Respiratory System
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· Major function of the respiratory system is to supply the body with oxygen and dispose of carbon dioxide
· For this to happen 4 processes of respiration must happen:
1. Pulmonary ventilation: movement of air into and out of the lungs so that gases are continuously changed and refreshed (breathing)
2. External respiration: movement of oxygen from the lungs to the blood, and movement of carbon dioxide from the blood to the lungs
3. Transport of respiratory gases: the transport of oxygen from the lungs to the tissues and transport of carbon dioxide from the tissues to the lungs
4. Internal respiration: movement of oxygen from blood to the tissue cells and of carbon dioxide from tissue cells to blood

Functional Anatomy Of the Respiratory System

Conducting Zone

· Help cleanse, humidify, and warm incoming air, so when the air reaches the lungs the air is more dust or bacteria free- since alveoli is made out of simple squamous cells, the air is filter so those aren’t damaged when reached 
· Nose, nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles, terminal bronchioles 

Respiratory Zone

· The actual gas exchange happens
· Composed of respiratory bronchioles, alveolar ducts and alveoli

Nose and Paranasal Sinuses

· The nose helps with providing a airway for respiration, moistens and warms air, filters air, speech, and small (olfactory)
· The external nose includes:
· root (area between the eyebrows)
· bridge and dorsum nasi (anterior margin) 
· apex (the tip of the nose) 
· philtrum (inferior to the apex- groove)
· nostrils or nares (opening of the nose)  
· The internal nose:
· air enters the nasal cavity (posterior to the external nose) through the nostrils
· nasal cavity is then divided by midline nasal septum (cartilage and bone) and nasal vestibule 
· roof of the nasal cavity is formed by ethmoid and sphenoid bones of the skull 
· floor of the nasal cavity is formed by palate (anterior is hard, posterior is soft)
· vibrissae (the hairs in the vestibule that filter dust and pollen)
· Olfactory mucosa: receptors for sense of smell
· Respiratory mucosa: Pseudostratified columnar epithelium with goblet cells that rest on lamina propria that have mucous and serous glands that secrete mucus and watery fluid with enzymes
· The mucous and serous glands secrete a liter of mucus containing lysozyme an antibacterial enzyme 
· The mucus entraps dust, bacteria and other debris, while lysozyme attack and destroys bacteria chemically
· Defensins (natural antibodies) help get rid of microbes
· The cilia on the respiratory mucosa moves contaminated mucus down to the pharynx where it is digested by stomach juices 
· in the cold cilia become sluggish so the mucus then accumulates in the nasal cavity and drips out the nostrils
· Nasal mucosa is supplied with sensory nerves so when particles such as dust, pollen they trigger the sneezing reflex
· Plexuses of capillaries and veins warm up incoming air
· It contains three scroll like mucosa covered projections – the superior, middle and inferior nasal conchae
· the groove inferior to each concha is a nasal meatus 
· increase mucosa surface area exposed to air and enhance air turbulence in the cavity
· In dry and cold climates, the conchae and nasal mucosa helps with minimizing the amount of moisture and heat loss from the body
· Paranasal sinuses – frontal, sphenoid, ethmoid, and maxillary bones 
· Lighten the skull
· Together with the nasal cavity it moistens and warms the air
· Rhinitis – inflammation of nasal mucosa with excessive amounts of mucus, nasal congestion and postnasal drip 

Pharynx 

· Connects the nasal cavity and mouth superiorly to the larynx and esophagus 
· Called the throat
· Extends 13 cm from the base of the skull to the sixth cervical vertebra
· Spilt into three regions:
1. Nasopharynx 
· posterior to the nasal cavity, inferior to the sphenoid bone and superior to the level of the soft plate 
· lies above the point where food enter the body, serving as an air passageway only
· during swallowing, the uvula blocks off the region of the nasopharynx and prevents food entering the nasal cavity 
· has Pseudostratified ciliated epithelium propelling mucus down the throat
· high up on the posterior wall is its pharyngeal tonsil – traps and destroys entering pathogens in the air
2. Oropharynx
· posterior to the oral cavity 
· isthmus of the fauces
· both swallowed food and air pass through the oropharynx
· changes from Pseudostratified columnar to stratified squamous – making increased friction and greater chemical production for food
· palatine tonsils are located in the lateral walls of the fauces
· lingual tonsil covers the posterior surface of the tongue
3. Laryngopharynx 
· passage way for both food and air 
· stratified squamous epithelium 
· divides into the esophagus (posterior) where food and fluids go down and the larynx (anterior) where air goes to the lungs 
· during swallowing food has the “right away” and air passage stops 

