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Abstract: :

The respiratory system plays a vital role in facilitating the movement of air in and out of the
body, comprising a complex network of anatomical pathways. It is conventionally divided
into two primary sections: the upper respiratory tract and the lower respiratory tract. Within
the upper respiratory tract lie structures extending from the nasal passages down to the vocal
cords, crucial for phonation. These vocal cords, composed of mucous membrane folds within
the larynx, are instrumental in producing sound during speech.

In contrast, the lower respiratory tract encompasses critical components such as the trachea,
bronchi, and lungs. The trachea serves as the primary airway, branching into bronchi, which
further divide into bronchioles, facilitating air passage deep into the lungs. Within the lungs,
the intricate network of alveoli allows for the exchange of gases, enabling oxygen uptake and
carbon dioxide removal.

This article aims to delve deeply into the mechanisms and regulatory processes governing
respiratory function. By exploring the intricacies of ventilation, gas exchange, and the role of
respiratory muscles, it seeks to provide readers with a comprehensive understanding of the
respiratory system's fundamental principles. Furthermore, it will shed light on regulatory
mechanisms such as neural and hormonal control, highlighting the intricate interplay between
various physiological factors that ensure efficient respiratory function.

Ultimately, by unraveling the complexities of the respiratory system, this article endeavors to
equip readers with a solid foundation of knowledge, enabling them to appreciate the vital role




of respiration in maintaining overall health and well-being. Through a deeper understanding
of its mechanisms and regulatory processes, readers can gain insights into how respiratory
disorders arise and how they can be effectively managed and treated
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INTRODUCTION:

Respiration denotes the exchange of gases
between the body's «cells and the
surroundings, encompassing two main
activities: pulmonary ventilation, also
known as breathing, which entails the
inhalation and exhalation of air into and out
of the lungs, and the exchange of gases,
which takes place within the lungs (external
respiration) and in the tissues (internal
respiration).[1]

Breathing involves supplying oxygen to the
alveoli and removing carbon dioxide. In
adults at rest, the respiratory rate typically
ranges from 12 to 14 breaths per minute,
AIMS &OBJECTIVES:

To review basic concepts of anatomy and
physiology of Respiratory system.

To study physiological basis of mechanism
of respiration in detail.

MATERIALS &METHODS :

Since the present studyis a literary
research , different openions available in
Different modern physiological and
anatomical texts on Respiration

consisting of two phases: inspiration and
expiration. Inspiration is an active process
where contraction of relevant muscles
increases the size of the thoracic cavity,
causing the chest wall to expand.

The expansion of the lungs results in a
decrease in pressure within them, which
leads to the inhalation of atmospheric air.
Conversely, exhalation is a passive process
where the muscles responsible for
inhalation relax, enabling the elastic recoil
of the thoracic wall and lungs to expel
air.This article aims to delve into a detailed
examination of the physiology of the
respiratory  system, focusing on its
mechanisms and regulatory aspects

To understand regulation of respiration.

along with mechanism and regulation is
compiled here for easy and clear
understanding.




CONCEPTUAL STUDY

The mechanism of respiration involves the expansion of the lungs during
inspiration, which occurs as the thoracic cavity enlarges in all directions due to the
contraction of respiratory muscles. These muscles include:

A. Diaphragm: Inspiration begins with the contraction of the diaphragm, causing
its central tendon to move downwards approximately 1.5cm, thereby increasing the
vertical diameter of the chest[2]

At the same time, the lower ribs experience a slight upward movement, enhancing
both the lateral and anteroposterior dimensions of the chest.. The descent of the
diaphragm is accompanied by the downward displacement of abdominal contents,
facilitated by the relaxation of abdominal muscles. During expiration, the
diaphragm relaxes, allowing its dome to move upwards with the assistance of
abdominal muscle contraction, which aids in pushing air out of the lungs.[3]

