Hair

There are two main types of human hair: vellus and terminal. Only
terminal hair, which is found mainly on men, has a central core or
medulla and responds to the male sex hormone, testosterone.

The surface of the human body
is covered with millions of hairs.
They are most noticeable on the
head, around the external
genitalia and under the arm, The
only regions of the body without
hairs are the lips, nipples, parts
of the external genitalia, the
palms of the hands and the soles
of the fect.

Although hair docs not really
serve to keep us warm, as it docs
in other mammals, it has a
number of other functions:

B Scnsing small objects or
insects that approach the skin
W Protecting/insulating the head
B Shielding the eyes

M Scxual signalling,

STRUCTURE OF A HAIR
Hair is composed of flexible
strands of the hard protein,
keratin, It is produced by hair
follicles within the dermis (the
inner layer of the skin) but arises
from an ‘inpouching’ of the
epidermis (the outer layer).

Each hair follicle has an
expanded end - the hair bulb -
which receives a knot of
capillaries to nourish the root of
the growing hair shaft, The

Hair root
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shape of the hair shalt
determines whether the hair is
straight or curly: the rounder the
shaft in cross section, the
straighter the hair,

Each hair is made up of three
concentric layers:
W The medulia
M The cortex
M The cuticle,

Halr bulb

— .

A hair consists of three layers.
The cuticle is the outer covering;
the cortex makes up the bulk of
the hair; and the medulla is the
central core.

20

Although it seems as though
there are many different types of
human hair, it can be divided
into just two main groups:

W Vellus hair

W Terminal hair.

VELLUS HAIR
Vellus hair is the name given to
the solt hair that covers most of
the body in women and
children. It is shont, fine and
usually light in colour, making it
much less noticeable than

Eyelashes are one of the few
oxamples of terminal hair to be
found on men, women and
childron. Thoy prevent foreign
bodles from entering the eye.

terminal hair. Vellus hair shafts
do not have a central medulla.

TERMINAL HAIR
Terminal hair is much coarser
than vellus hair. It occurs on top
of the head, as eyclashes and
eycbrows, as pubic and axillary
{armpit} hair, and it makes up
most of the body hair of adult
men. Terminal hair does have a
central medulla within its shaft,

Terminal hairs develop and
grow in response to the presence
of male sex hormones, such as
testosterone. In medical
conditions where women have
too much of these hormones,
unwanted male pattern hair
growth (hirsutism) occurs.



The hair follicle

Hairs are produced within
hair follicles, which are
present on most of the
skin surface. A number
of other structures are
associated with these
follicles, including
sebaceous glands, nerve
endings and tiny muscles
that pull the hair erect.

Sebaceous, or oil, glands lie
alongside hair follicles wherever
they are on the surface of the
body. They produce an oily
substance, known as sebum,
which drains out of the gland
through a sebaceous duct into
the hair follicle. The sebum then
passes out around the emerging
hair shaft to reach the surface of
the body.

The amount of sebum
produced depends upon the size
of the sebaceous gland, which in
turn depends upon the levels of
circulating hormones, especially
androgens (male sex hormones).
The largest sebaceous glands are
found on the head, neck, and
back and front of the chest.

The function of sehum is to
soften and lubricate the skin and
hair, and.to prevent the skin
from drying out. It also contains
substances that kill bacteria,
which might otherwise cause
infection of the skin and hair
follicie.

NERVE ENDINGS
A network of tiny nerve endings
lie around the bulb of the hair
follicle. These nerves are
stimulated by any movement of
the base of the hair, If the hair is
bent by pressure somewhere
along its shafi, these nerve

The root of each hair sits in a
foliicle and is buried about 4-5
mm in the skin. Hair is kept
lubricated with ofl produced in
the sebaceous glands.

Hyaline mombrane

Hair bulb

endings will fire, sending signals
to the brain. This is what
happens, for instance, when an
insect alights on the skin; the
slight bending of hairs it causes
sets off a chain of events,
resulting in a reflex action 10
remove it before it stings. In this
way hair contributes to our
sense of touch.
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~ Melanocytes

Halr matrix
" Halr papilia

ARRECTOR PILI MUSCLE
Each hair follicle is attached to a
tiny muscle called an arrector
pili, which literally means ‘raiser
of hair. When this muscle
contracts, it causes the hair to
move from its normal, angled
position to a vertically erect one,

When this occurs within many
hair follicles, we see (and feel)
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Halr shaft

Arrector pill
muscle

Sebaceous
gland

Connoctive tissue of hair folticle

the condition known as
goosepimples, which is
commonly stimulated by either
cold or fear.

