HL IB Biology II: Respiratory System Topic 6 & Option H

I. Respiratory pathway or ventilation system
a. Nasal passages

b. Throat/Pharynx

c. Larynx/Voice Box

d. Windpipe/ Trachea

e. Bronchi

i. Two tubes which leads into the lungs

f. Lungs

i. Superior lobe, Inferior lobe and Middle lobe (right lung only)

g. Ventilation – process of inhaling and exhaling with oxygen entering the alveoli

h. Gas exchange – process of exchanging one gas for the other between alevioli and capillaries (carbon dioxide for oxygen)

II. Functions

a. Process of gas exchange or ventilation system
i. Mechanisms involving getting in oxygen from the air in lungs into the bloodstream & getting rid of carbon dioxide – maintaining concentration gradient in the alveoli
III. Cleaning Air

a. You breath in millions of particles for foreign matter each day

b. Prevention

i. Passages are lined with ciliated cells that secrete mucus (nasal cavity, trachea, and bronchi)

ii. Cilia constantly beat upward in the direction of your throat

IV. Ventilation System
a. Trachea ( Bronchus (bronchi) ( bronchioles ( alveoli

i. Microscopic tubules (bronchioles)

ii. Alveoli

1. Def: single layer of flattened cells shaped in a spherical to increase total surface area & covered by a capillary bed (300 million alveoli in each lung)
2. Fxn: sacs of the lungs where oxygen and carbon dioxide are exchanged by diffusion between air in lungs and blood

3. Alveoli have a high concentration gradient of oxygen
4. Surrounded by a dense networks of capillaries with a high concentration of carbon dioxide 
5. Alveoli in healthy lungs are elastic (stretch as you inhale and return to their original size as you exhale)

V. Mechanics

a. Diaphragm and muscles between your ribs (internal & external intercostals muscles) enable you to breathe in and breathe out (muscles increase or decrease pressure in chest cavity)
b. Diaphragm is located beneath the lungs

c. Inhalation

i. Diaphragm, abdominal muscles, & external intercostal muscles are contracting (diaphragm moves down and flattens when contracting) – internal intercostal muscles relax
ii. All these events increase volume of the thoracic cavity – rib cage rises

iii. The pressure inside the cavity decreases (partial vacuum) – less pressure pushing on the lung tissue

iv. This partial vacuum draws air into the lungs from the mouth or nasal cavity to counter the partial vacuum within the lungs – fills alveoli with air

d. Expiration
i. Diaphragm, abdominal muscles, & external intercostal muscles relax (diaphragm becomes domed shaped when relaxed) – internal intercostal muscles contract
ii. This decreasing the volume of the thoracic cavity – ribs drop down in chest cavity
iii. The pressure inside the cavity increases forcing air out of the lung

VI. Control of Respiration

a. Involuntary process

b. Medulla oblongata = helps maintain homeostasis

i. Responds to higher levels of carbon dioxide by sending nerve signals to rib muscles and diaphragm

ii. Nerve signals cause these muscles to contract and you inhale
VII. Gas Exchange

a. Haemoglobin (Hb4) – protein molecule within erythrocytes

i. Each molecule is capable of binding as many as four oxygen molecules (O2) and one carbon dioxide 

ii. Composed of four polypeptides –each have a haem group and an iron atom within.

iii. Each haemoglobin bonds to an oxygen molecule (the iron atom within the haem group allows the oxygen to bind)
iv. Changes shape & affinity with carrying oxygen 
1. each oxygen that binds to haemoglobin changes haemoglobin’s shape in a manner that increases its affinity for another oxygen molecule

2. haemoglobin’s affinity for oxygen = the greater the tendency to bond to oxygen the higher the affinity

3. Example: haemoglobin molecules carrying 3 oxygen have the greatest affinity for oxygen. 

4. Example: hemoglobin carrying no oxygen have the least affinity for oxygen
5. affinity for oxygen from lowest to highest : Hb4, Hb4O2, Hb4O4, Hb4O6
b. Oxygen dissociation Curves—p.629
i. Graphs which show how various forms of hemoglobin or myoglobin (carries O2 for muscles) perform under various conditions

ii. X axis measures partial pressure of oxygen

1. define partial pressure- the pressure exerted from a single type of gas when it is found within a mixture of gasses.