Larynx

· voice box
· extends about 5 cm from the third to the sixth cervical vertebra
· superiorly it attaches to the hyoid bone and open into the laryngopharynx
· continues inferiorly to the trachea
· Three functions:
· provide an open airway and act as switching mechanism to route air and food into proper channels
· houses vocal folds (vocal cords)
· voice production
· composed of 9 cartilages (only need to know two)
· Thyroid cartilage: the Adam’s apple (larger in males because testosterone stimulates growth) 
· Epiglottis: composed of elastic cartilage, keeps food out of the lower respiratory passages – guardian of the airways
· The larynx initiates the cough reflex so when anything other than air is let into the airways- it expels the substance up 
· Speech = intermittent release of expired air + opening and closing of the glottis
· Glottis – the opening of the vocal folds or vocal cords so air can pass through
· The length of the vocal cords and the size of the glottis changes depending on intrinsic laryngeal muscles – as this changes, the pitch of the sound changes as well
· The tenser the vocal cords, the faster they vibrate making a higher pitch sound
· During puberty, the boys larynx become longer and thicker – causing them to vibrate slowly – lowering the pitch of the voice 
· Loudness- depends on the force of air across the vocal cords
· The greater the force, the stronger the vibrations making the voice louder
· Power source of creating the airstream is the muscles of the chest, abdomen and back
· Laryngitis- inflammations of vocal cords making impaired vibration producing difference in voice tone, hoarseness or inability to speak
· Valsalva’s Maneuver- glottis closed and abdominal muscles contract to increase intra abdominal pressure when defecating forcibly emptying bladder

Trachea (Windpipe)

· Descends from the larynx into the mediastinum
· At the end, it divides into two bronchi at the midthorax
· 10-12 cm in length and 2 cm in diameter
·  contains:
· Mucosa: goblet cell Pseudostratified that occurs in most of the respiratory system, contains cilia and when smoking, the cilia is destroyed- so instead, smoker cough up mucus because cilia aren’t there to move it down to digestive system, and made up of lamina propria (connective tissue)
· Submucosa: contains seromucous glands that help make the mucus sheet within the trachea 
· Adventitia- the outermost layer supported by 16-20 C-shaped rings of hyaline cartilage
· Contains elastic elements so it can contract and stretch but not collapse

Bronchi and Subdivisions

Conducting Zone Structures

· Trachea splits into left and right bronchi (primary)
· Right bronchi branch is wider, shorter and more vertical than left bronchi
· Each bronchi subdivides into lobar (secondary) bronchi – three on the right, two on the left
· Each Lobar bronchi branch splits into segmental (tertiary) bronchi branches and then branches more and more
· Passages smaller than 1mm are called bronchioles, smaller than 0.5mm are called terminal bronchioles 


· As bronchi gets smaller into bronchioles:
· supportive cartilage is no longer present
· instead of Pseudostratified columnar it turns into cuboidal in terminal bronchioles
· cilia are less present in bronchioles, instead macrophages in alveoli must destroy bacteria
· amount of smooth muscle increases as they get smaller

Respiratory Zone Structures

· made of thin walled sacs called alveoli 
· begins when terminal bronchioles feed into respiratory bronchioles 
· respiratory bronchioles lead into alveolar ducts which lead into alveolar sacs (packages of grapes) and alveoli (individual grapes)
· alveoli is primarily made out of simple squamous epithelium called type I cells
· external surfaces of the alveoli are covered in pulmonary capillaries 
· together, alveoli, capillaries are called the respiratory membrane (air-blood barrier)
· gas exchange happens through simple diffusion because of its simple squamous layer 
· oxygen diffuses from the alveoli to the blood, carbon dioxide diffuses from the blood to the alveoli
· cuboidal – type II cells secrete fluid called surfactant that coats gas exposed alveolar surfaces and creates antibodies to innate immunity
· alveoli are surrounded by elastic fibers 
· open alveolar pores connecting alveoli allow air pressure throughout the lung to be equalized and provide alternate routes to alveoli if damaged or diseased
· alveolar macrophages surround the alveoli