The action of these muscles is
more important in furry
mammals, as it allows them to
trap a large amount of air
within their fur for insulation
from the cold,

Hair growth is fastest between
childhood and early adulthood.
After about the age of 40 this
high rate of growth starts to fall
as the hair follicles begin to age.

Hairs are not replaced as
rapidly when they fall out,
leading to general thinning, and
some degree of baldness in both
men and women. Thinning of
the hair is also caused by the
replacing of coarse terminal
hairs with lcss noticeable, softer
vellus hair.

After the age of around 40, hair
foliicles start to age and hair is
not replaced as quickly as it falls
out, Thicker terminal hair is also
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ONSET OF BALDNESS
True baldness, which is usuaily
known as male pattern baldness,
is a different condition, linked to
a number of factors. These
include:

W Family history

B Levels of androgens (male sex
hormones)

W Increasing age.

It is believed to be due to a
gene that only “switches on’ in
adult life and somehow alters
the response of the hair follicle
to circulating hormones.

Abnormal hair thinning or
loss may also be linked to a
wide variety of medical
conditions and treatments of

vobidabe downnn.



HOW nair grows

Hair is a derivative of the skin, and is composed of keratin - a
strong structural protein. Hair plays an important role in protecting
the body, particularly the scalp, where it is most dense.

Hair is a distinguishing
characteristic of mammals and
in humans plays a role in the
protection of the body from
trauma, heat loss and sunlight.

HAIR STRUCTURE

Hair is a complex structure
comprised of keratin fibres -
keratin is a strong structural
protein also found in the nails
and outer layer of the skin.

Each hair is made up of three
concentric (clreular) layers of
dead keratinized (keratin-
containing) cells: the medulla,
cortex and cuticle,

The medulla (the central core)

Tho visidle pant of the
hair above the skin

- Sebaceous gland
Socretes sabum, an
oly substance, nlo

Erector muscle - thhe hair folicle via &

consists of large cells containing
soft keratin, partially separated
by air spaces. The cortex, the
bulky Jayer surrounding the

Puls the hair Into an
Uit postion in
responss o cold or

amall duct

A emotional stimulus
medulla, consists of several

layers of flattened, hard keratin-
containing cells.

PROTECTIVE LAYER
The caticle is the outermost
layer, and is composed of a
single laycr of hard keratin cells
that overlap one another like
roof tiles.

This outer layer of the hair
contains the most keratin, and
strengthens and protects the
hair, helping to keep the inner
layers compacted. The cuticle
tends to wear away as the hair
becomes older or is damaged,

Halr follicle
Composad of two parts:
an outer connective lissue
root sheath andd an inner
apithole root sheath

Hair is made up of the shaft,

allowing the keratin fibrils, or which protrudes from the skin
small fibres, in the cortex and and the root, which is embedded
medulla to escape, giving rise in the skin within a hair follicle,
to the common phenomenon the deep end of which is

of “split ends’, expanded, forming a hair bulb.
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Each hair is divided into the
shaft (the visible part) and the
root, The root of each hair is
enclosed within a hair follicle,
below the surface of the skin. At
its base the hair follicle is
expanded to form the hair bulb.

PRODUCTION OF HAIR
The hair bulb encloses a mass of
undifferentiated epithelial cells
(the hair matrix}, which divide to
produce hair. The hair bulb is

This electron micrograph shows
hairs on the scalp. There are two
shafts of hair emerging from
follicles located in the epidermis
of in the skin.

nourished by a dense network of
capillaries which are supplied by
the dermal paplilla (a projection
of the dermis).

STIMULATION OF GROWTH
Chemical signals from the
papilla stimulate the adjacent
matrix cells to divide and
produce hair. As new hair cells
are produced by the matrix, the
older cells are pushed upwards
and fuse together. They become
increasingly keratinized and die.
Thus the hair that extends from
the scalp is no longer Jiving, but
due to the active cell division at
its root, grows at a rate of
around 0,3 mm every day.



Stages of growth

Hair is produced in different stages. Any factors, such
as stress or certain drugs, that upset this balance can
lead to hair thinning and baldness.

