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ANATOMICUMN

Preface

Wnderneath our skin lies the incredible
world of the human body; a living
machine constructed from hundreds and
thousands of parts, all working together

to make us who we are.

Exactly how our bodwes work has fascinated soentists for centunies, Their study of
the body's structure ~ called anatomy ~ provides the basis for all of our medical
understandng
The word anatomy comes from the ancient Groek onatoms, meanng 10 cut up'
it has been studied since the carliest recorded penods of hstory, as long ago as 1600
In certain societies, the art of dissection — the ‘cutting up' that gives anatomy its name -
was forbsdden, and animal remans were dissected instead. Ths led 10 some mistakes in
the understandng of the human body untd years Biter, when scientists such as Lecnardo
1 Vindi and Andreas Vesalius made detaded drawings of their findings. loday dssection
s stll used by saentists and Goctors as the primary way of studying the body, through
carefully controfled legal processes allowing indeaduals 1o donate their body to wience
alter death
Beside moral and religous concerns about dssection, there were other obstacles
1o carly studies of anatomy and medicine. Before the deveiopment of the microscope
n the 15505, bactera and other tiny cells were unknown 10 scientists, instesd, doctors
bebeved that bad airs called ‘'méasmas” were 10 blame for ilnesses, and sadly diseases
which can casly be cured today kalied thousands of people
Today, we are entenng & exciting new éra in anatonmy. Technological mprovermeants
n imaging enable us to see the human body in greater detad than ever before, and
the science of tssue enpneening (bulldng new tissues and organs) could help doctors
find new treatrments 1o help their patients. Every year, research leaps forwands, cures
are discovered and owr H‘.'tm"l'd,,‘(' improves. But it all starts here, with the basks of
anatomy, and the study of the ncredible human body
Dr Jennifer Z Paxton
The University of Edinburgh
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ANATOMICUN

Fntrance

‘Welcome
Anatomicum

Have you ever wondered what the inside
of your body looks like? Think what it
would be like if you could see it from the
inside out. Imagine you could watch your
heart beating, witness your skin cells growing
or pinpoint the part of your brain where a
thought takes shape. Now you can, within the

pages of Anatomicum.

n cach gallery you will encounter one of the body's maor systems For example
i vist the Musculoskeletal System Gallery 1o dscover the
10 MOVe, Or arrive at the Nervous System Gallery to examine the structure of the
human brain. The exhibits wil alow you to peer beneath the slan and view the organs
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Building Blocks
of the Body

The human body is intricately detailed —
woven together from individual organs,
tissues, blood vessels, nerves and tiny cells.
In anatomy, the different parts of the body
are arranged from the smallest to the largest

parts, in a simple structured order.

The smalest ndwidual budding Blocks of the body are the cells. An astonshing 38 tnlhon

of themn exist in the human body, each with its own special 1ob to do. Almast every one

contains DNA (deoxynbonucieic acid), the coded genetic information that determines
our characterstics and makes us Al ursque. Indivdual clls are 1oo smal 10 be saen by
the naked oy ¥ ¥l can ¢ -’-', be vwewed us "vg TRONOSCODEeS

Groups of cells jon together to make body tssues, which are large enough to
be seen without 3 microscope. Epithelal tssues ne the insde of organs and tubes
and cover the outer surface of the skun. Muscle tissue s Ske the machnery of the
body, malong up the structures that help us to move, Nervous tssue is important for
COMMuUMICabon ‘.'.!U\‘-‘;“u,n,' the body, '-,rr\.: ins different parts 10 the central control

e Oof the bramn Lastly, connective tissues help 1o ink or support d flerem parts « f

& Lssue bypes combing 10 make organs: indnadual parts

o nd functions, such as the heart, bur g2s, Dran or aneys

Fnally. several organs link up to make body systems There are || systoms in the
human body: skeletal, musculyr, digestive, cardiovascular, resprratory, unnary, nervous
integumentary, immune, reproductive and endocnne, Each system looks after a senes
of related jobs, such as breathing in the respiratory systemn or processng food n the
chgestive system. Although they have indivadual rolies, the systems all functon together

I hanmmot Y 10 oD our X i we -“ll'; Property
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ATAEIN

The Skeletal
System

Providng the framework for the entire human body 5 the skeleton. Thes hard but
feable scaffold grves us our overall shape, supports the muscles, protects the body's
soft inner orgars and constantly manufactures new blood cells The entire skeleton s
made up of 206 indivdual bones, which link topether at areas called joints. These keep
the bones of the skedeton foed 10 each other, whie aso allowing us 1o move

Anatomists spit the skeleton mto two parts the aasl skeleton, which supports
the upper body and protects the inner organs; and the appendicular skeleton, made
up of the bones in the lmbs and pelves. The oaal skeleton incorporates all the bones
of the head and trunk, where its pnmary role is 1o protect the bean, the sensory
organs (eyes, ears and nose), the heart and the lungs. It also includes the vertebral
column, or spine, a long row of 33 bones calied vertebrae which encase the delicate
spinal cond Stacked Tl)g(:'_"u:( the vertebrae make a curved flexable pdlar, which can
bend forwards, badkwards or side-to-side. The spne connects 1o the skadl at its first
(or top) vertebra, which is named after the Mgure Atlas from ancient Greek mythology.
Atlas was condemned to bear the wesght of the whaole sky on his shouklers, just as
the atlas vertobea has to support the weght of the skull and brain

