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ANATOMICUM

Welcome to
Anatomicum

Open 24 hours a day, seven days a week,
this unique museum isnt like anywhere
youve ever been. As you walk its halls
and corridors, you will be transported
right round the human body, seeing it in

vivid detail as never before.

Visit the Musculoskeletal System Gallery to discover the tissues
that help us to move, or the Nervous System Gallery to examine
the human brain. The exhibits will let you peer beneath the skin
to look at the organs that help us breathe, and watch how food 1s
transported and broken down.,

As you explore the museum, think about how your own body
1s working all the time. Your heart keeps your blood pumping

Every step you take uses action from your muscles.Your eyes help

you to look at each exhibit and your bran processes all of this
new information.Your body is amazing!
So enter Anatormnicum here to begin your voyage of discovery.

and uncover the wonders and secrets of the human body
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MUSCULOSKELETAL
SYSTEM

=

The Skeleton

Ihe skeleton prowdes the frame for the entire human body. It gves us our

O wmms Wy

overall shape, supports the muscles, protects the organs and makes new blood
cells. It is made up of 206 bones, which link together at areas called joints. These
keep the bones of the skeleton fixed to each other and also allow us to move.,

Anatomusts split the skeleton into two parts, axial and appendicular.

The axial skeleton includes all the bones of the head and the torso,
supporting the upper body and protecting the inner organs. It also includes
the vertebral column (spine), a long row of 33 bones called vertebrae that
surround the delicate spinal cord. Together, the vertebrae make a curved,
flexible pillar, which can bend forwards, backwards or side-to-side, At the very
top of the spine, the vertebrae connect to and support the skull and the brain.

The appendicular skeleton 1s made up of the bones in the limbs and pelvis.
Ihe bones of the upper imbs — the arm, forearm, wrist and hand — are strong
and supple and help with tasks ke threading a needie and batting a ball. The
bones of the lower Iimbs — the thigh, leg, ankle and foot — are mainly there
to support our weight as we walk, stand or run. Key to this is the longest and

strongest bone in the human body: the fermur or thigh bone.

Key to plate

I: Skeleton, front view &) Rachs (outer focearm 2: Skeleton, back view
a) Cranum (skudl bones) bone) a) Vertebyal column (spane
b) Cladde (coller bone) i) Femnur (thgh bone) o backbone)

¢) Stemum (Breast bone) j) Patella (knee cap) b) Scapda {shoukier blade)
d) Humens (arm bone) &) Tz (nner log bone) ¢) Sacrum (Rsed bones at
¢) Rbs {) Foula (outer keg bone) base of spne)

J) Pelis (hip bones) m) larsals (ankde bones) d) Coccyx (tad bone)

@) Uira (nner foresm booe) 1) Metatarsals (foot bones)
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12



4
]
i
' t |
|
{
! [
|
L § ' | §
i
' } e
1 '
'
! j"
) P
i i
.“.l'{" to !'&'ll:l
1 Adule skull e)
o) |
b
L ,' !
@)
' Newborn skull
b)
d)




MUSCULOSKELETAL
SYSTEM

]oi,nts

Joints are where two or more bones link together: In total there are over 300
joints in the body, connecting most bones to at ?'-‘1-~.?|»:r~'y:""‘fu nts are oft
thought of as the parts Ol the skeleton that move, but there are actually three
lifferen i types. Some can move, but others can't.
hibrous or immovable omts are one type of jomt that can't mov
ho ne geth ind keej Y ible, For example, t N {th
‘[ll xull ol hbrot t | SUtu
Cartlaginous o ire shghtly more flext Here, a la I sO
llex rulag Detwe the b nd jomn them together. | 1S
How o1 littl noven \ ) thie e ! i l}".ff,
{he | WYY y i jour ire the n i ISy | t
) ntheh i knee, The er it Ne e ed In a layer of soft
t It | hya irtilage (set e I8 ni helps t« rct \

{ tissue called hgaments, while a specal structure called a joint capsule wraps

sround the joint to help keep it together: This ¢ ipsule contains a sippe QUK
{ | Hf‘g-l"'w"-l ?ln.} .‘,"'_" Lv'l"ﬂ.f’;v‘ unt 'F.l"L "',_‘4'1'1‘ 14415
Koy to plate
1: Pivot joint 3: Hinge joint 3: Saddle joint
I 1t oINS, one bone Hinge j0nts aliow movement b 15, b 1
{ " G ¥ !
4
hoad ¢ rota I

G Planar or gliding joint
houkler; the "hall’ of one bone {: Condyloid joint hese occur in places e tf

e M PVS TTOVET ' the wrst whers o DO flat 2o et thor 1
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MUSCULOSKELETAL
SYSTEM

Connective Tissue

As well as bones and muscles, there are also connective tissues in the skeletal
system that join it all together. Connective tissues like tendons, hgaments and
cartilage connect, support and protect the entire skeleton.,

Tendons are thick straps of tissue linking muscle to bone, made from a
protein called collagen. When a muscle contracts (squeezes), it gets shorter,
which pulls on the tendon so that it moves the bone. Ligaments are similar; but
instead of connecting muscle to bone, they connect bone to bone, They help
to keep joints stable in places where the bones do not slot together very well,
like the knee. The knee joint has several ligaments to make it more sturdy.

