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Respiratory System :

Structure & Functions of Respiratory System

Introduction

Why do we respire? Living organisms need a constant supply of energy
because of the continuous expenditure of energy by the body. Energy is
obtained by oxidation of food substances and energy is stored in the form of
high-energy phosphate compounds like ATP, creatine phosphate etc. The
products of oxidation are CO, and H,O. CO; is eliminated through lungs.

The body can store only about 1500 mL of O, at a time. This can maintain
life only for 5 minutes. Myocardium and brain are very much dependent on O,
for their functioning. Cessation of blood flow to cerebral cortex results in loss
of function within 5 seconds, loss of consciousness in 10-20 seconds and
irreversible changes in 3-5 minutes. Once the neurons are damaged they cannot
regenerate.

Definition

The collective process of absorption of O, from the environment and
oxidation of food materials in the cells with the release of water, CO, and
energy and elimination of CO, into the environment is called respiration.

Respiration occurs by simple diffusion in unicellular organisms, through skin
in frogs, through gills in aquatic animals, through air tubes in insects and
through lungs in higher animals.

Respiration includes:
+» External respiration: the absorption of O, and removal of CO, from the
body as a whole.
¢ Internal respiration: the utilization of O, and production of CO, by cells
and gaseous exchanges between the cells and their fluid medium.
Properties of gases: (partial pressure)
s+ The pressure exerted by any one gas in a mixture of gases (its partial
pressure) is equal to the total pressure times the fraction of the total
amount of gas it represent.
¢+ The composition of dry air is 20.98% O,, 0.04% CO,, 78.06% N, and
92% other inert gases such as argon and helium. The barometric
pressure at sea level is 760mmHg (1 atmosphere). The partial pressure
of O, (Poy) In dry air = 0.21x760 = 10mmHg. Py, and other inert
gases = 0.79x760 = 600mmHg and PCO2 =.0004x760 = 0.3 mmHg
¢+ The water vapor in the air in most climates reduces these percentages,
and therefore the partial pressure, to a slight degree.
¢ Air equilibrated with water is saturated with water vapor, and inspired
air is saturated by time it reaches the lungs. The Py, at body
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temperature (37°C) is 47mmHg.

+ Gas diffuse from area of high pressure to area of low pressure, with
rate of diffusion depending on the concentration gradient and the nature
of the barrier between the two areas.

« The partial pressure of gases in a liquid is the pressure that, in the
gaseous phase in equilibrium with the liquid, would produce the
concentration of gas molecules found in the liquid.

Functions of the Respiratory Tract

Nasal Cavity

1) Air conditionings function of nose (warming, humidification, and
filtration of inhaled air). Due to large cross-sectional area, the nose has
the capacity to modify temperature and water vapor content of inspired
air. The nasal cavity also removes some of the pollutants present in air
which are > 5 pum size are filtered by the hair and cilia present in the
nasal cavity and are expelled out by sneezing reflex.

2) Olfactory function — olfactory stimuli are received by the olfactory
epithelium of the nasal cavity

3) Large hollow resonating chambers of the nose called paranasal sinuses
modify speech sounds.

Pharynx
1) Nasopharynx carries air from nose to pharynx. Oropharynx is the

common passage for food and air.
2) Pharynx houses the tonsils and thus plays role immunity.
3) Provides a resonating chamber for speech sounds.
4) Opening of the eustachian tube into nasopharynx helps in the
equalization of pressure between middle ear and pharynx.
Larynx:

1) Production of sound with the help of vocal cords.

2) Closure of glottis by approximation of vocal cords during swallowing,
vomiting etc., help to prevent entry of food into trachea. This is also
brought about by horizontal deflection of epiglottis.

Respiratory function of the airways: Airways conduct atmospheric air to alveoli
and help in gas exchange so as to maintain normal CO, and O, levels in the
body. Lungs synthesize surfactant, collagen and elastin necessary for proper
expansion of lungs. Collagen and elastin form the structural framework of the
lung.

Before reaching the alveoli, inhaled air is warmed by blood in the capillaries of
the respiratory tract. This is significant because cold air increases air flow
resistance and also causes bronchospasm. This is of great importance in
patients suffering from bronchial asthma. Inhaled air is humidified, i.e.,
saturated with water vapor, by mucus secreted by the goblet cells lining the
respiratory tract and vapor pressure becomes 47 mm Hg at a body

2



Muna H. AL-Saeed

temperature of 37- C.