The bones of the upper imbs — the arm, orearm, wrist and hand — have a greater
range of movement than any other part of the skeletan. combining strength with
dextenty so that we can perform tasks as vaned as threadng a needie and batting 3 ball
In contrast, the bones of the lower imbs — in the thigh, leg, ankde and foot — manly
provxie stabdity and support our wesght as we walk, stand or run, Key to this s the
longest and strongest bone in the human body: the fermur or thigh bone
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Connective
Tissues

Bones and muscies are not the only tissues in the skeletal system. joirung bones to
bones, and attaching bones to musdles, are a number of connective tissues — tendons,
ligaments and cartilage ~ which hink, support and protect the entire skeleton

lendons are thick straps of tssue oning muscle 1o bone, When a muscle contracts,
it shortens, pulling on the tendon so that it moves the bone. Tendons are made from
a proten called collagen, with joag fibres side by sde in a structure resembing a thick,
strong, stretchy rope

Ligaments have a similar rope-Ske structure and are also made from collagen
However, instead of connecting muscle to bone, ligaments connect bone to bone.
helpng 1o keep joints stable. As a general rule, the worse the bones of the jont fit
together, the better the ligaments at the joint need to be. For example, the bones of
the knees do not slot together very well so the knee joint has several ligaments inside
and outsie the jomt 1o help prowvde stabdity.

Cartilage s a soft, flexible substance found all over the body in three different
types. Hyaline, or articulating, cartilage is found on the surface of bones in moveable
joints, where 1t acts 35 a shock absorber and reduces fnction between bones.
While tendoes and igaments are strong when they are pulled, cartilage s strongest when
it is pressed, and 5o is well-suted to absorbing the forces occurring dunng movement
such as jumping, runnmg and playing sport Another type of cartlage, fibrocartlage, =
found n soft, squashy discs between the vertebrae of the spine and also betwean the
bones of the knee joint, Lastly, elastic cartiage, 2 specalised bouncy tissue, creates the
shape of the outer ear, dlowing 1t 10 sprng back into shape when bent
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The Muscular
Sgstem

From the cautious first steps of a baby finding its way in the world, to the speed of an
Olympec athlete or the grace of a balet dances, the muscular system is responsible for
produang every possible land of movernent

Found throughowt the body in three types — skeletal, cardiac and smooth - all

muscle tissue shares one important feature: the abikty to contract, o shorten, makng

part of the body move. In skeletal muscle, contractions pull on the bones they attach
1o, moving them nto & new position Because these muscles can only pull in one
direction, they usually work in pars. So after coe muscle contracts to bend a jont, 4

correspondng muscle contracts to straighten it out again. For example, when the biceps

muscle n your upper arm contracts, it pulls on tendons connecting to your forearm,

raising your hand and wrist upwards. To lower your focearm again, the baeps relaxes
and the noeps muscie on the underside of yOUr arm contracts instead Skedetal muscie
pves the body its shape, and & thought 10 account for around 40 per cent of an adult’s
1otal body weght

As wel as Noang the skeleton, the muscudar systern has other key roles, from
pumping blood around the body (cardac muscle), 1o monng food through the digestive
ract (smooth musdle), 10 Communmcating via facial expressons (skeletal musde ). Musces
even have a e to pL},’ n kr_-(-rur:g UsS warmnm in Gt muscle comrachons pl'l'\dt,l’o‘

around /0 per cent of our total body heat
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Muscles:
The Hands

Most animals use thesr hands as supports when walking on ‘all fours’, a type of moverment
known as a quadrupedal gait. In humans, however, our uprght walking position on two
feet - a bpedal gait — has enabled our hands to develop mito funchional took. In fact,
our hands, and the ncredible range of movements they can perfoem, are key to the
skalls that distinguish us from other species

Our hantds are wsed almost constantly, frorm the moment we wake until we fall
asleep. We need them for eating, washing, canmying obyects, as well as for communicating
through hand gestures and body Rnguage. The intricate machinery of the hand also
lets us perform more specialsed, complicated movements such as playing a muscal
mstrurnent, texting on a motile phone, buttonng up a shirt Or turnng & key in a lodc

terestingly, the fingers themselves do not contain any muscles, Instead, movernents
of the finpers, such as clenching and straightening, are caused by muscies in the foream
and hand The tendons of these muscles travel dong the length of the fingers to the ups,
ke long strings, carefully weavng past each other and enabling movernents at the jonts
between the finger bones. Other small musdes within the palm of the hand produce
finer movernents of the fingers, needed for precse actions.

One of the key movements for the usefulness of our hands is the abiity to oppose
the thumb. This means we can move the thumb across the palm o that the tip of the
thumb touches the tip of the lintle finger: In fact, the majonty of hand acticns we rely
on every day would not be possible without cur opposable thumbs
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Muscles:
Facial Expression

ften tell what emolion a persor fealing by the expression on thesr face
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CARDIOVASCULAN
A RISPIRATORY
AYATEME

The Cardiovascular
& Respiratory

Systems

(jJ-"-ﬁr:l 15 & gas whach makes up about 20 per cent of the ar we breathe, This percentage
can fluctuate between places, temperatures and altitudes, but getting enough of it nto
the body 8 essential 1o e jJust a few minutes without oxygen can be ide threstenng
That's because every cedl in the body needs oxygen to convert nto energy — a process
known as respiration. When cells redease energy they also peoduce a gas called carbon
chiox

15 the task of the respiratocy system. This works closely together with the cardiovascoula

e

de. which the boddy needs to remove. inhaling cxypen and exhaing carbon diconde

system, whach pumps blood around the l"n‘-(f,r 10 transport OXygen o eac h and overy
cedl and simultaneously remove waste carbon dioade