Cartilage 15 a soft, flexible substance found all over the body, in three
different types. Hyaline cartilage acts as a shock absorber at joints and reduces
fnction between bones. Fibrocartilage s found in soft, squashy discs between
the vertebrae of the spine and in the bones of the knee joint, Lastly, elastic
cartilage is a speaal bouncy tissue that forms the shape of the outer ear.

Key to plate

I: Knee joint and leg, front
and side view (no muscles)
a) Quadnceps tendor

Jors the quadnceps muscie
1o the titxa (shin bone) and
holds the patela (knee cap)
b) Parella

¢) Fibular collateral igament:
Connects the femur (thigh
bone) 1o the foula (outer

leg; booe),

d) Cartlage: Sas on the

surface of bones whene they
meet ¥ the skeleton and
reduces friction

¢) The antenor and postenor
crucate lgaments: Sit nsde
the knee jom and o the
fermur and toia together

) The pazellsr kgament: joins
the patells to the tibsa

q) Ugaments of the ankie
jont: Help 10 hold the ankle
bones 1ogether for statxiity.

18

2: Knee joint and leg, back
view (with muscles)

a) Calf muscle

b) Achiies tendon: The
Brgest and strongest tendon
n the body jowsng the calf
musdie 1o the heed bone. It

= named after the ancient
Greek warmor Achilles, whose
only weak spot was his ankie
¢) Heel bone




MUSCULOSKELETAL
SYSTEM

The Muscular System

From the first steps of a baby to the spnnt of an Olympic runner, the muscular
system makes every possible type of moverment happen.

Muscle tissue 15 found all through the body in three types — skeletal, cardiac
and smooth — and makes the body move by contraction.VWhen skeletal muscle
contracts, it gets shorter, pulling on the bones it’'s attached to. This moves them
nto a new position. These muscles can only pull in one direction, so they
usually work In pairs. After one musdle contracts to bend a joint, another
muscie contracts to straighten it out again. Skeletal muscle gives the body its
shape, and 1s thought to add up to 40 per cent of an adult’s total body weight.

As well as mowving the skeleton, the muscular system has other important
jobs to do. Cardiac muscle pumps blood around the body, smooth musde
maoves food through the digestive tract, and skeletal muscle communicates by
making facial expressions. Muscles even help us keep warm — in fact, musdle

contractions produce around /0 per cent of our total body heat

Key to plate  — -

I: Skeletal muscles, of musdes madmus (larpe) d) Hamstrrgs

back view

There are over 600 narmed
skeletal muscles n the bocly
Ther names follow nules
based on the acuon, shape,
s or locavon of the muscle
Rexor and extersor 10l you
that the musche & esther &
bending musde (fiexoy) or

a muscle thas straightons at
the Ot (Q.r('.'v.'v'l ‘:-'_ il

terms also 10l you the see

manamess (smally Jongus (long)
and brevs (shoet) The word
‘mustie” itse¥ comes from
the Latn for latie mouse
Ths mght be because the
muscie belly (the central

part that bulpes) and tendon
(that attaches it to the bone)
resembie 2 mouse and /s tal
a) Iropesus

b) Lotssmus dors

c) G

PSS Iaanius
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) Cal muscle
J) Trceps beocka
@) Dekoxd

- Skeletal muscles,
front view

a) Pecionis maxy

b) Biceps brochi

¢) Recrus abdomnus
d) Quadnceps

€) Tnoks ONterxx




MUSCULOSKELETAL
SYSTEM

Muscles:
Facial Expressi,ons

You can often tell how someone 1S fe ng oy the expresson on ther face, Are

they happy, sad, angry or worned! bven though we communicate with each
yther t"." speaking, we also communicate through body language, especially facial
101 Ve | oV 40 mi und { ) Ut e, ¢ ting

the bones of the skull, The muscles and bones work together to produce
Some facial muscles, such as the muscles surrounding the eyes and mouth,

have a specific role. The orbicularis oris 15 around the mouth and known as the

eyebrows upwards and wrinkles the for
We use more muscles when we frown than wi

N NEPPINESS USe miust les around the eyes, as well as the mouth, that we cant

)tt-lj to plutn

i Muscles of facial Ly

expression t) Mento

@) Froneg

b) Temporg ": Kissing muscles

¢) Oty t v

dl N !

e) Ohbvaso {: Muscles of sadness
) Lovoe D SLOOSOS 37 Muscles of smilling and g :

) LyRomacus mayor winking
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CIRCULATORY &
RESPIRATORY SYSTEMS

Cardiovascular and
Respiratory Systems

Every cell in the body needs oxygen to tum into energy — a process called

.

riv wwssmyswsrnli

respirabion. When cells release energy, they also produce a gas called carbon

-

\ SR

dioxade, which the body needs to get nd of. Inhaling oxygen and exhaling

e

carbon dioxide is the task of the respiratory system. It works together with

I

:“.

the cardiovascular system, which pumps blood around the body to transport

-

(5

oxygen and remove waste carbon dioxade.

