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TAKING IN FOOD

Humans take food into their digestive system through the
mouth and the esophagus. However, this food

is not truly inside the body until it has passed through a layer
of cells into the body’s tissues. This happens in the small
intestines and is called absorption. Small finger-like
projections from the wall of the small intestine called villi

are specially adapted to absorb food molecules. The structure
of a villus is shown below. After food has been has been
absorbed it is assimilated - it becomes part of the tissues of
the body.

Structure of a villus

{379

(o1)

OCaes

O

G

mﬁm
‘,ﬂ

epithelium

ENZEL
)

N+
O,

ST,
b, ?n?}nﬁ‘?
CEOCRTBAC

layer of lacteal
microvilli {(a branch
on surface I of the
of epithelium (] lymphatic
%‘]’ system)
<]

DI\ OTATY,
2

blood A i
capillary Sjoa s

04

7
(s
=Y
X

£

e

B
S

DG
85
DO

N
Dy
=

{2}

0
TRAT i

0‘
‘on
ok v Yeln]
Y

A
&
31
1)
Ca?

o
g

GElNGE
% ggg ' 3.% (secrete
- 3¢l L3[65 mucus)
4

1
T

o

5
4
(S

d
B

obe

5
(o3

THE NEED FOR DIGESTION

The food that humans eat contains substances made by other
organisms, many of which are not suitable for human tissues.
They must therefore be broken down and reassembled in a
form that is suitable.

A second reason for digestion is that many of the molecules
in foods are too large to be absorbed by the villi in the small
intestine. These large molecules have to be broken down
into small molecules that can then be absorbed by diffusion,
facilitated diffusion or active transport. The three main types
of food molecule that need to be digested are starch, protein
and triglycerides (fats and oils).

Digestion of these large molecules happens naturally at body
temperature, but only at a very slow rate. Enzymes are
essential to speed up the process.

Enzymes of digestion

RELATIONSHIP BETWEEN STRUCTURE OF
A VILLUS AND ITS FUNCTION

« Villi increase the surface area over which food is absorbed.

* An epithelium, consisting of only one thin layer of cells,
is all that foods have to pass through to be absorbed.

* Protrusions of the exposed part of the plasma membranes of
the epithelium cells increase the surface area for
absorption. These projections are called microvilli.

* Protein channels in the microvilli membranes allow rapid
absorption of foods by facilitated diffusion and pumps allow
rapid absorption by active transport.

¢ Mitochondria in epithelium cells provide the ATP needed
for active transport.

* Blood capillaries inside the villus are very close to the
epithelium so the distance for diffusion of foods is very small.

* A lacteal (a branch of the lymphatic system) in the centre
of the villus carries away fats after absorption.

Amylase Protease Lipase
Example of Salivary Pepsin Pancreatic
this enzyme amylase lipase
Source Salivary Wall of Pancreas
glands stomach ‘
Substrate Starch Proteins Triglycerides
. (fats or oils)
Products Maltose Small Fatty Acids
' polypeptides | and Glycerol
Optimum pH7 pH1.5 pH7
pH
The human digestive system
mouth
esophagus stomach
liver pancreas

gall
bladder large intestine
(part not
shown)
small
intestine

anus

FUNCTIONS OF THE STOMACH
AND INTESTINES

Digestion of proteins begins in the stomach, catalysed by
pepsin. Bacteria, which could cause food poisoning, are
mostly killed by the acid conditions of the stomach. The
acidity also provides optimum conditions for pepsin to work.
Enzymes secreted by the wall of the small intestine complete the
process of digestion. The end products of digestion are absorbed
by the villi protruding from the wall of the small intestine.

The indigestible parts of the food, together with a large volume
of water, pass on into the large intestine. Water is absorbed
here leaving solid feces, which are eventually egested through
the anus.
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The blood system

THE COMPOSITION OF BLOOD

Blood is composed of plasma, erythrocytes (red blood cells),
leukocytes and platelets. The figure below shows the
appearance of blood as seen using a light microscope. Two
types of leukocyte are shown.

THE ACTION OF THE HEART
The atria are the collecting chambers — they collect blood from
the veins. The ventricles are the pumping chambers - they
pump blood out into the arteries at high pressure. The valves
ensure that the blood always flows in the correct direction.

