November 23rd

Lymphatic System (Chapter 20) 

5.1 Describe the structure and explain the main functions of the vessels and organs of the lymphatic system

- a very undervalued system 

- always leave some fluid is tissue (normal) 

- limbic system picks it up and makes sure it doesn't have any infections (cancer cells organisms) 

2 parts: lymphatic vessels & lymphatic tissues/organs

(i) lymphatic vessels: up to 3 L of “leaked” fluid plus plasma proteins returned to circulatory system 

(ii) lymphatic tissues/organs: essential in body defense/resistance to disease

Lymphatic Vessels
· begins with microscopic blind-ended lymph capillaries (lacteals)

· everywhere except bones, teeth, bone marrow, CNS (there are no lacteals here)
· lymph capillaries are very permeable: flap-like minivalves

· filaments anchor the endothelial cells to surrounding structures; 
· when fluid pressure builds up in tissues, opening becomes larger that facilitate cleaning, pressure pushes anchoring filaments open, making fluid more easy to move (anchoring filaments hold flaps in place) 
· hair like structures (anchoring filaments holding flaps in place) 
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Lymph Nodes (green dots in diagram): clustered along lymphatic vessels; larger clusters where lymphatic vessels converge (inguinal, axillary, cervical regions)
(i) filter lymph (macrophages (clean up any invading particle); remove (filter) & destroy microorganisms)

(ii) activate immune system
· Right lymphatic duct drains from: areas shown in blue - right side)
· Thoracic duct drains from: the rest of the body (much larger area)
1. Lymphoid Cells: fight infectious microorganisms that have penetrated epithelial layer & are starting to proliferate in underlying loose CT

· Lymphocytes: T-cells (manage immune response; some are soldiers) & B-cells (antiBodies) (plasma cells are white blood cells that produce antibodies against microorganims) 
· Macrophages: phagocytize foreign substances; activate T-cells (find any other microorganisms) 
2. Lymphoid Tissue

· reticular CT: all lymphoid organs except thymus (gland - only important during childhood); also in lamina propria of mucous membranes; macrophages reside in network; lymphocytes make temporary stopovers in between patrolling body
· houses and provides proliferation sites for lymphocytes

· ideal surveillance vantage point for lymphocytes & macrophages

3. Lymph Nodes

· discrete, encapsulated collections of diffuse lymphoid tissue + follicles (purple region on diagram above)
· ~2.5 cm long; divided into compartments by trabeculae
· Cortex: follicles with germinal centers 
· Medulla (central region):

· medullary cords & large lymph sinuses exit through efferent lymphatic vessels 
· fluid enters through afferent lymphatic vessels

· valves: help fluid move in the right direction (unidirectional) 

· the significance of fewer efferent compared to afferent lymphatic vessels: slows down flow, so cells can spot microorganism, cancer cells, ect, more easily

Other Lymphoid Organs:
· like lymph nodes composed of reticular CT
· but only lymph nodes filter lymph; other organs have only efferent lymphatic's
1. Spleen

· largest lymphoid organ; beneath diaphragm


1) site for lymphocyte proliferation; immune surveillance & response


2) blood cleansing


3) stores RBC products (iron) for recycling


4) RBC production in fetus


5) stores blood platelets

· white pulp (immunity); red pulp (storage of iron, in the fetus production of RBC's) 

· capsule is thin

2. Thymus

· early years (very important) 

· immunocompetence of T-lymphocytes

· prominent in newborns; increases in size throughout childhood; then starts to atrophy

1)  lymphocyte maturation - only lymphoid organ that does not directly fight antigens

2)  stroma consists of star-shaped thymocytes (produce various factors that stimulate maturation) that secrete thymosin & thymopoietin

3. Tonsils: clusters of immune system - ring of lymphatic tissue at entrance to pharynx

1)  palatine tonsils
2)  lingual tonsil
3)  pharyngeal tonsils (adenoids)
4)  tubal tonsils (auditory tubes - guarding infections going into the ear) 

