PHYL 422 Review Questions 

Set 9

Modified from Shumaker and Hlastala’s Textbooks

1. Which form of metabolism most efficiently utilizes glucose stores – aerobic or anaerobic? What is the significance of this in endurance exercise (e.g., marathon running)?

2.
What is the significance of aerobic versus anaerobic metabolism in short-term maximal exercise (e.g., high jumping)?

3.
Which factors limit maximal exercise?

4.
During exercise the respiratory quotient increases from 0.85 to about 1.0 near anaerobic threshold. What are the consequences of this for alveolar ventilation? What is the mechanism of this effect?

5. At anaerobic threshold, what changes occur in minute ventilation? What is the mechanism?

6. In mild to moderate exercise, describe the changes that occur in arterial PO2,PCO2, and pH from their levels during resting control conditions.

7. During heavy exercise a small number of highly trained elite athletes exhibit marked disequilibrium between alveolar and end-pulmonary capillary PO2 that can result in arterial hypoxemia. What is the mechanism for this disequilibrium?

8. Describe the two main sleep states.

9. Describe what is meant by obstructive sleep apnea and what factors can influence this pathology.

Answers

1.  Aerobic metabolism produces 36 moles of adenosine triphosphate (ATP) for each mole of glucose metabolized, while only two ATP equivalents are produced by anaerobic metabolism of glucose. Thus, glucose utilization is 18-fold more efficient under aerobic conditions. During endurance exercise such as marathon running, this is important because glucose stores are limited. If there is a higher threshold for anaerobic metabolism, these limited stores will be utilized more slowly and stores of glucose will be preserved. At high levels of exercise, glucose is the predominant substrate that is metabolized. 


2. Anaerobic threshold is not a factor in high jumping, which requires a burst of activity but no endurance. Fast-twitch fibres, which have a relatively low anaerobic threshold, may be particularly useful in providing the “spring” to clear the bar.

3.  In health, the limiting factors of maximal exercise are the heart rate and stroke volume of the left ventricle of the heart (i.e., the cardiac output). These factors determine the amount of oxygen that can be delivered to the muscles during maximal exercise. Exercise is never limited by pulmonary gas exchange in normal persons.

4.  As the amount of oxygen consumption increases, the carbon dioxide production also increases. To maintain a constant arterial blood pH of 7.40, carbon dioxide must be eliminated at the same rate as which it is being produced. This requires a proportionate increase in minute ventilation. Note that as the respiratory quotient increased, the relative amount of carbon dioxide production increases as well, and a further increment in minute ventilation is necessary to preserve that PH of 7.40. Note that this pH is no longer preserved above the anaerobic threshold.

5. At anaerobic threshold, lactic acidosis causes respiratory chemoreceptor stimulation and there is a disproportionate increase in minute ventilation (see Figure 9-8) above the linear increase that has occurred from rest to anaerobic threshold. This occurs in two stages. During the stage of isocapnic buffering there is a “sluggish” ventilatory response to acidosis and the arterial blood pH decreases. Within about 2 minutes, a “steeper” response occurs (see Figure 9-8), as progressive decreases in pH further stimulate ventilation. Note that anaerobic threshold occurs only at about 50% of the maximal exercise capacity (VO2max).

6.Arterial PO2, PCO2, and pH do not change during mild to moderate exercise from their levels during resting control conditions.

7. This disequilibrium results from the enhanced capability through training of the cardiovascular system to increase cardiac output and therefore pulmonary blood flow to very high levels. Arterial hypoxemia is explained by the presence of disequilibrium between alveolar and end-pulmonary capillary PO2. The mechanism possibly involves insufficient time to achieve equilibrium between alveolar gas and capillary blood, as the transit time of red blood cells within the pulmonary capillaries is decreased.

8.  The two main sleep states are called nonrapid eye movement (NREM), or quiet sleep, and rapid eye movement (REM) sleep, sometimes called active or desynchronized sleep. NREM is characterized by varying degrees of large-amplitude electroencephalographic activity and the presence of tonic electromyographic activity. REM is characterized by bursts of rapid eye movements, a desynchronized electroencephalographic activity, dreaming, and a loss of muscle tone.

9. Obstructive sleep apnea is the cessation of airflow for a period of time at the mouth and nostrils. This involves a closure of the upper airway at the level of the oropharynx despite the presence of respiratory efforts by the main muscles of breathing. Also, sleep state can profoundly influence airway closure. In REM sleep there is a marked loss of tonic and inspiratory phase-linked activity in the genioglossus muscle. This loss in activity coincides with a profound reduction in tidal volume, which points to the possible role of sleep state and loss of tone in the tongue muscle as potential causes of some forms of obstructive sleep apnea.
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