B. Intercostal muscles: Normal breathing primarily involves the diaphragm.
However, during quiet inspiration, forced inspiration, and forced expiration, the
external intercostal muscles become activeWhen these muscles contract, they
elevate the front sections of the ribs, leading to a slight expansion in the
anteroposterior diameter of the thoracic cage.[4]

ormal quiet expiration occurs passively as the intercostal muscles relax, but during
forced expiration, contraction of the internal intercostal muscles pulls the upper
ribs downward, altering their position.[5]

C. Rib movement: The ribs, which are nearly semicircular bones, articulate with
the vertebrae at one end and with the sternum or costal cartilages at the other.
Inhalation involves the lifting and forward movement of the sternum as a result of
the upward motion of the rib shafts. This action leads to an expansion of the chest's
anteroposterior diameter. The internal intercostal muscles aid in this elevation of
the sternum during inhalation. Conversely, during expiration, depression of the rib

shafts occurs, leading to the opposite effect

Ribs motion includes

Bucket handle motion (outwards&upwards swigs rotation) in lower ribs (7" to 10™) causes an
increase in transverse diameter of the thorax.




Pump handle movements ie upwards movement in 2" to 6" ribs,due to contraction of external
intercostal muscles,they assume a more horizontal position causes increase in anteroposterior
diameter .More ever ,by virtue of their curved (bowed) mid-part,causes an increase in the
transverse diameter of the thorax.[6]

D.Accessory muscles of respiration:During forced inspiration many other muscles as scalenes
,sternocleidomastoids stabilize the first ribs and upper sternum.

The abdominal muscles contract forcefully during forced expiration. During intense respiratory
exertion, even the platysma muscle contributes to the process.

Exchange and transport of gases:

Exchange of respiratory gases: This takes place

i.In the lungs-External respiration

ii.In the tissues-Internal respiration

In the lungs, the exchange of respiratory gases occurs between the alveoli and the bloodstream.
Oxygen moves from the alveoli into the blood, while carbon dioxide exits the blood and enters
the alveoli. This exchange happens through bulk flow diffusion across the respiratory membrane,
composed of the epithelium of the respiratory unit and the endothelium of the pulmonary
capillary. In the tissues,exchange of respiratory gase takes place between the venous end of
pulmonary capillary and arterial end of systemic capillary.[7]

Diffusing capacity: This term refers to the amount of gas that passes through the respiratory
membrane per minute when there's a pressure difference of 1mm Hg.Diffusing capacity of
oxygen is 21ml/minute/ImmHg and that of carbon di oxide is 400ml/minute/ImmHg.

Factors affecting diffusing capacity:

1.Pressure gradient

2.Solubility of gas in fluid medium

3.Total surface area of respiratory membrane

4.Molecular weight of the gas

5.Thickness of respiratory membrane.

Diffusion coefficient/Diffusion constant

It is described as a constant, serving as a factor of proportionality, that quantifies the substance's
diffusion across a concentration gradient.

Fick law of diffusion: In accordance with this principle, the quantity of a substance traversing a
specific area is directly related to the available surface area for diffusion, the concentration
gradient, and the diffusion coefficient.

Oxygen Diffusion:

From Atmospheric Air to Alveoli: Oxygen diffuses from the atmosphere, where its partial
pressure is 159 mmHg, into the alveoli where it's at 104 mmHg. This occurs due to a pressure
gradient of 55 mmHg.[8]

From Alveoli to Blood: Oxygen moves from the alveoli, where its partial pressure is 104 mmHg,
into the blood at the arterial end of pulmonary capillaries where it's at 40 mmHg. This process is
aided by a pressure difference of 64 mmHg.

From Blood to Tissues: Oxygen diffuses from the blood at the venous end of pulmonary




capillaries, where its partial pressure is 40 mmHg, into the tissues where it's at 95 mmHg. The
pressure gradient of 55 mmHg drives this diffusion.
Carbon Dioxide Diffusion:

From Blood to AlveoliCarbon dioxide transitions from the bloodstream, where its partial
pressure measures 46 mmHg, to the alveoli, where it stands at 40 mmHg. This movement occurs
as a result of a pressure difference of 6 mmHg.