Non respiratory functions of lungs

1) Protective function:

a) Particles <5 um in size enter the lung and adhere to the lining
mucus. This will be expelled out by cough reflex and also by the
escalator action of cilia. The cilia beat towards the pharynx and
the action is not influenced by nervous mechanism. Ciliary
activity moves the superficial liquid lining layer continually
towards the larynx from deep within the lung. Kartagener's
syndrome (congenital disease) the motility of the cilia is defective
— collection of secretions in the lung — infection —
bronchiectasis. A similar condition is produced by cigarette smoke
which contains ciliotoxins that damage the cilia.

b) The neutrophils, lymphocytes and alveolar macrophages present in
the alveoli defend against bacteria and viruses.

c) Lungs synthesize immunoglobulins like IgA for its own defence
and are present in bronchial mucus.

2) Acid-base balance: Lungs play an important role in maintaining the body
pH by regulating the CO, content of blood.

3) Anticoagulant function and filtration of blood: Lungs contain mast cells
which contain heparin which is an anticoagulant. Small emboli present in
blood are removed from the circulation before they reach the brain and
other vital organs.

4) Regulation of blood pressure: The endothelial cells of the pulmonary
capillaries secrete an enzyme called angiotensin converting enzyme
(ACE) which converts angiotensin | to active angiotensin Il (potent
vasoconstrictor) — increase blood pressure.

5) Temperature regulation: Some amount of heat is lost from the body
during expiration.

6) Regulation of blood volume: Lungs act as a storage organ for blood
since pulmonary circulation is a low-pressure system and the vessels are
highly distensible. About 300 mL of blood can be diverted to the
systemic circulation in times of need.

7) Endocrine function: Lungs synthesize hormones like prostaglandins,
serotonin, histamine etc., with the help of APUD (Amine precursor
uptake and decarboxylation) cells present in the lung. PGE2 helps to
constrict the patent ductus arteriosus in the postnatal period. In asthma
or anaphylaxis, lungs release substances like histamine, bradykinin,
prostaglandin, slow reacting substance etc., into circulation, which are
responsible for the reactions of anaphylaxis.

8) Degradation of substances: Bradykinin, norepinephrine, serotonin,
PGE1, PGEZ2, and PGF2, are degraded and removed by the lungs.
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FUNCTIONAL ANATOMY OF THE RESPIRATORY SYSTEM
The respiratory system is made up of a gas exchanging organs (lungs) and a
pump that ventilates the lungs. The pump consists of:

1. The chest wall.

2. The respiratory muscles (increase and decrease the size of the

thoracic cavity).
3. Areas in the brain than control the muscles.
4. Tracts and nerves that connect the brain to muscles.

Respiratory tract:

1) Upper respiratory tract — from nasal opening to vocal cords which
includes nose and pharynx

2) Lower respiratory tract-from vocal cord to alveoli and this includes
larynx, trachea, bronchi and lung.

Lining epithelium of respiratory tract:

e Nose: lined by ciliated columnar epithelium with goblet cells containing
scattered goblet cells.

e Pharynx: is lined by ciliated columnar epithelium with goblet cells.
Oropharynx is lined by stratified ciliated epithelium.

e Larynx: upper part of larynx and vocal cords are lined stratified ciliated
epithelium. Lower part is lined by ciliated columnar epithelium.

e Trachea and bronchi: Lined by pseudo-stratified columnar epithelium
which contains mucous and serous glands (Ciliary action helps to remove
particles)

e Bronchioles: Lined by nonciliated cuboidal epithelium that is devoid of
glands. Smooth muscles are absent from respiratory bronchiole onwards
and only a single layer of lining cells is seen.

Trachea-bronchial Tree: The air that is inspired is distributed to the alveoli by
way of trachea, bronchi and bronchioles.

v" Trachea: Trachea is a hollow tubular structure 11 cm in length and 1.5 in
diameter, placed anterior to the esophagus. It is kept permanently open by
C-shaped cartilages on its wall, which are deficient posteriorly. In
between the cartilages, there are fibroelastic tissue and smooth muscle
fibers. Mucus secreted by mucous glands in the mucous membrane
moistens the surface and facilitates ciliary action.

Trachea divides into two main bronchi or primary bronchi.