Narrow lumen to
help maintain the
high pressures

Thick wall to
withstand the
high pressures

Veins

Thin layers with a
few circular elastic
and muscle fibres
because blood
does not flow in
pulses so the veins
wall cannot help
pump it.

Wide lumen is needed
to accomodate the slow-
flowing blood

Thin wall allows the
vein to be pressed
flat by adjacent
muscles, helping to
move the blood

Thin outer layer of
longitudinal collagen
and elastic fibres
because there is little
danger of bursting

N.B veins have valves to prevent back-flow

Capillaries

Wiall consists of a
single layer of thin
cells so the distance
for diffusion in or out
is small. Very narrow lumen —

“ only about 10um
Pores between cells in 2;;;Islsa :ic‘; sﬂ;;tinto
the wall allow some of QO /0
the plasma to leak out/ small spaces, Many

and form tissue fluid. small capillaries have

Phagocytes can also ?hfr:gfzr surfa?ée area
squeeze out, wer wider ones

Every heartbeat consists of a sequence of actions.

1. The walls of the atria contract, pushing blood from the
atria into the ventricles through the atrio-ventricular valves,
which are open. The semi-lunar valves are closed, so the
ventricles fill with blood.

2. The walls of the ventricles contract powerfully and the

- lymphocyte blood pressure rapidly rises inside them. This rise in
pressure first causes the atrio-ventricular valves to close,
preventing back-flow of blood to the atria and then causes
the semi-lunar valves to open, allowing blood to be

| phagocyte pumped out into the arteries. At the same tim? the atria
start to refill as they collect blood from the veins.

3. The ventricles stop contracting and as pressure falls inside

_ them the semi-lunar valves close, preventing back-flow
e leukocytes of blood from the arteries to the ventricles. When the
™| F blo(:)thg;IS) ventricular pressure drops below the atrial pressure, the
S — & atrioventricular valves open. Blood entering the atrium
platelets  plasma transporting erythrocytes from the veins then flows on to start filling the ventricles.
nutrients, carbon (red blood cells) . )
dioxide, hormones, transporting The next he;rtbeat begins when the walls of the atria
antibodies and urea oxygen contract again. :
BLOOD VESSELS STRUCTURE OF THE HEART
Arteries aorta pulmonary
Thick outer Thick layers of arteries
layer of circular elastic and vena cava
longitudinal muscle fibres to (superior)
collagen and help pump the .
elastic fibres to blood on after left atrium
avoid bulges each heart beat right
and leaks atrium pulmonary

veins

semilunar
valves atrio-ventricular
valve
vena cava
(inferior)

left ventricle

atrio-ventricular
valve
right ventricle

f

THE CONTROL OF THE HEART BEAT
Heart muscle tissue has a special property ~ it can contract
on its own without being stimulated by a nerve. One region
is responsible for initiating each contraction. This region is
called the pacemaker and is located in the wall of the right
atrium. Each time the pacemaker sends out a signal the heart
carries out a contraction or beat. Nerves and hormones can
transmit messages to the pacemaker.
¢ One nerve carries messages from the brain to the pacemaker
that tell the pacemaker to speed up the beating of the heart.
* Another nerve carries messages from the brain to the
pacemaker that tell the pacemaker to siow down the beating.
¢ Adrenalin, carried to the pacemaker by the bloodstream
tells the pacemaker to speed up the beating of the heart.
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'PATHOGENS

Humans sometimes develop diseases because a living

organism or a virus gains entry and reproduces inside the body,
causing harm. The human is called the host and organism that

enters the body and causes harm is called the pathogen. A
pathogen is an organism or a virus that causes a disease.
Many types of organism can act as pathogens in humans.
Six examples are shown in the table below.

Disease Type of pathogen
Influenza Viruses
Tuberculosis Bacteria

Thrush (oral or vaginal) Fungi

Malaria Protozoa
Schistosomiasis (bilharzia)  Flatworms

Hookworm Roundworms

Robert Koclv's drawing of a culture of Mycobacterium
tuberculosis
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TRANSMISSION OF PATHOGENS

One of the main problems in the life of a pathogen is how

to reach a new host and gain entry to the body. There are

various possible methods.