The Lungs and Pleurae

· lungs occupy the thoracic 
· surrounded by pleurae and connected to the mediastinum called the lung root
· costal surface- the anterior, lateral and posterior surfaces that lie close to the ribs
· apex- the narrow superior tip of the lung
· base- concave, inferior surface that rests on the diaphragm 
· hilum- where pulmonary and systemic blood vessels, bronchi, lymphatic vessels and nerves enter and leave the lungs 
· the left lung is smaller than the right; the left (superior and inferior) is divided by oblique fissure whereas the right (superior, middle and inferior) lung is divided by oblique fissure and horizontal fissure 
· stroma is mainly made up of elastic connective tissue making the lungs spongy, soft and elastic organs weighing just over 1kg (2.2 lb)
· the elasticity of healthy lungs helps reduce the work of breathing

Blood Supply and Innervation of the Lungs

· perfused by two circulations: pulmonary and bronchial
· systemic venous blood coming from the heart that needs to be oxygenated comes from the pulmonary arteries, anterior to main bronchi
· the pulmonary arteries feed into the pulmonary capillary network where they surround the alveoli
· freshly oxygenated blood goes back to the heart through the pulmonary veins 
· Bronchial arteries provide oxygenated blood to the lung tissue
· they come from the aorta, enter the lungs at the hilum, and then run along the branching bronchi
· lungs are innervated by the parasympathetic and sympathetic motor fibers where they enter the lung through the pulmonary plexus on the lung root and run along the bronchial tubes and blood vessels in the lungs
· parasympathetic fibers constrict air tubes, sympathetic dilate them (opposite from blood vessels)

Pleurae

· form serous membranes
· parietal pleura covers the thoracic cavity
· visceral pleura covers the external lung surfaces
· they produce lubricating fluid (parietal cavity) that allows for gliding movement during breathing
· limits the spread of local infections
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Mechanics of Breathing

· breathing or pulmonary ventilation consists of: inspiration (the air going into the lungs) and expiration (the gases leaving the lungs)
· atmospheric pressure- the pressure exerted by the air (or gases) surrounding the body (760 mm Hg)

Intrapulmonary Pressure

· Intrapulmonary pressure (Ppul) is the pressure inside the alveoli
· Rises and lowers depending on phases of breathing but always equalizes at atmospheric pressure (760 mm Hg)

Intrapleural Pressure

· Intrapleural pressure (Pip) is the pressure inside the pleural cavity 
· Always about 4 mm Hg less than intrapulmonary pressure
· If the intrapulmonary pressure is 760 mm Hg the Intrapleural pressure is 756 mm Hg
· Two forces act to pull the lungs (visceral pleura) away from the thorax wall (parietal pleura) and cause the lung to collapse: 
· the lungs natural tendency to recoil because of their elasticity, lungs always assume the smallest size possible
· the surface tension created by the alveolar fluid acts to draw the alveoli to their smallest possible dimension
· immediate lung collapse- when intrapulmonary and Intrapleural pressure is equal

Transpulmonary Pressure

· transpulmonary pressure- the difference between intrapulmonary and Intrapleural pressures (Ppul – Pip) – this keeps the lungs from collapsing 
· (760 mm Hg – 756 mm Hg = 4 mm Hg)
· the greater the transpulmonary pressure the larger the lungs 

Atelectasis (Lung Collapse)

· lung collapse when a bronchiole becomes plugged, then the alveoli absorbs all of its air and collapse 
· can occur when air enters the pleura cavity through a chest wound or failure of visceral pleura – presence of air in the pleural cavity is called pneumothorax
· one lung can collapse but the other can function perfectly


Pulmonary Ventilation

· pulmonary ventilation consisting of inspiration and expiration is a mechanical process that depends on pressure changes in the thoracic cavity 
· volume changes leads to pressure changes and pressure changes lead to the flow of gases to equalize the pressure
· relationship between volume and pressure is explained by Boyles law:
· when volume increases, pressure decreases – when volume decreases, pressure increases

Inspiration

· inspiratory muscles – diaphragm and external intercostal muscles 
1. Inspiratory muscles contract (diaphragm descends; rib cage rises
2. Thoracic cavity volume increases
3. Lungs are stretched; intrapulmonary volume increases
4. Intrapulmonary pressure decreases (to -1 mm Hg)
5. Air (gases) flows into lungs down its pressure gradient until intrapulmonary pressure is 0 (equal to atmospheric pressure)
· Ppul < Patm (anytime intrapulmonary pressure is less than atmospheric pressure, air is pushed into the lungs down its pressure gradient)

