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umans have two lungs, each enclosed in a sepa-

rate airtight region of the thoracic cavity. This

means that if one lung is damaged, perhaps by

a broken rib in an accident, the other lung can
continue to function normally. The right lung is made
up of three lobes, the left lung has two. There are two
tree-like structures in each lung: the airway tree, which
brings air to the respiratory surface, and the vascular
tree, which brings blood to the respiratory surface. Blood
flow is always matched to air flow. This ensures efficient
exchange of carbon dioxide and oxygen — so when
exercising, or recovering after exercise, heart rate and
breathing rate increase or decrease together.

The alveolus is the functioning unit of the respiratory
surface, where gaseous exchange occurs. Although each
alveolus is very small, its total surface area is enormous.
Diagrams of alveolar structure in GCSE and A-level text-
books often look like Figure 1, which is a simplification
and is somewhat misleading. It shows the capillary wall
closely aligned with the alveolar wall, both being
composed of the flattened cells of squamous endo-
thelium and epithelium respectively. The barrier to
diffusion, the distance separating the gases in the
alveolar air from those in the blood, is therefore small.
The small distance means that diffusion occurs rapidly.
It takes only about a second for blood to pass through
the capillaries of the lungs. In this time, oxygen must be
absorbed and carbon dioxide released. It is the structure
of the alveolar wall that allows for this rapid and
efficient exchange.

False-colour scanning electron micrograph of a pulmonary
blood vessel (red), bronchus (blue) and lung tissue (yellow)
made up of alveoli. (x140)
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Figure 1 Alveolar structure, as shown by many GCSE and
A-level textbooks.
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Figure 2 False-colour scanning electron micrograph of
an alveolus air-sac of the human lung, showing a blood
capillary. (x5400)

In reality, the pulmonary capillaries form a dense
network which is embedded in the alveolar wall (see
Figure 2). The capillary bed is complex and provides a
large number of possible routes for the blood to travel
in each alveolar wall. The diameter of the capillaries in
the alveolus is about the same as that of the red blood
cells themselves. This forces them to pass through the
capillaries in single file. A thin layer of blood plasma
between the plasma membrane of the red blood cell
and the capillary wall acts as a lubricant. Because the
capillaries are an integral part of the alveolar wall, the
actual distance across which gases must diffuse measures
only about0.5 pm — less than one-hundredth the
thickness of a human hair. Alveolar macrophages
move freely across the surface of the alveolus. They are
highly phagocytic and remove inhaled dust particles.

Surface tension

The inner surface of each alveolus is coated with a thin
layer of moisture, and because the alveoli inflate and
deflate with each breath, this gives rise to surface
tension. Surface tension is a force that arises through
the high degree of attraction that water molecules have
for each other. They stick to each other! If you don’t
understand how it operates, get two clean plates and
immerse them in water so that a thin film of water
forms between them. Then, take the plates out of the
water and try to separate them. You will find it difficult,
they seem to be stuck together — this is surface tension
in action. Now imagine the alveoli deflating. Their
moist surfaces come together and when they are
inflated again, surface tension makes it difficult to

False-colour scanning
electron micrograph
of a macrophage in
lung tissue.
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separate the two sticky surfaces. When you breathe
out, you do not empty the lungs completely — a small
volume of air, the residual volume, is always retained
so that the alveoli deflate only partially. Specialised
epithelial cells (see Figure 3) in the alveolar wall secrete
surfactant — a substance that acts in the same way as
a detergent — to reduce the surface tension and
prevent alveolar collapse.

Respiratory distress syndrome

The first breath that a newborn baby takes is the most
difficult one in its life. The alveoli in the empty lungs are
completely deflated. The first breath must overcome the
surface tension and ‘unstick” all the alveolar walls.
Without the surfactant this would be very difficult
indeed. The developing lungs in the fetus do not start to
secrete the surfactant until just before the birth is due,
o premature babies, born with immature lungs, face
particular difficulties with breathing — infant respiratory
distress syndrome. The fact that theére is no surfactant to
lower surface tension means that every time they inhale
they have to make a much greater effort than normal to
reinflate the alveoli. Many premature infants cannot
breathe on their own and need to be ventilated on a
machine.