Hair is produced in cycles that
involve & growth phise, and a
resting phase. During the growth
phase the hair is formed and
extends as cells are added at the
base of the root. This phase can
last from around two 1o six
years. As hair grows
approximately 10 cm a year, any
individual hair is unlikely to
grow more than one metre long

RESTING PHASE
Eventually, cell division pauscs
(the resting phase) and growth
of the hair stops. The hair
follicle shrinks to one sixth of its
normal length, and the dermal
papilla, responsible for the
nourishment of new hair cells,
breaks away from the voot bulb,
Durning this phase the dead hair
is held in place. It is these hairs
which seem to conie out in
handfuls when hair is washed or

brushed. Eventually a new cycle
begins, and the hair is shed from
the hair follicle as the

production of a new hair begins.

DIFFERENT HAIR TYPES
The length of cach phase depends
on the type of body haiy: scalp
hairs tend 10 grow for a penod of
three years and rest for one or
two years, while eyelash hair,
which is much shorter, will grow
for around 30 days, and rest for
105 days before heing shed, At
any one time around 90 per cent
of scalp hairs will be in the
growing stage, and there is a
normal loss of around 100 scalp
hairs per day.

Hair does not grow at a constant
rate; individual hairs pass
through a growth phase and a
resting phases, before falling
out and being replaced.
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The exact composition of the
keratin produced by the body is
determined by cur genes and
differs among individuals. Since
keratin is responsible for the
taxture of the hair shaf, this can
vary greatly.

A smooth, cylindrical hair shaft
will preduce straight hair, while an
oval hair shaft wili produce wavy
hair, A hair shaft that has a
kidney-shaped appearance will
produce curly: hair.

‘.’,H‘alrc,olourmdtoxfumm
" genetically determined and can

vary greatly. Colour is
determined by melanin content
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As we age the rate at which our
hair grows declines. This can
mean that hairs are not replaced
as quickly as they are shed and
there is an overall thinning, with
balding in places (alopecia) often
occurring, especially in men.

PREMATURE HAIR LOSS
The physiological changes which
bring about male pattern

Male pattern baldness is a
common hereditary condition.
Tho growth stage of cach hair is
50 short that they are shed
before emerging from the scalp.

BODY SYSTEMS
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baldness are different to those
ocowrring with alopecia. Male
pattern baldness is a genetically
determined condition and is
thought to be caused by changes
in the response of the hair
follicles to testosterone. The
growth cycles of each hair
follicle become so short that
many hairs never emerge from
their follicles before they are
shed, and those that do are only
very fine.

Hair thinning and loss may
also result from factors such as
stress that upset the normal hair
loss and replacement cycle.




How nails grow

The nails are extensions of the outer skin layer, and grow
continuously throughout life. Apart from their protective function,
they can also give a good indication of a person’s state of health.

Like the hair, the nails are a
derivative of skin, and form pait
of the outer covering of the body,
Each nail is a scale-like extension
of the epidermis (outer layer of
skin) that covers the end of the
finger and toe.

ANATOMY OF THE NAIL
The nalls are flattened, elastic
structures that begin to grow on
the upper surface of the tips of
the fingers and toes in the third
month of fetal development.

Each nail consists of the
following parts:

M Body - otherwise known as
the nail plate. This is the main,
exposed part of the nail

B Free edge - this is the part of
the nail that tends to grow
beyond the fingertip

W Lateral nail fold - this is the
bulge of skin that grows either
side of the nail. Folds arise at
the boundary of the epidenmis
and nail because the epidermal
cells divide more quickly than
those of the nail and cause the
skin to bulge over the nail

B Eponychium (cuticle) - this is

Despite the fact that the nails are
not as strong as those of our
ancestors, they still serve a
number of important roles.

PROTECTIVE ROLE
Like skin and hair, the nails are
composed of keratin, a tough
protein. This acts as a shock
absorber, protecting the tips of
the fingers and toes,

In addition, the fingernails are

useful tools for tasks such as
undoing a shoelace, picking up
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a fold of comified (dead) skin
that partially covers the nail and
also protects the growing area of
the nail

M Lunula - this is the slightly
opaque area of the nail, which is
crescent shaped (lunula means
‘little moon' in Latin). This area
of the nail may be partially
obscured by the cuticle

M Hyponchium - this is the area
of skin attached just below the
free border of the nail. The
hyponchium has a very rich
nerve supply, which is why it
can be very painful if foreign
bodies such as a splinter of
wood penetrate it

M Root - otherwise known as
the matrix, this is the proximal
part of the nail (closest (o the
skin) and is implanted in a
groove beneath the cuticle

M Nail bed - this is the arca
underlying the entire nail, {

Body {nail plato)

