Overview of respiration

Functions

· Gas Exchange

· Regulation of blood pH

· Voice production

· Olfaction

· Innate Immunity

Path of inspired air

· Upper respiratory tract: nose, nasal cavity, pharynx, and associated structures

· Lower respiratory tract: larynx, trachea, bronchi, and lungs

Larynx

· Nine cartilages

· The largest cartilage: thyroid cartilage, or Adam’s apple

· The third unpaired cartilage is epiglottis

· False vocal cords: The superior pair of ligaments from the thyroid cartilage

· True vocal cords: The inferior pair of ligaments from the thyroid cartilage 

Trachea

· A membranous tube consisting of connective tissue and smooth muscle

· Reinforced with 16 to 20 C-shaped pieces of cartilage

· About 1.4-1.6 cm in diameter (adult)

· The cartilages protect the trachea and maintain an open passageway for air.

· Lined with pseudo-stratified columnar epithelium (has numerous cilia and goblet cells) 

Bronchi

· The trachea divides into the left and right primary bronchi (bronchus)

· Lined with pseudo-stratified ciliated columnar epithelium

· Supported by C-shaped pieces of cartilage

·  C-shaped cartilages form the anterior and lateral sides of the trachea.

· The posterior wall of the trachea has no cartilage.

· They protect the trachea and maintain an open passageway for air flow.

Lungs

· The principal organs of respiration

· The right lung has 3 lobes

· The left lung has 2 lobes

· Hilum: the point of entry for the primary bronchus, blood vessels, and nerves to each lung

· Tracheobronchial tree: branching of primary bronchi many times 

· Primary bronchus divides into secondary bronchi

· Secondary bronchi: 2 in left lung and 3 in right lung

· Tertiary bronchi: further branching of secondary bronchi

· The bronchi continue to branch many times, finally giving rise to bronchioles

Bronchi Branching

· The bronchioles

· Terminal bronchioles

· Respiratory bronchioles

· Alveolar ducts

· Alveoli

· Alveoli: small air sacs

What are alveolar ducts? long branching tubes opening into alveoli

Volume and pressure of a gas 

· When the volume of a container increases, the pressure inside decreases.

· When the volume of a container decreases, the pressure inside increases.

Ventilation and Lung Volumes

· Ventilation (breathing) is the process of moving air into and out of the lungs. 

· There are two phases of ventilation:

· Inspiration (inhalation)- the movement of air into the lungs

· Expiration (exhalation)- the movement of air out of the lungs.

Changing Thoracic Volume

· Muscle of inspiration: the diaphragm and the muscles that elevate the ribs and the sternum.

· The diaphragm: a large dome of skeletal muscle that separates the thoracic cavity from the abdominal cavity

· Muscles of expiration: intercostals that depress the ribs and sternum

Pressure changes and Air flow

· Changes in volume result in changes in pressure

· Air flows from areas of higher to lower pressure
Alveolar Pressure changes during Inspiration and Expiration

· During inspiration, muscles of inspiration contract

· Increased thoracic volume results in decreased pressure inside the alveoli.

· Air moves into the lungs (from high pressure to low pressure area)

· During expiration, decreased thoracic volume results in increased pressure inside the alveoli.

· Air moves out of the lungs (from high pressure to low pressure area).

· At the end of expiration: 


alveolar pressure = atmospheric pressure


No movement of air
Pleural Cavities

· Each lung is surrounded by a separate pleural cavity

· Each pleural cavity is lined by a serous membrane called the Pleura

· The Parietal Pleura lines the wall of the thorax, diaphragm, and mediastinum, is continuous with the Visceral Pleura
Pleural pressure

· The pressure in the pleural cavity

· When the pleural pressure is less than the alveolar pressure, the alveoli tend to expand

· Remember: The balloon can expand by either increasing the pressure inside it or lowering the pressure outside it
Pulmonary Capacity

· A pulmonary capacity is the sum of 2 or more pulmonary volumes

· Functional residual capacity

· Inspiratory capacity

· Vital capacity

· Total lung capacity

Pulmonary volumes

· Tidal volume-   Volume of air inspired or expired during quiet breathing.
· Inspiratory reserve volume- Amount of air that can be inspired forcefully after inspiration of the normal tidal volume.
· Expiratory reserve volume- Amount of air that can be expired forcefully after expiration of the normal tidal volume.
· Residual volume-

   Volume of air still remaining in the respiratory passages and lungs after maximum expiration.