2. the air we breath, in our bloodstream, & in our tissues are a mixture of gasses 
3. the mixture has a total pressure that is exerted & the portion of the total pressure that is due to oxygen alone is the partial pressure of oxygen

iii. Y axis shows percentage saturation of haemoglobin with oxygen – not saturated until it has bonded four O2 molecules

VIII. Carbon dioxide transport

a. Cellular respiration links all living organisms = has carbon dioxide is a waste

b. Three ways to transport to lungs

i. Small percentage remains as it is & dissolves in the blood plasma

ii. Some bonds with heamoglobin – only one CO2 molecule can bond to a single heamoglobin molecule

iii. Most (about 70%) enters erythrocytes & is converted into hydrogen carbonate ions which moves into the blood plasma for transport

1. the cytoplasm of erythrocytes contains carbonic anhydrase – catalyses a reaction in which carbon dioxide & water combine to form carbonic acid H2CO3
CO2 + H2O ( H2CO3
2. Carbonic acid then dissociates into a hydrogen carbonate ion (HCO3-) & hydrogen ion (H+)
3. Hydrogen carbonate ions formed from this reaction exit the cytoplasm of the erythrocyte through specialized protein channels in the red cell membrane
a. Facilitated diffusion- one hydrogen carbonate ion for one chloride ion 

b. Chloride Shift = exchange of two negative ions keeps a balance of charges on either side of erythrocyte cell membrane

c. pH buffering = removal of H ions from the cytoplasm of erythrocytes or blood plasma
i. some H+ ions produced stay with the erythrocyte & become bond haemoglobin (temporarily) 

ii. Some H+ ions leave the erythrocyte & enter the blood plasma where they become bound to plasma proteins 

iii. Hydrogen ions are removed from solution so pH is not affected (normal blood pH = 7.4)
IX. Bohr shift 

a. Helps the body release more O2 to respiring tissues when the blood pH is more acidic

b. During exercise a lot of CO2 is produced  which results in larger amounts of H ions that acidify the blood

c. The Bohr shift allows the body know it’s exercising 

X. Clinical 

a. Exercise 

i. Active muscle tissue consumes more oxygen & produces more carbon dioxide 
ii. Body needs a mechanism to ensure that the rate of transport of these respiratory gases meets the need of the increased demand

iii. Medulla – breathing centre contains two mechanisms that increases ventilation

1. Receptor cells (chemosensors or chemoreceptors) 

a. located in the inner wall of the aorta and carotid arteries detect the increase of carbon dioxide level and the associated decrease in blood pH

b. when stimulated these receptors send action potentials to the medulla’s breathing centre

2. The medulla contains the same kind of chemosensors & as the blood passes through the capillary beds located in the medulla increased carbon dioxide levels and decrease pH is detected

a. Normally the blood is buffered by haemoglobin and plasma proteins

b. During heavy exercise the buffering is overtaxed and the excess H+ lower the blood pH – becoming less alkaline 7.4 to 7.0

c. Medulla sends action potentials to the diaphragm, intercostal muscles and abdomen muscles.

d. Frequency & rate of breathing changes NOT mechanism (increase in tidal volume)

b. Asthma

i. Affects airways to the lungs

ii. During an attach the airways become inflames, swollen, and often produced excess mucus

iii. Wheezing sound starts due to the restricted diameter of the bronchiole tubes

iv. No cure but treatments to alleviate symptoms 

v. Genetically linked but many environmental factors to trigger an attach

1. allergens – pollen, molds, & animal dander

2. smoke

3. scented products 

4. stress

5. exercise 

6. some medications & some foods

c. High Altitudes

i. Change in air pressure NOT oxygen levels

ii. Air at high altitudes is at a lower pressure (air particles are more spread out compared to sea level)

iii. Breathing less dense air means that diffusion of oxygen across the alveoli into the bloodstream is less efficient and less oxygen enters your bloodstream. 

iv. Altitude sickness or mountain sickness

1. immediate fatigue 

2. vision problems

3. nausea

4. abnormally high pulse rate

5. difficulty in thinking clearly
v. Compensating for high altitudes 

1. Increasing heart and breathing rates for short term adaptation

2. Increase number in erythrocytes & hemoglobin

3. Increase in capillary in lungs and muscles

4. Increase in lung size & surface area 

5. Increase in myoglobin within muscles  

vi. Compensating for high altitudes 

1. Increasing heart and breathing rates for short term adaptation

2. Increase number in erythrocytes & hemoglobin

3. Increase in capillary in lungs and muscles

4. Increase in lung size & surface area 

5. Increase in myoglobin within muscles  

vii. Homeostatic control 

1. The body needs to maintain homeostasis (within certain narrow limits) for several physiological factors in the body

a. Blood pH

b. Carbon dioxide and Oxygen levels

c. Body temp

d. Water balance 

e. Blood glucose levels

2. Maintained through Negative Feedback System – keeps a value within narrow range that is considered normal for homeostasis

a. Controlled by nervous system (ANS) and endocrine system (hormones)

3. Hypothalamus  in your brain controls body temp from thermoreceptors in your tissues

a. For cooling --Sweating (evaporative cooling effect)

b. For cooling -- Arterioles dilate – heat leaves skin capillaries by radiation

c. For warming -- Constricting skin arterioles so blood is diverted to deeper organs & tissues so less heat is loss by radiation

d. For warming – stimulates skeletal muscle to begin shivering to generate heat 
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