem extreme, but it’s worth it. When the two sphincters are talking properly to each other again, going to the little girls’ or little boys’ room is an altogether more pleasant experience.


Sphincters, sensor cells, consciousness, and electrode-up-the-bum quiz shows — my flatmate was probably not expecting all that in answer to his casual question about pooing. Nor did the group of rather prim female business-studies students who had meanwhile gathered in the kitchen for his birthday tea party. Still, the evening turned out to be fun, and it made me realise that a lot of people are actually interested in the gut. Some interesting new questions were raised at the birthday party: is it true that we don’t sit on the toilet properly? How can we burp more easily? Why can we get energy from steaks, apples, or fried potatoes, for example, but a car can only run on one kind of fuel? Why do we have an appendix? Why are faeces always the same colour?


My flatmates have learned to recognise the familiar look on my face when I rush into the kitchen, bursting to tell them my latest gut anecdote — like the one about the tiny squat toilets and luminous stools.


Are you sitting properly …?


It’s a good idea to question your own habits from time to time. Are you really taking the shortest and most interesting route to the bus stop? Is that comb-over to hide your increasing bald patch effective and chic? Or, indeed, are you sitting properly when you go to the toilet?


There will not always be a clear, unambiguous answer to every question, but a little experimentation can sometimes open up whole new vistas. That is probably what was going through the mind of Dov Sikirov when the Israeli doctor asked 28 test subjects to do their daily business in three alternative positions: enthroned on a normal toilet; half-sitting, half-squatting on an unusually low toilet; and squatting with no seat beneath them at all. He recorded the time they took in each position, and asked the volunteers to assess the degree of straining that their bowel movements had required. The results were clear: in a squatting position, the subjects took an average of 50 seconds, and reported a feeling of full, satisfactory bowel emptying. The average time when seated was 130 seconds, and the resulting feeling was not deemed to be quite so satisfactory. (Anyway, tiny little toilets look kind of cute, whatever you do on them.)


Why is this? The closure mechanism of our gut is not designed in such a way that it can open the hatch completely when we are seated. There is a muscle that encircles the gut like a lasso when we are sitting or, indeed, standing, and pulls it in one direction, creating a kink in the tube. This mechanism is a kind of extra insurance policy, in addition to our old friends, the sphincters. Some people will be familiar with this ‘kinky’ closing mechanism from their garden hose. You ask your sister to check why there’s no water coming out of the hose. When she peers down the end, you quickly unbend the kink, and it’s just a few minutes till your parents ground you for a week.


But back to our ‘kinky’ rectal-closure mechanism: it means our faeces hit a corner. Just like a car on the highway, turning a corner means it has to put on the brakes. So, when we are sitting or standing, our sphincters have to expend much less energy keeping everything in. If the lasso muscle relaxes, the kink straightens. The road ahead is straight, and the faeces are free to ‘step on the gas’.


Squatting has been the natural pooing position for humans since time immemorial. The modern sitting toilet has existed only since indoor sanitation became common, in the late eighteenth century. But such ‘cavemen did it that way’ arguments are often met with distain by the medical profession. Who says that squatting helps the muscle relax better and straightens the faeces highway? Japanese researchers fed volunteers luminescent substances and X-rayed them while doing their business in various positions. They found out two interesting things. First, squatting does indeed lead to a nice, straight intestinal tract, allowing for a direct, easy exit. Second, some people are nice enough to let researchers feed them luminous substances and X-ray them while they poo, all in the name of science. Both findings are pretty impressive, I think.


Haemorrhoids, digestive diseases like diverticulitis, and even constipation are common only in countries where people generally sit on some kind of chair to pass their stool. This is not due to lack of tissue strength, especially in young people, but to the fact that there is too much pressure on the end of the gut. Some people tend to tense up their entire belly muscles when they are stressed. Often, they don’t even realise they are doing it. Haemorrhoids prefer to avoid internal pressure like that, by dangling loosely out of the anus. Diverticula are small, light-bulb-shaped pouches in the bowel wall, resulting from the tissue in the gut bulging outwards under pressure.


Of course, the way we go to the toilet is not the only cause of haemorrhoids and diverticula. However, it remains a fact that the 1.2 billion people in this world who squat have almost no incidence of diverticulosis, and far fewer problems with haemorrhoids. We in the West, on the other hand, squeeze our gut tissue till it comes out of our bottoms and we have to have it removed by a doctor. Do we put ourselves through all this just because sitting on a throne is more ‘civilised’ than silly squatting? Doctors believe that straining too much or too often on the toilet can also seriously increase the risk of varicose veins, a stroke, or defecation syncope — fainting on the toilet.


