RESPIRATORY SYSTEM LECTURE

I. General Introduction

As we have discussed previously, cells continuously need oxygen so that cells can undergo cellular respiration.

A. Cellular Respiration  - is a series of reactions in which nutrients such as glucose are broken down and the energy released is used to make ATP. The last step of the reaction requires O2. Carbon dioxide (CO2 ) is produced as a waste product.

B. Respiration Involving Gas Exchange is also the overall exchange of gases between the atmosphere, blood, and body cells. 

Four distinct processes must happen in respiration
1. Pulmonary ventilation – moving air into and out of the lungs

2. External respiration – gas exchange between the lungs and the blood

3. Transport – transport of oxygen and carbon dioxide between the lungs and tissues

4. Internal respiration – gas exchange between systemic blood vessels and tissues
II. Functions of the Respiratory System 

A. Breathing (Pulmonary Ventilation)

· Inhalation (inspiration) draws gases into the lungs.

· Exhalation (expiration) forces gases out of the lungs.

B. Air Conditioning - As gases pass through the nasal cavity and paransal sinuses, inhaled air becomes turbulent. The gases in the air are 

· warmed to body temperature

· humidified

· cleaned of particulate matter

C. Gas Exchange - respiration
· Supplies body with oxygen

· Disposes of carbon dioxide

D. Produces Sounds - The larynx, nasal cavity, paranasal sinuses, teeth, lips, and tongue work to produce sound.  Sound allows speech, singing, and nonverbal communication
E. Provides Olfactory Sensations - When airborne molecules are inhaled and dissolve in the mucus in the nose, the molecules can bind to receptors in the olfactory epithelium.

F. Protects respiratory surfaces - Hairs, convoluted pathways, goblet cells, mucous glands, lysozyme in the mucus all help defend the body against infection by airborne pathogens.

III. Pathway of Air 
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IV. Respiratory Divisions (Zones)

A. Conducting Division - This part of the respiratory system transports air.  It is made up the passages that serve to warm, moisten, and filter the inhaled air: nose, nasal cavity, pharynx, larynx, trachea, primary bronchi, tertiary bronchi, bronchioles, terminal bronchioles.

B. Respiratory Division - This is the part of the respiratory system is where gas exchange occurs. It is made up of respiratory bronchioles, alveolar ducts, alveolar sacs, and alveoli.

V. Components of Respiratory System 

A. Nose and Nasal Cavity

1. Function

· Hair in the nasal cavity filters large particles

· Mucus helps cleans the air

· Blood vessels and mucus help warm and moisten inhaled air

· Nasal conchae keep air in the cavity long enough to be cleansed, moistened, and warmed

· The nasal cavity serves as a chamber for sound resonance

2. Location/Gross Structure

Important structures in the nasal cavity are the nasal conchae (KON-kē) and meatuses.

a. Nasal Conchae and Meatuses (superior, middle, and inferior) 

The three paired bony projections along the lateral walls of the nasal cavity are called conchae.  The spaces under the conchae are called meatuses.

Together they cause turbulence in the air so that the air comes into contact with the mucous membrane on its way through the respiratory system.

3. Histological Structure

a. Skin - The vestibule (anterior opening) is lined with skin containing sebaceous and sweat glands and hair. The hairs keep out large particles.

The rest of the nasal cavity is lined with 2 types of mucous membrane: mucosa and olfactory epithelium

b. Mucous Membrane is pseudostratified ciliated columnar epithelium with globlet cells and covered with a sheet of mucus that filters dust particles and moistens inhaled air. Its lamina propria contains glands that contribute to the mucus sheet and blood vessels that warm the air.

c. Olfactory epithelium detects olfactory stimuli. It is located near the roof of the nasal cavity.

B. Pharynx (Throat) 

1. Function

· Acts as passageway for air.

· Acts as passageway for swallowed food and drink

· Exchanges small amounts of air with the Eustachian tubes to equalize ear, nose, and throat air pressure

· Serves as a resonating chamber for sounds

· Tonsils protect against ingested foreign materials

2. Location/Gross Structure:

The pharynx is a tubular passageway that connects the nasal and oral cavities to the larynx and esophagus.

There are 3 regions: Type of mucosal lining changes along its length 

epithelium, the skeletal muscle in all 3 areas is called the Muscularis, and the connective tissue is called  adventitia 

a. Nasopharynx - the uppermost portion.  

It contains openings to the Eustachian tubes (auditory or pharyngotympanic tubes). Ciliated pseudostratified epithelium that moves mucus
b. Oropharynx - the middle portion.

c. Laryngopharyx - the lowest portion. It extends downward from the hyoid bone and becomes continuous with the esophagus and larynx.  

Oropharynx & Laryngopharynx: Nonkeratinized stratified squamous epithelium (because there is more friction and chemical trauma here as food is swallowed)

C. Larynx (Voicebox) 

1. Function

· Prevent food and drink from entering the trachea

· Passageway for air

· Produces Sound

· It connects the pharynx to the trachea. 

a. Glottis

This is an opening on the superior surface that is always open except when you swallow. Then the epiglottis covers it.

b. Cartilages (9 pieces)

1. Thyroid cartilages (Adam's apple) - 2 fused plates of hyaline cartilage 

2. Epiglottis - Large, leaf-shaped piece of elastic cartilage lying on top of larynx.

During swallowing the larynx elevates, causing the epiglottis to fall on the glottis like a lid, closing it off 

c. Vocal Cords or folds - These are vocal ligaments covered by mucous membrane.

