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  Introduction




  You are superhuman! If you think about it, you are pretty amazing.




  Incredible, even. Your body is simply fantastic. In fact, I’ve never seen anything so impressive in all the biological world.




  Hey, thanks! You know I do try to eat right, and get lots of fresh air. Plus I just had my hair cut, and this new zit cream really helps with––




  Not just you – everybody.




  Oh. Right. I knew that.




  Or should I say every body.




  The human body is just beautifully built. It’s strong, it’s supple, it’s smart and it’s agile. Inside, there’s a stunning range of body systems which work

  together day in, day out, for years and years. The systems allow you to eat, breathe, run, jump, think, feel, heal broken bones, fight off diseases and more.




  In this book, we’ll be taking a trip through each of your body’s systems. We’ll explore bruising, bleeding, fainting and farting. We’ll break bones and lose teeth.

  We’ll find out why spinning makes you dizzy, where feelings come from and what double-jointed people look like on X-rays.




  We’ll do puzzles and quizzes. And we’ll do experiments on your brain(!).




  By the end of it all, you’ll amaze your friends and family with your new body of knowledge. (Or should that be ‘knowledge of body’? Whatever.)




  Sounds good. Where do we start?




  Well, before we can explore what the body does, we have to understand how it’s made and how it’s built.




  So how do we do that?




  Simple. We build one for ourselves . . .




  
 





  1. How to Build a Body




  Okay, so let’s imagine that you want to build a human body . . .




  What, out of bits of dead people? Like Frankenstein or something?




  No, not like that. You’re not allowed to use whole arms, legs and heads. They’re already half-built, aren’t they? I meant a whole human body, built from

  scratch. Where would you start?




  Hmmm . . . let’s see. I s’pose I’d start with a skeleton. I’d wire a bunch of bones together, like they do with dinosaur bones in museums, and make a

  skeleton.




  That’s a good start. But a skeleton can’t stand up or move by itself. You can dangle it from a hook to stop it collapsing into a heap of bones, but that’s

  about it. How are going to get it standing and moving?




  Easy. I strap some muscles on there. String ’em between all the bones, so they can hold the skeleton up and pull the arms and legs about. Oh, and then cover the whole

  lot with skin, so it doesn’t look too hideous.




  Nice work. This body is really starting to take shape. But here’s the thing – if those muscles are going to do any work at all,

  they’ll need energy. Where are you going to get that?




  Ah. Good point. Right, then – we stick in a stomach and some guts in it, so it can digest food, and get energy from that. Oh, and stick some teeth in the gob,

  so it can mash the food up. And a food tube, I s’pose, to get food from the mouth to the stomach.




  Great idea. So now you’ve got a digestive tube for absorbing nutrients to feed the muscles. And, once you’ve got all the energy you can from your food, you

  can – ahem – ‘drop’ what’s left out of the other end of the tube. Excellent.




  Thank you.




  But working muscles need oxygen too, otherwise they can’t use the chemical food-energy you’ve just absorbed. Where are you going to get that?
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  Easy – shove some lungs in. And some air tubes leading to the nose and mouth. Sorted.




  Not quite.




  Eh? (Sigh) What now?




  Now you have two lungs full of oxygen, and a gut full of chemical energy from your food. But how are you going to get the oxygen and energy to muscles spread all over your body,

  from head to toe?




  Oh, yeah. Hmmmm . . . tricky one, that. Hang on . . . got it!




  On you go . . .




  You pipe the oxygen and energy there in little blood tubes! You link all the muscles, guts, lungs and stuff together with veins and arteries. Then you stick a heart in the

  middle to pump the blood around.




  Well done. You’ve created a bloodstream, which will now carry oxygen and energy all over the body – a brilliant solution. But there’s still a problem.