A text message I received from a friend who was on holiday in France read, ‘The French are crazy! Someone’s stolen the toilets from the last three service stations we stopped at!’ I had to laugh: first, because I suspected my friend was actually being serious, and second, because it reminded me of my first experience of French squat toilets. Why am I being forced to squat here when you could just as easily have put in a proper toilet? I mournfully complained to myself as I recovered from the shock of the emptiness I saw before me. Throughout much of Asia, Africa, and southern Europe, people squat briefly over such toilets in a kind of martial arts or downhill skiing pose to poo. We, by contrast, take so long, we have to while away the time till we’ve finished our business with reading the paper, carefully pre-folding pieces of toilet paper for imminent use, scanning the corners of the bathroom to see if they could do with a clean, or staring patiently at the opposite wall.


When I read this chapter out to my family in our living room, I looked up to see disconcerted faces. Are we going to have to descend from our porcelain thrones and squat precariously over a hole to poo? Of course not, haemorrhoids or no haemorrhoids! Although it might be fun to try climbing up onto the toilet seat to do our business while squatting there. But there’s no need for that, either — it is possible to squat while sitting. It’s a particularly good idea when things don’t come so easy, so to speak. To do it, just incline your upper body forward slightly and place your feet on a low footrest placed in front of the toilet, and — voilà — all the angles are correct, and you can read the paper, pre-fold your tissue, or stare at the wall with a clear conscience.
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The Gateway to the Gut


You might think that the back end of the gut holds so many surprises in store for us because it is something we do not think about very much. But I don’t think that’s the real reason. The other end of the gut, the gateway, so to speak, also has no shortage of surprises in store — although we are directly confronted with it every morning when we clean our teeth.


You can seek out these secrets with your tongue. These are four small points in your mouth — two of them are located on the inside of your cheeks, opposite your upper molars, more or less in the middle. If you explore the area with your tongue you will feel two tiny bumps. If they notice them at all, most people assume they must have bitten themselves in the cheek at some point, but they haven’t — these little nubs, which doctors call the parotid papillae, are found in the same position in everybody’s mouth. The other two points are lurking beneath your tongue, just to the right and left of the lingual frenulum, the fold of skin connecting the tongue to the floor of your mouth. These four little nubs supply your mouth with saliva.
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The papillae in your cheeks secrete saliva whenever it’s needed right away — for example, when we eat. The two tiny openings under the tongue secrete saliva continuously. If you could somehow enter these channels, and swim against the tide of saliva, you would eventually reach the main salivary glands. They produce the most saliva — about 0.7 to one litre a day. If you feel upwards from your neck to your cheek, you will notice two soft, round raised areas. May I introduce you? They are the bosses.


The sublingual papillae, those two constant suppliers of saliva, are situated right behind our lower front teeth, which are particularly susceptible to the build-up of tartar. This is because there are substances in our saliva that contain calcium, which are actually only intent on making our teeth harder. But if a tooth is constantly bombarded with calcium, it can be a case of ‘too much of a good thing’. Tiny molecules floating innocently by are caught up and ‘fossilised’ without so much as a by-your-leave. The problem is not the tartar itself, but the fact that it has such a rough surface, affording a much better foothold for bacteria that cause tooth decay and gum disease than does smooth, clean tooth enamel.


But what are fossilising, calcium-containing substances doing in our saliva? Saliva is, basically, filtered blood. The salivary glands sieve the blood, keeping back the red blood cells, which are needed in our arteries, not our mouth. But calcium, hormones, and some products of our immune system enter the saliva from the blood. That explains why each person’s saliva is slightly different. In fact, saliva analysis can be used to test for diseases of the immune system, or for certain hormones. The salivary glands can also add extra substances, including those calcium-containing compounds, and even natural painkillers.


Our saliva contains one painkiller that is stronger than morphine. It is called opiorphin, and was only discovered in 2006. Of course, we produce only small amounts of this compound — otherwise we would be spaced out on our own spit all the time. But even a small amount has a noticeable effect, since our mouth is such a sensitive thing. It contains more nerve endings than almost anywhere else in the human body — even the tiniest strawberry seed can drive us crazy if it gets stuck somewhere; we feel every grain of sand in a badly washed salad. A teeny little sore, which we would not even notice if it were on our elbow, hurts like hell and feels monstrously big in our mouth.