Lunula

Nall matrix

The nails consist of curved
plates of hard keratin. Beneath
the lunula area lies the nail
matrix - this Is responsible for
the growth of the nail,

o ]

Visible anatomy of the nail

—_— Freo edge

Hyponchium

Lateral nadl fold

Cuticle
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The nails are very porous and
they can hold up to 100 times as
much water as the equivalent
weight of skin. In this way, the
nails limit the amount of water
entering the tissues of the
fingertips,

Water taken up by the nails is
eventually lost through
evaporation as they dry out and

It is & common misconception
that the fingernails continue to

2 it I8 understandable how this
myth came to be believed,
wever, since after death the
strrounding the nails dries
‘and. shfivels away from the

£

The nalls are well designed for
enhancing the movements of
the fingers, such as scratching.
They also protect the sensitive
tips of the fingers and toes.

small objects or scratching an
itch.

Despite the fact that the nails
lack nerves, they also serve as
excellent "antennac’, since they
are embedded in sensitive tissue
that detects any impact when
the nail touches an object.

' grow for a short time after death,

resume their normal size,

Frequent immersion in water
and then drying can cause the
structure of the nail to become
weakened, resulting in nails
becoming brittle and splitting:

In addition, the use of nail
varnish, and its removal with
solvents, can cause the nails to
become brittle,

It is often suggested that nails
and hair continue to grow
after death. Once death has
occurred, however, every cell
in the body ceases to function.




Growth rate of nails

It can take up to six months for a nail to grow from
the root to the tip of the finger. At certain times, nail
growth is accelerated, for instance in warm weather.

There are two areas of the nail
in which growth occurs:

B The germinal matrix - this is
the area beneath the root of the
nail, Here, epidennal cells divide,
and become enriched with
keratin, which thickens to
become nail

B The nail bed ~ this is the area
undemeath the nail plate; it
provides a surface over which
the growing nail divides,

RATE OF GROWTH

On average, it takes around three
to six months for a nail to grow
from its base to the tip of the
finger. The average fingemail
grows at a rate of about 0.5 mm
a week, with faster growth
taking place in the summer. It is
thought that blood circulates
faster in the summer so that cell
division is more rapid. Finger-
nails grow around four times
faster than toenails; the reason
for this is unknown,

Interestingly, if a person is
right handed, the nail of the
right thumb grows faster than
that of the left thumb,

BODY SYSTEMS

» In most people, finger and toe
nails are kept short due to
abrasion or cutting. Without this,
the nalls are capable of growing
to a groat length.

f Cross section of the finger

Nah plate

A Injury to a nail tends to
accelerate its growth until it has
recoverod. However, if the root
of the nail is destroyed, the nail
will cease to grow.

soveral ménths béfora, Thig Is
becauss lliness slows, dowri the
rate of naif growth, cauising ﬁdgee
to develop in the nall root, These .
ridges are then pushed oltwards ..
as the nall grows. ;

Simitarly, misshapen nalls
which are bent backwards may
indicate anaemia (¥on deficiency).

The colour of the fingemails is
also very revealing. For example,
white opaque nalls may indicate
cirrhosis of the liver, while white
bands on the nails may be a clue
that mild arsenic poisoning has
taken place.

Nail damage
More severe changes in the nal
such as the nall turning biue or

polthofnformaybo
du.(othyroiddtanao

falling off altogether are

commonly due to the nail bed y
becoming damaged through Ingrowing tomm aro caused.
injury. As fong as the nall root is by cutting nails too close at t

not destroyed, the nail will
aventually replace itself and
continue to grow.,

edges. This causes the nail o
grow Into the flesh; resuiting in
inflammation and Infection.




The skin is the largest organ of
the body. It can weigh from
around 2.5 to 4.5 kg and covers
an arca of about two square
metres.

ANATOMY OF THE SKIN
The skin is composed of two
distinct layers: Uie epidermis and
the dermis.

The epidenmis, or cuticle, is
the outer protective layer of the
skin. The outermost layer of the
cpidermis (the stratum corneum,
or homy layer) accounts for up
to three quarters of the
epidermal thickness,

KERATIN
Cells of the epidermis produce
keratin (a fibrous protein also
found in the hair and nails) and
are progressively pushed
outward by dividing cclls
beneath then,

As the cells move outwards
they become enriched with
keratin, flatten out and die.
These dead cells are constantly
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How skin
protects the body

The skin is a remarkable organ, covering the entire surface
area of the body. Skin plays a number of important roles in
protecting the body and also helps to control body temperature.

shed, the epidennis thus being
effectively replaced every few
weeks. In fact, the average
person sheds around 18 kg of
skin {in the form of dandrulT or
dry skin flakes) in a lifetime,

SKIN THICKNESS
The epidermis is thickest on the
parts of the body that receive
the greatest wear, for example
the soles of the feet and the
palms of the hands.