Each main bronchus divides into secondary or lobar bronchi, 3 on the

right and 2 on the left side.

v" Lobar bronchi divide into tertiary or segmental bronchi, 10 on the right
and 8 on the left.
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v Bronchioles (<lmmin diameter)—terminal bronchioles —several
respiratory bronchioles—2-11 alveolar ducts—5 or 6 alveolar sacs—
alveoli

Cartilage | Glands Cilia | Smooth

muscle
Trachea Ring + + +
1 Bronchi Ring + + +
2 Bronchi Plate + + +
3 Bronchi Plate + + +
Bronchioles No - + ++
Terminal bronchioles No - + +++
Respiratory bronchioles No - + ++

Alveoli

Total number of alveoli in both lungs (300 million).

Diameter of a single alveolus (0.3 mm). Apical alveoli are larger than
basal alveoli in the erect posture.

Total surface area of alveoli of both lungs (70 m?).

Alveolar epithelium is of simple squamous type. Alveoli are lined
mainly by two types of epithelial cells:

1) Type | cells (95%): are flat cells with numerous cytoplasmic
extensions. Gas exchange takes place across these cells.

2) Type Il cells (5%): or granular pneumocytes: Are large secretary
cells containing lamellated inclusion bodies which produce and store
surfactant. These cells are seen between type | cells. They secrete
surfactant whose function is to decrease surface tension in the
alveoli. In addition to the above cells, alveoli also contain:

v" Pulmonary alveolar macrophages (PAMS): Pulmonary alveolar
macrophages are derived from monocytes of blood. When these
cells engulf carbon and dust particles they are called dust cells.
When they engulf red blood cells in congestive cardiac failure
(CCF) they are called heart failure cells, which produce brick red
sputum. They are eliminated by coughing.

v Mast cells Mat cells contain histamine, heparin, lipids and
proteases they participate in allergic reactions and produce
bronchospasm.

v’ Neutrophils, lymphocytes, and plasma cells: Neutrophils
phagocytose bacteria and produce inflammatory change
Lymphocytes act against both bacteria and viruses.

v Fibroblasts
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v APUD cells
Between the trachea and the alveolar sacs, the airways divide 23times.
e Conducting zone: The 1% 16 generations of passages
v Made up of bronchi, bronchioles, terminal bronchioles
v" Transport gas from and to the exterior
e Respiratory zone: The remaining 7 generations of passages
v" Gas exchange occurs
v Made up of respiratory bronchioles, alveolar ducts, alveolar sacs,
and alveoli
Theses multiple divisions increases the total cross sectional area of the
airways, from 2.5 cm? in the trachea to 11800 cm?in the alveoli = Jthe
velocity of air flow in the small airways

Pleura
The lung is covered by a double-layered serous membrane called pleura. The
layer which is closely covering the lung is visceral pleura and the layer that is
reflected back the root of the lungs on to the surface of diaphragm and
thoracic cage is the parietal pleura. There is a potential space between the two
pleural layers called pleural cavity, which contains about 15-25mL of
mucoid pleural fluid. Pleural fluid is secreted by the parietal pleura. Excess
pleural fluid is pumped away or absorbed by capillaries of visceral pleura and
by lymphatics.
Functions of pleural Fluid

1) Pleural fluid keeps the two pleural layers together.

2) Acts as a lubricant and helps in the sliding moves between the two

layers.

Bronchial tone:
¢ Nervous control

1. Bronchi and bronchioles innervated by autonomic nervous system:

a. Parasympathetic NS: Muscurinic receptor: cholinergic discharge
—bronchoconstriction
b. Sympathetic NS:

» [1 and B2 adrenergic receptors in epithelium, smooth muscle,
and mast cells many non innervated, some located on
cholinergic nerve ending and ganglia (inhibits Ach release).

= (2 receptors predominate.

= [ agonist (e.g. salbutamol) —bronchodilitation and |secretion.

2. Non cholinergic non adrenergic innervation (VIP) —bronchodilitation.
3. Substance P secreted by some nerve ending to lung
—bronchoconstriction and mucus secretion.
¢ Homurol control:
e Histamine and slow reacting substance of anaphylaxis released from
mast cells = Tbronchiolar tone.
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e Leukotrienes (LTC,, LTD,4, LTE4) = bronchoconstriction. Leukotrienes
receptors blocker useful in bronchial asthma.

