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1. (16 points) Number the sequence of events for inspiration. (points allotted up to the first wrong answer).

8
a. Air flows into the lungs

2
b. Diaphragm contracts 

6
c. Alveolar volume increases

5
d. Transpulmonary pressure increases

3
e. Intrapleural volume increases

7
f. Alveolar pressure decreases

1
g. Action potentials are conducted in the phrenic nerve

4
h. Intrapleural pressure decreases

2. (17 points) The following is a list of PIP and PA values at sea level.  What is happening? (inspiration or expiration (forced/resting), no air flow, pneumothorax, not possible).  What muscles, or none, are contracting?

	 (mm Hg)
	What’s happening? (direction of air flow) and (forced/resting)
	Muscles

	PIP 757 PA 761
	Resting expiration
	none

	PIP 790 PA 797
	Forced expiration
	Internal intercostals & abdominals

	PIP 735 PA 742
	Forced inspiration
	Diaphragm, external intercostals, scalenes, sternocleidomastoids

	PIP 760 PA 760
	Pneumothorax, no air flow
	None, or it doesn’t matter

	PIP 754 PA 759
	Resting inspiration
	Diaphragm & external intercostals

	PIP 761 PA 757
	Not possible
	none


3. (10 points). An elephant decides to breathe through its trunk rather than its mouth. Its trunk has a radius that is 1/2 of that of its normal respiratory tract, but is 3 times longer, with a volume of 800ml.  Its normal tidal volume is 4000ml, the dead space not counting the trunk is 1200ml, and breathes an average of 10 breaths per minute.  In order to maintain the same alveolar PO2 and PCO2:
(Show the equations and calculations you use).

a. What must be its new tidal volume assuming it doesn’t change the respiratory frequency?

VA = (Vtid – Vdead) x frequency. Vdead is now 1200+800 ml = 2000 ml. So Vtid must increase by 800 ml in order to maintain the same alveolar ventilation, otherwise the alveolar PO2 and PCO2 will change.

b.  What must be the pressure gradient in order to maintain the same airflow through the trunk if the pressure gradient is 1 mm Hg breathing through the mouth?

Air Flow = ΔP π r4 / 8 η l
Since r decreased by a factor of 2, r4 decreased by a factor of 16.
Length  increased by a factor of 3. Therefore, ΔP must increase by a factor of 16 x 3 = 48 mm Hg
To maintain the same airflow.

4. (10 points). Calculate PIO2 and PAO2 for a climber on top of Mt. Blanc in the alps where the Patm is 415 mm Hg, assuming the diet is only carbohydrates and the PACO2 is 20 mm Hg due to hyperventilation.
PIO2 = (Patm – 47) x 0.21 = (415 – 47) x 0.21 = 77 mm Hg
PAO2 = PIO2 – (PACO2 / R) = 77 – 20 / 1 = 57 mm Hg, because R for carbohydrate oxidation = 1
5. (8 points). For a patient with advanced emphysema fill in the following table indicating with a , or NC to indicate whether the variable will increase, decrease or have no change with respect to a normal, healthy individual

	Variable
	Change

	Compliance
	

	Vital Capacity (VC)
	

	Total Lung Capacity (TLC)
	

	Tidal Volume (TV)
	orNC

	FEV1 / FVC
	

	Residual Volume (RV)
	

	Functional Residual Capacity (FRC)
	

	Dynamic Compression of Airways
	


6. (8 points). Indicate with a D or P if gas exchange at the blood-gas barrier will be diffusion or perfusion limited.

__P__ N2O

__D__ CO

__P__ CO2 in a healthy individual, resting, at sea level

__D__ O2 in an individual with end stage fibrosis and pulmonary edema, resting, at sea level

__D__ O2 in a healthy individual at 5000m, maximally exercising

__P__ O2 in an individual with mild asthma, resting, at sea level

__D__ O2 in an individual with recently diagnosed fibrosis at 5000m, resting

__P__ O2 in an otherwise healthy individual, resting, at sea level after exposure to carbon monoxide with a hemoglobin saturation of 50%

7. (8 points). If a man had no red blood cells and were to depend only on dissolved oxygen to satisfy tissue needs of oxygen (at sea level), what would the cardiac output of this hemoglobin-free man need to be? The solubility of oxygen in water at 37 degrees is 0.003 ml O2/ 100ml * mmHg and

the normal resting oxygen consumption is 250 ml O2 / minute.