« Contact - contagious diseases are transmitted when an
uninfected person touches an infected person as the
pathogen can enter the body through the skin.

¢ Cuts - pathogens enter the body when the skin is cut
or punctured by any object that is contaminated with
pathogens

transmitted when an infected person coughs or sneezes
by an uninfected person.

enter the body through the soft gut wall.

* Sexual intercourse — sexually transmitted diseases gain
entry through the soft mucous membranes of the penis
and vagina during sexual intercourse.

¢ Insects — blood-sucking insects inject their mouthparts
though the skin and can transmit pathogens that they
sucked out of an infected person.

TUBERCULOSIS —AN EXAMPLE OF A
BACTERIAL DISEASE

Cause

Tuberculosis is caused by Mycobacterium tuberculosis, a
rod-shaped bacterium (left). Malnutrition, overcrowding and
stress all increase the chance of infection.

Transmission

The most common form of tuberculosis is spread by droplet
infection. People who have advanced tuberculosis tend to
cough frequently and spread droplets containing the bacteria.
Another person can become infected if they breathe in the
droplets. The bacteria enter the lungs and start to grow and
divide there.

A rarer form of tuberculosis is transmitted from cattle to humans
in infected milk. Most milk is now pasteurized or sterilized to
kill the bacteria and prevent this method of transmission.

Effects

Phagocytes move to the areas of infection in the lungs and
take in the bacteria by endocytosis. The bacteria are usually
able to survive and breed inside the phagocytes. Small rounded
swellings containing these infected phagocytes form in the
lungs. These are called tubercles and give the disease its name.
In X-ray photographs the tubercles are clearly visible as white
patches (below). The infection usually remains confined

to the lungs and gradually becomes less severe. However if
the person becomes re-infected, a chronic form of the disease
usually develops. Lung tissue is gradually destroyed. The
person develops a fever and loses their appetite, so becomes
very thin. They develop a persistent cough and often cough

up blood. The infection can spread from the lungs to the lymph
nodes, bones and gut. Over three million deaths each year in
the world are caused by tuberculosis.

X-ray of lungs affected by tuberculosis

1

* Droplets — diseases of the human ventilation system can be
out droplets containing pathogens, which are breathed in

* Food or water — pathogens in contaminated food or water

TREATMENT OF DISEASES WITH ANTIBIOTICS
Most bacterial diseases can be treated successfully with
antibiotics. For example tuberculosis has been treated with
streptomycin. There are many differences between human
cells and bacterial cells and so there are many antibiotics
that block a process in bacterial cells without causing any
harm to human cells.

Viruses carry out very few processes themselves. They rely
instead on a host cell such as a human cell to carry out the
processes for them. It is not possible to block these processes
with an antibiotic without also harming the human cells. For
this reason, virus diseases cannot be treated with antibiotics.
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The menstrual cycle

Between puberty and the menopause, women who are not pregnant follow a cycle called the menstrual cycle. This cycle is
controlled by hormones -FSH and LH produced by the pituitary gland and oestrogen and progesterone produced by the ovary.
The figure below shows the levels of these hormones during the menstrual cycle. It also shows the changes in the ovary and in
the uterus. Control of the cycle involves negative and positive feedback mechanisms, indicated by arrows.

(-------- > =negative feedback + + + + + + + + +> = positive feedback)

‘@ FSH level rises
and stimulates follicle
development and
estrogen secretion by
cells of the follicle.

(® LH rises to a peak
and causes the egg to
be released from the
follicle — ovulation.

@ LH causes the
follicle cells to secrete
less estrogen (negative
feedback) and more

progesterone. After
ovulation LH causes
the follicle to develop

into the corpus luteum.

High progesterone
and estrogen levels
inhibit FSH and LH
secretion. This is
negative feedback
because FSH and LH
stimulated estrogen and
progesterone secretion.

@0 FSH levels
rise again,
starting the next
menstrual cycle.
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| 'Human fertility can now be controlled in many ways. There are also many different views about whether it is right or wrong to
control it. It is important to understand the views of different people and also how the methods work.