Without our salivary painkiller, it would feel even worse! When we chew, we produce more saliva, and with it more of such analgesic substances, which explains why a sore throat often feels better after a meal, and even minor sores in the oral cavity hurt less. It doesn’t have to be a meal — even chewing gum provides us with a dose of our oral anodyne. There are even a handful of new studies showing that opiorphin has anti-depressant properties. Is our spit partly responsible for the reassuring effects of comfort eating? Medical research into both pain and depression may deliver the answers in the next few years.


Saliva protects the oral cavity not only from too much pain, but also from too many bad bacteria. That’s the job of mucins, for example. Mucins are proteins that form the main constituent of mucous. They help provide hours of fascination and fun for young children who have just found out they can blow bubbles with their own spit. A more useful function is their ability to envelop our teeth and gums in a protective mucin net. We shoot them out of our salivary papillae like Spiderman shoots webs from his wrists. These microscopic nets can catch bacteria before they have a chance to harm us. While the bad bacteria are caught in the net, anti-bacterial substances in our saliva can kill them off.


Like the natural painkillers in our saliva, bactericidal substances are present in our saliva in small concentrations. Our spit is not supposed to disinfect us completely. In fact, we actually need a core team of good little creatures in our mouths. Benign bacteria in the mouth are not totally wiped out by our disinfectant saliva, since they take up space — space that could otherwise be populated by more dangerous germs.


When we are asleep we produce very little saliva. That’s good news for those who tend to drool into their pillow — if they produced the full daytime quota of one to one-and-a-half litres during the night, too, the results would not be particularly pleasant. The fact that we produce so little saliva at night explains why many people have bad breath or a sore throat in the morning. Eight hours of scarce salivation mean one thing for the microbes in our mouth: party time! Brazen bacteria are no longer kept in check, and the mucous membranes in our mouth and throat miss their sprinkler system.


That is why brushing your teeth before you go to bed at night and after you get up in the morning is such a clever idea. Brushing at bedtime reduces the number of bacteria in your mouth, leaving fewer partygoers for the all-night bash. Brushing in the morning is like cleaning up after the party the night before. Luckily, our salivary glands wake up at the same time we do in the morning, and start production straight away. Munching on our first piece of toast or performing our morning dental-hygiene duties adds extra stimulation for salivation, and this washes away the nocturnal microbes or transports them down into our stomach, where our gastric juices finally finish them off.


Those who suffer from bad breath during the day may have not managed to remove enough musty-smelling bacteria. Those cunning little critters love to hide out under the newly formed mucin net where the anti-bacterial substances in our saliva cannot get to them. A tongue scraper can help here, but so can chewing gum. It helps stimulate saliva production to swill away those mucin hide-outs. If none of this helps, there is another place where the causes of bad breath can lurk. But more of that later, after we have found out about the second secret place in our mouths.


This place is one of those typical surprises — like when you think you know someone, only to find out they have an unexpected, crazy side to them. The well-coiffed secretary from the city who turns up on the Internet as a fanatical ferret breeder. The heavy-metal guitarist seen buying skeins of yarn, because he finds knitting so relaxing, and it’s such a good workout for the fingers. The best surprises come after first impressions have been made, and the same is true of our own tongue. When you look in the mirror and stick out your tongue, you are not seeing it in all its glory. You might well ask how it looks further down, as it is clear to see that it does not just end at the back of your mouth. In fact, the root of the tongue is where things really start to get interesting.


It is home to an alien landscape of pink domes. Those whose gag reflex is not too pronounced can carefully feel the root of their tongue with a finger. When you reach the root, you will notice it gets pretty bumpy back there. The job of these nodules — doctors call them your lingual tonsils — is to investigate everything we swallow. To do this, they pick up tiny particles of anything we eat, drink, or inhale, and draw them into the nodule. Inside, an army of immune cells waits to receive training in how to deal with foreign substances invading from the outside world. They need to learn to leave bits of apple in peace, while attacking anything that might give us a sore throat. So, if you do explore the root of your tongue with your finger, it is not certain who is explorer and who the explored — after all, this area includes some of the most inquisitive tissue in our bodies: immune tissue.
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Fig.: The immune tissue at the base of the tongue, also called the lingual tonsils


The immune tissue has a number of such inquisitive hotspots; strictly speaking, a ring of immune tissue encircles our entire throat. Known to scientists as Waldeyer’s tonsillar ring, it includes those lingual tonsils at the bottom of the circle, the palatine tonsils — these are the ones we generally think of as our ‘tonsils’ — at either side, and at the top of the ring, where the ear, nose, and throat areas meet, there is more such tissue. (When swollen and infected, especially in children, this is what we know as ‘adenoids’.) Those who believe they have no tonsils left are not quite right. The entire collection of tissue in Waldeyer’s ring is our ‘tonsils’. Whether they are located at the root of the tongue, at the back of the mouth, or at the side of our throat, all these tonsils do the same job: they inquisitively investigate any foreign substance they encounter, and use the information to train the immune system to defend us.