4. Aggregates of Lymphoid Nodules

1)  Peyer’s patches:  lymph nodule clusters (wall of ileum)

2)  Appendix:  lymph nodules forming offshoot of cecum

· destroy bacteria; generate memory lymphocytes

· MALT (associated lympnoid tissues) = Peyer’s patches + appendix + tonsils + nodules in walls of bronchi, areas of GI tract & genitourinary system
5.2 Explain the origin of lymph as well as its transport

· lymphatic capillaries in inflamed tissues
· lymph detours through lymph nodes before entering blood

· lacteals in intestinal villi (absorb the lipids coming from your food - fat soluble vitamins, cholesterol) 
· lymphatic collecting vessels have same 3 tunics as veins, but are thinner-walled, more valves, more anastomoses
· lymphatic trunks:  paired lumbar, bronchomediastinal, subclavian & jugular trunks; single intestinal trunk

1. Right lymphatic duct: lymph from right upper arm, head, thorax

2. Thoracic duct: from lower limbs, intestinal trunk, leftt thorax, upper limb/head
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BREATHING
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*Respiratory rate values are artificially adjusted to provide equivalent minute respiratory volumes as a baseline for comparison of alveolar ventilation.
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2. Lymph Transport

· no pump; same return aids as for veins (muscles, respiratory pressure changes, valves); also rhythmic contractions of smooth muscle in walls of lymphatic trunks & ducts

· system slow: ~3 L/day returned to blood; speed increased by local movement

· blockage/removal of lymphatics during surgery → severe local edema (buildup of fluid); drainage restored by regrowth from remaining vessels

6. The Respiratory System (Chapter 22)

Introduction 

· major function of respiratory system is to supply O2 and dispose of  CO2
· 4 distinct processes:

1) Pulmonary ventilation: movement of air in and out of lungs

2) External respiration: exchange of gases between blood & air of alveoli

3) Transport of respiratory gases: role of blood in transport of gases between lungs & tissues of body

4) Internal respiration: at the level of the tissues, exchange of gases between blood in systemic capillaries and tissue cells

· first 2 functions handled by respiratory system; other two by CV system
6.1  Describe the structure of each one of the components of the conduction and respiratory zones

· respiratory zone:  (= site of gas exchange) > composed of respiratory bronchioles, alveolar ducts & alveoli (microscopic)

· conducting zone:  (passageways) > nose, nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles, terminal bronchioles

· as well as providing a passageway, conducting zone organs also cleanse, humidify & warm incoming air (CO2 has fluid - ex: in a car on a cold day, your breath fogs up the windows)
· ** reverse order of how you encounter them 

1. Nose

· functions:  

a)  airway for respiration

b)  moistens & warms incoming air

c)  filters & cleans inspired air

d)  resonating chamber for speech

e)  olfactory (smell) receptors

· structure of external nose:

· differences in nose size/shape due to differences in nasal cartilages
· skin covering dorsal/lateral aspects of nose is thin; contains many sebaceous glands
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· nasal cavity: air enters nasal cavity via external nares (nostrils) - divided by midline nasal septum (cartilage » bone); air then goes via internal nares to nasopharynx
· roof of nasal cavity formed by ethmoid & sphenoid bones of skull

· floor of nasal cavity formed by palate (anterior is hard; posterior is soft)
· vibrissae: nose hairs
· nasal cavity lined by 2 types of mucosa

a) olfactory mucosa: contains receptors for sense of smell
b) respiratory mucosa: pseudostratified ciliated columnar epithelium with goblet cells; lamina propria has mucous & serous glands (1 L/day sticky mucus containing lysozyme)

· resp mucosa cilia (push mucus around to get rid of it) move contaminated mucus posteriorly to pharynx