  What’s going to keep the whole system working together? How are you going to coordinate and control all this eating, breathing, pumping and moving about?
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  Doh! Of course! I forgot the brain! Okay – here’s what we do. We shove a brain in the skull to control everything, and we wire it up to all the body bits we

  already have with nerves. Oh, and while we’re about it let’s stick some eyeballs and eardrums in the head too. And wire up the nose, mouth and skin so they can

  smell, taste and touch things. Howzat?




  A masterstroke. Now your body can control itself and get information about the outside world through your five senses of sight, sound, touch, taste and smell. (And, as a bonus,

  your brain also lets you think and learn about stuff as you go.) We’re nearly there.




  Nearly?




  Yep, nearly. Just a couple more things to deal with, and we’re done. Now think hard, because this next one’s a biggie.




  You’ve just built a body using most of the major organ systems needed for life. You have a movement (or musculoskeletal) system made of

  bones and muscles. You have a digestive system for absorbing energy. You have a breathing (or respiratory) system for absorbing oxygen. You have a blood (or

  circulatory) system for moving the oxygen and energy around. And you have a brain and nervous system with which to control the whole lot. Now, what are you going to

  build all these organs and systems out of?




  Errr . . . what?




  Well, so far you’ve built a muscly skeleton, skin, guts, lungs, blood vessels, nerves, eyes, ears, a heart and a brain. What will you actually use to build these body

  organs? Wood? Plasticine? Lego? What?




  Oh. Wow. I . . . errr . . . never thought about that. Well, bones are made of bone, aren’t they? And muscles are made of . . . well . . . muscle?




  That’s right, they are. But it goes a bit deeper than that. In biology, we call these organ-building materials tissues. Most tissues are made of stringy protein

  fibres, fatty membranes and watery, sugary gels. Some special tissues, like bone tissue, also contain minerals like calcium, to make them tougher and stronger. But, for the most

  part, your tissues are woven from proteins, fats, sugars and water.




  This is, of course, why you have to eat these things – your food isn’t just for energy, it also provides the building blocks for body tissues –

  you literally are what you eat! Inside the body, proteins, fats and sugars are combined in hundreds of different ways to produce scores of different tissue types. But now we have a

  new problem.




  What’s that?




  Now your body is delicious and nutritious. Proteins, fats and sugars aren’t just good grub for us. They’re also good grub for bacteria and other microscopic

  parasites – which just love to invade your body and munch away on your yummy tissues. Before long, your precious body will be chewed up, rotten and decayed. So how are you going to stop

  them?




  Wrap yourself in cling film? Take some antibiotics?




  Okay, not bad. In a way, your skin acts like cling film – covering your delicate, watery tissues with a protective layer that stops bacteria getting in. And while

  your body doesn’t make antibiotics, it does make antibodies and other bacteria-busting defence systems, which lie in the tissues and bloodstream, waiting to do battle.




  But even with all these defences your tissues will eventually break down by themselves. Just as cogs, wheels, circuits and pipes wear out inside machines, so too do your

  bones, joints, muscles, nerves and blood tubes. How are you going to fix that?




  Errr . . . repair them? Or replace the worn-out parts with new ones?




  Excellent. That’s exactly what we’ll do. In fact, we’ll go one better. We’ll make the tissues repair and regenerate themselves. As old parts wear down,

  we’ll grow new parts to replace them.




  We can do that? How?




  By building our tissues out of living, growing, regenerating cells.




  Cells are the most basic building blocks of life. The tissues of your body may be made of proteins, fats and sugars, but they’re organized into tissues by layers of cells. Muscle tissue is

  built with layers of muscle cells, bone tissue with bone cells, brain and nerve tissue with nerve cells. And so on.




  But don’t cells wear out too?




  Most of them do, yes. But cells also grow and divide, replacing layers of old, dead cells in a tissue with fresh, new ones from beneath. Inside the nucleus (or command centre)

  of each cell, instructions coded into DNA are decoded and used to direct the assembly of cells into tissues.