(0.003ml / 100ml * mmHg) * (100mmHg O2) = 0.3ml / 100ml blood = 3ml / L blood

Therefore, cardiac output needs to be = (250ml/min) / (3ml/L) = 83L / min

Remember that the resting cardiac output is ~ 5L/min. Maximum cardiac output in humans (on maximum exercise) is 25-30 L/min and elite athletes may have up to 35-38 L/min, but their oxygen consumption increases to 3 or more L O2/min. Calculate the cardiac output without Hb for them.

8. (10 points). Imagine you are a respiratory physiologist working for NASA.  Your mission is to understand the effects of G-forces during the two stages of a rocket launch.  The first stage, the lift off, exposes astronauts to accelerations which produce upwards of 3G’s (the perceived acceleration of gravity).  The second stage coasts astronauts into a gravity free environment where the astronauts become weightless.  If we look at the top of the lungs, indicate with a  or  or no change, or constriction or dilation, how the following variables would change during take-off. Assume the astronauts are sitting with their torsos upright, parallel to and in the direction of the rocket travel.
	Variable
	Change

	Ventilation Rate
	

	Blood Flow Rate
	

	V/Q Ratio
	

	PAO2
	

	PACO2
	

	PIP
	

	PTP
	

	Lung Compliance
	

	Pulmonary arterioles
	dilate

	Bronchioles
	constrict


9. (10 points). On the graph below…

· Draw a normal Hb-O2 dissociation curve.  Mark the correct saturation percentages at PO2 = 40 and 100mmHg.  Label this curve “NORMAL”

· Draw an Hb-O2 dissociation curve which illustrates the effect of increased proton concentrations in the blood.  Label this curve “↓ pH”

· Draw an Hb-O2 dissociation curve after Carbon Monoxide poisoning which saturates hemoglobin at 50%.  Label this curve “CO”

· Draw an Hb-O2 dissociation curve after complete knockout of the gene encoding the enzyme 1,3 DPG isomerase.  Label this curve “↓2,3 DPG”
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“Normal” is the
Sigmoid curve

In the middle

@ 40 mm Hg:
Hb-O2=75%


@100 mm Hg:
Hb-O2=>98.5%
10. (8 points). The drug acetazolamide inhibits carbonic anhydrase. If one were to give this drug to a person, so that the rate of the carbonic anhydrase reaction would be slowed down from microseconds to several seconds, predict what would happen to the following parameters of blood in a pulmonary vein (increase, decrease, or no change) compared with the normal state. Justify your predictions.
Plasma [ HCO3¯ ]: Increased, because intracellular HCO3¯ would build up because of the slow carbonic anhydrase reaction, decreasing the concentration gradient and thus decreasing net uptake from the plasma. (Also, less CO2  would have left the blood in the  pulmonary capillaries.)
Plasma [ Cl¯ ]: Decreased, because less Cl¯ would leave the cells in exchange for HCO3¯ owing to the decreased uptake of HCO3¯.
Consult the reactions and ion transport that occur in the lung capillaries (Silverthorn Fig. 18-14, bottom) and think about what happens if you block the carbonic anhydrase reaction.

__________________________________________________________________________________
If you have questions about how your exam was graded you should first consult with the TA that graded the question. The name and the number of the question each TA graded are listed below.
1. Nicole. 2. Elieth. 3. Stephen. 4. Meng. 5. Lidy. 6. Minh. 7. Chris. 8. Jag. 9. Calvin. 10. Brian.

I am the final judge in case of a disagreement or difference of opinion between student and TA. Bring your exam and present your case to me. 

THAT’S ALL, FOLKS!
Happy halloween!
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