· cold air slows cilia > runny nose

· thin-walled veins under nasal epithelium → in cold, blood vessels dilate a little bit, so people are more prone to nose bleeds 
· nasal conchae are boney projections into the middle of the walls of the nasal cavity, it creates turbulence, so sticky mucus can move around 
· nasal mucosa richly supplied with sensory nerves → irritants trigger sneeze reflex
2. Paranasal Sinuses
· surround nasal cavity

· frontal, sphenoid, ethmoid, maxillary bones

· lighten skull, produce mucus, also warm & moisten air

· sinus mucosa continuous with nasal mucosa > spread of infections

· sinus headache: passageways connecting sinuses to nasal cavity blocked » air in sinus absorbed 
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3. Pharynx

· common pathway for food and air
· wall composed of skeletal muscle throughout  ~13 cm length; mucosal lining varies

3a)  Nasopharynx

· posterior to nasal cavity, below sphenoid bone, above soft palate

· only an air passageway

· when swallowing soft pallet will close off nasopharynx
· pseudostratified ciliated epithelium to clear mucus

· pharyngeal tonsils: (see where it's located on diagram) 

· pharyngotympanic (auditory) tubes drain from middle ear

3b)  Oropharynx (can't breath and swallow)
· fauces connects oral cavity with oropharynx

· extends from soft palate to epiglottis  (air and food)

· epithelium becomes stratified squamous (changed because other was too flimsy, fragile) (this is more protective and sturdy) 
· paired palatine tonsils + single lingual tonsil
Laryngopharynx

· also both food and air
· stratified squamous 


· from epiglottis to larynx –  then respiratory & GI pathways diverge

· during swallowing, food has “right-of-way”
**know functions and epithelial cell lining 
November 28th 
4. Larynx
· ~5 cm (4th-6th cervical vertebrae)

· attached to hyoid bone (above); continuous with trachea (below)

· 3 functions:



(i) open, 2-directional airway


(ii) switching: food vs air


(iii) voice production

· 9 cartilages in total (only need to know these ones and label!)
· thyroid cartilage: (big one) large, shield-shaped cartilage in front (increase in males once puberty hits) 
· arytenoid cartilages (2): lateral, pyramid-shaped, anchor vocal cords

· 9th cartilage is epiglottis: elastic cartilage, anchored to anterior rim of thyroid cartilage & extends up to base of tongue

· true vocal cords: white (avascular); vibrate in response to air movement up from lungs (glottis: The part of the larynx consisting of the vocal cords and the slitlike opening between them.)
· false vocal cords: above true vocal cords

· epithelial lining of upper versus lower larynx:
· upper: food and air; stratified squamous (for protection)
· lower: only air; pseudostratified cilia epithelium  
Voice Production:

· speech = intermittent release of expired air + opening & closing of glottis

· length of vocal cords & size of glottis altered by action of laryngeal muscles that move arytenoid cartilages

· male voice at puberty: vocal cords vibrate more slowly – allows voice to deepen (they become thicker) 
· loudness of voice:  force of air across vocal cords

· laryngitis: inflammation of vocal cords ( vibration impaired

· sphincter functions of vocal cords:

 (i)  epiglottis closes respiratory tract during swallowing

 (ii) Valsalva’s maneuver: to increase abdominal pressure (childbirth, pooping)

· Heimlich Maneuver: making use of air already in system, pressure to push food out 
5. Trachea
· 10-12 cm long; ~2.5 cm diameter; flexible, mobile

· pseudostratified ciliated columnar; cilia move mucus up to pharynx

· smoking inhibits & then destroys cilia; only coughing to clear mucus 

· submucosa is CT with seromucous glands

· outer adventitia reinforced internally by 16-20 C-shaped cartilaginous rings; keep airway open during pressure changes associated with breathing
· rings are C shaped to let diameter change, if glottis needs to expand due to chunks of food (trachea diameter shrinks)
1. The Bronchial Tree

· Conducting zone structures:

· right primary bronchus is wider, shorter, more vertical than left

· air in bronchi is warm, cleansed of most impurities & humidified

· ~23 orders of branching air passages in lungs = bronchial or respiratory tree
· bronchi (10, 20, . . )