Figure 3
Drawing made
from an electron
micrograph of a
section through
an alveolus,
showing the
capillaries
embedded in the
alveolar wall and
the surfactant-
secreting cells.

A ventilator
assists the
breathing of a
premature baby.
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Adults who have extensive injury to the lung may
develop adult respiratory distress syndrome (ARDS). The
damaged lung tissue is unable to manufacture sufficient
surfactant and so the forces of surface tension come into
play, making the alveoli ‘sticky’. Breathing becomes
laboured and the condition is serious and can be rapidly
fatal. The mortality rate is above 80%. The injury to the
lung can be caused by a variety of factors, some of which
are apparently unconnected to the lungs — infections,
inhaling vomit, chest injury, injuries to the long bones
and/or pelvis, high altitude and smoke inhalation. In the
infamous explosion at the chemical plant in Bhopal,
India, in December 1984, large numbers of ARDS cases
were caused by the inhalation of irritant gases.

Diffusion of gases in the alveoli

To maintain rapid exchange of gases between the alve-
olar air and the blood, the concentration gradients of
oxygen and carbon dioxide must be maintained at a
high level. The air in the alveolus has a relatively high
concentration of oxygen, whereas the concentration of
oxygen in the alveolar capillaries is very low. The steep
concentration gradient means that diffusion is rapid and
oxygen is swiftly absorbed into the blood. But as diffu-
sion takes place, the concentration of oxygen in the
alveolar air starts to fall and, if nothing combated this,
diffusion would become correspondingly slower. To
maintain exchange at maximum efficiency, the air is
exhaled and replaced long before the rapid absorption of
oxygen ig-affected. The situation is exactly the reverse
for carbon dioxide.

The film of moisture that lines the internal surface of
the alveolus is made up of tissue fluid. It is formed, as it
is in all the tissues of the body, by filtration of plasma
through the capillary walls (see BIOLOGICAL SCIENCES
REeVIEW Vol. 13, No. 1, pp. 2-5). At the arterial end of the
capillaries, the dominant force is blood pressure, forcing
water and dissolved substances out of the capillary and
into the tissues. At the venous end of the capillary, the
dominant force is the osmotic pressure of the blood.
This causes reabsorption of the tissue fluid. The delicate
balance between formation and reabsorption of tissue
fluid is important in all tissues, but is critical in the lungs.
If excess tissue fluid is formed, in the legs, for example,

TE R M S explained

Alveolar macrophages Macrophages are a type of
white blood cell and are part of the immune system.
They are able to move quite freely through the capil-
lary walls and migrate out into the surrounding tissues.
In this case, they migrate into the alveoli and move
along the wall, scavenging fine dust particles which
have reached the alveolar surface and also removing
pathogens.

Phagocytosis This is the mechanism whereby cells
take up particles. Macrophages are highly phagocytic
and engulf and destroy both particles and pathogens.
They have an important role in preventing disease.

Pulmonary oedema Oedema is the swelling of a
part of the body, caused by the accumulation of
excess tissue fluid. It is most commonly seen in the
feet, ankles and legs. In pulmonary oedema there is no
visible swelling but the excess tissue fluid collects in
the alveoli, severely affecting gas exchange and
causing severe breathing difficulties.

the result is oedema — swelling of the legs. If the same
occurs in the lungs, the result is pulmonary oedema.
The lungs do not swell but the tissue fluid accumulates
in the alveoli; it has a serious effect on gas exchange.
To understand why excess fluid in the alveoli affects
the exchange of oxygen and carbon dioxide, we need to
consider two things: the solubility of the gases and the
barrier to diffusion. Carbon dioxide is relatively soluble in
water; oxygen, however, is not. Only small amounts of
oxygen dissolve in water. Thus, as the thin film of water
increases in thickness, carbon dioxide exchange is hardly
affected initially but oxygen uptake soon becomes much
less efficient. The effects of this loss of efficiency are
demonstrated in the condition known as emphysema.