From Alveoli to Atmospheric Air: Carbon dioxide diffuses from the alveoli, where its partial
pressure is 40 mmHg, into the atmosphere where it's at 0.3 mmHg. This occurs because of a
pressure gradient of 39.7 mmHg.[9]

From Tissues to Blood: Carbon dioxide moves from the tissues, where its partial pressure is 46
mmHg, into the blood where it's at 40 mmHg. This happens due to a pressure gradient of 6
mmHg.

Respiratory Quotient:

This is the molar ratio of carbon dioxide production to oxygen consumption.
Transport of Respiratory Gases:

Blood carries oxygen from the alveoli to the body's cells and transports carbon dioxide from the
cells to the lungs.
Transport of Oxygen:

Oxygen is transported in two forms by blood: dissolved in plasma water (about 3% of total) and
combined with hemoglobin (about 97% of total).

When oxygen combines with hemoglobin, it attaches to the iron within the heme component of
hemoglobin.Each hemoglobin molecule contains four iron atoms, each of which can bind with
two oxygen molecules.

The oxygen-carrying capacity of hemoglobin is 1.34 ml/g, and the capacity of blood is about 19
ml per 100 ml, as hemoglobin is typically only about 95% saturated.

The oxygen-hemoglobin dissociation curve illustrates the relationship between oxygen partial
pressure and the percentage saturation of hemoglobin

Usually, it takes on a sigmoidal shape, illustrating the alterations in hemoglobin's attraction to
oxygen concerning the partial pressure of oxygen. At 100 mmHg partial pressure of oxygen,
hemoglobin saturation is about 95%6[10]

Factors affecting Oxygen-Haemoglobin dissociation curve:lt is shifted to left or right by
various factors.

1.Shifted to right:It indicates dissociation of oxygen from haemoglobin.It occurs in the
following conditions,

a.Decrease in PO>

b.Increase in PCoz(Bohr effect)

c.Increase in H+ concentration & decrease in PH of blood

d.Increased body temperature




e.Excess DPG in RBC.
2.Shifted to left:It indicates association of oxygen by haemoglobin.It occurs in the following
conditiond.
a.In fetal blood
b.Decrease in H+ & increase in PH of blood.
Bohr effect: It was postulated by Christian Bohr in 1904.Bohr effect is the effect by which
presence of carbon di oxide decreases the affinity of Hb for oxygen.
In the tissues,due to to continuous metabolism PCo. increases and PO decreases.Due to this
pressure gradient,Coz enters the blood and oxygen is released from the blood & Oxygen
dissociation curve is shifted to right.
Transport of carbon di oxide:Carbon di oxide is transported in the blood in four ways.
1.As dissolved form-7%
2.As carbonic acid-negligible
3.As bicarbonate-63%
4.As carbamini compounds-30%
Dissolved Form: CO2 enters the blood and dissolves in the plasma fluid, forming a simple
solution.
Carbonic Acid: Some of the dissolved CO2 in the plasma combines with water to create carbonic
acid.
Bicarbonate Formation: Within red blood cells (RBCs), CO2 combines rapidly with water to
form carbonic acid catalyzed by the enzyme carbonic anhydrase. This carbonic acid then
dissociates into bicarbonate ions and hydrogen ions. As the concentration of bicarbonate ions
increases within the cell, they move into the plasma. To maintain ionic balance, chloride ions
enter the RBCs, a phenomenon known as Chloride Shift or the Hamburger phenomenon.Only in
lungs ,by reverse chloride shift,chloride ions are moved back into plasma from RBCs.and
bicarbonate present in plasma is converted back in carbonic acid by combining with hydrogen
ions.Carbonic acid dissociate into H2O &CO>.CO: is then expelled out.
4.As carbamino compounds:Co: is transported in blood in combination with Hb as
carbhaemoglobin & with plasma proteins as carbamino proteins.
Carbon di oxide dissociation curve:lt is the curve that demonstrates the relationship between the
partial pressure of COzand quantity of CO, that combines with blood.
Haldane effect is the effect by which combination of oxygen with haemoglobin displaces carbon
di oxide from Hb because it becomes strongly acidic. [5,6,7,8]
REGULATION OF RESPIRAION OR CONTROL OF VENTILATION:The normal rate of
respiration in adult is 12-16 per minute,with a tidal volume of approx. 500ml.
Normal ,quiet regular breathing occurs because of two regulatory mechanism:

1.Nervous or Neural mechanism

2.Chemical mechanism
1.Nervous Mechanism or Nervous Regulation of Respiration:This is brought about by two
systems.
i.Autonomic Control of Respiration
ii.Voluntary Control of Respiration




i.Autonomic Control of Respiration:This is by certain groups of neurons in medulla and pons
constitute the medullary and pontine respiratory centres respectively.

a.Medullary Respiratory Center

b.Pontine Respiratory Center

a.Medullary Respiratory Center:It consis of

Dorsal respiratory group of neurons

Ventral respiratory group of neurons

This can be easily understand by table no 1 ,given below

Features Dorsal group Ventral group
Situation Diffusely situated in In nucleus ambiguous&
nucleus of tractus nucleus retroambiguous.
solitarious.
Type of Neurons Inspiratory neurons Inspiratory &Expiratory
Neurons
Function Always active Inactive during quiet
Generate inspiratory ramp | breathing
Has autorhythmic property | Active during forced
breathing.
Table No 1: ,Medullary Centers

b.Pontine Respiratory Center: It consist of

Apneustic Center
Pneumotaxic Center

This can be easily understand by table no 2 ,given below

Features Apneustic Center Pneumotaxic Center
Situation Situated in reticular Situated in reticular
formation of lower pons formation of upper pons
Function Increases depth of Increases respiratory rate by
inspiration by acting reducing the duration of
directly on dorsal group inspiration.
neurons. Control Medullary
respiratory
center,particularly dorsal
group neurons through
apneustic center.
Table No 2:  ,Pontine Center

All these respiratory centers are bilaterally represented in the brain stem with same sided control
and freely communicate with each other.




i.Voluntary Control of Respiration:Respiration can be modified both in rate and or depth at will
for a specific period only,for example :voluntary hyperventilation ,breath holding ,forceful
inspiratory or expiratory efforts etc.

The pathway for such a control is via Corticospinal tract which originates from the cerebral
cortex to end on spinal motor neurons innervating the respiratory group of muscles.Thus ,this
pathway bypasses the medullary respiratory neurons.

Factors Affecting the Respiratory Center:

I.Chemical Stimuli

I1.Non Chemical Stimuli

I.Chemical Stimuli( Under Chemical Control of Respiration)

I1.Non Chemical Stimuli

1.Afferent from higher centers:

i.Cerebral Cortex:Electrical Stimulation of certain areas of cerebral cortex will inhibit respiration
but electrical stimulation of motor cortex stimulate respiration.

ii.Hypothalamus & Limbic System:

Pain and emotional disturbances acts through the hypothalamus and limbic system to stimulate
the respiration.

Fever acts via hypothalamus ,which acts on respiratory center and produce tachpnoea.

2.Vagal Afferents from inflation and deflation receptors in the lungs: These are stretch
receptors located in the smooth muscles of the airways . They relay in the medulla via afferents in
vagi.

3.Afferents from Pharynx, Trachea and Bronchi: Through out the airways,from trachea to
respiratory bronchioles,there are endings of myelinated vagal afferents that function aslrritant
receptors.

Stimulation of these receptors in respiratory zone,produces tachynoea and bronchoconstriction.
4.Afferents from baroreceptors and chemoreceptors: They are situated in aortic arch and
carotid sinus.

Baro receptors:When they stimulated ,causes inhibition of respiration by inhibiting respiratory
center.

Chemo receptors( Carotid & Aortic bodies):When they get stimulated by chemicals( lack of
oxygen or excess of Co2) causes increase in rate and depth of respiration.

5.Afferents from Proprioceptors:Proprioceptors are stimulated during musculae exercise and
send impulses to brain to cause hyperventilation.