DERMIS
The innermost layer of the skin
is the dermis. This fibrous layer
comprises a network of collagen
and elastic fibres.

The dermis also contains
blood vessels, nerves, fat lobules,
hair roots, sebaccous glands and
sweat glands.

The skin is composed of two
main layers: the epidermis and
the dormis. The epidermis is
nourished indirectly by the blood
vessels in the dermis.

Sweat glands produce a saity solution which cools the body as it
evaporates.
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Anatomy of the skin
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The skin plays a number of
important roles, These include:

B Protection - the collagen
fibres of the dermis give the skin
strength and resistance,
preventing any object from
penctrating the body.

M Regulation of temperature -
through vasoconstriction
(narrowing) and vasodilation
{widening) of blood vessels in
the dermis. The production of
sweat also helps to cool the
body.

B Barvier against bacterial
infection - large numbers of
micro-organisms are naturaily
present on the surface of the
skin. These compete with
harmful bacteria, preventing
them from invading the body.

W Sensitivity (o touch and pain
= the dermis contains a dense
network of nerve endings
sensitive to pain and pressure.

These nerves provide the brain
with vital information about the
body in relation to its
environment, allowing it to act
accordingly, for example
retracting the hand when
something hot is touched,

M Prevention of unregulated
water loss - the scbaceous
glands of the dermis secrete an
olly substance known as sebum.
This coats the skin, making it
effectively waterproof, Collagen
fibres within the dermis also
hold water.

M Protection against ultraviolet
(V) radiation - the pigment
melanin (produced by
melanocytes in the epidermis)
acts as a filter to the harmful
ultraviolet radiation produced by
the sun.

M Manufacture of vitamin D -
this is produced in response 1o
sunlight and helps to regulate
the metabolism of calcium.
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Skin colour

Skin colour largely depends on the presence of
melanin. Production of this pigment protects the skin
from harmful radiation produced by the sun.

The colour of the skin depends
on a combination of factors,
such as skin thickness, blood
flow, and pigment concentration.

PIGMENTS
In areas where the skin is very
thin and blood fNlow is good, it
will appear much darker (such as
over the lips) due 1o the red
colour of the pigment

hacmoglobin in the blood.

In general, the production of
melanin will determine how
dark the skin is. This pigment js
produced by melanocyte cells
present in the epidermal layer.

Dark-skinned people have a
high proportion of melanocytes,
and hence greater concentrations
of melanin in their skin,

SUN EXPOSURE
Skin responds to ultraviolet rays
in sunlight by producing greater
amounts of melanin.

As levels of melanin increase,
the skin darkens forming a filter
against the harmful radiation
produced by the sun.

Freckles are another example
of the skin's reaction to the sun,

Skin colour Is mainly dependent
upon the number of melanin-
producing cells. People with

representing concentrated areas
of melanin-producing cells.

SUN BURN
If sun exposure does not take
place gradually however, the
skin is unable to produce
melanin fast enough to filter out
the suns hannful rays.

As a result the skin bums,

becoming inflamed and very

In response to sunlight, melanin-
producing cells become more
active. As levels of melanin
increase the skin darkens,
filtering out harmful radiation,

damage the skin cells leading to
premature ageing of the skin
and, sometimes, skin cancer,
Skin cancer tends to be less
common in dark-skinned people,

albinism have no such cells, tender. Prolonged exposure to which is testament to the
making them very pale skinned. UV radiation can permanently protective role of melanin.
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When skin is cut, for example
by surgical incision, the sides of
the wound will automatically
grow back together if they are
held in place with stitches.
Where there is tissue Joss
however, a remarkable process

occurs whereby new skin is
regenerated,

Skin cells adjacent to the
wound break away from the
cells below, migrate to the
wounded area and enlarge.

Other cells surrounding the

This skin s then transplanted”
on to the wound, With timé
these new skin cells proliferate,
join together and heal the area.
New techniques are being
developed, which invoive the
‘Gulturing of skin cells in a
lapomtory Using this technique,
sfdn ¢ ba grown specifically

Yrangplantation.

wound multiply rapidly to

replace the cells lost.
Eventually from all sides of

the wound the migrating cells

meet. Once the wound is entirely

covered, cell migration stops.
The wound will continuc to

heal as epithelial cells multiply,
and normal thickness is restored.