Vital capacity 

· The sum of the inspiratory reserve volume, tidal volume, and the expiratory reserve volume

· The amount of air that a person can expel from his respiratory tract after a maximum inspiration (4600mL)
Gas Exchange

· Major area of gas exchange between blood and air: the alveoli

· Dead space: areas where no gas exchange occurs (bronchioles, bronchi, and trachea)
Partial Pressure

· Partial pressure: the pressure exerted by a specific gas in a mixture of gases (air)

· Atmospheric pressure at sea level = 760 mm Hg

· 21% of the mixture is oxygen

· Partial pressure of oxygen = 160 mm Hg

(0.21X760 mm Hg = 160 mm Hg)
Diffusion of gases in the lungs

· Cells of the body use oxygen and produce carbon dioxide

· Blood returning from cells has decreased pO2 and increased pCO2
· Alveoli have high pO2 and low pCO2
· O2 diffuses from the alveoli into the pulmonary capillaries (why?)

· CO2 diffuses from pulmonary capillaries into the alveoli (why?)
Diffusion of gases in the tissues

· O2 diffuses into the tissue and CO2 diffuses out of the tissue because of differences in partial pressures

Gas transport in the blood
Oxygen transport

· 98.5% of oxygen is transported bound to hemoglobin

· 1.5% of oxygen is transported by dissolving in plasma
Importance: oxygen is released from hemoglobin in tissues when partial pressure for oxygen is low, the partial pressure for carbon dioxide is high, pH is low and temperature high
Carbon dioxide transport

· Carbon dioxide is transported as bicarbonate ions(70%)

· In combination with blood proteins (23%)

· In solution plasma (7%)
· Importance: when the blood levels of carbon dioxide decline, the blood pH increases (becomes less acidic or more basic).

    Bicarbonate ions combine to produce carbonic acid which makes carbon dioxide and water. 

CO2 transport and blood pH

· In the body cells: CO2  +  H20        H2CO3

H2CO3      
H+   +  HCO3- 

· In the lung capillaries:


H+  +  HCO3- 

CO2 

Control of respiration

Regulation

· The control center for this activity is located in the medulla oblongata in the brain

· The amounts of CO2, H+, and O2 in the blood and cerebrospinal fluid (CF) are the chemical stimuli that act on the respiratory center to regulate the muscles of respiration 
Factors affecting breathing

· The most important factor affecting the respiratory rate is hydrogen ion (H+) concentration

· The least important factor is oxygen in the blood

· CO2 increases H+ ion concentration by forming carbonic acid in the blood and CF

pH

· The pH of blood and tissue fluid during normal breathing is around 7.4

· During forced deep breathing (hyperventilation), the pH may be raised to 7.5 or 7.6 as CO2 is blown off

· The reduced H+ concentration depresses the respiratory center, lessening the desire for increased alveolar ventilation
Hyperventilation

· Caused by unconscious deep breathing or sighing

· Causes a drop in blood pressure, extreme discomfort, dizziness, and even unconsciousness

· Symptoms are due to washing out of CO2 from blood

· Causes alkalosis

· CO2 depletion can be quickly restored to the blood by re-breathing into a paper bag for several minutes

Nervous Control of Ventilation

· Controlling air movements out of lungs makes speech possible, and emotions can make us sob or gasp

· It is possible to stop or start breathing voluntarily

· Some people can hold their breath until they lose consciousness

· Then, the automatic control of respiration resumes

Chemical Control of Ventilation

· Keeps oxygen and carbon dioxide gases at homeostatic levels in the blood

· A small increase in CO2 can increase ventilation

· Changes in the blood pH reflect CO2 

· Chemo receptors in medulla oblongata are sensitive to small changes in CO2
Response to low pH 

· Increase in CO2 in the blood leads to a low pH

· Respiratory center in the brain increases ventilation

· CO2 increases

· CO2 levels decrease, blood pH increases

· Homeostasis is maintained 