INVITRO FERTILIZATION

Some couples do not achieve fertilization and pregnancy as
aresult of sexual intercourse. One possible cause is blocked
oviducts. Many of these couples can be helped to have a
child by in vitro fertilization — IVF.

Timetable for IVF

... ®Adrug is injected once a day for three
.- weeks, to stop the women'’s normal
. menstrual cycle.

. _.. @Large doses of FSH are injected once a
’ - day for 10-12 days to stimulate the
ovaries to develop many follicles.

, @ HCG (another hormone) is injected 36
| 1 hours before egg collection, to loosen the
1 egg in the follicles and to make them

|/ mature.

A -@ The man provides semen by

|/ ejaculating into a jar. The sperm are

1 processed to concentrate the healthiest

| ones.

'
'
5 '
'
'

,/® The eggs are extracted from the

= |1v follicles using a device inserted through
1/ the wall of the vagina.

A\ .®Each egg is mixed with sperm in a

shallow dish. The dishes are kept
overnight in an incubator.

'@ The dishes are checked to see if
fertitization has worked.

*® Two or three embryos are selected
and placed, via a long plastic tube into
the uterus.

______ (@ A pregnancy test is done to see if any
embryos have implanted.

_______ @ A scan is done to see if the pregnancy
__________ is continuing normally. The heart should
be visible beating.

FAMILY PLANNING AND CONTRACEPTION

Family planning involves couples discussing and deciding
how many children they want to have and when, if possible,
they want to have them. During one period in the menstrual
cycle, sexual intercourse can lead to fertilization and
pregnancy. Couples who want a child should have sexual
reproduction during this period.

Family planning may also involve contraception.
Contraception is used when a couple want to have sexual
intercourse but do not want to have a child. Methods of
contraception can be divided into two types, mechanical
methods such as condoms, diaphragms and IUDs and
chemical methods such as the contraceptive pill. The ways in
which four methods work are shown below, but not detailed
instructions for their use.

s The rhythm method - behavioural

The couple try to develop a rhythm of having
intercourse only on ‘safe’ days in the cycle.
Temperature changes or tests for the LH surge
help to find when ovulation has occurred,
which helps to identify safe days.

s

Condom - a mechanical method

A thin but strong sheath of rubber or plastic is
unrolled over the erect penis before
intercourse. A teat at the end catches the
semen. The condom is removed after
withdrawing the penis from the vagina.

IUD - a mechanical method

Intra-uterine devices are plastic or metal
objects, which are placed in the uterus and
left there for months or years. It causes
irritation in the uterus and prevents
implantation of embryos into the uterus
lining.

Contraceptive pills - a chemical method
Female contraceptive pills contain hormones,
that either prevent ovulation or prevent
implantation of embryos by altering the uterus
lining. One contraceptive pill is taken orally
each day.

ETHICAL ARGUMENTS FOR IVF
* Some childless couples are able to have children.
» Suffering due to genetic disease could be reduced if embryos

I

were screened before being transferred to the uterus.

ETHICAL ARGUMENTS AGAINST IVF

¢ Inherited forms of infertility might be passed on the
children, which means that the suffering the parents
endured is repeated in their offspring.

¢ More embryos are often produced than are needed and
the spare embryos are sometimes killed although they are
new human lives.

* Embryologists select the embryos that are transferred to the
uterus, so humans are deciding whether new individuals
survive or die.

* Multiple births, which carry the risk of various health
problems for the children, are more likely with IVF than
with natural conception.

ETHICAL ARGUMENTS FOR FAMILY

PLANNING AND CONTRACEPTION

* Prevents the birth of unwanted and therefore probably
unloved children

* Couples who are carriers of genetic disease can avoid the
birth of children with the genetic disease.

* Women should have the right to choose whether they
become pregnant or not.

* Human impacts on the biosphere will be reduced if fewer
human babies are born.

ETHICAL ARGUMENTS AGAINST FAMILY
PLANNING AND CONTRACEPTION

* Many religions teach that it is wrong to intervene in a
natural process.

* Promiscuity might be encouraged.

* Some methods involve the death of zygotes or young
embryos, which are new human lives.
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