£

lo reach the body's cells, oxygen travels through both systems. First, air

is breathed in through the nose and mouth and goes through the trachea
(windpipe) into the lungs. Here, the oxygen in the air enters the cardiovascular
system through the bloodstream. [he oxygenated blood travels nght round
the body through a network of tubes called blood vessels (see page 30),
powered by the beating of the heart. It delivers oxygen to each cell and carnes
away carbon dioxide. Deoxygenated blood travels back to the lungs and the

respiratory system and carbon dioxide s breathed out.

Koy to plate

I Heart

2: Arterial system
The collechon of bicod

vessels, caliod artenes, that

transports biood away from

the heart and to the body
DasULs

a) Subdavan artery
b' Axolar Yy anery
¢) Abcomenal aorta
d) Brachal artery

¢) Radal anery

.I‘) Common ac artey Y
q) ey dac artery
&) Ulnar artery

t) Femoral artes y

J/ Popliteal artery

3! Venous system
The coliection of blood

vessels, called vens, that

ANSO0TS Diood 10 the heart
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a) Subclanan vour

b) Inferior vena cava
¢) Common dac vein
d) Fomoral von

¢) Popiteal ven
£ Lungs

3: Trachea (windpipe)




i | he Heart

The heart is the hardest working muscle in the body, beating over 100,000
times a day. It is only about the sze of a fist and acts like two pumps. The

nght-hand side pumps blood towards the lungs, where 1t picks up oxygen,

Oxygenated blood returns to the to heart and the left-hand side pumps it on
to the rest of the body. A thick wall called the septum divides the night and left
sides and keeps the blood separate.

The pumping action of the heart is produced by cardiac musde in its
walls, which contracts to push blood from one side to the other. There are
four chambers (areas) of the heart, which are split into two ventricles at the
bottom and two atna at the top.

With each heartbeat, the two atna contract to push the blood inside

28

them down into the ventricles. Then the ventricles contract, which pushes the
blood out of the heart and on to other parts of the body. The heart muscles
relax and the chambers refill with blood, ready for the next contraction. One
complete cycle of this pattern, or heartbeat, takes less than a second to occur:

—— e e e Koy to plate
1: Heart, front view ¢) Entrance to right atrium d) Right vertricle
a) Supenor vena cal v nfenor vena cava ¢) Left ventricle
&) nferior vera cava d) Cardisc vessels drainng J) Mitrad (Bicusped) vadve
¢) Arch of aorta the wal of the heart @) Left atrium
d) Cardac blood vessels h) Pukmonary vabe
supphing the wall of the 4 Internal structure of the
heart heart, front view 4! Heart valves
a) Rght atrium These control the flow of
2: Heart, back view &) Trcuspid valve blood in and out of the heart
a) Nech of aorta ¢) Chordae tondinae a) Closed
b) Lek atrium (heart strings) b) Open

29



CIRCULATORY &
RESPIRATORY SYSTEMS

i i bilions of N pel e
! yd i ! | are i the | 1 0.2 1 { Wi
) N ] ¢ mags {
o i bl a hucl top | i
' d1 e it thick and s 2 a protective wound
A\ hupe N ) b | [ L | ) 13| !
{ IVA‘ '!1 “ | d : {
j {itie 1 bs A t ( { ] v 1ot the |
lood 1 is the he 1 ap l ¢
\ e X 1 Of e 1 |
| strongest walls, as they carry his re blood away frof ,
| d { IK( ee Dranch | ( [ ch then tu No « €
, i d has t ~
pillar Iy called 11
than arley the bl 11 Iy | | elling " ) N loree
Key to plate
i: Artery 3 Vein b) Red
(
": Capillary bed . oy back
< | voconk , the heart d)

{: Blood composition

“)

Q0
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CIRCULATORY &
RESPIRATORY SYSTEMS

The Respiratory
Tract & Lungs

We breathe over 10000 litres of air each day to keep our cells alive and
healthy. Processing all thus air 1s the job of the lungs, but first, air has to find s
way into the b dy. For this, we need the respiratory tract,

Aur is breathed in through the nostnls, where nasal hairs filter out dirt and
dust particles. Then it enters the nasal cavity behind the nose where sticky

4

mucus traps any remaming dust. From there, air travels through the pharynx

(throat) to the larynx (voice box) where sound 1s made using two small flaps

called vocal cords. Finally, air enters the trachea (windpspe), the pathway to the

32

lungs. At its base, the trache

that send aw into the lungs

a branches out into bronchi, two smaller pathways

The lungs transfer oxygen from air into the bloodstream, and pass carbon

dioxade from the t

odstre

am into the air to be exhaled. For this to fl":f‘.jt-.‘,fl,

air travels through a network of tubes until it reaches sacs called alveoll. Each

indvidual alveolus 1s cover

30), where oxygen and cart

1. Upper respiratory tract
) MNost

b) Nasal cavey

¢) Pharyrc (throat)

d) Larynx (voice box

¢) Vocal conds

". Lower respiratory tract

Q) Traches (windppe)

|

ed In a tny blood vessel called a « ap llary (see page

on dioxide are carmed to and from the blood

X ey to plate

&) Carina: The branching d) Pleural membranes: Two
powt of the trachea 1 ey f f; ( (