The tonsils — the ones we often have removed — are just not as clever in the way they go about it. Rather than forming bumps, they tend to form deep grooves (to increase surface area), known rather spookily as ‘crypts’. Sometimes, too much foreign material can get caught in the crypts, leading to frequent infections. This is a side effect, so to speak, of having over-inquisitive tonsils. So, if the tongue and teeth have been excluded as a cause of a patient’s bad breath, the next place to check is the tonsils — if they are still there.


Sometimes, little white stones can be found hiding in the crypts, which smell terrible! Often, people have no idea they are there, and spend weeks trying unsuccessfully to get rid of bad breath or a strange taste in their mouth. No amount of tooth brushing, tongue scraping, or gargling helps. The little stones will eventually work their way out of their hiding places, with no permanent harm done. But you can also take fate into your own hands and, with a little practice, squeeze them out. That done, bad breath problems disappear instantaneously.


The best test to find out whether smelly breath is caused by these little deposits is simply to run a finger or a cotton bud over the tonsils and then sniff it. If it smells unpleasant, it is time to go hunting for tonsil stones. Ear, nose, and throat doctors can also remove them — which is the safer and more convenient option. Those with a strong stomach and a love of barely watchable videos can visit YouTube to see various techniques for squeezing tonsil stones out, and to view some extreme examples. But be warned — they are not for the faint-hearted.


There are also other household remedies for tonsil stones. Some people gargle with salt water several times a day; others swear by fresh, raw sauerkraut from the health-food store; and yet others claim that cutting out dairy products will prevent them from forming at all. There is no scientific basis for any of these remedies. A more thoroughly researched medical question is that of when a tonsillectomy can or should be carried out. The answer turns out to be: not before the age of seven.


That is the age by which we have probably seen it all, or all that is important for our immune cells: being born into a completely unfamiliar world; being kissed and cuddled by Mummy; playing in the garden or the woods; touching animals; having many colds in quick succession; meeting a load of new people at school. And that’s about all. By this time, our immune system has finished its schooling, so to speak, and can go to work for us for the rest of our lives.


Before we reach the age of seven, our tonsils are still an important training camp for our immune cells. Building a healthy immune system is not only important for warding off colds; it also has an important part to play in keeping our hearts healthy and in controlling body weight. For example, removing the tonsils of a child younger than seven can lead to an increased risk of obesity. Why this should be the case is something doctors have not yet found out. However, more and more researchers are now becoming interested in the link between the immune system and body weight. This tonsil-tubbiness-effect can be a boon for underweight children. The associated weight-gain can propel them into the normal weight range. But for all other children, parents are best advised to make sure their offspring eats a healthy, balanced diet after a tonsillectomy.


So the tonsils of children below the age of seven should stay in, unless there is a very good reason for taking them out. If the tonsils are so large that they impede normal breathing or sleeping, for example, the tonsil-tubbiness-effect is secondary. It may seem sweet of our immune tissue to want to defend us so loyally, but in such cases, it does more harm than good. Often, doctors can use lasers to remove only that part of the tonsils which is causing the trouble; they no longer have to leave patients completely tonsil-less. Chronic or repeated infections are a different story altogether. In such cases, our immune cells are kept constantly busy, with no time for a bit of R&R, and that is not good for them if it continues for too long. Whether we are four, seven, or fifty years old, oversensitive immune systems can benefit from saying goodbye to those tonsils.


One example of this is psoriasis sufferers. An over-reaction of the immune system causes itchy skin lesions (often starting at the head), and painful inflammation of the joints. Psoriasis patients also have an above-average vulnerability to sore throats. One possible factor in this is bacteria, which can hide in the tonsils for long periods of time and rankle the immune system from there. For more than thirty years, doctors have described cases of psoriasis patients whose skin condition improved or cleared up entirely following a tonsillectomy. In 2012, this prompted researchers from Iceland and the USA to investigate the phenomenon more closely. They split 29 psoriasis patients who also suffered frequent sore throats into two groups. One group had their tonsils surgically removed; the other didn’t. Thirteen of the 15 ‘detonsilised’ patients reported a clear, long-term improvement in their skin. Those still in possession of their tonsils reported little or no change. Some sufferers of rheumatic diseases are also now advised to have their tonsils removed when they are suspected of involvement in the cause of the condition.