· bronchioles (< 1 mm diam)

· terminal bronchioles (< 0.5 mm diam)
· (last part of conduction zone pathway)
· changes in wall composition as one moves through tree: (know structural changes)
a) cartilage: rings to plates to none
b) epithelium: pseudostratified columnar to columnar to cuboidal;  no cilia or mucous cells in bronchioles 

c) smooth muscle: relative (does not mean total)  amount increases as passages become smaller

2. Respiratory Zone

· terminal bronchioles branch into respiratory bronchioles
· ~300 million alveoli = huge surface for gas exchange







** be able to label **
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I. respiratory membrane = alveolar wall + capillary wall + basal laminae

II. respiratory membrane is an air-blood barrier; gas exchange by simple diffusion

III. type II cells:  scattered among type I cells; secrete surfactant
IV. other characteristics of lung alveoli:

I. surrounded by fine elastic fibers

II. alveolar pores:  allow equalization of air pressure throughout lung; alternate air routes if bronchi collapsed

III. alveolar macrophages = dust cells; inner alveolar surface; clear & swallow > 2 million dust cells/hour!
6.2  Describe the gross structure of the lungs and the pleural coverings
· paired lungs occupy entire thoracic cavity except mediastinum

· each lung suspended in own pleural cavity; connected to mediastinum by vascular & bronchial attachments (= root)

· costal surface = anterior, lateral & posterior lung surfaces in close contact with ribs
· apex (right under collar bone), base; also hilus → blood vessels enter & leave lungs

· 10 bronchus enters lungs

· fissures: oblique, horizontal » subdivides each lung into 10 bronchopulmonary segments (CT divisions; own artery & vein) 

· pulmonary disease often segmental & can be treated that way
Blood Supply & Innervation

· pulmonary arteries bring blood to be oxygenated 

· pulmonary veins return oxygenated blood

· bronchial arteries provide systemic blood to lungs ( bronchial veins
· innervation primarily parasympathetic (effect: stimulating constriction of bronchioles) + some sympathetic (effect: promote dilation of bronchioles)
Pleura (see diagram on slide 17)

· thin, double-layered (parietal & visceral) serosa
· pleural fluid: serous secretion that fills pleural cavity → lungs slide easily during breathing; surface tension keeps pleurae from separating

· 3 chambers:  central mediastinum + 2 lateral pleural compartments
· pleurisy:  inflammation of pleurae
· excess or less fluid production: if less fluid; uncomfortable to breath (visceral and parietal rubbing against each other)
6.3 Define & explain the following: intrapulmonary, intrapleural and transpleural pressures

· breathing (pulmonary ventilation) = inspiration + expiration

· atmospheric pressure = pressure exerted by air around body (760mm Hg @ sea level)

· respiratory pressures described relative to atmospheric pressure

· eg: -4 mm Hg respiratory pressure = 760- 4 = 756 mm Hg

Intrapulmonary pressure  = pressure within alveoli of lungs
· rises & falls with breathing but always eventually equalizes with atmospheric
Intrapleural Pressure

· pressure within pleural cavity

· ~4 mm Hg less than pressure in alveoli (less than atmospheric)

· Interaction of 3 factors: (thin film of fluid + tension = makes lungs want to recoil)


I. natural tendency of lungs to recoil

II. surface tension of alveolar fluid 

III. surface tension of pleural fluid  + elasticity of chest wall

· net result is negative intrapleural pressure

· Any condition equalizing intrapleural pressure with intrapulmonary (or atmospheric) pressure causes immediate lung collapse!