Io reach the body's cells, Ooxygen has 10 ertake a RNy "ﬂ:;,,gh both

systems. First, ar 15 breathed in through the nose (and mouth) and travels through the

trachea (windpipe) 10 reach the lungs. Here, cxygen from the ar i trangferred into the

body's Bloodstream and enters the cardovascular system, The oxygenated blood then

has to traved nght round the body's vast network of blood vessels, powered onwards

by the beating of the heart. On arrval at each cedl, blood delivers axypen and othes

rutnents, and Carnes away waste products, includng carbon dosade. After this exchange,

deoxygenated blood travels back to the lungs and respiratory system, where carbon
dhonade 15 passed back into the lungs and breathed out. Thes wvital process continues

even as we seep, pumping over | 4000 hitres of blood around the body every single day
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CARDIOVALCULAR |
A ALAFIRATORY

The Heart

The hardest working muscle in the body is the beart, beating over 100,000 tmes every
day of cur lives 1o trarsport blood all the way around the body. Located uncder the
nbcage and between the lurgs, this organ & only about the sue of a fist. It acts as a
specialzed pump - in fact, two pumps In one, cach with a vital job to do. The right side
of the heart pumps blood towards the fungs where it packs up oxygen. Oxygen-filled
biooxdd retumns 1o the heart, where the left side pumps it on to the rest of the body
A thick wall calied the septum deades the nght and left sides, and keeps the blood in
each ‘pump’ separate. Although both sides are senilar n appearance, the lelt side s thicker
and stronger as it has to push blood further around the body against high pressure

The pumping action of the heart is produced by cardiac muscle in its walls, whech
contracts (squeezes) to push blood between one part of the organ and another.
The four areas, or chambers, within the heart are spiit into two ventricles
at the bottorm and two atra at the top With cach heartbeat, the two atra contract
first, pushing the blood insde them down into the ventricdes. Then the ventricles
contract, pushing the biood cut of the heart and on to other parts of the body
After contracting, the heart muscle refaxes, allowing the chambers to refill with
blood before the next contraction. One complete cycle of thes pattern, or heartbeat,
takes less than a second to occur

30

it = crucial that blood only flows in one direction in the beart To control ths,
specal vaves exist between the ventndles and atna and the blood vessels entering
and exiting the heart, These act like trapdoors, letting blood flow through one way
but dosng tightly 10 stop it from flowing backwards, These valves slamemng shut make
the riythmic Tub-dub’ sounds of the heart beating
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CARDIOVASCULAR

A RIAPIRATORY

The Respiratory
Tract
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The Lungs

We breathe over 10000 litres of ar each day 1o keep our cells alve and healthy
Getting all of this air in and out of the body is the responsibility of the lungs
Fhese pared orgens mhale and exhale ar at 2 rate of around 15 breaths 3 mnute, and

bloodstream, while Passang carbon honock

transier axygen from imhaled air mto the
from the bloodstrearm iImo the ar 10 be exchaled

Once air enters the jungs, it beging & oumey through 2 divding network of more
B ) ;

tubes, that become smaker and smaller as they travel

the air reaches tiny closed sacs called alveoll, wiech resemble small bunches of grapes

tach ndenciual Bvecius (snpular Oof alveoh) o covered 0 a tiry blood vessel called a capallary
(see page 3/) The wals of the alveoh arnd the capdlanes are only one ced fayer thick (less

than a thousancith of a milimetre ), = ) BSOS CanN cassy be exxct nged 10 and from the Bood
There are several hbundred milhon alveol in an adult’s lungs, meaning

SUtade anea in Order L0 Quckly transier as much gas as possbie, In 1act, the total surface

area of the lungs is ost mated 1o be bigger than that of a tennis court!

The rght and left Jurgs sit within the chest, under the nbcage. The nght Jung has
three dferemnt parts. or lobes. and = a Inth wRer than the L winch only has Two obe
The left lung 15 smadler to make room for the beart that fits snugly between the two
s A larpe, dome shaped musde called the diaphragm is found directly underneat!
e INRS, Separatng therm froxn the organs in the abdomen. 1 he dag ragry o

create space 0 the chest when we breathe n, or inhale, by puling downwards and

flattersng out. This Jets the fungs il with air, mflating ke balloons and ramng the nibcage
wards. When we breathe out, or exhale. the d iphragm relaors and pushes on 1he
ngs, squenzing the air back out agan. This cycle happens between |2 and 20 times eact

mnule when rest ng angd much more often dur N Serose x5 Ore ith Nng rate moreases
Key to plate
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OIGEATIVE A
URINARY AT8TIMY

The Digestive
System

The digestive system s a clever food-processing plant, working constantly to take
in food, break it down into the nutrients we need, and get nd of the waste that’s left

The man part of the system & the dgestae tract — / metres of long, muscular tubes, most

of which are squashed nto the body's abdomen. it is made of seven interconnected ongans,

which effectively form a direct path all the way from the mouth to the anus

Food enters the body v the mouth, where it & chewed and swallowed, pasung
?".’('-\)gh the pfu: yrix (theoat) and nto the ~,h~u,{1!.sg IS |:"x; X pipe) on its way to the
stormach. There, food is broken down into a thick, soup-like Squad bofore being passed
Mo the small then the rpe ntestine. The intestines are where essential nutrents are

absorbed from digested food imo the bloodstream. Once n the large intestne, the waste

materal forms facces (or poo), before leeang the body through the rectum and anus