  As your tissues age and wear down, the healthy cells within them grow and divide to replace the ageing ones (which conveniently self-destruct). In this way, old blood,

  skin, nerve, muscle and bone cells are shed (or passed) from your body every day, each one replaced by a shiny new cell. In the absence of a nasty disease or accident, the whole process keeps your

  body ticking along for decades, with no mechanic, plumber or electrician required. Let’s see any other machine top that!




  So that’s it, then? We’ve done it? We’ve built a body?




  Yep – we’re done.




  Hooray! We rule!




  Good job. We now have a living, breathing, moving body that can take care of itself. We’ve used cells to build tissues, tissues to build organs and organs to build organ

  systems. Now just add food, water and oxygen, and you’re away!




  Now you understand how the body is built, you’re ready to explore the really good stuff. In the chapters that follow, we’ll tackle the body system by system, and discover why

  we sweat, why we itch and why we have toes. We’ll find out how farts become eggy, how karate masters chop through concrete, and how you could live with half a brain.




  You ready, Dr Frankenstein?




  Then let’s do it . . .




  
 





  2. Blood, Breath and Body Pumps




  How do babies breathe before they’re born?




  They don’t. Because they don’t have to. While they’re in the womb, their mothers do their breathing for them. And while babies do ‘practise’

  breathing in the womb, they don’t take their first breath until they’re pushed out into the cold, airy world.




  What? Babies don’t breathe? But how is that possible? Wouldn’t they suffocate?




  Nope. They do just fine. They get all the oxygen they need from their mothers, so they don’t need to breathe. At least not until they’re out of the womb and the

  umbilical cord that connects them to their mothers is cut.




  So they breathe through that tube? Like a snorkel or something?




  In a manner of speaking, yes. Only they’re not actually breathing. They’re just receiving oxygen through the cord, and making use of it.




  I don’t get it. If you stop breathing, you die. Everybody knows that.




  Ah, but that’s not strictly true, you see. At least not for everybody, all the time. Think about it – how long can you hold your

  breath?




  I dunno – about a minute?




  Right. And did you die last time you tried?




  Don’t be stupid. If I did, I couldn’t say so, could I?




  Exactly. So you stopped breathing for a full minute and yet here you are, alive and well.




  Eh? So you’re saying that babies hold their breath? For, like, nine months?




  No, no, no, no, no. Not at all. I’m saying that you don’t necessarily have to be breathing to be receiving and using oxygen. That’s because there’s a big

  difference between breathing (moving air in and out of your lungs) and respiration (using oxygen from your bloodstream to power your brain and other tissues). If you stop respiring,

  your cells cannot use oxygen to power themselves, and you die. But you can stop breathing for several minutes before you stop respiring. That’s why you

  can hold your breath without dying. What’s more, if you can find another way to get oxygen into your bloodstream, then you don’t need to breathe at all.
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  So how do babies do it?




  For the nine months that it’s inside the womb, a baby (or rather, the foetus1) receives oxygen through the umbilical

  cord. This fleshy cord is made up of three thick blood vessels (two umbilical arteries and one umbilical vein). The umbilical vein passes into the foetus’s belly (where the

  navel or belly button will eventually be), and carries nutrients and fresh oxygen to the baby’s liver and heart. On the return route, carbon dioxide and other wastes are carried from the

  baby’s hip (or iliac) arteries, up past the bladder and back out through the belly into the umbilical veins. In this way, oxygen and nutrients pass in and out of the body of the growing

  foetus without it ever having to breathe (or, for that matter, eat).
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  So where does the umbilical cord come from? From the mother’s blood?




  Not directly, no. Mixing the mother’s blood and the baby’s blood would be dangerous, as it could expose the foetus to all sorts of viruses, bacteria or toxic

  chemicals, against which it has no defence. So, instead, blood vessels from the mother and from the foetus meet inside the womb, within a special organ called the placenta. The placenta is

  formed from the same fertilized egg the foetus developed from, and it floats beside the foetus in the womb. Inside the placenta, capillaries from the mother’s bloodstream and from the

  foetus’s umbilical cord twine around each other like a pair of hands with interlacing fingers.