% Circadian rhythm: maximum constriction at about 6:005y and maximum
dilation at about 6:00p.

s lrritants and chemicals e.g. sulfur dioxide produces reflex
bronchoconstriction that is mediated via cholinergic pathways by
stimulation of sensory receptors in the airways.

s Cool air causes bronchoconstriction, exercise also causes
bronchoconstriction (increased respiration cools the airways).

Pulmonary ventilation

= Pulmonary ventilation or breathing is the exchange of air between the
atmosphere and the lungs. As air moves into and out of the lungs, it
travels from regions of high air pressure to regions of low air pressure.

= Normal breathing is called eupoeic breathing. Normal respiratory rate is
12-16/min.

= Increase in the rate of respiration is called tachypnea, e.g., exercise, fever,
anxiety etc.

= Arrest of respiration is called apnea, e.g-, deglutition apnea, adrenaline
apnea, sleep apnea etc.

= Difficulty in breathing or shortness of breath associated with marked
awareness of the effort of respiration is called dyspnea, e.g., bronchial
asthma.

= Dyspnea in the lying down posture and getting considerable relief in the
erect posture is called orthopnea, e.g., mitral stenosis, left-sided heart
failure etc.

= Taking in of air is inspiration and giving out of air is expiration.

= Boundaries of the Thoracic Cage: The thoracic cavity is occupied by
heart, lungs and great vessels

= Behind and laterally — vertebral column and ribs. In front and laterally
— sternum and ribs

= In the lower part — diaphragm

= Upper part — upper ribs and tissues of the neck

Muscles of respiration:
1. Muscles of Inspiration
= Normal inspiration — diaphragm and external intercostal muscles.
= In forced inspiration as in exercise, asthma etc., accessory muscles of
inspiration act which are sternocleidomastoid, pectoralis, elevators of
scapula, scalene, serratus anterior and alae nasi.
2. Muscles of Expiration
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e No muscles are actively involved in normal quite expiration (expiration
during quiet breathing is passive). However, there is some contraction of
inspiratory muscles in the early part of expiration. This contraction exerts
a braking action on the recoil force and slows expiration. The inspiratory
muscles that have contracted, relax.

e In forced expiration, muscles of the anterior abdominal wall (recti),
internal intercostals and latissimus dorsi, contract.

Mechanism of ventilation of lungs:

e The lung and chest wall are elastic structures. When inspiratory muscles
contract, the thoracic cage moves and parietal pleura which is closely
adherent to the thoracic cage also moves out. This draws along with it
visceral pleura which is adherent to the lungs. Due to dragging force
exerted by the visceral pleura and also to elastic property of lung, the
lungs expand. The inside volume is increased and the alveolar pressure
become sub-atmospheric. As a result, air from outside is sucked into the
lungs. This is inspiration. The contraction of inspiratory muscles lasts for
about 2-3 seconds.

e Then the contracted muscles relax and the lungs retract due to elastic
recoil, thereby creating a pressure more than atmospheric pressure in the
alveoli and air driven out. This is expiration.

e In normal quiet breathing, inspiration is an active process and
expiration is passive.

Movements of the thoracic cage:
During inspiration, dimensions of the thoracic cage increase in three ways:
1. Increase in vertical dimension
2. Increase in anteroposterior dimension.
3. Increase in transverse dimension.
Mechanism of increase in vertical dimension
e This is mainly brought about by contraction of the diaphragm which is a
dome-shaped musculotendinous sheet which separates thoracic cavity
from abdominal cavity. In normal quiet inspiration when diaphragm
contracts, it moves downwards like a piston for about 1.5 -3 cm. In
forced inspiration, vertical dimension is increased by 7-10cm. 75% of air
entry during inspiration is by the activity of diaphragm. In
diaphragmatic paralysis, respiration is seriously impaired. Diaphragm is
supplied by phrenic nerve whose root value is C3, 4 and 5.
e Consists of three parts:
o The costal portion (muscle fibers attached to the ribs around the
bottom of the thoracic cage).
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o The crural portion (fibers that are attached to the ligaments along
the vertebra —pass on either side of the esophagus and can
compress it when they contract.

o The central tendon into which the costal and crural fibers insert (it
Is also the inferior part of the pericardium).

e The costal and crural fibers are innervated by different parts of the
phrenic nerves and can contract separately e.g. vomiting increase intra-
abdominal pressure by contraction of costal fibers but the crural fibers
remain relaxed allowing materials to pass from the stomach into the
esophagus.

e Applied aspect: Transection of the spinal cord above the third cervical
segment is fatal without artificial respiration because it causes paralysis
of all respiratory muscles. But transaction below the 5™ cervical segment
leaves the nerves that innervate the diaphragm intact and its activity is
adequate to maintain life.