The process of breslang down feod to gen

sle enérgy 1S Mnown as dipestion
Its main task s 10 tum complex food molecudes into smaker ones the body can use
First of 24 food is digested mechanicaly: broken down nto physically smalier chunks as
the body crushes and mashes o, ntialy by chewing food in the mouth, then by churning
and mbang it using the musdes of the stormach. Food is aso digested chemically: special
molecules caled onzymes (found n saliva in the mouth, and released as a hquid nto the
stomach and ntestines) break rutoents such as s protens and carbohydrates into even
smaller PArts such as amno & wds, for "4,;.'.1.'»8 nerw mokecules, andg gl.ujx;:u" or energy
Although the dgestive tract is the man path that food takes through the body,

it does not work slone: the liver, galibladder and pancreas all ad digestion by

u;l»:ds-ng special chemicals into 1t Cou'_ro!hv"g_ all the complex processes of
catng, digestion and excretion are a combination of nerve signals and hormones
Emotions can affect the dipestive system, 100, as you will know 1f you have ever felt the

sensat

on of ‘butterfhes in your stomach’ when you are nervous, or # you have felt sick
with exciternent

Key to plate
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OIGELTIvVE &
URINARY STsTIMY

The Mouth
& Throat

The oral cavity. known as the mouth, is the gateway to the body: ths is where 3l food
and dnnk starts its journey theough the digestive system. Even before you take your
first Bite of food, your body bepns 10 prepare itselfl for dgestion. The smell of food
cooking (o sometimes st the thought of a tasty meal) s enough to kick-start the
salivary glands into action. They pump out 3 watery liquid called saliva - on average over
2 Itres each day — Rerally making your mouth water As well 25 malang the food you eat
wetter and easer 1o swallow, salva contans chemicals called enzyrnes, which start to
break down complex molecules within food Teeth also grnd food down mechanically,
and, together wath the tongue, help shape food nto & sy ball called a boluss, whsch
1S easy 1o swallow,

At the moment of swalowing, an important safety mechanism kidks in at the top
of the pharyrx (throat)L A small trapdoor calied the epglottis swings nto plice, covenng
the entrance 1o the trachea (windpipe) as food and drnk sips into the oesophagus
(foodd pipe). This ensures no food or dnnk acodentally enters the respiratory system
Sometimes the epsglotts fails and things ‘g0 down the wrong wity' — but a cough =
usually enough 10 clear the airway again, and no harm is done

Once a food bolus has passed the epiglottis, it travels down the oesophagus.
a long, muscular tube. Rather than acting as an open chute that food semply falls
down, the muscles of the oesophagus squeeze the bolus down towards the stomach
Incredibly this means food would stll reach the stomach even # you were standing on
your head!

- - - Hey to plate
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The Teeth

The adult mouth (oral cavity) contains 32 1eeth, arranged in twoO Neat rows across the
upper and lower jaws. Their job & to make food soft, smooth and suitable for swallowing,

Babies are usually born without any teeth at & and the first tooth will push
through the gums when a child is around sx months old. Slowly, the teeth emerge
into the mouth, and children have a full set of 20 ‘baby teeth” or ‘'milk teath’ by around
three years of age. As chidren grow up, the baby teeth start 10 be pushed cut by
permanent adult teeth that lie in the aws behind them. By the time most pecple enter
their thirties, they have 32 teeth in total, inchiding four wisdom teeth at the very back
of the mouth, which only come through in the tecnage years - and often with some
disruption! This final set of adult 1eeth needs to kst for an entire lifetime, since teeth
cannot repar themsedves, Holes can appear = the teeth due to decay and these need
to be repaired by a dentist If the decay s 100 severe, or a tooth s damaged through
trauma, the whole 100oth s semetirnes rermoved.

The shape of a tooth and its postion within the mouth are good indicators of ther
function. At the front of the mauth are the incisors: sharp, thin teeth that casly sice
into food. Next 1o the incisors are the canines, more pointed in shape and also uwsed
to bite, tear or hold food Premolars and molars, which sit at the back of the mouth,
have a {lat, squansh shape with nidges on ther top surface. The molars, especially, are
ideally shaped to crush and grind food during chewing.

Each tooth is made up of several layers. The outer layer of enamel acts like a
protectre armour encasng the crown (top) of the tooth, and gives teeth their whitish
colour dus 1o its high levels of minerals such as cloum. Underneath the enamed hes the
dentne, a hard substance that protecis the dental pulp in the centre of the tooth - a
s0ft cushioning around the tooth’s sensitive blood vessels and nerves. The bottom part
of the tooth, the root, sits buried desp IMo the gurms overhing the awbone. Indvidual
teeth are anchored into the aw by fibrous joints covered in a layer of cementum.
As the name suggests, this substance keeps the tooth firmly cemented in place.