  Arranged in this way, oxygen and nutrients can move back and forth through the spaces between the two bloodstreams without them ever actually flowing into each other. So the placenta works like

  a fleshy sieve, filtering out any nasties before they get into the umbilical cord and the foetus’s blood. Which is pretty nifty, if you think about it.




  So the baby doesn’t use its lungs at all?




  Not really, no. Right up until it’s born, the foetus’s lungs are filled with fluid. From about three months onwards, it makes small breathing movements with the

  lungs. But it’s not really using the lungs to breathe with at all – it’s just preparing the breathing muscles for use later on. Like a breathing

  ‘workout’ inside the womb.




  But if the lungs were filled with fluid, wouldn’t the baby drown when it tried to use them?




  Well spotted. It would, but it doesn’t. Right after the baby is pushed out of the womb, it gives a mighty heave, coughs up all the fluid, and starts

  breathing with its first cry (doctors, nurses and midwives sometimes hold the baby upside down and pat it gently on the back to help kick-start this first breath once the baby is delivered).

  That’s why the first thing the baby does is cry. Well – that, and because it’s chilly and scary out in the big, bad world.




  Wow. That’s kind of amazing. Okay – one more thing. What happens to the umbilical cord and the placenta?




  Once the baby is born and breathing for itself, the umbilical cord starts to shrivel up. If left alone, it would eventually break off all by itself, but in practice doctors

  usually clamp it and cut it a few centimetres from the baby’s belly to speed this process up. The rest of it is pulled back inside the baby’s abdominal cavity, to form the belly

  button.




  As for the placenta, that pops out – attached to the other end of the umbilical cord – right after the baby. Usually the nurses just throw it away, but sometimes the parents decide

  to keep it as a souvenir.




  Ewwww! That’s gross!!




  You think that’s icky? Some parents even . . . No, I shouldn’t say. It’s probably too much for you.




  What? Come on, tell me. What could be worse than keeping it as a souvenir?




  Okay, you asked for it. Some parents fry it up and eat it.




  (Bleurrrghh!)




  
 





  Why do big cuts need stitches?




  Because although your skin has an amazing ability to repair itself, wide or deep cuts take much longer to heal. Stitches help to hold the edges of the wound together, and

  keep the wound sealed off to nasty bacteria while your body gets to work patching you up.




  So why do bigger ones need sewing up? Is it so you won’t bleed to death?




  Not really, no. Usually all the bleeding has stopped by the time the surgeon or nurse starts to stitch the edges of a wound together. If it hasn’t stopped, then

  stitching you up won’t do much good anyway, as you’ll continue to bleed into the muscles and other tissues beneath the skin. Even with no blood leaking from your body, you could still

  bleed to death as the blood leaks and pools inside your leg or stomach and fails to reach your brain.
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  But if you get a little cut, your skin heals up all by itself. So why do only bigger cuts need stitches?




  What do you mean?




  Well, let’s say I’m at home playing with my cat, and she scratches me on the back of the hand. How does it work?




  Well, with smaller cuts – like scratches – bleeding stops very quickly. As soon as your kitty’s claws separate the skin, your body senses the injury, and blood

  vessels close to the wound shrink up to slow blood flow to the area. Then a blood clot quickly forms and plugs the small gap across the scratch. Once the bleeding has stopped, the clot then turns

  into one or more scabs, which appear on your skin as dark, crusty lines. Beneath the scabs, the blood vessels open again to allow bacteria-busting white blood cells to move from the bloodstream

  into the broken tissues of the scratch. They kill all the bacteria, and the scabs start to change colour as dead bacteria and blood cells beneath them pile up.




  What happens after that?