Tonsils in or tonsils out — there are good arguments for both. Those forced to bid farewell to their tonsils at an early age need not worry that their immune system has missed an important lesson from the oral cavity. Luckily, there is still all the rest of the tissue at the base of the tongue and back of the throat. And those whose tonsils are still in place need not worry that they have been left with nothing but a trap for bacteria. Many people’s tonsillar crypts are rather shallow, and so are less likely to cause problems for their owners. The other parts of Waldeyer’s ring are, in fact, very bad at providing a hideout for bacteria. They are constructed differently, and have glands to help them clean themselves regularly.


There is something happening every second in our mouths: salivary papillae shoot out nets of mucin, take care of our teeth, and protect us from the effects of oversensitivity. Our tonsillar ring keeps watch for foreign particles, and uses them to train its immune army. But we would need none of this, if the story didn’t continue beyond our mouth. It is simply the gateway to a world where the external becomes internalised.



The Structure of the Gut


Some things turn out to be a disappointment once you get to know them better. Those chocolate wafers from the TV commercial are not lovingly hand-baked by housewives in country dresses; they come from a factory with neon strip-lighting and workers at production lines. School turns out to be much less fun than you thought it would be on the first day. It’s ‘warts and all’ in the backstage area of life, where there is a lot that looks much better from a distance than up close.


That is not the case for the gut, however. Our intestinal tube looks rather odd from a distance. Beyond the mouth, a two-centimetre-wide oesophagus, or gullet, leads down from the throat, misses the top of the stomach, and passes into it somewhere at the side. The right-hand side of the stomach is much shorter than the left, which is why it curls up into a crescent-shaped, lopsided pouch. The small intestine meanders with no particular sense of direction, sometimes to the right, sometimes to the left, for all its seven metres in length until it eventually passes into the large intestine. That’s where we find the apparently useless appendix, which seems to be incapable of doing anything except getting infected. The large intestine is also full of bulges. In fact, it looks a little like a sorry attempt to replicate a string of beads. Seen from a distance, the gut is an unsightly, charmless, asymmetrical tube.


So let’s forget the view from a distance, and zoom in for a closer look. There is scarcely another organ in our body that becomes increasingly fascinating, the closer you get. And the more you know about the gut, the more beautiful it appears. Let’s look at some of those strange structures a little more closely.



The ‘gargly’ oesophagus


The first thing we notice is that the oesophagus can’t aim properly. Rather than taking the shortest route and aiming for the middle of the stomach, it enters the organ on the right-hand side. This is a smart move. Surgeons would call such a connection ‘terminolateral’. It may mean taking a little detour, but it’s well worth it. When simply walking normally, we tense our abdominal muscles, doubling the pressure in our abdomen with every step we take. When we laugh or cough, for example, that pressure increases by several times. Since the abdomen presses against the stomach from below, it would be a bad idea for the oesophagus to dock directly onto the top end of the stomach. Connected as it is at the side, it has to deal with only a fraction of the pressure. It is thanks to this arrangement that we can take a walk after a heavy meal without having to burp with every step. This clever angle and its closing mechanism are also to thank for the fact that, although a fit of laughter might result in us losing a little control over our outer sphincter and inadvertently letting out a little ‘laughing gas’, few people have been known to vomit from laughing.


A side effect of this lateral connection is the so-called gastric bubble. This small bubble of air at the top of the stomach can be seen clearly on X-rays. Air rises vertically, after all, and does not search out a side exit. This bubble is the reason that many people find they have to swallow a little air in order to burp. This swallowing motion moves the opening of the oesophagus a little closer to the bubble, and — hey presto! — the burp can make its upward journey to freedom. Those who need to burp while lying down can make the process easier by lying on their left side. So, if you’re kept awake at night by a bloated stomach, and you are lying on your right side, the best thing to do is simply to turn over.
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Fig.: In order better to illustrate the stomach bubble, this figure does not show the correct distribution of black and white in a normal X-ray image. Normally, denser material, such as teeth or bone, shows up white, while less dense material, such as the stomach bubble or the air in the lungs, shows up as dark areas.