Hey to plote
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The Stomach

£ anachy a curved, muscular

Alter

Cag i the up

ores the food

Wwe eat whie
vigorously chuming to mix 8 with stomach atd. Then the resulting modure - a thick

Creamy Soup caled chnyme

> thes next part of the dpestive tract

About 1.5 lares of stor omach

molecuies into smalier

& present i the food

meanng the ackd Starts 10 eat awvay a1 the stomach, prody

he walls of the stomach are made from s

musce, aranged

separate layers, The fbres n these overlipping muscle yers run mn different directions
from lefl to rght, 1op to battom and diagonally around the stomach walls. Thes mears

that when they COMract, the ssomach moves i a chuey IR OF MEong Mot L ng

stomach rumble

to blend the Soup ke chyme. Have you ever heard your

haven't eaten for 3 wide! Tha 1 st the normal sound of the movement of the stomact

as it churms, When the st and without any Iood 1o muthe

an adult stomach car

the naise, the growing sounds much louder At its fullest,
proamatedy | 10 7 res of food and dnnk. 1o cooe with the need t |a~.;)~_'wf the

NSIoe walks I"" the stomach are o d iMmo Num that fan ouL stretchn 2 the

Iis as the stomach fills up. Special sensors in the stomach wall can tell f the stomach
s stretched, giving you a feed ng of fuliness

F

FOOd can Stay in the stomach for as Mtle as 20 minutes or many hours dependng

on what has beon caten. Simple, casy-to-digest foocds like co
will be dipested fairly quickly, Dut nch, preasy focds may take several hours. Once
ready 10 leave the stomach. a Spech 3 valve at s base will let smadl amounts of Chyme

through to the sma

imestine, carefully controling the speed at which the food makes

1% journey through the body
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The Intestines

The long, sausage-lke tubes of the small and large ntestines are where the main process
of dipestion and absorption takes plice (see page 40). Despite its name, the small
imestine 5 actually the longest part of the dgestive system. In fact the terms ‘small’ and
'.1rgr-' refer to the width of the intestnes rather than their length Beginning at the exit
of the stomach, the small ntesting 5 made of three parts the duoderum, the jejunum
and the deum The short, curved ducdenum s where aodc chyme from the stomach

meets akaline fuids secreted by the bver galbladder and pancreas, reducing the acidty

of the chyme and makang sure that the intesting’s dipestive enzymes can work properly
After this, diyme s propealled slong the loops and coils of the eyurum and deun by
MERUSIT Waves of muscie contractions called perstalss .:'-.(:('A s way, the chyme contnues
to be digested and absorbed

Aside from beng very long, the walls of the small intestr tghtly loided and

covered with milions of tiny finger-like prowections callexd wili. Together, these hugely

increase the surface area of the intestines ~ stretched ot they would cover an area of
about 250 square metres This lets absorption of nutrients and water happen qusckly
and casty, passng strasght mto the blood vessels within the Wl

Once chyme reaches the large n

sting, or colon, the body has already absorbed

most of the nutHents it CONtams h'.;‘.'u_,; behund a mox Of water and waste matersal to
be disposed of As the chyme is pushed through the | S5 metres of large iImestine, its
! & A

waler content 5 absorbed back into the body Ths process can tal

s 3 long time (up to

40 hours), but 1t & essential 1o dry out the chyme and make sobd waste called faeces,

or poo. Faeces is stored in the rectum until you need to vst the todes, where it exits

the bodly through the anus
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The Liver

The bver carefully orchestrates hundreds of processes 10 keep the blood clean and
the body healthy. As the largest crgan inside the body, it sifs in the upper right region
of the abdomen, just under the nbcage and daphragm. It 5 roughly trangular in shape
with four different parts, or lobes, and 5 a deep red colour becsuse of its extenswve
biooxd supply. Indeed, the fver recerves over 10 per cent of 3l the blood in the body
at any one time, and pumps an astonishing 1.5 itres of blood through it every minute.,

The liver serves three major roles: deaning the blood, producong tile and stonng
energy. First, the liver deans the blood, removing any substances that might be harméul,
These can be leftover products of food after digestion or tavxans such as mediones
or alcobol. Often, the fiver can change toxins ino molecules that are less harmiul to
the body Otherwise it sends the tosns via the digestive system to exit the body in
faeces, or va the kadneys to leave the body in unne. Second, the Iver makes brle: a thick,
yellow-green hqud that s needed to help the body dgest fat Bile & ether released
into the small intestine straight away, or s sent 1o the gailbladder to be stored until
necded. Third, the kver stores and produces energy, Bke 2 battery that charges and bursts
IO action when energy levels are low The kver is ‘charged by blood coming from
the small and large intestines, packed full of the nutrents absorbed dunng digestion

50

From the intestines, the blood s drected via the kver through a special set of blood
vessels known as the hepatic portal system. Any tooans in this biood will also reach the
Iver this way, to be filterad out and remaoved from the body.

Interestingly, the liver has an amazing feature shared by no other organ n the human
body: it can regenerate. Damage to the fver, caused by disease or too much akohol, can
stop it warking properly and make a person very ill. However, if the damaged parts of
the kver are removed (leaving at least a third behind), the rest of the bver can actually
grow back and become fulf sxe again

Koy to plate
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The Urinary
System

The body’s own plumbing system, the unnary system, is a collection of orgars resporsbie

for taking waste products froen the blood and turmng them into unne (pee) 10 leave
the body when you urinate. The entire systomn sits within the abdomen and the pehs
The two kdneys are found high up on the back wall of the abdomen, dose 1o the Iver
on the rght andd the stomach and small mtesting on the left. The kdneys do most of

the hard work in the unnary system, as this is where unne is made, The rest of the

system 5 3 collection of passapewilys and storape areas for unne until it leaves the body.