  After that, special cells deep within your skin, called fibroblasts, start to multiply and grow from each side of the cut towards the middle, forming a new layer of skin beneath

  the scab. If all goes well, the new skin will be fully formed within a day or two, and the scabs will fall off to reveal clean, fresh skin and no trace at all of your mean

  kitty’s scratches.




  Okay. So now let’s say I’m at the zoo. A huge tiger escapes, and he comes running right at me . . .




  O-kay . . .




  . . . at the last second, I hold up my backpack, hoping he’ll prefer the sausage sandwiches in my lunch box to eating me alive. Rrrrrrrooowwwlll! He swipes it out of

  my hands, and I run away. But his claws have sliced a massive, nasty cut right along the length of my arm, and it’s gushing blood all over the place. Now what?




  Well, that’s all very dramatic – if a little scary.




  Thank you. I try my best. So what happens now?




  Well, obviously a deep gash carved out by a tiger’s claw won’t heal up nearly as easily as a little swipe from Tiddles. This time the cut will go through more layers

  of skin, probably into the fibrous tissue and muscle below. And the gap it creates can’t easily be plugged and bridged by blood clots and fibroblasts. Presuming that you made it to a

  hospital, or got some emergency medical help, the doctor or paramedic would try to stop the bleeding by binding the arm tightly with bandages that press down hard on to the cut. This pressure might

  create a temporary clot and, just as before, the blood vessels near the wound would shrink up (or constrict) to slow blood loss from the area. But, left as it is, this

  bigger, deeper wound would probably not heal by itself.




  Why not?




  Well, the clot – if it formed at all – would probably fall apart as soon as you removed the bandages2 to clean the

  wound, and you would continue bleeding. And even if another clot formed, it wouldn’t hold for long. With too big a gap across the wound, the fibroblasts that make new skin and muscle tissue

  would be unable to meet in the middle and seal off the wound. So clots and scabs would keep breaking up and falling out of the wound. The gash would ooze blood and pus, and eventually it would

  become infected by bacteria. Before long your whole arm would be infected, and surgeons would have to remove it to stop the bacteria infecting the rest of your body and killing you.




  Ugh! Nasty!




  Yep. So to avoid this – and to give your body a hand with the healing process – a doctor would remove the bandages, clean the wound with anti-bacterial chemicals,

  bring the edges of the wound together and finally sew (or staple) them up. With less of a gap to bridge, the blood clots and scabs should hold for longer, buying enough time for the fibroblasts to

  regrow new tissue underneath.




  Then it’d heal up again? Good as new?




  No, not quite. With a deeper cut and a wider gap to bridge, the fibroblasts have to use emergency repair tactics to make sure it holds together. So instead of new skin tissue

  – complete with nerves, blood vessels, hair follicles and sweat glands – they weave the wound together with dense mats of a tough protein called collagen. What’s left is a patch

  of pale, hairless, dead-feeling scar tissue. This patch of your arm would never tan or sweat beneath the sun, and would look different from the rest of your skin for life. But hey – at

  least you didn’t get infected. Or eaten.




  All right, what if you were attacked by a ninja assassin and he chopped your arm right off?




  That would be tougher. If you could stop the bleeding, pick up your arm and get straight to a hospital, there would be a chance that a surgeon could reattach it. This is much

  easier to do with fingers and toes than entire arms or legs. But this has been done many times before (not so much the ninja attack – I mean people getting limbs chopped off by harvesting

  machines and having them reattached – stuff like that). And although it leaves lots of scar tissue, sometimes people can keep using the arm for life afterwards.
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  What about if your whole head got chopped off?




  Well . . . even if a surgeon could stop the bleeding and reattach your head with an operation (which, at present, is pretty much impossible), it would take hours to do

  it. And since your brain can’t survive for more than a few minutes without a blood supply, I wouldn’t fancy your chances.




  Oh. So I should definitely avoid angry tigers and ninjas, then.