] I '] by ' ' | "o ngs B
cl X Yo “borwrs t flste and deflare

o, Lungs {. Alveol (cross-section)

@) Trachea The o s OF ahodd each
h) gronchus UnNg Broup together t y lorm
C) B | all b .
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CIRCULATORY &
RESPIRATORY SYSTEMS
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[mmune &
Lymphatic Systems

The immune system is a collection of organs, tissues and cells that defend the

"

o

[/ \
r

y )

body from harmful things. A key feature i1s the leukocyte (white blood cell),
which attacks viruses and bactena. It 1s found in the blood and In iImmune
organs hke the thymus, spleen, tonsils and lymph nodes. The largest of these
organs i1s the spleen, which filters blood and makes leukocytes.

The lymphatic system s a large network of tubes, known as lymphatic
vessels, and the lymph nodes. These are cdlumps of immune tissue in the neck,
armpits and groin that act hke sieves to filter out harmful things. The lymphatic
vessels also mop up lymph, a watery substance that i1s squeezed out of the
body’s cells. loo much lymph would make parts of the body swell up, so the
lymphatic vessels suck up any excess, clean it and empty it into large veins near

the heart to be mixed with blood and pumped round the body.

Koy to plate

I: Tonsils a: Thymus gland rest of the body 10 the vens
Three wets of tonsls in The thymus gland ts in near the heart, where the
the neck area help to between the breastbone ymph retms 10 the blood
fght mnfection and the lurgs It 5 whene 3s it orculates

specal defonce cells called
27 Lymph nodes in armpit Hymphocytes mature 3. Spleen

These nodes are small

soft, dark.red Organ shaped

collections of ymphokd {: Thoracic duct e a jeldyi=h The splcen
BSSUe N e Smpits, neck Ths 5 the Lrgest of the stores biood, fiters a4 and
and pron regon hymphat vessels in the body makes wirte blood celk

It transpores mph from the
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NATOMICUM
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The Digestive &

Wrinary Systems

Ihe Digestive System;
leeth; The Stomach;
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Ihe Urmurg System & Kidneys




THE DIGESTIVE &
URINARY SYSTEMS

The Digestive
System

The digestive system s a clever food-processing plant, working all the time
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to take in food, break it down into the nutnients we need, and get nd of the
waste that's left. Seven connecting organs — the mouth, pharynx (throat),
oesophagus (food pipe), stomach, intestines, rectum and anus — form a direct
path, called the digestive tract.

[ he process of breaking down food to make energy 1s called digestion. First,
food 1s digested mechanically: broken down into smaller chunks by chewing
food in the mouth, and then by mpang it up using muscles in the stomach. Then,
food 1s digested chemically: specal molecules called enzymes break nutnents
like fats, proteins and carbohydrates into even smaller parts

The liver, gallbladder and pancreas all help the digestive tract by releasing
different chemicals into it. This combination of nerve signals (see page 54) and
hormones (see page 48) communicate with the brain to control the processes
of eating, digestion and excretion, Emotions can affect the digestive system, too

that’s why you sometimes feel sick when you're excited or nervous.

Key to plate -

I: Mouth {: Stomach 6 Large intestine
The waste prothuces of
2: Throat (pharynx) 3. Small intestine dipested food pass through
A Jong, passageway that jons the Rrge imestine. Any

s absorted

3: Oesophagus (food pipe) the stomach to the larpe MEMENING Wate

A long, mustusan tube that intestne. Digested food Dack nito the bk

istream

CONNECES the pharynx to the

stOcrach

passes through the smal

Ntestne, whitre the nutnents

it contans are absorbed imo

the body's bioodstream
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The remanng o'y waste
Callexs! fatces (poo) travels 10
the rectum and anus, where it

will ot the h."d'v




THE DIGESTIVE &
URINARY SYSTEMS

Teeth

The job of the teeth 1s to make sure food is soft and smooth, so it can then be
swallowed. Babies are born without any teeth at all, but children have a full set
of 20°'milk teeth’ by the time they are three. As they grow up, these baby teeth
are slowly pushed out by 32 adult teeth, including four wisdom teeth at the
very back of the mouth, This final set of adult teeth cannot repair themselves
and need to last an entire lifetime. Decay (rot) can cause holes to appear, and
these need to be fixed by a dentist.

There are several types of teeth, each with a different job to do. Incisors
are sharp, thin teeth at the front of the mouth, used to shce into food. Next to
them are the pointed canines, used to bite, tear or hold food. Premolars and
molars, at the back of the mouth, are flat and squarish wath ridges on the top,
designed to crush and gnnd focd while you chew.

Each tooth has several layers.The outer layer of enamel protects the crown
(top) of the tooth and is full of vitamins like calcium, which gives teeth their
white colour: Underneath is a hard substance called dentine, which protects
the dental pulp, a soft cushioning around the sensitive blood vessels and nerves.
At the bottom of the tooth is the root, which is buried in the gums, Indivdual
teeth are held firmly in place in the jaw by fibrous joints (see page |6), covered
in a tough substance called cementum.