· lungs in separate pleural cavities → one can collapse & not the other
· transpleural pressure = intrapulmonary  minus intrapleural pressure
6.4 Explain the roles of the diaphragm & accessory muscles during inspiration and expiration (quiet & forced)

· diaphragm & intercostal muscles

· increase volume of thoracic cavity → decrease pressure of gas inside → air rushes in through only opening (trachea)
Quiet Inspiration:

I. diaphragm contracts to increase height of thoracic cavity (diaphragm drops)
II. intercostals contract to lift rib cage up & pull sternum forward to increase thorax diameter
· mm changes in each direction but overall increase in volume of about 0.5 L and drop in intrapulmonary pressure of about 1 mm Hg

· air rushes in; inspiration ends when intra-pulmonary pressure = atmospheric pressure

· at same time, intrapleural pressure drops to about 6 mm Hg

Quiet Expiration:
· passive; depends more on elasticity of lungs (recoil) than on muscle contraction

· inspiratory muscles relax → rib cage descends & lungs recoil → thoracic & intrapulmonary volumes decrease → alveoli compress/intrapulmonary pressure to +1 mm Hg → gas out
Deep/forced inspiration 

· accessory muscles (neck & chest) raise ribs  more; extend back by straightening spine
· thoracic cage as small as possible
Forced expiration:

(i) contract abdominal wall muscles:  increase intra-abdominal pressure 
(ii) depress rib cage

6.5  Explain the 3 factors that influence pulmonary ventilation
1. Resistance

· gas flow = pressure gradient / resistance

· resistance determined by diameters of conducting tubes

· usually insignificant in healthy individuals because:

  (i) airway diameters at beginning are large

  (ii) gas flow stops at terminal bronchioles (diffusion)

· greatest resistance at level of medium bronchi

Neural influences:

(i)  parasympathetic (ex: inhaled irritants, histamine): constricts bronchioles

 also occurs during acute asthma attack 

(ii) sympathetic: dilates bronchioles 

· disease: ex: mucus, infectious material, solid tumours = sources of airway resistance
· strong activation of parasympathetic
· sympathetic: move as much air as possible in and out of lungs
2. Alveolar Surface Tension
· surface tension:  at any gas/liquid boundary, molecules of liquid more strongly attracted to each other than to the gas → tension at liquid surface
  (a)  liquid molecules drawn closer; reduce contact with dissimilar gas molecules

  (b)  resists any force to increase surface area

· dip - boundary between air and water because water is more attracted to water, then air

· water has a very high surface tension - water only in alveoli would cause collapse

· surfactant: (reduces attraction of water-water molecules and increases attraction between water-air molecules) detergent-like lipoprotein produced by type II cells; interferes with cohesiveness of water molecules → less energy to overcome surface tension
· Infant respiratory distress syndrome (IRDS):  premature babies produce too little surfactant; alveoli must be re-inflated with every breath (positive pressure respirators, surfactant spray)
3. 
Lung Compliance
· ease with which lungs can be distended
· CL = VL / P

· the more a lung expands for a given increase in transpulmonary pressure, the greater its compliance

· depends on: (a)  distensibility of lung tissue



         (b)  alveolar surface tension
· compliance is diminished by any factor that:

  
(i) reduces natural resilience of lungs (ex: fibrosis)

 
(ii) increases surface tension of alveolar fluid

  
(iii) impairs flexibility of thoracic cage (ossification of costal cartilages with 
aging)

· elasticity of lungs important for both inspiration & expiration

November 30th
6.6  Describe how lung volumes and capacities are measured and indicate their physiological significance
**KNOW THIS (diagram for sure, maybe defintions)** below are shown normal values for healthy, 20 yr male (70 kg)
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1. Respiratory Volumes:

a) tidal volume: ~500 ml/breath; quiet breathing

b) inspiratory reserve volume: volume forcibly inspired after tidal volume

c) expiratory reserve volume: volume forcibly expired after tidal volume

d) residual volume:  ~1200 ml remains in lungs even after forceful expiration (maintains alveolar patency) (there is always air left for alveoli) 
** no tidal volume, don't need to know others besides that its increase in liters, not milliliters) 
2. Respiratory Capacities: always consist of 2 or more lung volumes

a) inspiratory capacity: air that can be inspired after tidal expiration
b) functional residual capacity: amount of air still in lungs after tidal expiration

c) vital capacity: total amount of exchangeable air 

d) total lung capacity: sum of all lung volumes - this can't be measured (based on someones size we can estimate residual volume) 
6.7 Define dead space and indicate its importance in minute and alveolar ventilation