2.Chemical Mechanism or Chemical Regulation of Respiration:

The chemical regulatory mechanism adjusts ventilation in such a way that the alveolar PCo2 is
kept constant ,at normal value of 40mmHg.It also maintains the tension of 02,Co2 and H+ of
blood.

These changes are mediated via respiratory chemoreceptors ie receptor cells in the carotid and
aortic bodies,and in medulla that are sensitive to change in the blood chemistry and initiate
impulses that stimulate respiratory center.

Respiratory chemoreceptors : These are of two types

Peripheral Chemoreceptors

Medullary Chemoreceptors[9,10]




These can be easily understand bt table no 3,given below

Features Peripheral Medullary
Chemoreceptors Chemoreceptors

Location There are two or more These are located on
aortic bodies near arch of ventral surface of medulla
aorts and two carotid near respiratory center but
bodies ,one on each side separate from it.
near bifurcation of common
carotid artery.

Innervation Aortic bodies by aortic Nerve fibers from here

nerve( branch of X nerve)
Carotid bodies by carotid
sinus nerve(branch of IX

nerve)

directly project over to the
respiratory center.

Stimulated by

i.increase arterial PCo2.
ii.decrease arterial PCo2
iii.Cyanide
iv.Nicotine

Manitude of stimulation is
proportional to increase in
H+ locally.

Inhibited by anaesthesia
Cyanide & during sleep.

Effect of stimulation

i.increase in rate &depth of
respiration

hypertension &tachycardia
ii.regulates the respiration
from breath to breath.
iii.Provides initial drive to
increase respiration in
response to increase in
arterial PCo2.

i.increase in rate &depth of
respiration only
ii.regulates the respiration
from minute to minute.
lii.provide late drive to
increase respiration in
response to increase in
arterial PCo2.

Table no 3:Chemoreceptors

Discussion & Result: As a concept
respiration is the motor of life.Respiration
has different meaning depending on where it
takes place.In our lungs ,respiration refer to
act of breathing,but in cell it means process
that takes place inside cell and produce
energy.Respiration as a process falls into
three phases viz cellular respiration,transport
of respiratory gases and ventilation.

Conclusion:  The three  fundamental
principles of respiration, namely ventilation,
perfusion, and diffusion, serve as cornerstone

concepts that aid  physicians  in
comprehending both the physiology and
pathology of the respiratory system.
Ventilation pertains to the movement of air in
and out of the lungs, ensuring an adequate
exchange of oxygen and carbon dioxide. It
involves the coordinated action of respiratory
muscles, primarily the diaphragm and
intercostal muscles, to expand and contract
the thoracic cavity, facilitating inhalation and
exhalation.




Perfusion refers to the circulation of blood
through the pulmonary vasculature, enabling
the transport of oxygen to tissues and the
removal of carbon dioxide. Proper perfusion
ensures that blood flow matches ventilation,
optimizing gas exchange efficiency.
Disruptions in perfusion can lead to
conditions such as pulmonary embolism or
pulmonary hypertension, impacting
oxygenation and tissue oxygen delivery.

Diffusion involves the passive movement of
gases, such as oxygen and carbon dioxide,
across the alveolar-capillary membrane.
Oxygen diffuses from the alveoli into the
bloodstream, while carbon dioxide moves
from the blood into the alveoli for exhalation.
Understanding diffusion kinetics aids in
diagnosing and managing conditions like
pneumonia or pulmonary edema, where
impaired gas exchange occurs due to alveolar
damage or fluid accumulation.

By comprehensively assessing ventilation,
perfusion, and diffusion, physicians can
evaluate respiratory function and diagnose
various respiratory disorders. Abnormalities
in any of these principles can indicate
underlying pathologies, guiding clinical
decision-making and treatment strategies.
Additionally, monitoring these parameters
allows for the assessment of therapeutic
interventions' efficacy, ensuring optimal
respiratory support and patient care.
Therefore, ventilation, perfusion, and
diffusion serve as essential pillars in the
holistic understanding and management of
respiratory physiology and pathology.
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