Key to plate

1 Adule skull 3: Types of adult teeth 3: Lower jaw (mandible),
The roots of the teeth reach a) Motars (12) from above
deep into the jawbones, b) Premotars (B)

¢) Cannes (4) (i: Structure of a tooth
2: Child's skull d) Incisors (8) a) Enamel
Here we can see the b) Dentine
permanent teeth developng 47 Upper jaw (maxilla), c) Pulp
behind the mik teeth. During from below d) Root
chidhood, they eventually ¢) Cementum

push out the milk teeth,
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THE DIGCESTIVE &
URINARY SYSTEMS

The Stomach

After food has been swallowed. it 1s sent to the stomach. | he stomach stores
the food we eat and'chumns’ it to mix with stomach acid. The resulting mocture,
a flurd called ¢ nyme, Is passed on to the next part of the digestive tract

Cells in the stomach lining produce 1.5 litres of gastnec juice (stomach acid)
every day. It chemically (Q;“e‘n‘\. lood Dy breaking down long mole ules into
smaller ones. and also he ps to kil any d ingerous bactena A layer of mucus on
the stomach lining stops the stomach wall being damaged by the aadic juice.

Have you ever heard your stomach rumble’ when you're hungry? This is
just the sound of the stomach as it churms. When the stomach s empty, it fills
with gas, and without any food to muffle the noise the growling sounds are
lcuder; At its fullest, an adult stomach can hold one to two litres of feod and
dnnk. The inside walls of the stomach are folded mnto ndges that can fan out
to expand, stretching the walls as the stomach fills up. Special sensors can tell
if the stomach s stretched or not, giving you a feeling of 'fullness’ or hunger.

ood can stay in the stomach for as hittle as 20 munutes or for hours,

depending on what has been eaten. Cooked iruit and vegetables are easy to
.1!;:'_("‘1!, but nch greasy food can take several hours., Once « ?1',!”-' u;lf.g':"-‘ft.",
foed) s ready to leave the stomach, a special valve at the stomach’s base will

let small amounts through to the small intestine.
Key to plate
I: Oesophagus (food pipe) 3! Layers of the J: Pyloric sphincter

stomach wall A ring of smooth muscie
2: Cardiac sphincter a) Obiq

NE Msoes winCh COMMs the meease of
Thes rng O SMOoth musci ’U: rOuiar MmusCes e from the stomach
acts B & valve to let foo ¢) Longrtudinal musches the small intestine

nto the stomach. it also
prevents food and stomach {: Stomach £ Duodenum
a0d from travelling back up Theck foids, called rugae Ths s the &

MO the OesoDphagus stretch &5 the stomach s and

OwWs the stomach 10 eaand
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THE DIGESTIVE &
URINARY SYSTEMS

The Intestines

The long tubes of the small and large intestines are where the main process
of digestion takes place. The small intestine is actually the longest part of
the digestive systemy; the terms ‘small” and large’ refer to the width of the
intestines, rather than their length. There are three parts to the small intestine:
the duodenum, the jejunum and the ileum. The duocdenum s where aadic
chyme from the stomach meets alkaline fluids from other organs, reduang its
acidity. After this, chyme 15 propelled along the jejunum and ileum by muscle
contractions, being digested and absorbed as it goes.

The walls of the small intestine are very long, tightly folded and covered
with millions of tiny finger-like structures called vill. This increases its surface
area; stretched out, it would cover an area of about 250 square metres. Its huge
size lets nutnents and water be absorbed quickly and easily. passing straght
into the blood vessels within the wills.

Once chyme reaches the colon (large intestine), the body has absorbed
most of the nutnents it needs. A mixture of water and waste materials is left
behind, As the chyme travels Thlc).;,‘;i‘. the colon, its water content i1s absorbed
back into the body. The remaining solid waste, called faeces (poo), 1s stored in

the rectum belore exiting the body through the anus.
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massmes | | he Liver

The liver, the largest organ in the body, keeps the blood in the body healthy.
It 15 roughly tnangular with four different lobes, or parts, and its deep-red
colour comes from its large blood supply. It serves three major roles: cleaning
the blood, making bile and storing energy.

First, the liver cleans the blood by removing anything harmful. Often it can
change toxins (harmful substances) into molecules that are safe for the body,
but if it can't, it sends the toxins to the digestive system to exit the body as
faeces, or to the kidney to leave the body as unne. Secondly, the liver makes
bile, a thick, yellow-green liquid that helps the body digest fat. Bile is either sent
to the small intestine straight away, or sent to the gallbladder (see page 48) to
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be stored. Thirdly, the liver stores and produces energy. like a battery. The liver
15 ‘charged’ by blood coming from the small and large intestines, packed full of
nutrients that are absorbed dunng digestion.