Once urme has been made in the kidneys (see page 56), 1t drps down the thin tubes
of the ureters, each about 30 centimetres long, Smooth musde in the ureters contract
to push unine down to the muscudar bag of the bladder, where the unne 5 stored
The bladder stretches as it fills with urine and can hold around 500 to 600 mllimetres
of hquid at once, although the need to visit the todet is usually feit well before then
Special nerve sensors i the wall of the bladder get stretched as the biadder fills, letting
the bran know that you need 1o urnate. When ready, the unne leaves the tody through
a thin pipe called the yrethra

Unne 5 mostly water but a0 contans waste products such as urea, which 5 made

whesn protens are broken down, and other tosc chemicals the body cannot process

It also contains the chermecal urobdin, whuch 5 produced when the body recycies old

biocd calls, and is whiat grves unne its yellowish colour. The colour of urine lets us know

bow well hydrated a pearson s a Iight colour shows high water content. whereas a dark

lour means the pigment 5 more concentrated, and that the person has not had much
to drink. This 5 an casy way 10 see f you are becorming dehydrated and need to dnnk

more water — most people should dnnk around 2 litres a day
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The Nervous
System

All but the most srmple animals have a nervous systemn ~ a complex network which
processes and reliays nformation around the body ke an electncal switchbosrd Humans
possess the most advanced nervous system we know of, and for this reason we are the
ordy speties in the anemal kingdom that can talic wrte and buid sophisticated machines

The nervous system weaves theough organs and tissues 10 connect each and every
part of the body to its central control centre: the bean. Sometimes desonbed as the
most ehborate supercomputer ever known, the bran processes hundreds of thousands

v you mformaton fom the outede world

of messages a second. These messages — tell

and from inside your body ~ relay to and from the brain as electrical sgnals They travel
along pathways called nerves, passng each other Ske traffic on a bosy two-way street

Once the beam has taken in nformation, it can send a message back to the body in

response, For instance, if a car appears as you are crossing the ros

the car and send a message 10 the bran, the bran will process the pote

g, your eyes wil see

then the brain will send spnals 10 make you step badk on to the pavernent. Even more
impressive 5 the fact that thes exchange wil take less than a second to happen, as

electncal impulses travel along nerves at speeds of over 100 metres per second

AL the hub of the nervous system are the bran and spinal coed They make
up the central nervous system (CNS), and control most of the body's actions
These wial organs sit well-protected within the skull and vertebrae of the spine
The spnal cord then connects 1o the penpheral nervous systern (PINS), which extends

out into the rest of the body and is responsible for collecting sensory messages (from

the serse organs), and delivenng motor ssnals (orders to maove) between the CINS
I8 w \
and other bocly parts
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The Central
Nervous System
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The Eyes

The eyes are a pair of ballshaped organs, set within the skull n two sphencal holes called
orbits, Each eyeball is 3bout the sze of a ping-pong ball and their b s t0 receive Ight
and turn this information into electrical sipnals that the brain can understand as Images

| 'Pj'l emers the eve throu

a smal hole called the pupst the black "dot” wable in

rd the

the centre of the eye. This hole s not open to the outside world; a dlear shield calle

comea covers the surface of the eyebal, smulanecusly protecting the oye and focussng

incoming ght. Because the comea has 10 rérman trarsparent, ke & clean glass wandiow,

d a thun il

1t 15 the only tssue in the body which does not contain 3 Biood supply. Inste;

of tears keeps the oyes wet and nounshed

Surrounding the pupd & the s, & nng of pamented (coloured) muscle th

eyes thewr colowur and adjusts the sze of the pupil. When exposed to beyght lghits
muscies of the ins move automatically, making the pupil much smaller and reducing the

amount of light that can pass through. The cpposite happens in low Ight. and the pupil

expands to ket more kght in After light has entered the eye, it is d through the lens,

5 1t onto the

a small clear structure that bends the ight and focu ack of the eyeball

Liry muscles ether side of the lens adust its shape, malang it fatter 10 view obpects

close by and thnner if obyects are further away. If these musdes lose their strength

A

glasses are nec o help the eye focus the ight and stop objects app

sack of the eye, nown as the reting s ined with milbo

These translate light messages into efectncal signals for

recene. About seven mifhion of these cells are a type called cones, whech detect colours

but are unable 10 function well in low ight. The other 100 milhon oels are called rods

These are much more senstnve 10 'P?xl_

nt, though they

do not detect colowr, Thes is why scenes AP biack and white at "');? tume

Once the rods and cones have recenved information, it is fmally transmitted 10 the

bran va the ¢

C nerve at the back of each eye. Incredibly ths whole process happens

in a fraction of a second. and it is thought that the human eye can process nearly
000 frames, o mages, per second
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The Ears

The part of the ear we can see 15 in fct just the outer section of an nitricate organ that
extends deep within our head Spit into three regons, the cuter e, the midde ear and
the inner car;, each area has a distinct function. The outer ear'’s rofe s to funnel sounds;
the muddle ear converts sounds to vibrations; and the nper car converts wibrabions to
nerve sipnals the brain can process. Fositioned either side of the head, the outer ear =
made from a berddy matenal called elastic cartilage. its shape collects sounds from all
arcund us and drects them into the ear canal. This 2.5 centimetre passapeway leads
from the openng on the surface of the skull to the aardrum, 2 tight membrane that
vibrates when sound waves reach it. The eardrum also acts as a physical barrier to stop
objects entenng the deoper parts of the ear

On the other side of the eardrum hes the maddie ear an anfiled space containng
three tiny but extremely srportant bones: the ossicles. These bones, called the hammer,
arvil and stirrup, connect the cardrum to part of the inner car called the cochlea.
Named due to s resemblance (o & snads shell (cochieo is Greek for “snail’), the
cochiea s a tightly cofied tube about the size of 3 pea, filled with fluid and thousands
of tiny hairs. When sound waves make the eardrum wvibrate, the movement passes
through the ossicles 10 the cochiea The fhud and hairs in the cochiea move, creating
electnical impulses that are sent to the brain and de-coded as sounds. Sometimes, the tiny