The ‘gargly’ appearance of the oesophagus is also more beautiful than it seems at first glance. Looking very closely, it can be seen that some muscle fibres run around the oesophagus in a spiral pattern. They are the reason for its ‘gargly’ motion. If you extend these fibres lengthways, they constrict spirally, like a telephone receiver cable. Bundles of fibres connect the oesophagus to the spinal column. Sitting up straight and looking upwards stretches the oesophagus along its length. This causes it to narrow, in turn allowing it to close more efficiently at each end. That is why sitting or standing up straight can help prevent heartburn after a large meal.


The lopsided stomach pouch


Our stomach sits much higher in our abdomen than we think. It begins just below the left nipple and ends below the bottom of the ribcage on the right. Any pain felt further down than this lopsided little pouch cannot be stomach ache. Often, when people say they have stomach problems, the trouble is actually in the gut. The heart and the lungs sit on top of the stomach. This explains why we find it more difficult to breathe deeply after eating a lot.


An often-overlooked condition is Roemheld syndrome, or bacterial overgrowth, when so much gas collects in the stomach that it presses against the heart and the vagus nerve, which innervates many of our internal organs. Sufferers may display a range of different symptoms, including dizziness and discomfort. In more severe cases, Roemheld syndrome can cause anxiety or difficulty in breathing, and may also lead to severe chest pain that feels like a heart attack. Doctors often write off undiagnosed Roemheld sufferers as overanxious malingerers whose symptoms are all in their minds. A more useful approach would be to ask patients if they have tried burping or passing wind. In the long term, it might be better for such patients to avoid any food that leaves them bloated or flatulent, take measures to restore the balance of the stomach or gut flora, or avoid drinking alcohol to excess. Alcohol can multiply the number of gas-producing bacteria by a factor of up to a thousand. In fact, some bacteria feed on alcohol (which is why rotten fruit tastes alcoholic). With a gut full of busy gas producers, a night on the town can lead to a morning chorus of the pungent kind. So much for the ‘alcohol is a disinfectant’ argument!


Now let us turn to the stomach’s strange shape. One side is much longer than the other, and so the entire organ has to bend double. This creates large folds inside it. The stomach could be called the Quasimodo of the digestive organs. But its misshapen appearance has a deeper meaning. When we take a drink of water, the liquid is able to flow straight down the shorter, right-hand side of the stomach to end up at the entrance to the small intestine. Food, on the other hand, plops against the larger side of the stomach. So, our digestive pouch cunningly separates the substances it still needs to work on, to break them down, from fluids that it can wave straight on through to the next digestive station. Our stomach is not simply lopsided; rather, it has two sides with different specialisations. One side copes better with fluids; the other, with solids. Two stomachs for the price of one, so to speak.


The meandering small intestine


The small intestine meanders about in our tummies, twisting and turning for a distance of between three and six metres. If we bounce on a trampoline, it simply bounces along with us. When the plane we’re sitting on takes off, it is pressed into the back of the seat like the rest of us. When we dance, it merrily wobbles along to the music, and when stomach ache makes us wince, its muscles ‘wince’ in a similar way.


There are few people in the world who have seen their own small intestine. Even doctors usually examine only the large intestine when they perform a colonoscopy. But those who do get the rare opportunity of seeing their small intestine, by swallowing a pill-sized camera, are likely to be surprised. Most expect to encounter a gloomy tunnel, but what they see is a very different creature: moist, pink, with a velvety sheen and somehow delicate-looking. Most people do not realise that only the final metre or so of our large intestines has anything to do with faeces — the preceding metres are surprisingly clean (and largely smell-free, incidentally). They faithfully and tastefully take on everything we swallow down to them.


At first sight, the small intestine seems rather more haphazard in its design than our other organs. The heart has its four chambers, the liver has its lobes, veins have valves, and the brain has specialised areas — but the small intestine just wanders aimlessly about in our abdomen. Its true design becomes clear at the microscopic level. We have here a creature that epitomises the phrase ‘love of detail’.