The lver has an amazing feature that no other organ in the human body has:
it can regenerate. Damage to the liver by disease or toxins can stop it working
properly and make people very ill but if the damaged parts are removed, the
rest of the liver can actually grow back

Key to plate
1: Liver, front view blood arrives at the bver from %) Infonor vena cava: Blood
a) Right lobe the smak and Lirge Mtestnes, leaving the lver exts here on
b) Left lobe its way back 10 the heart
¢) Hepatic portal Systenm: 2 Liver, inside and back view ¢) Hepatic poctal ven
This is where nutrient-rich a) Galiblaider
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THE DIGESTIVE &
URINARY SYSTEMS
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The Urinary System
& Hidneys

The unnary system s the body’s plumbing systemn, a collection of organs that
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take waste products from the blood and tum them into unne (pee).The
kidneys do most of the work, since this i1s where unne 1s made. Passages and
storage areas make up the rest of the system.

The two kidneys are working all the time to clean the body’s blood. They
do this by pumping blood through tiny filters called nephrons. These remove
any waste products made dunng the body’s chemical reactions, pass toxins
into our unne, and re-absorb anything the body needs to keep. The kidneys
also control the balance of water and salts in the body.

Once unne has been made in the kidneys, it dnps down two thin tubes
called ureters, each about 30 centimetres long. Smooth muscles contract and
push the unine down to be stored in the muscular bag called the bladder:

The bladder stretches as it fills with unne and can hold about 500 to 600
millilitres. Once it's full, speaal nerve sensors in the bladder wall let the bran
know that you need to uninate. This is when unne leaves the body through a

thin pipe called the urethra.

Key to plate  —

I: Blood supply to the 3: Kidneys J: Bladder
lddney (Nﬂ‘l arlwy) Ihe n M kdney 5 Q‘E"'}' The bladder sts n the peivs
Onypenated bicod from the lower, because the bver tikes and Stoves une
heart enters the lodoeys hee up 2 ot of room

& Sphinctor
27 Bloed supply from the {: Ureters (right and left) The sphincter s a nng
kidney (renal vein) The ureters ane two long of muscle controling the
Detgypenated bicod leaves muscutar tubes, They connect emptyng of the bladder

the odneys here Wy 10 the bladdes

providing 2 pathway foc urine
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THE NERVOUS SYSTEM
& SPECIAL SENSES
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The Nervous System

Sometimes descnbed as the most amazing supercomputer ever known, the
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bram processes hundreds of thousands of messages a second. These messages

bnng you information from the outside world and from inside your body, and
travel to and from the bran as electncal signals. They travel along pathways
called nerves, passing each other like traffic on a busy two-way street.

Once the brain has taken in information, it can send a message back to
the body in response. For instance, if a car appears as you're crossing the road,
your eyes will see the car and send a message to the brain. The brain will
process the car as possibly dangerous, and send signals to make you step back
on to the pavement. Even more impressive is the fact that this exchange takes
less than a second to happen. Electrical signals travel along nerves at speeds of
over |00 metres per second

At the hub of the nervous system are the brain and spinal cord. They
make up the central nervous system (CINS), and control most of the body's
actions. These vital organs st well-protected within the skull and vertebrae
of the spine. The spinal cord then connects to the penpheral nervous system
(PNS), which extends out into the rest of the body and is responsible for
collecting sensory messages (from the sense organs), and delvenng motor

signals (orders to move) between the CNS and other body parts.

Key to plate
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THE NERVOUS SYSTEM
& SPECIAL SENSES

The Central Nervous

System
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THE NERVOUS SYSTEM
& SPECIAL SENSES

The Eyes

The eyes are a pair of ball-shaped organs, set within the skull in two spherical
holes called orbits. Their job 15 to receive ight and turn this information into
electnical signals that the brain can understand as images.

Light enters the eye through a small hole called the pupil and 1s focused
by the comea, a clear shueld that also protects the eye. Around the pupil is the
s, a ring of coloured muscle that gives eyes their colour and adyusts the size
of the pupil. In bright light, the ins makes the pupil smaller, reducing the amount
of light that can pass through. In low light, the pupil expands to let more light
in After ight has entered the eyes it passes through the lens, which bends the
light and focuses it onto the back of the eyeball

The back of the eye IS called the retina. It has milhons of lignt :11-?'.'-T|r|>‘_
sensor cells which translate hght messages Into electncal signals for the brain,
Ihese electrica signals are sent to the brain via an opuc nerve at the back of

each eye. The whole process happens in a fraction of a second.

Key to plate
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el The Ears

The ear is actually split into three areas: the outer ear, which funnels sound; the
middle ear, which tums sound into wibrations; and the inner ear, which turns
vibrations into nerve signals for the brain to use, The outer ear collects sounds
from all around us and sends them into the ear canal, a small passageway
leading to the eardrum. The eardrum wibrates when sound waves reach it. On
the other side of the eardrum is the middle ear, an air-filled space with three
tiny bones known as the ossicles. These bones, called the hammer, anvil and
strrup. connect the eardrum to a part of the inner ear called the cochlea. The
cochlea s filled with fluid and tiny hairs. When sound waves are funnelled by
the outer ear into the eardrum and vibrate, the movement passes through the
ossicles to the cochlea. The flud and hairs move, making electrical signals that
are sent to the brain to be decoded as sounds.
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Ears also affect our sense of balance, Within the inner ear are thin rounded
tubes called semiarcular canals, filled with fluid and tiny hairs like the cochlea.
The fluid and hairs move every time we change the pasition of the head, telling
the brain which way up we are.