Mechanism of increase in anteroposterior diameter and transverse diameter

e This is by the contraction of external intercostal muscles which originate
from the lower border of upper rib and inserted into the upper border of
lower rib. The fibers are directed downwards, forwards and medially.
Each rib is connected posteriorly to vertebral column and anteriorly to
sternum. The posterior joint is hinged, i.e., it is movable. The lower ribs
are more obliquely placed than the upper ribs. During inspiration, the
external intercostal muscles contract and the upper ribs become more
horizontal. Sternum is thrust upwards and forwards, i.e., it moves away
from the vertebral column. Thus, the anteroposterior dimension of the
thoracic cage is increased. This movement is referred to as pump handle
movement.

e The lower ribs (7, 8, 9, and 10) in addition to moving upwards also
swing outwards, thereby increasing the anteroposterior and transverse
dimension of the thoracic cage. This movement is called bucket handle
movement.

Types of Breathing:
If the contribution by the diaphragm is more in inspiration, then the breathing
is called abdominal type of breathing. If external intercostal muscle action
predominates, it is called thoracic or costal breathing.

e Abdominothoracic in men

e Thoracoabdominal in women

e Abdominal in children and in injury to the chest wall. In infants, the ribs
are more horizontal than oblique, so movement of the thorax is less
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visible.
e Thoracic type in advanced pregnancy, severe ascites etc.

Pressure changes during respiratory cycle:
Respiratory pressures are:

¢ Intrathoracic/intrapleural pressure

¢ Intrapulmonary/intra-alveolar pressure

e Transpulmonary pressure/transmural pressure

Intrapleural Pressure:

Intrapleural pressure is the pressure developed in between the two layers of
pleura. In normal breathing, this presure is always subatmospheric, i.e., it is
always negative. Atmospheric pressure which is equal to 760 mmHg is taken as
zero atmospheres.

Normal intrapleural pressure = -2.5 (at the base of the lung)

Causes of Negative Intrapleural Pressure

1) The natural tendency of lungs is always to recoil inwards because of its
elasticity and surface tension in the alveoli. The tendency of thoracic
cage is to expand or recoil outwards. These two forces are equal in
intensity and act in opposite directions against a closed space so that the
pressure in the space becomes subatmospheric.

2) Negative intrapleural pressure is also caused by the more rapid
absorption rate of pleural fluid by pulmonary capillaries and also by the
lymphatics. The pressure in the capillaries of visceral pleura is low, i.e.,
about 18 mm Hg because they belong to pulmonary circulatory system.

Measurement of Intrapleural Pressure

1) By introducing a needle into the pleural space and connecting it to a
manometer.

2) By introducing a catheter, whose tip contains a thin walled balloon, into
the esophagus and connecting it to manometer. The intraocesophageal
pressure will be the same as intrapleural pressure because the negativity
of intrapleural pressure makes the mediastinal pressure negative, which in
turn makes the intraoesophageal pressure negative.

Variation in Intrapleural Pressure

a) During different phases of respiration: at the end of expiration the
intrapleural pressure is —2.5 mmHg in normal quiet breathing. During
inspiration, thoracic cavity expands and intrapleural pressure becomes —
6 to -8 mm, Hg. During expiration, muscles are relaxed and intrapleural
pressure becomes less negative and towards the end of expiration it
becomes —2.5 to -3mm Hg. In forced inspiration intrapleural pressure
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becomes —12 to —18 mm Hg and in forced expiration it becomes a
positive pressure. In Muller's maneuvre, i.e., forced inspiration with
closed glottis as if sucking fluid with a straw, the intrapleural pressure
become —40 mm Hg. In Valsalva's maneuvre, i.e., forced expiration
with closed glottis as in straining, intrapleural pressure become +40 mm
Hg.
b) Regional variation: Regional variation in intrapleural pressure is due to
the effect of gravity.
e Near the apex it is more negative -6 mm Hg
e [n the middle of the lung it is—2.5 mm Hg
e Near the base it is about —1 mm Hg.
Importance of Negative Intrapleural Pressure
1. It increases venous return. During inspiration the increased negativity in
the mediastinum helps to suck blood from periphery towards great veins
and to the heart.
2. Maintain alveolar stability.
Keep the airways open.
4. Prevent collapse of lung, i.e., keeps lungs in an expanded position. If the
chest wall is opened, the negative intrapleural pressure is lost and the lungs
collapse.

w

Effects of Positive Intrapleural Pressure

Positive intrapleural pressure compresses the great vessels in the thoracic cavity
and decreases venous return to heart, which in turn decreases cardiac output.
This produces cerebral ischemia leading to loss of consciousness.

