EE 546: Biological Frameworks for Engineers
                                                                    Handed out on 2-19-04; due on 2-26-04


Breakthroughs in Biology -- Article #5

ASSIGNMENT


Read “Limitations to aerobic performance in mammals: interaction of structure and demand” (S. L. Lindstedt, D. J. Wells, J. H. Jones, H. Hoppeler, and H. A. Thronson Jr., International Journal of Sports Medicine 9: 210-7, 1988).  This article is not available online, so photocopies will be distributed in class.

We will discuss this article on Thursday, February 26th from 12:00 to 12:50 PM in Room M406 of the EE building.  Be prepared to discuss the questions posed by the Study Guide, and bring any additional questions you have about the article.

STUDY  GUIDE

General background


• Like the previous article, this one is a review article.  One nice feature of review articles such as this one is that it includes “meta-analysis” graphs incorporating data from a large number of previous studies, thus highlighting general trends supported by the work of many different researchers.


• Our brief discussions of metabolism thus far (e.g., in the “Cells as batteries” lecture) have not emphasized the importance of oxygen (O2).  However, mitochondria consume O2 while producing ATP via the electron transport chain; thus the delivery of O2 to cells is critical.  Exercising muscle cells consume O2 at high rates because their mitochondria must produce ATP at high rates to replace the ATP consumed by myosin, the calcium pumps in the sarcoplasmic reticulum, etc.  The maximum rate at which an organism can consume O2 is called its VO2max.  (The V indicates that this is a measure of Volume of O2 consumed per unit time.)  Because an increase in O2 consumption is necessary to sustain any exercise lasting longer than a few seconds, it is not surprising that VO2max correlates with exercise performance in humans and many other animals.  The topic of this article is a question that has been the subject of much lively debate over the years, namely, “What limits VO2max?”  This question is worth pursuing in part because finding an answer may lead to progress in areas such as medical care and athletic training.  If we know what normally limits VO2max, we might be able to devise ways to surpass those limits and thus improve exercise performance in everyone from cardiac transplant patients to elite athletes.

Abstract (Paragraphs 1-2)


• Paragraph 1: The “series of linked structures that collectively comprise the respiratory system” includes the trachea and lungs, the heart and blood vessels, and the muscles.  In brief, O2 must travel from the surrounding atmosphere through the nose or mouth down the windpipe into the lungs, diffuse from the lungs into the bloodstream (where it binds to the hemoglobin in red blood cells), travel to the heart and then to tissues such as muscle via the circulatory system, and finally diffuse out of the blood into muscle cells (and other cells), where it is used by the mitochondria.  At each of these steps, there is a limit (and hence a “resistance”) to the amount of O2 that can be transported.


• Paragraph 2 mentions symmorphosis.  To find out more about symmorphosis, skip ahead to Paragraph 22 (top right of page 214).

Introduction (Paragraph 3)


• An “incremental exercise test” is one in which the workload is progressively increased over several minutes.  For example, if a runner is tested on a treadmill, the slope of the treadmill is gradually made steeper and steeper until the runner has to stop.


• When conducting an incremental exercise test, how does the experimenter know that the subject has reached his/her VO2max?

Possible limitations to aerobic capacity (Paragraphs 4-10)


• Paragraph 4: How does convection differ from diffusion?  Look these terms up if you’re not sure.  Other jargon: pulmonary refers to the lungs; “alveolar-capillary membranes” reside between the alveoli (the air sacs that comprise the lungs) and the capillaries (tiny blood vessels with walls thin enough to permit diffusion in and out).


• Paragraph 5: Why do the results of Brice and Welch suggest that there is a ventilation limitation to VO2max?  (Hint: how does helium differ from nitrogen?)


• Paragraph 6 focuses on the diffusing capacity of the lung.  The following equation may be useful:



MS = -DS*A*(ΔcS/Δx)

where MS is the rate of diffusion of substance S across a permeable barrier (membrane) of thickness Δx, DS is the diffusion coefficient for S (a measure of the mobility of S in the membrane), A is the surface area of the membrane, and ΔcS is the concentration difference across the membrane.


• Paragraph 6: Normoxia is the condition of normal oxygen availability, as opposed to hypoxia (low oxygen levels) or hyperoxia (high oxygen levels).  Paragraph 6 also says, “The most aerobic mammals . . . have short pulmonary capillary transit times which could impose a pulmonary limitation to VO2max.”  This means that blood may pass through the lungs too quickly to become saturated with O2, thus limiting the amount of O2 that can be delivered to the rest of the body.


• Paragraph 8: Erythrocytes are red blood cells; hematocrit is the percentage of total blood volume occupied by red blood cells.  The cardiac output is the volume of blood pumped by the heart per unit time; it is equal to the stroke volume (volume of blood pumped per beat) times the heart rate (number of beats per unit time).  Is Fig. 1 consistent with the idea that cardiovascular O2 delivery limits VO2max?


• Paragraph 10: Would you expect a given person’s VO2max during an exercise test to depend the type of exercise they’re doing (and thus the specific muscles they’re using)?  Why or why not?

Fixed and variable resistors (Paragraphs 11-19)


• In Paragraph 12,  the authors state, “Tracheal dimensions must be set so as to allow for maximum adaptation of oxygen intake that is likely to be encountered within a given species.”  Is this a hypothesis, or is it a statement of fact supported with empirical evidence (either here or elsewhere in the article)?


• Paragraph 13: Leith et al. (reference 55) studied the effect of increased airway resistance on VO2max.  How might these researchers have increased airway resistance in these experiments?


• Paragraph 15: Figures 1, 2, and 3 show that, within a given study, increasing O2 delivery by increasing hemoglobin concentration increases VO2max, yet when the results of all the studies are pooled, there is no clear relationship between hemoglobin levels and VO2max.  What exactly do these data say about the relationship between cardiovascular O2 delivery and VO2max?


• Paragraphs 17 and 18: If you want to do an experiment to determine whether a given step is limiting, should you reduce the resistance of that step (increase the conductance) or increase the resistance (reduce the conductance)?  Why?


• Paragraph 19: Do the data reported in this paragraph and Fig. 4 change your answer to my question about Paragraph 15?

A model of respiratory system design and limitation (Paragraphs 20-27)

• Paragraph 21: Exactly what does Fig. 5 prove?  What does it not prove?

• Paragraph 22: To what extent is the concept of symmorphosis a reasonable idea?

• Paragraph 24: Note Lindstedt’s dry wit.  (“For instance, domestic goats have been bred for purposes other than high aerobic performance.”)


• Paragraph 24: SDH is succinate dehydrogenase, an enzyme in the mitochondria.  With some reservations, it may be assumed that the activity of this particular mitochondrial enzyme reflects mitochondrial abundance.  How would you respond to Musch et al.’s claim that the training-induced increase in foxhounds’ VO2max was simply due to an increase in maximum cardiac output?


• Paragraph 25: What can we learn from studies of one-legged exercise?
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