Expiration

1. Inspiratory muscles relax (diaphragm rises; rib cage descends due to recoil of costal cartilages)
2. Thoracic cavity volume decreases
3. Elastic lungs recoil passively; intrapulmonary volume decreases
4. Intrapulmonary pressure increases (to +1 mm Hg)
5. Air (gases) flows out of lungs down its pressure gradient until intrapulmonary pressure is 0
· Ppul > Patm (anytime intrapulmonary pressure is more than atmospheric press, air is pushed out of the lungs down its pressure gradient) 
· In forceful expiration, contraction of abdominal and internal muscles, while during resting it is a passive process of recoiling of lungs stretched during inspiration
· Direction of air flow is determined by the difference between intrapulmonary and atmospheric pressure

Physical Factors Influencing Pulmonary Ventilation

· The inspiratory muscle use energy in order to enlarge the thorax, energy is also used to overcome various factors that hinder air passage and pulmonary ventilation

Airway Resistance

· Friction or drag is the major nonelastic source of resistance to gas flow 
· The relationship between flow (F), resistance (R), pressure (P) is:

F = P/R                Flow = Pressure Gradient/ Resistance

· The amount of air flowing in and out of the lungs is directly proportion to the pressure gradient or difference in pressure between the atmosphere and the alveoli
· Very small changes in pressure produce large changes in volume of gas flow
· Gas flow changes inversely with resistance – so when gas flow decreases, resistance increases but is insignificant to health people 
· Resistance is mainly determined by the diameters of the conducting tubes (like in the cardiovascular system with blood vessels)
· Greatest resistance to gas flow occurs in the medium sized bronchi 
· At the terminal bronchioles, gas flow stops and diffusion is now the gas movement 

Alveolar Surface Tension

· The molecules are more attracted to each other than gas molecules – creating a surface tension
· draws the liquid molecules closer together and reduces their contact with gas molecules
· resists any force that tends to increase the surface are of the liquid
· since the alveolar film contains surfactant made out of lipids and proteins produced by type II alveolar cells
· surfactant decreases the cohesiveness of water molecules making the surface tension of alveolar fluid decrease and less energy is needed to overcome those forces to expand the lungs and decrease alveolar collapse 
· Infant Respiratory Distress Syndrome (IRDS) – when the surfactant is less present, making the alveoli collapse so in every inspiration it takes more energy to inflate the alveoli again 
· cured by spraying surfactant into the newborn’s respiratory passageways
· may suffer from bronchopulmonary dysplasia   

Lung Compliance 

· since health lungs are extremely stretchy, it is referred to lung compliance
· This relationship is shown as the lung compliance is the measure of change in lung volume that occurs with a given change in transpulmonary pressure (Ppul – Pip)

Lung compliance (Cv) = Change in lung volume / change in transpulmonary
Compliance =	Δ VL
		      Δ (Ppul – Pip)

· More a lung expands for a given rise in transpulmonary pressure, the greater its compliance  higher the compliance, easier to expand the lungs 
· Lung compliance is determined by two factors:
· distensibility of lung tissue
· alveolar surface tension 
· because distensibility of lung tissue is usually high and surface tension is low because of surfactant – lung compliance is high in healthy people  

Respiratory Volumes

· Four respiratory volumes are: Tidal, inspiratory reserve, expiratory reserve and residual 
· During normal breathing – 500 mL of air moves in and out of the lungs each breath (500 mL/breath) called the tidal volume (TV)
· Inspiratory volume is the volume of air that is inspired forcibly to 2100 to 3200 mL/breath  (IRV)
· Expiratory volume is the amount of air (1000 to 1200 mL) that can be evacuated from the lungs during tidal expiration (ERV)
· Residual volume is the remaining air in the lungs after expiration (1200 mL) which keeps the alveoli open and from collapsing (RV)