Our gut wants to offer us as much surface area as possible. That is why it loves folds. Those include the folds we can see with the naked eye — without them, our small intestine would need to be up to 18 metres long to provide us with enough surface area for our digestion. So, here’s to folds! But a perfectionist like the small intestine doesn’t stop there. Each square millimetre of the surface contains some thirty tiny finger-like projections, called ‘villi’ by scientists, which protrude out into the mush of partly digested food — the medical word for which is ‘chyme’. The villi’s size means they appear as a velvety structure to the unaided human eye. Under the microscope, the little villi look like large waves made out of cells. (Velvet looks very similar under a microscope.) Even greater magnification reveals that each and every one of those cells is itself covered with little protrusions — the microvilli — villi on villi, if you like. The microvilli are in turn covered with a velvety meshwork made of countless sugar-based structures that look a little bit like antlers. These are called the glycocalyxes. If all this — the folds, the villi, and the microvilli — were ironed out to a smooth surface, our gut would have to be some seven kilometres in length.
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Fig.: Intestinal villi, microvilli and glycocalyxes


Why does it have to be so huge, anyway? In total, the surface area of our digestive system is about forty times greater than the area of our skin. That seems a little excessive just to deal with a small portion of fries or a single apple. But this is what it’s all about inside our bellies: we enlarge ourselves as much as possible in order to reduce anything from outside to the smallest size we can, until it is so tiny that our bodies can absorb it and it eventually becomes a part of us.


We begin that process in the mouth. A bite of an apple sounds like such a juicy idea because, when we take that bite, our teeth burst millions of apple cells like tiny balloons. The fresher the apple is, the more of its cells remain intact — which is why we can tell how fresh the fruit is by its crispness as we bite into it.


Just as we prefer crisp, fresh fruit, we also love hot, protein-rich food. We find steak, scrambled eggs, or fried tofu more appetising than raw meat, slimy eggs or cold bean curd. That’s because we have an intuitive understanding of how digestion works. If we swallow a raw egg, it will undergo the same processes in our stomach as it would in the frying pan. The white of the egg turns opaque, the yolk takes on a pastel colour, and both set and become solid. If we were to vomit the raw egg back up after the right amount of time, the results would look like almost perfect scrambled eggs — without any cooking! Proteins react to the heat in the hot pan and the acid in our stomach in the same way — they unfold. That means they no longer possess the clever design features that make them soluble in the liquid of the egg white, so they form solid white lumps. In this state, they can be digested far more easily in the stomach and small intestine. Cooking food saves us the whole first burst of energy required to unfold those proteins, which would otherwise have to be expended by the stomach. By preferring cooked food, the body ‘outsources’ the first part of the digestive process.


The final breakdown of the food we eat takes place in the small intestine. Right at the start of this part of the gut there is a small opening in its wall. This is the duodenal papilla — similar to the salivary papillae in our mouths, but bigger. It is through this little hole that digestive juices are squirted onto the chyme. As soon as we eat something, the liver and pancreas begin to produce these juices and deliver them to the papilla. They contain the same agents as the washing powder and washing-up liquid you can buy from any supermarket: digestive enzymes and fat solvents. Washing powder is effective in removing stains because it ‘digests out’ any fatty, protein-rich, or sugary substances from your laundry, with a little help from the movement of the washing-machine drum, leaving them free to be rinsed down the drain with the dirty water. That is more or less the same as what happens in our small intestine. The main difference is that the pieces of protein, fat, or carbohydrates broken down in the intestine, ready to be transported to the bloodstream through the gut wall, are huge by comparison. A bite of an apple is then no longer a bite of apple, but a nutritious pulp made up of billions and billions of energy-rich molecules. Absorbing them all requires a huge surface area — seven kilometres in length are just about enough. That also leaves some space as a safety buffer, in case parts of the gut are temporarily put out of action by infection or gastric flu.


Each individual villus contains a tiny blood vessel — a capillary — that is fed with the absorbed molecules. All the small intestine’s blood vessels eventually come together and carry the blood to the liver, where the nutrients are screened for harmful substances and toxins. Any dangerous substances can be destroyed here before the blood passes into the main circulatory system. If we eat too much, this is where the first energy stores are created. The nutrient-rich blood then flows from the liver directly to the heart. There, it receives a powerful push and is pumped to the countless cells of our body. In this way, a sugar molecule can end up in a skin cell in your right nipple, for example, where it is absorbed and then ‘burnt’ along with oxygen. That releases energy which the cell uses to stay alive, with heat and tiny amounts of water created as by-products. This happens inside so many cells at the same time that the heat produced keeps our body at a constant temperature of 36 to 37 degrees centigrade.


The basic principle underlying our energy metabolism is simple. Nature requires energy to ripen an apple on the tree. We humans then come along and break the apple down into its constituent molecules and metabolise them for energy. We then use the energy released to keep us alive. All the organs that develop out of that embryonic gut tube are able to provide fuel for our cells. Our lungs, for example, do nothing other than absorb molecules with every breath we take. Thus ‘breathing in’ really means ‘taking in nourishment in gaseous form’. A good proportion of our body weight is made from such inhaled atoms, and not from cheeseburgers. Indeed, plants draw the majority of their weight from the air and not from the soil they grow in … I hope I haven’t just inadvertently provided the next dubious ‘diet’ idea to appear in the women’s magazines.