When skin is wounded, the
surrounding cells move to the
site of the wound, and multiply
until the area s covered.

Cells anlavgo




How body temperature
is controlled

Body temperature is regulated by a part of the brain called
the hypothalamus. If the external temperature rises or falls, the body uses
various mechanisms to ensure it maintains a comfortable equilibrium.

Endothermic (warm-blooded)
animals, such as birds or
mammals, maintain their bodies
at a more or less constant
temperature using internal
control mechanisms, In
comparison, ectothermic
(cold-blooded) animals, such as
fish and reptiles, have no such
internal mechanisms and are
dependent to a great extent

on the surrounding temperature,

CONTROLLING BODY HEAT
Humans, like all warm-blooded
animals, produce heat as a resuit
of metabolism. All of the body's
tissues produce heat, but the
most heat is produced by the
tissues that are most active, such
as the liver, heart, brain and
endocrine glands.

Muscles also produce heat -
about 25 per cent of body heat
i$ produced by inactive muscles.
Active muscles may produce up
to 40 times more heat than the
rest of the body, which is why
the body warms during cxercise,

Hair - 1

HOMEOSTASIS
Humans have a faidy constant
body temperature that is, under
normal conditions, maintained
independently of their external
surroundings. This maintenance
of a constant intemal
environment, in spite of
variations in the outside
environment, is known as
homeostasis.

One of the advantages of
maintaining a constant body
temperature is that the danger
of overheating is greatly
reduced. Extreme cases of
overheating can result in
convulsions and death,
as nerve pathways are
suppressed and the activities
of vital proteins are affected.

A thermogram (heat image)
shows the distribution of heat
around the body after exercise.
The hottest parts are white,
followed by yellow and purple;
the coldest parts are shown as
red, blue and black.

NMECHATISMS TOT Waring U,

When the environment is cold,
temperalture receptors in the
skin send this information to the
brain. A person may then begin
to shiver, prompting them to put
on an extra layer of clothing.

Sweat gland

Tomporature receptor
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The normal temperature of the
human body varies between
35,6 *C and 37.8 *C. In order to
maintain this degree of
constancy, the temperature is
monitored by a part of the brain
called the hypothalamus. This
operates using a feedback
mechanism, similar to that used
by the thermostat of a domestic
central heating system.

When the external
environment starts (o cool the
hody down, temperature sensors
in the skin send this information
to the hypothalamus and the
person starts to feel cold. This
information is then passed to
other parts of the brain, which
initiate physiological responses
designed to increase body heat
and reduce heat loss.

Some reactions to feeling cold
are conscious, such as jumping
up and down, putting on extra
clothing or moving to a warmer
place. Other reactions occur
spontancously. Shivering occurs
when body muscles contract and

relax very rapidly, giving out
four or five times as much heat
as they do in their resting state.
At the same time, adrenaline
production is increased, which
increases the body’s metabolic
rate - the rate at which energy,
stored in the form of glucose, is
used. As a result more heat is
generated inside the whole body,

REGULATING HEAT LOSS
To reduce heat loss from the
body's surface, the capillaries
near the surface of the skin
become constricted, resulting in
a reduced blood flow to the skin
and a paler complexion. At the
same timg, the tiny muscles
attached 1o the hair follicles
contract, resulting in the hairs on
the skin becoming erect. In most
mammals, this has the effect of
trapping a layer of warmer air
near the skin, but because skin
hair is sparse in humans, this
pilo-crection has very little effect
on heat loss, other than causing
‘goose-pimples.



BODY SYSTEMS

Temperature control mechanisms

Our skin is equipped with thousands of receptors that monitor the overall
temperature of the body. These sensors detect changes in the external environment and
alert the brain, which in turn stimulates shivering or sweating to maintain homeostasis.

VASODILATION
Vasodilation is a key mechanism
for conserving and losing heat,
At high temperatures, the blood
vessels dilate (widen), allowing
heat to be lost and giving a
flushed appearance. The degree
of dilation of the blood vessels is
controlled by nerves calied
vasomotor fibres, which are in
turn controlled by the brain,

VASOCONSTRICTION
At low temperatures, arterioles
[branches of arteries) leading to
capillaries in upper skin layers
may constrict (vasoconstriction).
This reduces blood flow to the
skin, and reduces heat loss.