The crude sounds of the vocal cords are formed into words by actions of pharynx, oral cavity, tongue, and lips 

2. Histological Structure

a. Mucous Membrane

1. Nonkeratinized stratified squamous epithelium near superior part of larynx

2. Pseudostratified ciliated columnar epithelium in larynx inferior to vocal folds (to trap dust)

b. Cartilage (9 pieces supported by ligaments and skeletal muscle)

c. Skeletal Muscle

d. Laryngeal Ligaments

D. Trachea (windpipe) 

1. Function

· Conditions inhaled air on its way to the lungs

· Passageway for air

2. Location/Gross Structure -  a long passageway that extends from the larynx to the fifth thoracic vertebra. 

a. Tracheal Cartilage Rings - the tube is reinforced by 16-20 C-shaped cartilage rings which keep the tube open

b. Trachealis Muscle - a smooth muscle that narrows the trachea, increasing the speed of airflow during coughing and sneezing.

3. Histological Structure

a. Mucous - made of pseudostratified ciliated columnar epithelial cells with mucous glands and goblet cells. The lamina propria (thin vascular layer of connective tissue under the epithelium) is rich in elastic fibers.

b. Submucosa - a layer of connective tissue that contains glands with both serous and mucous cells. These are called seromucous glands and help produce the sheets of mucus within the trachea.

c. Adventitia - a connective tissue that contains the trachea cartilages.

E. Bronchi BRON-keye
1. Function - Passageway for air: the bronchi connect the trachea with the alveoli. They warm and moisten incoming air.

2. Location/Gross Structure

a. Primary Bronchi - the trachea branches to form the right and left primary bronchi. They are similar in structure to the trachea and have cartilage rings

b. Secondary Bronchi - The primary bronchi branch to form secondary bronchi. There are 3 in right lung for each lobe and two in left lung for each lobe. These have cartilage plates, not rings.

c. Tertiary Bronchi -  The secondary bronchi branch to form tertiary bronchi. As the tertiary bronchi branch within the lung, the amount of cartilage in their walls decreases and the amount of smooth muscle increases.  These have cartilage plates, not rings.

d. Bronchioles - The tertiary bronchi divide into bronchioles

Bronchioles are narrow passages of the bronchi that do not have cartilage. 

Each terminal bronchiole delivers air to a single pulmonary lobule. Within the lobule, the terminal bronchiole branches into respiratory bronchioles. 

These do not have any cartilage and instead have a well-developed smooth muscle layer in their walls.

This smooth muscle is controlled by the ANS (bronchoconstriction and bronchodilation).

Bronchioles and terminal bronchioles are lined with simple cuboidal epithelium. Any debri in here is removed by WBCs.

e. Terminal Bronchioles

Bronchioles divide into even smaller terminal bronchioles

These do not have any cartilage.

These are the final branches of the conducting division.

The epithelium no long has air-filtering function in the terminal bronchioles and the smooth muscle becomes more important. 

3. Histological Stucture

a. Mucous Membrane - starts as psudostratified ciliated columnar to simple columnar 
to simple cuboidal (in the terminal and respiratory bronchioles)

F. Lungs

Each lung is a bag-like structure that houses the remainder of the respiratory tract.

1. Location/Gross Structure:

The left lung is a little smaller than the right because the heart tilts to the left.

The right lung has 3 lobes (superior, middle, and inferior).

Left lung has 2 lobes (superior and inferior).

The pleural cavity is lined with parietal pleura. 

The lungs are covered with visceral pleura. 

Between the 2 membranes is a thin layer of pleural fluid.

2. Histological Structure

a. Respiratory Bronchioles

These have scattered alveoli in their walls. 

They are made of simple cuboidal epithelium

b. Alveolar Ducts - The respiratory bronchioles open into alveolar ducts. These are straight ducts whose walls consist almost entire of alveoli. 

These are made of simple squamous epithelium. They transport air to the alveoli

c. Alveolar Sacs - The alveolar ducts end at alveolar sacs. Many alveoli are interconnected at each alveolar sac. These are made of simple squamous epithelium.

d. Alveoli are blind pockets at the end of the respiratory tree, lined by a simple squamous epithelium, supported by a hin elastic basement membrane, and surrounded by a capillary network; 

A pair of lungs has about 300-400 million alveoli. 

Gases are exchanged with the blood at the alveoli. 

The walls of the alveoli consist of three types of cells:

a. Type I - Type I alevolar cells are simple squamous epithelila cells that form a nearly continuous lining of the alveolar wall. These are the predominant type of cells.

These are the main sites of gas exchange.

b. Type II - Type II (septal) cells are few in number and are found between type I alveolar cells. 

Type II are rounded or cuboidal epithelial cells whose free surfaces contain microvilli, secrete alveolar fluid. Alveolar fluid keeps the surface between the cells and the air moist. 

Part of the alveolar fluid is surfactant a mixture of phospholipids and lipoproteins that lowers the surface tension of the alveolar fluid, which reduces the tendency of the alveoli to collapse.

c. Alveolar Macrophages – (dust cells) are associated with the alveolar wall. They are wandering phagocytes that reove fine dust particles and other debris in the alveolar spaces. engulf foreign particles.
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