  Yes. I’d say that was good advice, anyway . . .




  Puzzle: blood-clot boggle




  Now you’re an expert on blood clots, try this jumbled-up picture-puzzle. In your head, assemble the five pictures in the correct order, so that when you read them from

  left to right, you have a comic strip telling the story of how blood clots are created. What order do the pictures appear in? Check your answers on this page.
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  If your blood didn’t clot, would you die from a paper cut?




  Yes, you would. Although it would take a while, since paper cuts only sever small blood vessels, and it would still take several days to drip-bleed to death. In reality

  though, this could never happen because if your blood didn’t clot at all you wouldn’t live long enough to get cut in the first place.




  Eh? You’ve lost me there. You mean if your blood didn’t clot, you’d never get cut?




  No, I’m not saying that. I’m saying that if you were born without the ability to form blood clots – at all – then you’d be lucky to survive

  more than a few weeks, let alone long enough to be leafing through books and magazines and getting paper cuts. Even haemophiliacs have some ability to form clots, otherwise they’d

  never make it through birth and early childhood.




  Hang on – what’s a haemophiliac when it’s at home?




  Haemophilia is a blood disorder in which the blood fails to form complete clots, or forms clots less easily than it should. This puts people who suffer from the disease

  – called haemophiliacs – in great danger when they are injured. For a haemophiliac, even very light bumps and falls can cause bleeding beneath the skin –

  especially into joints. And if they’re badly hurt, such as breaking a leg on the football pitch or breaking ribs in a car crash, then their internal injuries can be life-threatening.




  That doesn’t sound too good. So how do you get it? Can you catch it?




  No, you can’t catch it. Basically, you’re born with it. You inherit the disorder from one or both of your parents. It’s caused by faulty genes, which fail to

  produce one or more of the many proteins in your bloodstream (called clotting factors) that make blood clotting possible.




  Clots are made by proteins? I thought maybe they were stored somewhere in the body – like a warehouse full of bathplugs, and got whisked in to plug up the holes

  whenever you got pricked or cut.




  Not quite. Instead, an injury activates one protein, which changes shape and activates another. Then that protein does the same to another one, and so on, and so on. At the end

  of it all, a clot is formed. But there are more than twenty different proteins and steps along the way. And, if any one of them fails, the clot doesn’t form correctly, or fails to form at

  all.




  Think of it this way. The proteins – blood-clotting factors – are like little spies. They’re everywhere, unseen, keeping an eye on things and just waiting to jump into action. They float throughout the entire body in the bloodstream, watching the walls of your skin and other tissues, keeping an eye out for gaps.




  Gaps? What kind of gaps?




  Any break in the tissues, large or small, that could let your precious blood cells go rushing out or that could let in the army of invading bacteria waiting outside the walls.

  So the little spies keep a constant eye out for danger, and report back to spy HQ in the brain. When you’re injured and the walls are breached, blood cells start to rush out. The first of the

  spies sense this and some of them, called platelets, respond by clumping together to form a weak, temporary plug.




  They also signal other spies, which change their shape and appearance (like putting on a false moustache), and contact more moustachioed spies to spread the word about the injury. A clump of

  them forms a platelet plug. Then the moustache spies change shape too (let’s say they put on some sunglasses and a small black hat) and contact more spies.

  And so it goes on, until eventually the word gets to a gang of burly, hat-and-shades-wearing, moustachioed builder proteins called fibrinogens.
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  These builders then start grabbing blocks of another protein (called fibrin) from all around them, and use these blocks to build a more solid wall. This wall of fibrin (called a fibrin

  plug) replaces the flimsy platelet one that went before it, and seals up the gap to stop the blood getting out (and the bacteria getting in). Along the way, some of the spies signal Spy HQ in

  the brain. The brain responds by sending bacteria-battling white-blood-cell reinforcements to the injury site (just in case a few got in), followed by instructions to starting the healing

  process.3
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