L. Respiratory System

Video overview:  http://www.youtube.com/watch?v=HiT621PrrO0
A. Gas exchanges

1. Gas exchange at lungs vs at tissues
a.
Lungs = external respiration
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b.
Tissue cells = internal respiration



[image: image2.jpg]Erpthrocyte

99 Oxygen
999 cop




** Both exchanges occur by diffusion
c. When we talk about diffusion of LIQUIDS, we refer to the movement from higher concentration to lower concentration.

When talking about GASES DIFFUSING we refer to partial pressure.
It works the SAME WAY as concentration, though.

E.g.  Oxygen molecules diffuse from HIGHER partial pressure of oxygen towards area of lower partial pressure of oxygen.

Partial pressure is just the proper formal way  to discuss amount of gas/concentration of gas.
d. At the lungs:

There is a higher partial pressure of O2 outside the RBC & lower partial pressure inside RBC … thus O2 diffuses INTO the RBC.  (In direction of pressure gradient)


2. Oxygen transport.  

a. You have a respiratory pigment (most animals do) that REVERSIBLY binds with O2 (& CO2) to transport them.


b. Your respiratory pigment = hemoglobin.

Hemoglobin = quaternary protein having 4 metal atoms built into it.  O2 binds to these metal atoms.
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Text    p. 250
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Hemoglobin is made of 4 subunits
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c. hemoglobin must bind REVERSIBLY with O2 or it won’t give the O2 up to the tissue cells.

When one subunit of Hb [hemoglobin] binds with O2 it increases the affinity of the other subunits for O2
Also, when one subunit unloads its O2 it becomes easier for the other 3 to unload.
Since Hb is a protein-containing molecule, changing pH or temperature affects the efficiency.

Lung blood:  pH=7.40, Temp.=37oC

Reduce the pH ( Hb can’t carry as much O2.
d. As you exercise, you create more CO2 in your body’s tissue cells.

Recall:        CO2 + H2O ( H2CO3
This DECREASES the pH wherever there is CO2.  (…in water)
…since a decrease in pH reduces Hb’s ability to carry O2, then whenever capillaries pass through a high CO2 tissue, they drop off their O2 even more efficiently.


3. Carbon dioxide transport

a. Hemoglobin transports ONLY about 23% of the CO2
( On its amino groups.
( called carbaminohemoglobin
b. Plasma carries about 7%.

(The CO2 just dissolves in it.

c. About 70% of CO2 is transported as HCO3-          (bicarbonate ions).

CO2 expelled by cell diffuses into capillaries & to plasma …

… then it goes into RBC’s where it converts to bicarbonate ion.









H+ bound to hemoglobin is called reduced hemoglobin (abbreviation = HHb)
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At the lungs:  diffusion of CO2 out of blood shifts the chemical equation in favour of:


HCO3-  +  H+ 

 H2CO3

…then…

H2CO3


CO2  +  H2O
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SUMMARY DIAGRAM TO THINK ABOUT:
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B. Breathing

1. Recall that your cells get “electrical energy” from:
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        38 ATP
2. Breathing gets O2 into lungs where O2 transporter (blood) is ‘waiting’.

a. O2 diffuses from air sacs (alveoli) into blood & binds with Hb (iron atoms in Hb – to be precise).

b. Blood carries oxyhemoglobin to cells for use.


c. CO2 dumped out of blood at lungs & expired (breathed out).

3. Mechanism of breathing:

a. IN: 
diaphragm muscle & rib muscles flex; causing expansion of chest cavity.

…creates a vaccuum [negative pressure] in chest cavity & air flow into lungs (& alveoli).  

b. OUT:
Relaxation … air pushed out by ribs & diaphragm relaxing & ‘falling’ back to resting position. 

(cup & balloon demo)
Respiration video:  http://www.youtube.com/watch?v=858cJYK2pXU
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c. Causes of inspiration:  [breathing in]

i. High CO2 & low pH in blood stimulate the breathing centre in your medulla oblongata.


ii. Medulla oblongata sends nerve impulses to diaphragm & rib muscles causing flexion & expansion.

*  Your carotid arteries & aorta have chemoreceptors that detect low O2 pressure.  This causes inspiration, BUT… 

…MAIN stimulator of inspiration is high CO2 pressure & high H+ concentration [low pH!].
d. Expiration:  [breathing out]

i. When lungs are expanded … alveolar walls stretch.
ii. Receptors in alveolar walls send messages (nerve impulses) to medulla oblongata & tell it to stop sending “inspire” signal.

( prevents lungs from overfilling.

iii. Diaphragm & rib muscles relax … air flows out.


C. Keeping your respiratory system clean: Your airway is kept clear with mucus and ciliated cells.
Video: http://www.youtube.com/watch?v=miEEluVlemQ&feature=related
D. Alveolar structure:  Well suited for function
1. Thin walls:  allow gases to pass through

2. Tiny and many:  increase surface area

3. Covered in capillaries:  increase surface area and allow more gases to pass in/out.

4. Stretchy: to expand and allow air in [and out]
5. Stretch receptors: send messages to brain to stop our inspiration.

6. Surfactant (lipoprotein): to keep them from sticking closed.

Video: alveoli: http://www.youtube.com/watch?v=6dMAj8Uujew
E. Pleural membranes:  3 functions
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1. Fluid in between the 2 membranes acts as a lubricant.

2. Makes a ‘seal’ around the lungs so that there is lower pressure in pleural cavity  than in lungs … draws air into lungs during inspiration.
3. Compartmentalization of lungs for protection.  (In case of injury or disease, may prevent other lung or organs from problems).

***   DONE UNIT L  ***
Summary video [with smoking]:  http://www.youtube.com/watch?v=TaAvhG2SInM&NR=1
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Something else to remember:  Lungs are moist.  O2 can only diffuse if it can dissolve in H2O.





“Pigment” just means “coloured chemical molecule” or  … a molecule that reflects one colour and absorbs all others.  Thus haemoglobin is red because it reflects red light and absorbs all the other colours.”
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You apparently have about 200 million hemoglobin molecules in each of your RBC’s.








one subunit





mild acid !








Helps body keep up with O2 demand during exercise!





1st:		70% CO2  +  H2O			H2CO3





2nd:		H2CO3			HCO3-  +  H+














AT TISSUES:     [text page 290]





Diffuses out of RBC into plasma





Attaches to sites on Hb & proteins.





Hb is thus a buffer, helping take up extra H+ & thus helping maintain blood pH.


  Lung blood (low O2):  pH = 7.4, Temp=37oC


Tissue blood (High CO2):  pH = 7.38, temp=38oC





Text p.292





AT LUNGS:





Carbonic anhydrase (an enzyme in blood) speeds this up.








Oxyhemoglobin is hemoglobin that’s bound to O2.  Abbreviated as HbO2





Again,  BREATHING IS STIMULATED MOSTLY BY LEVEL OF CO2 IN THE BLOOD.
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