· dead space: air that fills passageways - doesn’t participate in gas exchange (~150 ml or body weight in lb)

· 500 ml tidal volume = 150 ml dead space + 350 ml alveolar ventilation
· dead space = weight in pounds 

· Note: if some alveoli no longer functional: total dead space = 150 ml + alveolar dead spaces

What happens to the relative contribution of dead space to lung ventilation if volume of air exchange/breath increases? (answered below) 
· AVR is a better index of effective ventilation

· takes into account volume of air wasted in dead space areas & measures flow of fresh 
gases in and out of alveoli/unit time

· AVR (ml/min) = [frequency/respiratory rate] (breaths/min) x [TV - dead space] (ml/breath)

· if healthy:  AVR = 12 x (500-150) = 4200 ml/min

· to increase AVR, better to increase volume of each inspiration rather than increase respiration rate 
· **dead space is NEVER going to change
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· alveolar is what really matters 

6.8  explain the mechanisms underlying some of the non-respiratory air movements

(1) hiccups: spasms of diaphragm; irritation of phrenic nerve; air hits vocal folds of closing glottis

(2) yawn: very deep inspiration that ventilates all alveoli; initially thought due to need to increase oxygenation of blood, but this concept now being questioned

(3) cough: blast of air shot out from lungs through briefly opened glottis – to dislodge foreign particles, mucus from lower respiratory tract

(4) sneeze: like a cough but air forced through nasal cavity to clear upper respiratory passageways
6.9 State Dalton’s Law and use it to describe the composition of atmospheric & alveolar air

A. Dalton’s Law of Partial Pressures:

· total pressure exerted by a mixture of gases = sum of pressures exerted by each gas (partial pressure) in mixture →  partial pressure of each gas directly proportional to its % in mixture
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**must have some idea of atmospheric levels, know oxygen and carbon dioxide PP!
1. air passes through conducting zone first (where it's somewhat humidified

2. it will also mix with whatever air is already there 

· high altitude: all partial pressures decrease in direct proportion

· below sea level: atmospheric pressure increases by 1 atmosphere (760 mm Hg) for every 33 feet down (in water); partial pressures increase accordingly

B.  Composition of Alveolar Gas

· different from atmospheric (more CO2, H2O; less O2)

· these differences are because: 

     (i)  O2 from air to blood & CO2 from blood to air in lungs

     (ii)  conducting zone passageways have humidified the air

     (iii) alveolar gas mixed with new “atmospheric” gas with every breath

· increased depth of breathing increases alveolar PO2 & decreases PCO2
6.11  List and describe 3 factors that influence the exchange of oxygen and of carbon dioxide at the level of the lungs (external respiration)

•  rate of exchange of O2 and CO2 in lungs dependent on:


(1)  PP gradients & gas solubilities


(2)  structural characteristics of respiration membrane


(3)  ventilation/perfusion coupling

1.  PP Gradients & Gas Solubilities (see Fig. 22.17)

· steep gradient for O2 pick-up at lungs:  ~104 mm Hg vs  ~40 mm Hg

· equilibrium (104 mm Hg on both sides of respiratory membrane) in ~0.25 sec (1/3 time RBC is in pulmonary capillary); (this means when excersing we have enough time to fill up blood with oxygen)

· CO2 gradient much flatter:  40 mm Hg vs 45 mm Hg (not nearly as steep as O2) 

· equilibrium at 40 mm Hg & gradually expelled during expiration

· note that equal amounts of CO2 and O2  exchanged (even though PP gradients very different) because CO2  20X more soluble in plasma & alveolar fluid than O2!
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- don't need to know bones


- don't need to label pharynx, but know names





philtrum (groove above the lips) 
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