This is the reason for the syncopcal attacks, following continuous severe bouts
of cough especially in old people and in cardiac patients.

Intrapulmonary pressure.

Pressure developed inside the alveoli is intrapulmonary pressure. As alveoli are
in connection with the atmosphere, at the end of normal expiration the
intrapulmonary pressure is equal to atmospheric pressure, i.e., zero.

During normal breathing in inspiration it becomes negative and at
midinspiration becomes —1 mm Hg. As more and more air enters the lungs, the
negativity decreases and at the end of inspiration, the intrapulmonary pressure
becomes zero or atmospheric.

During quiet expiration it becomes more positive and at mid-expiration become
+1 mm Hg and towards the end of expiration again the pressure becomes same as
that of atmospheric pressure.

In forced inspiration, i.e., in Muller's maneuvre, it becomes -80 mm Hg and
in forced expiration, i.e., Valsalva's maneuvre, it becomes +100 mm Hg.

Transpulmonary/Transmural Pressure:
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The pressure difference across the lung, i.e., the pressure difference between the
alveolar pressure and pleural pressure, is called transpulmonary pressure.

Transpulmonary pressure = Intrapulmonary pressure - Intrapleural pressure

Importance of Transmural Pressure
1) It is necessary for the expansion of lung.
2) It gives a measure of the elastic recoil of lung.
3) An increase in transpulmonary pressure causes greater stretching of lung
and more will be the lung volume, i.e., transpulmonary pressure decides
the lung volume.

Transpulmonary pressure is increased during inspiration and decreased during
expiration.
The different values of transpulmonary pressures at the end of normal
expiration in different parts of the lung are as follows:

e At the apex of the lung: 0 - (-6) = 6 mmHg

¢ In the middle of the lung: 0- (-2.5) = 2.5 mm Hg

e At the base of the lung: 0-(-1) =1 mm Hg

Since the transmural pressure is more at the apex than at the base, during first
part of inspiration more of inspired air goes to the apex than to the base of the
lung. Since the transmural pressure is less at the base of the lung, the lung is
less expanded at the base. This pressure further decreases at the end of forced
expiration causing the airways to close at the base.

Elastic behavior of the lungs (reasons for recoil of lung):
o Tissue elasticity
e Surface tension of alveolar fluid

Tissue Elasticity

Lung parenchyma contains large quantity of elastic fibers arranged in a peculiar
pattern. The geometric arrangement of elastin fibers in lung can be compared to
nylon stock elasticity. This elasticity contributes to 1/3 of elastic recoil tendency
of lung.

Surface Tension

Surface tension phenomenon in lungs contributes to 2/3 of recoil tendency of
lung. The alveolar wall is lined by epithelial cells which secrete alveolar fluid.
Inside the alveolus there is air. The interphase is between air and alveolar fluid
and the surface tension exerted between air and alveolar fluid is very high. So,
there is a tendency to reduce the size of the alveolus due to intermolecular
attraction.
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Surfactant:

Introduction:

Surfactant is a surface tension lowering agent present in the alveolus
between the alveolar fluid and air. It is secreted by type Il alveolar epithelial
cells which contain lamellar bodies containing the phospholipid of
surfactant.

Composition of surfactant:
Composition of surfactant:

Dipalmitoylphosphatidyl choline 62%
Phosphatidylglycine 5%
Other phospholipids 10%
Neutral lipids 13%
Proteins 8%
carbohydrate 2%

Functions of Surfactant

1)

2)

3)

4)

Surfactant decreases surface tension 6 times. Distending pressure of
each alveolus lined by surfactant is only 3 mm Hg. If the alveolus was
lined by water the distending pressure may be as high as 15 mmHg (18
cm of water).