Key to plate e —_—
I: Ear (i) ang semiciroular canals o Inner ear
a) Outer ear: The pina (i) (it} corvert sound wave a) Cochiea
leacs 10 the ear canal (i) vibrations into electrical b) Semicirouler canals
and the ear deum (Ei). s for the brain
b) Midde car: The hammer 4: Pinna (outer ear)
(i) anvl (17} ard stirrup 2: Ossicles The outer ear acts as a funnel
(iii) send the vibratons of @) Stapes (strrup) for sounds 1o enter the
the edr drum to the nner ear b) Incus (anvd) micdle e
¢) Inner ear: The cochica ¢) Mallous (hammer)
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THE NERVOUS SYSTEM
& SPECIAL SENSES

The Nose
& Tongque

For modern humans, smell and taste aren’t usually considered essential,
although they might brnng back distant memones or alert us to rotten food
But many years ago, our senses were much more important for our survival,
I'he reaction to bad smells or tastes helped to keep the body safe from life
threatening infections found in dirty water or bactena-filled food

Smell works by detecting odour molecules floating in the ar around us,
When we breathe, they enter the nostnis and pass mto the nasal cavity, a
large space behind the nose, The roof of the nasal cavity contains millions of
receptor cells that find odours and turm the 'smell’ Into an electrical impulse.
This signal travels to the brain via a connection called the olfactory nerve.

Qur sense of smell and taste are closely linked. Food tastes different if our
ability to smell 1s taken away, ke when you have a heavy cold. Thousands of
taste sensors (taste buds) on the top of the tongue detect chemicals in the
food we eat and send messages to the bran. There are four basic flavours of
food that we can detect: sweet, sour; salty and bitter, A fifth taste category has

also been suggested, called umanmy, or ‘savoury’.

Key to plate
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THE NERVOUS SYSTEM
B SPECIAL SENSES Ln

Along with sight, sound, smell and taste, touch 1s an important sense, which lets

us feel different sensations [n‘r,' touch sensors ke deep within the skan, which
forms our whole outer body covenng and creates a bamer between us and

the outside world.

Skin 1s made up of two layers. The top layer, the epidermis, i1s a protective,

waterproof wrapping around the body. Skin cells in the epidermis are always
growing, multiplying and moving up to the surface of the skin as if they are on a
conveyor beit. The very top cells are dead, and millions of skin cells fall off each
day. Other cells in the epidermis produce melanin, a substance that sheelds

the skin from sun rays. Underneath the epidermis is the dermis, a thicker layer
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made from strong and stretchy proteins. It contans hair, sweat glands and
millions of nerve endings — the sensory receptors that give us our sense of
touch. A sense of touch 1s crucial for keeping us safe; 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 pain. Pain in particular 1s crucial to protecting us from harm, as o

alerts the body to danger.

- Regloplute

1! Epidermis 2: Dermis d) Swea gland
The top Lyer of Sion, made a) HMar roo e) Ser Wy receptor
from sheets of san colls b) Sebacoous gland _fl Dermal blood vessels
@) Hair shalt €) Arrecior D rmuscle
This pulls hairs upwards n 3! Hypodermis
ROCSeDUMpS’ The underbang fat layes
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THE ENDOCRINT &
REPRODUCTIVE SYSTEMS
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Endocrine System

Chemical messengers called hormones arculate in the blood, delivering
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instructions to all parts of the body and controlling our growth, sleep and
even our moods. Just ike the nervous system, hormones et our body parts
‘talk’ to one another. The difference s that hormones travel in the blood, so
their messages take longer to be delivered than nervous signals — a bit like the
difference in time between sending an email and sending a letter.

Hormones are made by special cells in the glands and organs of the
endocnine system. One of the main endocnne organs i1s the pancreas (see page
48). Another important part of the endocrine system is the adrenal glands,
which are above the kdneys and produce the powerful hermone adrenaline,
Adrenaline makes your heart beat faster, your breathing rate increase and your
pupils get bigger. This happens automatically when adrenaline prepares your
body for the "fight-or-flight’ response. This intense reaction is usually because of

a physical threat, but it can have emotional triggers such as stress or anxety, too.

Key to plate —
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THE ENDOCRINE &
RIPRODUCTIVE SYSTEMS

Puberty

I'he human body goes through huge changes in growth, appearance and feeling
rom childhood to adulthood, 1 his transition begins at any time between age
from childhood to adulthood. This transition begins at any bet 9
eight and age |4.1t1s called puberty and s tnggered by an increase in hormones.
Puberty begins when a part of the brain called the hypothalamus tnggers
the pr oduction of hormones by another part, the priturtary gland. One of these
1 V'l.'x‘l

hormones 1s a chemical that makes bones grow in size and causes ‘grov

spurts’in children. Other hormones stimulate hair growth in boys and girfs. Sex
hormones — oestrogen in girls and testosterone in boys — are produced by

roductive or gans and cause these organs to devel p Nto their mature

the rej
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I'he increase in hormones also affects overall body

shape, making the differences between males and females more obvious
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THE ENDOCRINT &
REPRODUCTIVE SYSTEMS

Male Reproductive
System

Reproduction is nature’s way of making sure a population continues. It happens
when male sex cells (sperm) and female sex cells (eggs) fuse together as a
result of sexual intercourse. These two cells are the start of a whole new life.