68

hars n the cochlea can get damaged by very loud noses or can detenorate over time
This is why it 15 common for clderly people to have problems with their heaning,

Aside from their role in hearng, the ears are a0 central 1o our sense of balance
Within the inner ear are a sernies of thin, rounded tubes called the semi-orcular canals
These it next to the cochiea and are akso filled with fluid and more tiny hairs. The flud
and hairs o the sermi-aroular canals move with every change in position of the head,
letting the brain know which way up we are, The brain can then respond 10 changes
in position quickly, and stop us from falling over This doesn® always work as woll a5
we would hope though, and dizziness occurs when the fiuid in the semi-Croular canals
keeps moving even though we are standing still
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The Nose
& Tongue

Qur senses of smell and taste can detect and recognise a staggening number of
substances, For modern humans, these serses are most likely to whet our appetites
or to bring back distant memonies, but they can also alert us 10 a potential danger, for

L !

t"-;xn'pb ok chemicak or rotten ood Even so, they are not Usualy conuoered essent al

Yol many years 380, our senses were (ar more important for our survival. The repuison
created by dsgusting smels or tastes helped 10 keep the body safe from Ide-threatening
infections that could be found in faeces (poo), drty water or bactera-ndden food
which would once have been daly encounters

il is thought that the average human can detect several bilbon different odours
The sense of smell is most sensitive at birth to help newborms recognise their mother.
Sl works by detecting odowr molecules which float in the ar around us When we
breathe, they enter the nostnls and pass imo the nasal cawty — a large space behind
the external nose, The roof of the nasal cavity contains milhons of receptor colls that
detect odours and transfer the smel’ into an electncal mmpalse. Ths signal traveds to
the bean va a comnecthon called the olfactory nerve

Although our sense of smeil is said to be 10,000 times more powerfud than our

sense Of taste, the two are dosely Inkad, and food tastes different if our abdity to smell

s l"l‘\:qrm] This is \{;ﬂr}”ul'rg you mght have encountered belore, esped .]”y' f you've

eaten while you have a heavy cold or have pinched your nose while chewing food
Thousands of laste sensors are found on the top swrface of the tongue, on hitthe
burmps called papillae. More cornmonly known as taste buds, these speciad sensors
desect chemicals in the food we eat and send messages 1o the bran For many YOurs,
there were known 1o be four basic Havours of food that we can detect: sweet, sour,
salty and bitter. More recently, a fifth taste category has been proposed, called umanmi,

meaning ‘savoury’ n the Ripanese Ringuage
Koy to plate
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The Skin

Along with sight, sound, smell and taste, touch is an mportant sense which lets us
experience many different sensations. Tiny touch sensors ke deep within the skin
Forming cur whole outer body covenng, the skin is part of the mtegumentary system,
a collection of structures including kan, har and nads, forming a fleible barmer between
us and the outsde workd. Apart from beng the most visible body organ, the skin s
consiiered the lirgest organ both by weight and surface area. Surpasingly. it was often
ignored by the early anatormests, and usually dicarded to access the organs and tssues
beneath, As scientific discovenies progressed. and nstruments like the mecroscope were
invented, anatomists were able to explore the skin in preater detail and determine the
marny important jobs it has.

Skin is made up of two layers. The top yer, the epidermmis, is made from several
sheets of skin cells, creating a protective, waterproof wrapping around the body.
Skin cells in the epadermis are always hard at work, growng, multiphsng and moving
nearer to the surface of the skin as if they are on a comveyor belt. In fact, the very
top cols are actualy dead, and millions of ddn cells Gl off each day, Other cells in the
epidertmes peoduce melann, & peotective substance that shields the sion from harmiul
sun rays. When the body s exposed to direct sunight. the siin may produce extra
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medanin in defence, which causes the skin to darken or tan. Underneath the epidermis
hes the derrmis, a thicker iyer made from strong and stretchy proteins. it contains hairs
and sweat glands and is home to milions of nerve endings — the sensory receptors that
give us our serse of touch. They are found all over the body but are more concentrated
i regons such as the face and the fingertps

Sensory receptors respond 1o different types of stimul depending on their type,
Mechanoreceptors respond 10 a mechanical stimulus, such as pressure or vibrations.
Sensors that respond 1o hot or cold temperatures are called thermoreceptors, and those
that react to pain are called nociceptors, The final type of sensor are the propnoceptors,
which help tell us what position cur body is in and therefore help us 1o coordnate our
movernents. A sense of touch s cruaal for keeping us safes without it we would not
be able to feel our feet on the ground as we walk, to hold and control objects or to
feel pan, Pain in particuiar 5 cruaal to protecting us from harm, as it alerts the body
to danger

—_— Ney to plate
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The Immune
& Lymphatic
Systems

Imagine an army ready to defend your body from the milbons of

~

CANPErous germs you

encounter every day Thes is the immune system, the body’s main means of protection

Together wath the lymphatic system, it is locked in a constant hattle against disease

The immune system 15 a collection of organs, tissues and cells that work
to defend the body from harmiul bactena or substances that do not belong
A key cell type of the immune system is the white biood cell, also known as 3 leukoonte
Leukocytes are found n the blood (see page 32) and in areas of disease-fightng tissue,
caled iyvn‘,v?'-‘,u'] (Or svemune) Organs Ihese incude the thyrmus, the spleen, the tonsis
and the iymph nodes. The lirgest organ in the mmune system 5 the splcon. it filters the
blooxd, rermaang old or damaged blood cels froem arculstion. It also makes leukiocytes
which produce antibodes (see page 78) 10 attack bactena and wiruses, and stores
blood ~ holdng around a cupful at any one time

