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Super Athletes – Sled Dogs
What A Year! for November, 2009

Even the best-conditioned human marathoner could not possibly run three marathons in a row, over three successive days. Fatigue would make it impossible. The same is true for most animals. But not for long-distance sled dogs, who cover the equivalent of 40 marathons in about 2 weeks, with just normal night’s sleep and a couple of days off. How is that possible? Is it their hearts? Their lungs? Cold weather? Something else?
To get the entire story, go to What A Year! and click on the 11/09 icon.

1. What is glucose? How is it used immediately by the body? How is it stored in the body?

Glucose is a simple sugar. It is necessary for the production of energy and used immediately in the process of cellular respiration. Glucose that cannot be used immediately is stored in long glucose chains called glycogen. Any excess glucose that can’t be stored as glycogen is turned into fat.

2. What is exercise at the maximal level?  The submaximal level?  How does exercise at the maximal and submaximal levels differ physiologically?

Maximal exercise lasts for a short amount of time in which the body tries to exert as much energy as fast as possible. Sprinting is an example of maximal exercise. Submaximal exercise, on the other hand, lasts for an extended amount of time. A multi-day backpacking trip and a 26-mile marathon are examples of submaximal exercise. Maximal exercise capacity is limited by the ability of muscles to contract as much as possible. Submaximal exercise capacity is limited by the ability of the body to deliver fuel (energy) to cells.

3. What is fatigue?  Why does it occur?

Fatigue is the feeling of having very little or no energy left. It is a feeling familiar to marathoners at the end of the race. Fatigue sets in when the glycogen stored in muscle is used up. It takes several days for these stores to be replenished.

4. Briefly describe the experiments Dr. Davis conducted and his results.

In his experiments, Dr. Davis followed teams of sled dogs and took blood samples and muscle biopsies from selected dogs after certain distances. He measured glycogen levels in muscle cells and markers of tissue damage circulating in the blood. Dr. Davis found that muscle glycogen levels decreased and tissue damage markers in the blood increased after the first day of exercise, as would be expected. However, over the following days, these levels returned to the levels expected under non-exercise conditions. Dr. Davis also measured insulin-sensitivity of the sled dogs and found that insulin-sensitivity increased over time.

5. What conclusions did Dr. Davis draw from these experiments?

Based on the results of his experiments, Dr. Davis believes that the sled dogs are adapting to successive days of strenuous exercise.

6. What are cell membrane transporters? What is their role in submaximal exercise?  

Cell membrane transporters are proteins that allow molecules such as glucose to enter and exit the cell. Normally they reside far within the cell and only come to the cell membrane when stimulated.

7. What are two ways transporters can be stimulated to move towards the cell membrane? How are they related?

Transporters can be stimulated to move towards the cell membrane through muscle contraction (contraction-stimulation) or the presence of insulin (insulin-stimulation). Insulin-stimulation and contraction-stimulation share a common part of their pathway.

8. Briefly describe the experiments Dr. Davis is planning for the near future. What does he hope to learn from these experiments?

In one planned experiment, Dr. Davis will measure the levels of glucose and fatty acids in the bloodstream of sled dogs after having run 400 miles. In another set of experiments, Dr. Davis will take muscle biopsies from sled dogs after having run certain distances and count the number of transporters on the surface of the muscle cells. From these experiments, Dr. Davis hopes to determine which transporters are most important to sled dogs and the effects of cell membrane transporters on the total energy needs of sled dogs.

9. What are some applications of Dr. Davis’s research to human health?

Once the mechanisms of insulin-stimulation and contraction-stimulation are better understood, it could be possible to increase levels of insulin- or contraction-stimulation. People with type 2 diabetes could benefit from increased insulin-stimulation and people who undergo submaximal exercise, such as elite athletes and soldiers, could benefit from increased contraction-stimulation.
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To Think About:





Have you ever tried exercising beyond your fatigue point? What happened? What happened the next day?





Trace the path of a glucose molecule through the body. Where does it go if it isn’t needed immediately? What does this tell you about the way your eating habits can influence how efficiently your body uses glucose?  For example, how might the fate of an ingested molecule differ in someone who eats six small meals per day compared to someone who eats only one gigantic meal at dinner?





In his experiments, Dr. Davis measured markers of tissue damage in the blood and glycogen levels in muscle cells in sled dogs after running hundreds of miles over successive days.  If a similar experiment were performed on mountain climbers, for example, trekking tens of miles per day over the course of several days to a week, what would the results be? How would markers of tissue damage and glycogen levels on the fifth day compare to the first day?  





Although Dr. Davis focuses his research on submaximal exercise metabolism in sled dogs, he acknowledges that other species, such as migratory bird species, might use similar adaptations in their annual flights. Compare the sled dog model used by Dr. Davis to a potential migratory bird model. What are some challenges in studying migratory birds compared to sled dogs? What are some advantages? What other animals do you think might exhibit other adaptations to prolonged submaximal exercise?     