Enorgy
lost as
heat

Anteriolo

Closed
shunt
vessel

VASODILATION: In hot
conditions, tiny sphincter
muscles in the walls of arterioles
relax, aliowing blood to flow to
the surface. The dilated blood
vessels cause the skin to reddon.

The body's temperature is
normally higher than that of the
surrounding air. Therefore, heat
is lost to the surrounding
environment by radiation and
convection, as currents of
moving air pass over the surface
of the skin,

If, however, the body starts to
become too warm, due to either
a high external temperature or
an internal fever, heat sensors
send nerve impulses to the
hypothalamus, and the brain
initiates cooling measures.

The blood capillaries near the
surface of the skin become
dilated so that blood flow
increases and more heat is Jost

A fever is a raised body
temperature that may occur

as a result of infection. Chemical
substances called cytokines are
released by white blood cells and
damaged tissue cells. These

Symptoms of hypothermia
include lethargy, muscle
stiffness and a confused mental
state, If untreated, it results in
unconsciousness, brain damage
and ultimately death.

through the skin to the outside.
Sweating also increases heat
loss: as liquid produced by the
sweat glands evaporatcs, it has
a cooling effect on the skin,

In dry air, sweating works
very effectively: a person can
tolerate temperatures of up to
65 *C for several hours in dry
conditions. However, if the air
Is moist, sweat cannot evaporate
casily and the body becomes
overheated more rapidly.

A coloured electron micrograph
shows droplets of sweat (blue)
on human skin, Sweat, mostly in
the form of dissolved salts, cools
the body down,
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chemicals cause the
hypothalamus to produce
prostaglandins (hormones that
dilate blood vessels), which in
tumn ‘reset’ the thermostatic
control mechanism of the
hypothalamus to a higher
temperature. The result is that
heat-producing mechanisms are
triggered; even though the body
temperature may rise to 40 °C,
the patient still feels a chill.
Body temperature remains

high until the infection is
cleared, At this point, the normal
setting of the hypothalamus is
restored and cooling
mechanisms are initiated. The
patient sweats and becomes
flushed as the blood vessels in
the skin dilate, Research has
shown that fever both boosts
the body’s Immune system and
inhibits the growth of micro-
organisms.

Hypothermia cccurs when
the core body temperature falls
below 35 *C. It results from the
body being exposed to cold
conditions, rendering it unable
to maintain normal body
temperature, Newborn babies,
the elderly and those suffering
from illncss are most susceptible.
Hypothermia is usually the result
of a combination of inadequate
food, clothing and heating in

VASOCONSTRICTION: In cold
conditions, the sphincter muscles
contract, causing the blood to
bypass the capillaries and preventing
blood flow to the surface. The skin
then looks paler than usual,

- Shunt vessel bypassos
= surface capillaries
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The body constantly produces
sweat, This process is the body's
main way of ridding itself of
excess heat,

The amount of sweat the body
produces depends upon the state
of emotion and physical activity,
Sweat can be produced in
response to stress, high air
temperature and exercise,

SWEAT GLANDS
Sweat is manufactured in the
sweat glands. These are located
in the dermis of the skin, along
with nerve endings and hair
follicles. On average, each
person has around 2.6 million
sweat glands, which are
distributed over the entire body,
with the exception of the lips,
nipples and genitals.

Sweat glands consist of long,
coiled, hollow (ubes of cells. The
coiled portion in the dermis is
where sweat is produced. The
long portion is a duct that
connects the gland to tiny
openings {pores) located on the

How the
body produces sweat

Sweat is secreted from the sweat glands during physical exercise,
stress and in excessive heat. It is produced in two different types of
glands, both of which are located in the dermis of the skin.

outer surface of the skin. Nerve
cells from the sympathetic
nervous system {a division of the
autonomic nervous system)
connect to the sweat glands.

TYPES OF SWEAT GLAND
There are two types of gland:
W Eccrine - these are the most
numerous type of sweat gland,
found all over the body,
particularly on the palms of the
hands, soles of the feet and
forehead, Eccrine glands are
active from birth
M Apocrine - these sweat glands
are mostly confined to the
armpits and around the genital
area. Typically, they end in hair
follicles rather than pores. These
are larger than eccrine glands,
and only become active once
puberty has begun.

Sweat is produced in sweat
glands, located in the dermis.
These glands comprise Jong,
coifed tubes of cells that connect
to pores on the skin surface.