Surface tension of alveolar fluid= 50 dynes/cm'

Surface tension of surfactant = 5-30 dynes/cm2

It maintains alveolar stability and helps in even distribution of
ventilation. Surfactant prevents over distension or collapse
(atelectasis) of alveoli. Surface tension in the alveolus is inversely
proportional to the number of surfactant molecules per unit area. When
there is increase in the diameter of the alveolus as in inspiration, the
number of surfactant molecules per unit area decreases and the surface
tension increases and this prevents overdistension of lung. When there is
decrease in the diameter of alveoli, as in expiration, the surfactant
molecules come closer and number of surfactant molecules per unit area
increases and surface tension decreases, and this prevents collapse of
lung during expiration. Surfactant thus maintains alveolar stability.
Surfactant prevents pulmonary edema and keeps the alveoli dry.
Collection of fluid in the alveoli is called pulmonary edema. If
surfactant was not present in the alveoli, the unopposed surface tension
in the alveoli will produce a 20mm Hg force favoring transudation of
fluid from the blood into the alveoli leading to pulmonary edema. This is
prevented by surfactant by decreasing surface tension.

In newborn infants, surfactant prevents hyaline membrane disease or
infant respiratory distress syndrome (IRDS). At the time of birth, the
alveoli of the fetus are filled with fluid and the lung is completely
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collapsed. When the umbilical cord is cut, fetus develops hypoxia and
violent inspiratory effort produces very high negativity in the mediastinum
and the lungs try to expand. Surfactant should be there for proper expan-
sion of lung.
Due to stretching of capillaries when the lungs expand, there is a sharp
fall in the pulmonary capillary pressure and the colloidal osmotic
pressure will be more. So, alveolar fluid enters the pulmonary capillaries
due to Starling's forces and the fetal alveoli become dry. In the fetus,
development of surfactant is completed only by 31-32 weeks of
intrauterine life. If birth occurs before this stage of development, the lung
maturity is not complete and the lungs fail to expand leading to death of
the baby. This is neonatal or infant respiratory distress syndrome
(NRDS / IRDS). The condition is treated using synthetic surfactant or
bovine surfactant preparation available for use by inhalation. This
decreases the severity of IRDS. Steroid is also of much benefit because
glucocorticoids increase the synthesis of surfactant.
In adults, deficiency of surfactant is a cause for adult respiratory
distress syndrome (ARDS). Causes of surfactant deficiency include
chronic cigarette smoking, long-term inhalation of 100% O2, occlusion
of a main bronchus or one pulmonary artery etc.

5) Surfactant increases the compliance of the lungs, i.e., distensibility of
lung.

6) It reduces the work of breathing by decreasing the elastic recoil of
lung.

Factors Affecting Surfactant Production
a) Prematurity
b) Nervous factors: Vagus stimulates type Il cells and increases the pro-
duction of surfactant. Cutting vagal supply to the lungs leads to the
development of pulmonary edema.
¢) Hormonal factors

e Thyroid hormone stimulates type Il cells. Surfactant production is
decreased in hypothyroidism.

e Glucocorticoid hormones stimulate production and maturation of
surfactant. Towards the later stages of pregnancy, glucocorticoid
levels are high in the fetus and mother, and the lung of fetus is rich in
glucocorticoid receptors.

e Insulin = Jsurfactant. Fetal hyperinsulinemia occurs in diabetic
mothers = T incidence of IRDS in infants born to diabetic mothers.

d) Smoking = {surfactant
e) Occlusion of a main bronchus or one pulmonary artery
f) Oxygen toxicity (long term O, therapy-100%) = {surfactant
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APPLICATION OF LAW OF LAPLACE IN LUNG

Law of Laplace

Laplace's law states that the distending pressure P, in the case of a distensible
spherical organ is equal to 2T / R, where, T is the surface tension and R the
radius of the organ. P is the pressure required to keep the alveoli inflated. P
will be high when T is high or R is less.

In the lung, all the alveoli will have a constant size due to the presence of
surfactant. Whenever the diameter of the alveoli changes, surfactant causes
appropriate changes in the surface tension so that pressure in the alveoli is
maintained constant.

According to law of Laplace:

a) During expiration, the radius of the alveolus is reduced and if surface
tension is not simultaneously reduced it will exceed the distending
pressure and lead to collapse of lung. But due to the presence of
surfactant, surface tension is suitably altered during the phases of
respiration and collapse or overdistension is prevented.

b) If there is no surfactant, air flows from smaller alveoli to larger ones so
that smaller ones become smaller and larger ones become larger and
finally collapse of smaller alveoli occurs.

ALVEOLAR STABILITY
Alveolar stability depe