Smoking and lung damage

Most young people are well aware of the connection
between smoking and lung cancer but relatively few
know about other forms of lung damage. Smoking
causes progressive damage to the respiratory system and
sets in motion a series of changes. The initial stages are
reversible, if the smoker gives up, but the more serious
damage is irreversible.

False-colour scanning electron micrograph of the surface of
the trachea showing cilia clogged with pollen grains (pink)
and dust particles. (x2400)
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Cigarette smoke paralyses the cilia in the epithelium
lining the trachea. Since the cilia move mucus,
containing trapped dust particles and bacteria, upwards
out of the respiratory system (the so-called ‘ciliary esca-
lator’), smokers have a characteristic cough and are
prone to upper respiratory tract infections. Bronchitis,
an infection of the bronchi, becomes increasingly
common. Chronic bronchitis is caused by excessive
production of mucus, which is a result of the irritation
of the small bronchi by smoke.

Emphysema shares the same symptoms as bron-
chitis: coughing, wheezing, excessive production of
sputum and shortness of breath. But the causes under-
lying the two diseases are different, as is the damage
done to the lung tissue. The chronic coughing in
emphysema overstretches the lungs and gradually they
lose their elasticity (see Box 1). Exhalation is normally
a passive process, requiring no energy — the diaphragm
and ribs return to their original positions — the ribs
moving downwards due to gravity and the diaphragm
being pushed upwards by the pressure of the liver and
stomach. The high percentage of elastic tissue in normal
lungs means that they undergo elastic recoil. Emphy-
sema sufferers find it easy to inhale but difficult to
exhale. In the later stages of the disease they have to
exhale forcibly, using the internal intercostal muscles
which are normally used only when exercising.
Breathing thus becomes a laboured process.

As the disease progresses, sufferers develop a char-
acteristic barrel chest, caused by permanent inflation of
the lungs. Exercise becomes impossible, and even
walking on the flat may prove difficult. Protease

Figure 4 Scanning electron micrographs showing some
normal alveoli (A) and the abnormal, enlarged air sacs found
in emphysema (B).
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enzymes are released by the damaged lungs and these
digest the alveoli, merging them into much larger air
sacs (see Figure 4). The surface area available for gas
exchange is therefore reduced. The damaged alveoli are
gradually replaced by thick, fibrous scar tissue. The phys-
ical properties of the lung change; it becomes thicker,
less elastic and the capillaries are damaged and
compressed. It becomes much harder for the heart to
pump blood through the pulmonary circulation and the
right ventricle becomes enlarged, damaging it. The over-
working of the right ventricle makes the blood pressure
in the capillaries rise, causing the
production of excess tissue fluid,
which accumulates in the alveoli —
pulmonary oedema. In the early
stages of the disease, oxygen uptake
is affected but carbon dioxide
removal is normal. But as the symp-
toms worsen and more and more
fluid accumulates in the alveoli, this
too becomes inefficient and high
blood levels of carbon dioxide are
experienced. In the final stages of
the disease, patients are confined to bed and need
oxygen cylinders to keep them alive.

Emphysema used to be largely an occupational
disease in which dust-filled working conditions, in
mines and cotton mills, for example, caused the damage.
Today, in the developed world, with strict occupational
health regulations in force, it is now largely associated
with smoking. W

Something to do

P See if you can find out more information on a rare
genetic condition in which some individuals, often
non-smokers, develop severe emphysema at an early
age — in their 20s.

Dr Dianne Gull is administrator for homeopathic teaching
courses for doctors and vets. She has had many years
experience in both schools and higher education and is an
Editor of BIOLOGICAL SCIENCES REVIEW.
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