Stimulation of an eccrine gland
causes the cells lining the gland
to secrete a fluid that is similar
to plasma, but without the fatty
acids and proteins. This is
mostly water with high
concentrations of sodium and

30

Low Flow

Na*

chloride (salts) and a low
concentration of potassium.
‘This fluid originates in the
spaces between cells (interstitial
spaces), which arc provided with
fluid by the blood vessels
(capillaries) in the detinis.

cl-

HO Water

K* Potassium
Na* Sodium
CI1* Chloride

pduction

The fluid passes from the
coiled portion and up through
the straight duct. What happens
to this fluid when it reaches the
straight portion of the sweat
duct depends upon the rate of
sweat production,

M Low sweat flow ~ at rest and
in a cool environment, the sweat
glands are not stimulated to
produce much sweat, The cells
of the straight duct have time to
reabsorh most of the water and
salts, so not much fluid actually
reaches the surface of the skin
as sweat,

The composition of this sweat
i different from that of its
primary source: it contains less
sodium and chloride, and more
potassium.
W High sweat flow - this occurs

The constituents of sweat vary
according to temperature and
activity. If sweat production Is
minimal, then the sweat
contains less salts.
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in higher temperatures or during
exercise. Cells in the straight
portion of the sweat duct do not
have time to rcabsorb all the
water, sodium and chloride from
the primary secretion. As a
result, alot of sweat reaches the
surface of the skin, and its
compesition is similar to that of
the primary secretion.

APOCRINE SWEAT
Sweat is produced in the
apocrine glands in a similar way,
but apocrine differs from eccrine
sweat in that it contains fatty
acids and proteins, For this
reason, apocrine sweat is thicker
and milky-yellow in colour.

ODOUR
Sweat itself has no odour, but
when bacteria present on the
hair and skin metabolize the
proteins and fatty acids present
in apocrine sweat, an unpleasant
odour is produced, Deodorants
are designed to eliminate this
distinctive body odour.



BODY SYSTEMS

The role of sweat

When sweat evaporates, it takes excess body
heat with it. In a very hot climate, the sweat
glands can produce up to three litres of sweat an

hour.

The role of sweat is to cool the
body. Sweat on the surface of
the skin evaporates into the
atmosphere, taking with it
excess body heat,

VAPORIZATION HEAT
Heat loss from sweating is
governed by a basic nile of
physics. Heat is required to
convert water from a liquid to a
vapour (gas); when sweat
evaporates this heat is taken
from the body

However, not all of the sweat
cvaporates and much runs off
the skin and is absorbed by
items of clothing. Not all heat
energy produced by the body is
Jost through sweat; some is
directly radiated from the skin to
the air, and some is lost through
breathing.

EVAPORATION RATI
Humidity affects the rate at
which sweat evaporates, Il the
air is humid, for example, then it
already has water vapour in it
and might not be able to take
more (near-saturation). If this is
the case, then sweat does not
evaporate and cool the body as
it does when the air is dry,

When the water in sweal
evaporates, it leaves the salts
[sodium, chloride and potassiumn)
behind on the skin, which is

why the skin can taste
salty.

DEHYDRATION
A body that is not
acclimatized to very hot
temperamires can casily
produce onc litre of
sweat per hour. In fact,
the maximum amount
that the body can
produce appears to be
around two to three litres
per hour.

The loss of excessive
water and salts from the
body can lead to
dehydration, causing
circulatory problems,
kidney failure and heat
stroke. It is important
therefore 1o dnnk plenty
of fluids when exercising
or in high temperatures

Specialized drinks are
also available for people
taking part in sports -
these contain vital salts
to replace those lost
through sweating.

In areas of high humidity,
such as tropical rain
forests, the air is already
soturated with water.
Thus, reduced
evaporation of swoat
prevents body cooling.

People in stressful situations
can sweat In the absence of a :
high temperature. This is due to - trunk may be parformed thia
an adrenaline surge that
stimulates the sweat glands.

Sweating can 0i8d oScir a8 A"
result of nérvoys activity,.or a8
the sign of a disorder, © =

Nervous sweatlhg
Sweating responds to the
emotional state, If a person Is
nervous, afraid or anxious, there!
Is an Increase In sympathetic
nerve activity, and an increase n
adrenaling secretion from the
adrenal gland.

Adrenaline acts on the sweat
plands, particularly those on the
paims of the hands and armpiis,
causing them to produce sweal.
This phenomenon is often
referrod o as a ‘cold sweat' and
is a factor explodted in the use of
Bo detector tests, This is because

procedure is know as a "
sympatheciomy. A