Respiratory Capacities

· Inspiratory capacity (IC) is the total amount of air that can be inspired after tidal expiration- sum of TV and IRV (TV + IRV)
· Functional residual capacity (FRC) – amount of air remaining in the lungs after tidal expiration, sum of RV and ERV (RV + ERV)
· Vital capacity (VC)- total amount of exchanged air, sum of TV, IRV and ERV (TV + IRV + ERV)
· Total Lung Capacity (TLC) – sum of all of it which is normally 6000 mL 
· lung capacities are usually smaller in women because of their size

Dead Space

· Air that fills the conducting zone but doesn’t contribute to gas exchange in the respiratory zone 
· 150 mL !!
· if the alveoli are collapsed or not functioning, the alveolar dead space is added to the anatomical dead space making the total dead space (150 mL + alveolar dead space = total dead space)


Spirometers

· spirometry: the measurement of the human lung capacity and volumes using a spirometer 
· measures volume of air in the lungs and the rates the volumes are inhaled and exhaled

Minute Ventilation Rate (MVR)

· the total amount of air that flows through the respiratory tract in 1 minute

MRV (mL/min) = frequency (breaths/min) X TV (mL/breath)

· during normal breathing, a healthy person is about 6 L/min (500 mL per breath multiplied by 12 breaths per minute)

Alveolar Ventilation Rate

· the alveolar ventilation rate takes account the volume of air wasted in the dead space using this equation:

AVR (mL/min) = frequency (breaths/min) X (TV – dead space) (mL/breath)

Gas Exchange Between Blood, Lungs and Tissues

· external respiration – oxygen enters and carbon dioxide leaves the blood in the lung through diffusion
· internal respiration – in body tissues, when gases move opposite directions

Dalton’s Law of Partial Pressures

· how a gas behaves when it is part of a mixture of gases
· the total pressure exerted by a mixture of gases is the sum of the pressure exerted independently by each gas in the mixture (partial pressure of each gas is directly proportional to % of each gas in the mixture)
· partial pressure of gases in air 

= O2 + CO2 + N2 + H2O
· Nitrogen and oxygen accounts for 99% of air

Henry’s Law

· Helps us understand movement of gases into and out of the solution 
· States that when a gas is in contact with a liquid, that gas will dissolve in the liquid in proportion to its partial pressure 
· The greater concentration of the gas the faster it will diffuse into the liquid
· The amount of gas that will diffuse into the liquid depends on solubility of the gas in the liquid and temperature of the liquid 
· increase in temperature = decrease in solubility
· Carbon dioxide is more soluble than oxygen 

Composition of Alveolar Gas

· Different from atmospheric (made up of nitrogen and oxygen)
· Alveoli contain more carbon dioxide and water than oxygen
· when the air reaches the alveoli it is warmed, moisten and filtered through the conductive zone 
· alveoli partial pressures of oxygen and carbon dioxide are easily changed by increasing breathing depth and rate – a high AVR can increase oxygen, alveolar oxygen and decreasing carbon dioxide from the lungs

External Respiration

· colour change from dark red and scarlet in the blood is caused from the oxygen uptake and hemoglobin in the red blood cells during gas exchange
· three factors influence the movement of oxygen and carbon dioxide across the respiratory membrane:
· partial pressure gradients and gas solubilites
· matching of alveolar ventilation and pulmonary blood perfusion (ventilation-perfusion coupling)
· structural characteristics of the respiratory membrane  
· the oxygen pressure gradient is steeper for oxygen exchange but equal amounts of oxygen and carbon dioxide are exchanged because carbon dioxide is more soluble than oxygen 

Ventilation Perfusion Coupling

· in order for gas exchange to be efficient there must be a coupling between:
· the amount of gas reaching the alveoli (ventilation)
· the blood flow in the pulmonary capillaries (perfusion)
· when alveoli ventilation is low, the decrease of oxygen autoregulates arteriole diameter causing them to constrict and redirect the blood to areas where oxygen levels are higher (causing ventilation and perfusion to increase)
· when alveoli ventilation is high, the increase of oxygen autoregulates arteriole diameter causing them to dilate (causing ventilation and perfusion to decrease)
· oxygen affect the diameter of pulmonary blood vessels
· carbon dioxide affect the diameter of pulmonary bronchioles