The main job of the male reproductive system is to make sperm. Millions
are produced each day once a male reaches puberty. Dunng intercourse,
sperm 15 released from two organs called testes and travels down the thin
tube of the urethra to the end of the pemis (the male sex organ). Along the
way it mixes with other fluids to make a hquid called semen, which leaves the
body quickly during an action called ejaculation

Sperm are some of the smallest cells in the human body. Each one looks
like a tadpole: it has a 'head with all of its genetic information (the instructions
that tell cells what to do and what to become) and a tall to propel it forwards.
lo fertilise an egg, a sperm has to swim all the way through the female
reproductive system — the human equivalent of 10 klometres. Up to 300
muthon sperm can be released at once, but after one sperm reaches the egg, a

chemical reaction stops any other sperm getting in.

Koy to plate
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Female Reproductive
System

The job of the female reproductive system is to produce female sex cells,
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called eggs, and to nounsh, grow and protect a baby duning pregnancy. Females
are born with all the eggs they will ever have and cannot produce any more.
Iwo small rounded organs called ovanes produce eggs, as well as the
female sex hormones oestrogen and progesterone. Once a female enters
puberty, an egg will be released once a month as part of a process called the
menstrual cycle, First, the egg will be caught at the end of the utenine tube, a
passageway that connects each ovary to the uterus. Once in the utenne tube,
the egg can be fertlised by a sperm. It then moves through the tube to the
uterus, a muscular organ in the pelvs. If the egg has been fertilised, it lodges
itself within the lining of the uterus and begins to grow. Special hormones signal
to the body that the woman 1s pregnant, and other hormones to support the
growth of the egg are released. If the egg 15 not fertlised the utenne hning 1S

shed; a process called menstruation or ‘penods’.

—_— Key to plate —_—
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LIBRARY

Anatomy The scientific study of
structure and function of the body.

Appendicular skeleton Part of the
skeleton relating to the limbs.

Arterioles Small blood vessels that
carry oxygenated blood around the body.

Atria Two of the four chambers
(areas) of the heart. They are usually
smaller than ventricles, which are the
other two chambers.

Axial skeleton Part of the skeleton
relating to the bones of the head and
the torso or trunk.

Capillaries The smallest of the blood
vessels, where gas exchange of carbon
dioxide and oxygen takes place.

Carbohydrate Large molecules that
provide energy. often found in foodstuffs.

Carbon dioxide A waste gas that we
exhale (breathe out).

Cell The smallest unit of life.

Contraction The movement of
a muscle when it becomes shorter
and tighter.

DNA Deoxyribonucleic acid:

a molecule found inside cells that carries
genetic information. This information
tells an organism how to develop, live
and reproduce.

Embryo An unborn baby thal has
been developing in the womb for less
than eight weeks.

Endocrine function VWhen a gland
produces and releases substances
into the bloodstream.

(lossary

Energy The ability or power to
make things change and move.

Enzymes Spccial chemicals that
help certain processes in the body,
such as breaking down fats and
carbohydrates.

Excretion The process of getting
rid of waste.

Exocrine function VWhen a gland
produces and releases substances
into tissue.

Foetus An unborn baby that has
been developing in the womb for
more than eight weeks.

Friction A force that slows
down movement.

Gland An organ that produce and
releases substance into the body.

Glandular organ An organ made
from glands,

Hormone A chemical that
affects the body in some way and
Is produced by a gland and carried
by the blood.

Molecules Groups of atoms
(the smallest units of matter) joined
together.

Mucus A sticky, slimy substance
that coats, protects and moistens
passages of the body.

Muscle A type of tissue containing
long cells that can contract and
create movement.

Nerve A bundle of fibres that
passes electrical signals around
the body.

8o

Neutralise To bring something back to
a ‘normal’ state.

Nutrients Substances important for
healthy growth and development, often
found in foodstuffs.

Organ A group of tissues that
performs a specific function within
a living organism.

Oxygen A gas we inhale (breathe in)
and which we need to live.

Protein Large molecules that
help to make up tissue, often found
in foodstuffs.

Respiration The process of breathing.
During respiration, we inhale (breathe in)
oxygen and exhale (breathe out) carbon
dioxide.

Tissue A group of similar cells that make
up a particular structure, such as muscle,
nervous or connective tissue.

Torso or trunk The body, excluding
the head and limbs.

Valve A structure that stops fluid
going In the wrong direction.

Ventricles Two of the four chambers
(areas) of the hearl. They are usually
larger than atnia, which are the

other two chambers.

Venules Small blood vessels that carry
deoxygenated blood around the body.