The lymphatic systemn & made of an extenuve network of small vessels that run
throughout the body. and ymph nodes, which are clumps of immune tssue found in the
neck, armpats and groin. Lymph nodes act e tiny sieves to filter out foreign matenials
in the body, sweling up if they have trapped rivaders and are fighting an infection
As part of the mmmune system, the hrmphatic system heips to tackle disease, but it akso

mops 1 excess flud within the body

Lymph & a2 watery substance that comes from hguid squecred out of the
cells. A buid-up of ths flud would cause parts of the body 10 swell so the lymphatic
system sucks any excess through tny, thinowalled mphatic vessels surroundng blood
capdfanes. The lymph travels around the body through a network of lymphatic vesseds
being cleaned along the way before eventually being emptied into the large vens near

the heart, Here the ymph miaes with the blood before being pumped around the body.
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The Endocrine
System

Over 60 different chemical MESSeNers Or ulate in the blood, defiver NE INStruchons
to vanous parts of the body These messengers are called hormeones. They control our
growth, our sleep and even our modds, Incredibly, the amount of hormones in our blood

der and even time of day! Crucially hormones enable

Can vary depending on age, g
our body parts to talk’ to one another - just ke the nervous system uses dectncal
rrpubes 10 send messapes around the body The difference s that hormones traved in
the blood, so their messages 1ake much longer 10 be deliverad than nervous sgnaks
a bat like the difference in speed between posting a ketter and sending an emad
lormones are produced by specialised calls in the glands and organs of the

endocnne system. One of the man endocrine organs s the pancreas, which makes the
hommone insulin 1o control blood sugar levels. ¥ the pancreas is unable to make insulin,
the desase dabetes develops and patients need 10 recenve ingections of insuln to keep
theyr blood sugar kevels under controd

If you have ever been fnghtened or excrted, you will be famiar with the powerful
hormone adrenaine. Produced by the adrenal gfands above the ludneys, ths hormone
makes your heart beat faster, your breathing rate increase and your pupils enfarge. You
may become pale as biood is diverted away from the skin towards the muscles in your
imbs and your body may tense 8l over These reactions happen automabically when
adrenalne prepares your body to escape or confront danger n what is caled the Yfight-
or-fight response’. Although usially activated by a physical threat, this intense reaction

can have emotional tnggers, too
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Puberty

DO 10 AcuRhood, the human Doy ROes thncs BN 3N eNonMOous

change n growth, appearance and feelings This transtion 15 called puberty and is tnppenes

by hormaones mireasing thsr prox h the body. Puberty can

begin any time between about t it for everyone!

Puborty begins when the b s the p

hormor

< by the ptutary gland. One of these & growth hormone

makes bones grow in sze. Thas means that duning puberty children can ha

‘Trowth urts’, growing as much as 10 centametres 2 year! Around the s

INOOes besin

0 be P O

N Olther endocrne Fl.‘v s (See page

strrulat g

hae growth in boys and gurls Thss eads to additional hair appeary g all over the body,
Bt in particllr around the pubic region and the armpits

{ hOrMONes — Oestr ords and testosterons: In b

3 by

are Iy J

0 O

FRANS, Causng therr elop nto thewr mature forms, capable of

Juction (see page 86). In boys the reproductive organs start 10 make sperm, and

in girls the menstrual ¢ NG the ovary refexses an ¢ Y that can

be fertilsed 10 develos

between males and fema

muscular frames
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The Male

Reproductive
System

Every year sround 125 melhon babies are bom. Reproduction s nature'’s

7o swyamyygyrall

s

xy Of ensurng
d4 C'(,-;‘ula! 0N continues, and an ndnadual’s way of l"*.'_ulfrg 1hosr gn'n’—s a e pi"\v-d on
It ocours when male sex cells (sperm) and female sex cells (egss) fuse together a5 a
result of seonsd intercourse. These two cells are the start of 4 whole new hife

The main job of the male reproductive system & to make sperm. Once a make
reaches puberty. sex hormones surge through the blood, reaching the testes and
trgpenng sperm production. Hundreds of milhons of sperm are made each day Durng
intercourse, they are released from the testes and travel down the thin tube of the
wrethra to the end of the penis. Along the way, the sperm mix with other fluds to make
a hqux! called semen, which then leaves the body quickdy dunng ejacudation

Sperm can coly be made at temperatunes a few degrees lower than the normal
body temperature of 3/°C, so the testes hang outside of the body n a sack of skdn
cabed the scrotum. ¥ the testes get 100 Cool, muscles contract to pull the testes closer
to the body and warm them up agan. Too tiny 10 be seen without a MICroscope, Sperm
are some of the smaliest cells in the human body. Each one looks ke a ittie tadpole: it
has 3 ‘head’ containing all of its genetic nformation (the instructons that tell cels what

to do and what to become) and a 1ail used to propel it forwards To fertilise an egg,

a sperm has 10 swim 20 to 20 centimetres through the female reproductive system

a oumey equivalent to a human swarmmng 10 kilometres, or about 200 lengths of

a swimmng pool.

ndna, special celis near the head of the sperm, act ke a
battery, provhing energy as it makes s long joumey whide nutnent-nch semen also

nourshes . Up 1o 300 milhon sperm can be released at once, but after the first one

reaches and penetrates the egg, a chemecal reaction in the egg stops any other sperm

from getting n
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