So all our body’s organs use up energy, but it is from the small intestine that we start to get some energy back. That explains why eating is such a pleasant pastime. However, we can’t expect to feel a burst of energy as soon as we have swallowed the last mouthful of a meal. In fact, many people find they feel tired and sluggish after eating. The food has not yet reached the small intestine — it is still in the preparatory stages of digestion. We no longer feel hungry because our stomach has been expanded by the food we’ve eaten. But we feel just as sluggish as we did before the meal, and now we have to come up with the extra energy for all that mixing and breaking down. To achieve this, a large amount of blood is delivered to our digestive organs, and many researchers believe that post-prandial tiredness may also be due to the resulting reduced blood supply to the brain.


One of my professors always dismissed this idea, arguing that if all the blood in our heads were diverted to our stomachs we would be dead, or at least unconscious. Indeed, there are other possible causes of the fatigue that follows eating. Certain messenger chemicals released by the body when we are full can also stimulate the areas of the brain responsible for tiredness. This tiredness is perhaps inconvenient for our brains when we are at work, but the small intestine welcomes it. It works most effectively when we are pleasantly relaxed. It means the optimum amount of energy is available for digestion, and our blood is not full of stress hormones. The phlegmatic after-lunch reader is a more efficient digester than the stressed-out office executive.


The unnecessary appendix and the bulgy large intestine


There are nicer things in life than lying on an examining table at the doctor’s, with one thermometer in your mouth and another in your behind. But that used to be the standard examination in cases of suspected appendicitis. A significantly higher temperature down below than in the mouth was a major indication. Modern doctors no longer need to rely on temperature differences to diagnose appendicitis. Important symptoms are fever, in combination with pain below and to the right of the belly button (the position of the appendix in most people).
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Often, pressing that side of the lower abdomen will cause pain; curiously, pressing the other side will relieve it. As soon as pressure on the left-hand side is released — ouch! This is because our abdominal organs are surrounded by a supporting fluid. When pressure is applied to the left-hand side, extra support fluid is pushed over to the right, where it provides additional cushioning for the inflamed gut, which relieves pain. Other signs of appendicitis are pain when raising the right leg against a resistant pressure (get someone to push against it), lack of appetite, or nausea.


Our appendix, officially known as the vermiform, or ‘worm-shaped’ appendix, has a reputation for being useless. Looking like a deflated balloon of the kind that children’s party entertainers twist into animal shapes, the appendix is not only too small to deal with chyme, it is also positioned in a location that partly digested food hardly ever reaches. It is just below the junction between the small and large intestines, and is completely bypassed. This is a creature that can only look on from below as the world continues on its way above. Those of you who remember the bumpy landscape in our mouths might have an idea about what its true function might be. Although far removed from the rest of its kind, the appendix is part of the tonsillar immune tissue.


Our large intestine takes care of things that cannot be absorbed in the small intestine. For that reason, it does not have the same velvety texture. It would simply be a waste of energy and resources to fill this part of the gut with absorbent villi. Instead, this is the home of most of our gut bacteria, which can break down the last nutritious substances for us. And our immune system is very interested in these bacteria.


The vermiform appendix couldn’t be better placed! It is far enough away so as not to be bothered by all the digestive business going on above it, but close enough to monitor all foreign microbes. Although the walls of the large intestine include large deposits of immune cells, the appendix is made almost entirely of immune tissue. So, if a bad germ comes by, it is surrounded. However, this also means that everything around it can become infected — 360° panoramic inflammation, so to speak. If this inflammation causes the appendix to swell, the little tube has problems sweeping itself clean of those bad germs — leading to one of the more than 45,000 appendectomies carried out every year in the United Kingdom alone (and over 25,000 in Australia).


However, that is not the only function of the appendix. It leaves only good germs alive and attacks anything it sees as dangerous, and this also means that a healthy appendix acts as a storehouse of all the best, most helpful bacteria. This was discovered by American researchers Randall Bollinger and William Parker in 2007. Its practicality comes into play after a heavy bout of diarrhoea. That will often flush away many of the typical gut microbes, leaving the terrain free for other bacteria to settle. That should not be left to chance. And this is when, according to Bollinger & Parker, the appendix team steps in and spreads out protectively through the entire large intestine.
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