Oxygen Transport by Blood

· carried through hemoglobin within red blood cells, and dissolved in plasma
· 98.5% of oxygen is carried by hemoglobin
· 1.5% of oxygen is carried/dissolved in blood plasma (oxygen doesn’t dissolve in water very well) 
· fully saturated hemoglobin – all four heme groups are bound to oxygen
· partially saturated hemoglobin – when not all four heme groups are bound to oxygen
· the binding strength of hemoglobin for oxygen changes with the extent of oxygen saturation 
· the rate of which hemoglobin binds or releases oxygen is dependent on:
· oxygen temperature
· blood pH
· carbon dioxide in the blood 
· blood concentration of an organic chemical called BPG

Influence of Oxygen on Hemoglobin Saturation

· the affinity of hemoglobin for oxygen changes with the extend of saturation
· as oxygen binds, hemoglobin affinity for oxygen increases
· as oxygen is released, hemoglobin affinity for oxygen decreases
· Oxygen-hemoglobin dissociation curve shows that the S-shaped curve has a steep slope between Oxygen between 10-50 mm Hg and then plateaus between 70-100 mm Hg 
· Normal resting conditions:
· arterial blood hemoglobin is 98% saturated, venous blood is 75% saturated
· out of 100 mL of systemic arterial blood, 20% is oxygen (20 mL)
· out of 100 mL venous blood, 15% is oxygen (15 mL – after flowing through capillaries the blood gives 5 mL of oxygen to the tissues)
· During exercise, the systemic arterial blood gives 15 mL of oxygen in the blood to the tissues – leaving 5% of oxygen left in venous blood
· Hemoglobin is almost complete saturated at 70 mm Hg and any further increases only produce small increases in oxygen binding 

Other Factors Affecting Dissociation of Oxygen from Hb

· Decrease in oxygen will increase the dissociation of oxygen to tissues 
· Increases of carbon dioxide will increase dissociation of oxygen 
· Increase H+ ions in blood (decrease in pH) will increase dissociation
· Increase in temperature will increase dissociation
· Increase in BPG will increase dissociation
· All these factors lead to a shifting of the curve down and to the right called the Bohr effect where there is dissociation of oxygen and decrease in affinity
Carbon Dioxide Transport

· Active body cells produce about 200 mL of carbon dioxide each minute
· Transported by:
· dissolved in plasma (7-10%)
· chemically bound to hemoglobin (just over 20%) 
· Bicarbonate ions in the plasma (about 70%) 

Chemically bound to hemoglobin

· Just over 20% of carbon dioxide is bound to hemoglobin for transport
· Carried as carbaminohemoglobin binding to the amino acids of globin (instead of heme like oxygen)
· Loading and unloading depends on:
· partial pressure of carbon dioxide
· degree of oxygenated hemoglobin 
· carbon dioxide will dissociate from the hemoglobin in the lungs, where the partial pressure of carbon dioxide of alveolar air is lower than in blood 
· carbon dioxide will load if it is higher than in blood 

Bicarbonate ions in the plasma

· about 70%
· enter the RBCs where most of the reactions that prepare carbon dioxide for transport as bicarbonate ions (HCO3) 
· carbonic anhydrase an enzyme that reversibly catalyzes the conversion of carbon dioxide and water to carbonic acid 
· hydrogen ions that are released from this reaction bind to hemoglobin, increasing dissociation (bohr’s effect) 
· This process is reversed when carbon dioxide is released from hemoglobin into the alveoli 

The Haldane Effect

· The lower the oxygen and the lower the extent of Hb saturation with oxygen, the more carbon dioxide can be carried in the blood – because the amount of carbon dioxide that can be carried depends on oxygen being carried as well
· This is called the Haldane Effect 
· As carbon dioxide enters the systemic bloodstream, it causes more oxygen to dissociate from hemoglobin (Bohr effect – because when carbon dioxide is transport more H+ ions are released, increasing dissociation) 
· The dissociation of oxygen allows more carbon dioxide to be combined with hemoglobin (Haldane Effect)  
· Encourages carbon dioxide exchange in both in tissues and lungs

Neural Mechanisms for Control of Respiratory System

· Involves neurons in the reticular formation of the medulla and pons 

Medullary Respiratory Centers

· Dorsal Respiratory Group (DRG) 
· located dorsally near the root of the cranial nerve IX
· integrates input from peripheral stretch and chemoreceptors and communicates this information to the VRG
· Ventral Respiratory Group (VRG)
· a network of neurons that extends in the ventral brain stem from the spinal cord 
· rhythm generating and integrative center 
· phrenic and intercostal nerves are neurons that fire during inspiration
· expiration occurs passively as the inspiratory muscles relax and the lungs recoil
· sets the rate of 12-15 breaths per minute – 2 seconds of inspiration and 3 seconds of expiration
· normal respiratory rate is called eupnea

Pontine Respiratory Centers

· influence and modify the activity of medullary neurons
· smooth out the transition between inspiration and expiration and vise versa 
· transmit impulses to the VRG – modifies and fine tunes the breathing rhythms such as vocalization, sleep and exercise 
· receive input from higher brain centers like the DRG

Factors Influencing Breathing Rate and Depth

· modified in response to changing body demands
· respiratory centers in the medulla are sensitive to both excitatory and inhibitory stimuli

Chemical Factors

· central chemoreceptors are located throughout the brain stem 
· peripheral chemoreceptors are found in the aortic arch and carotid arteries 
· changing levels in carbon dioxide:
· carbon dioxide is the most potent and the most closely controlled
· arterial carbon dioxide level is around 40 mm Hg and is very sensitive to central chemoreceptors of the brain stem
· as carbon dioxide levels rise in the blood, it is called hypercapnia
· as carbon dioxide accumulates, it forms carbonic acid but leaves H+
· the H+ decreases pH level and excites the central chemoreceptors which make impulses to the respiratory centers
· this increases the depth and rate of breathing causing alveolar ventilation to increase blood pH from flushing out carbon dioxide
· 70% of the carbon dioxide response is from central chemoreceptors, 30% is from peripheral chemoreceptors  
· Changing levels in oxygen:
· oxygen affects breathing only indirectly by influencing peripheral chemoreceptor
· when arterial oxygen falls below 60 mm Hg, it becomes the major stimulus for respiration 

Hypothalamic Controls

· involuntary: strong emotions/pain (gasp, breath holding when upset)

Cortical Controls

· during voluntary control, the cerebral motor cortex sends signals to the motor neurons that stimulate the respiratory muscles 
· holding breath, deciding to take a deep breath
· bypass medullary centers- when carbon dioxide levels in blood are too high, respiratory centers take over 

Hering Breuer Reflex or Inflation Reflex

· the visceral pleura and conducting passages contain receptors in the lungs so when inflated they stretch the lungs
· as the lungs recoil, the stretch receptors become quiet
· in the reflex called Hering Breuer or inflation reflex it protects response (the excess of the stretching of lungs)

Hyperventilation

· a sudden increase in ventilation that exceeds the metabolic need for oxygen = overbreathing
· lead to decrease in alveolar carbon dioxide = hypocapnia and increase in pH (because of less H+ ions released from carbon dioxide)
· anxiety attacks: hyperventilate involuntary  hypocapnia  cerebral vessels constricts  cerebral ischemia  dizzy and faint 
· low carbon dioxide: respiration inhibited  hypoventilation  periods of apnea  increased carbon dioxide stimulates respiration
· when exercising from mild to maximal, the sympathetic system acts, dilating bronchioles and decreasing air resistance
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STRUCTURE DESCRIPTION, GENERAL AND DISTINCTIVE FEATURES FUNCTION

Nose Jutting external portion supported by bone and cartilage; Produces mucus; filters, warms, and
internal nasal cavity divided by midline nasal septum moistens incoming air; resonance
and lined with mucosa chamber for speech
Roof of nasal cavity contains olfactory epithelium Receptors for sense of smell
Paranasal sinuses around nasal cavity Same as for nasal cavity; also lighten

skull

Pharynx Passageway connecting nasal cavity to larynx and oral Passageway for air and food
cavity to esophagus; three subdivisions: nasopharynx,
oropharynx, and laryngopharynx
Houses tonsils (lymphoid tissue masses involved in Facilitates exposure of immune
protection against pathogens) system to inhaled antigens

Larynx Connects pharynx to trachea; framework of cartilage and Air passageway; prevents food from
dense connective tissue; opening (glottis) can be closed by entering lower respiratory tract
epiglottis or vocal folds
Houses vocal folds (true vocal cords) Voice production

Trachea Flexible tube running from larynx and dividing inferiorly Air passageway; cleans, warms, and

into two main bronchi; walls contain C-shaped cartilages
that are incomplete posteriorly where connected by
trachealis muscle

moistens incoming air
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