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Bones in Balance … Hibernating Bears
What A Year! for October, 2009

If you slept for 20 years, like Rip Van Winkle, or even just a few months, your bones would lose density and become frail. They would break easily when you tried to get up. Some animals that hibernate experience that same kind of bone density loss, but not bears. It is interesting to find out why, what’s so special about bears … and to see if the discovery may someday help people who have osteoporosis.
To get the entire story, go to What A Year! and click on the 10/09 icon.

1. What are bones made of? What purposes do they serve in the body?

Bones are composed of an inner bone matrix and thick outer mineral deposits. The bone matrix is the site of blood and bone cell production. The mineral deposits enable bones to provide structural support and allow for movement.

2. What two important types of bone cells are the focus of this month’s story? What functions do they serve?

Two important types of bone cells are known as osteoblasts and osteoclasts. Osteoblasts create new bone by secreting mineral deposits. Osteoclasts dissolve bone by secreting enzymes that dissolve these mineral deposits.

3. What is bone density? What is peak bone density? When does it occur in humans? How do bone density and the rates of bone formation/resorption change as humans age?

Bone density is the amount of bone tissue per volume of bone. Peak bone density is the greatest bone density a human will have and is reached somewhere between ages 20 and 30 years. During this time, the rate of bone formation exceeds the rate of bone resorption and bone density increases. Once peak bone density is reached, the rate of bone formation rate drops and the rate of bone resorption exceeds the rate of bone formation.

4. What is osteoporosis? What is disuse osteoporosis? How do they differ?

Osteoporosis is a disease resulting from an increased rate of bone resorption that exceeds the rate of bone formation. As a result, bone density decreases to the extent that it compromises the integral bone structure. This most commonly occurs in post-menopausal women, causing weakened bones and increasing the risk of bone fracture. Disuse osteoporosis differs from osteoporosis in that it is caused prematurely by prolonged periods of inactivity. Sustained periods of inactivity can decrease the rate of bone formation and cause a decrease in bone density. Disuse osteoporosis is common among patients on bedrest and people confined to wheelchairs, but can also be found in anyone who does not get enough daily exercise.

5. Why are bears a good model for disuse osteoporosis?

Bears are a good model for disuse osteoporosis because they experience six-month long annual periods of inactivity during hibernation.

6. What tests did Dr. Donahue do on blood samples from bears? What were his results?

Dr. Donahue measured the levels of bone formation and resorption markers in blood samples from non-hibernating bears and hibernating bears. He found that bone resorption markers increased during hibernation, and bone formation also increased. 
7. What tests did Dr. Donahue do on bear bone samples? What were his results?

Dr. Donahue measured bone strength through stress tests and took cross-sections of bone to measure bone porosity. He found that bones of older bears are stronger and less porous than those of younger bears despite annual periods of inactivity. In another bone experiment, Dr. Donahue found that the bones of bears pre- and post-hibernation were similar in bone strength, porosity, and mineral concentration. 

8. What does he conclude based on these results? What mechanisms does he propose for this conclusion?

From his experiments, Dr. Donahue concluded that bears do not experience disuse osteoporosis despite annual periods of inactivity during hibernation. When humans lose bone density, those extra calcium deposits are excreted through urine. During hibernation, though, bears do not urinate or defecate, so their blood calcium levels could rise to dangerous levels. For this reason, Dr. Donahue believes that bears must preserve bone density during periods of inactivity in order to maintain normal blood calcium levels.

9. What is parathyroid hormone (PTH)? Why was Dr. Donahue interested in PTH?

PTH is a hormone responsible for regulating calcium levels in the body. Since Dr. Donahue believes that bears have a calcium recycling mechanism, he was interested in studying the primary calcium regulatory hormone, PTH, in bears.

10. What experiments did Dr. Donahue perform to test the effectiveness of bear PTH in combating osteoporosis? What were the results of these experiments?

Dr. Donahue tested bear PTH on mice that had had their ovaries removed, a mouse model of post-menopausal osteoporosis. After the ovaries had been removed, Dr. Donahue waited six weeks for the mice to lose bone mass before giving them weekly injections of bear PTH for eight weeks. He found that bone mass was recovered in mice that were given injections of bear PTH.

11. What are Dr. Donahue’s plans for future experiments?

Dr. Donahue is beginning to look at osteoblast cells in bears, in particular programmed cell death, or apoptosis. Recent experiments have shown that osteoblasts from hibernating bears have the lowest rate of apoptosis. Dr. Donahue hopes to figure out what changes are occurring between pre-hibernation and post-hibernation that preserve bone mass in bears.
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To Think About:





If you watch television, you have probably seen advertisements for drugs to combat osteoporosis. By looking at the people in the ads (actors or spokespersons) and by seeing what shows carry these ads, you can determine the “target demographic,” that is, the people whom the pharmaceutical company wants to reach because they are the likely customers. What is the target demographic for osteoporosis medicines? Why?





Unlike bears, most other hibernating animals such as mice, rats, squirrels, and marmots, do lose bone mass during hibernation. Why do you think bears are able to preserve bone mass during prolonged periods of inactivity while other hibernating animals are not? What physiological processes might be involved? 





“Hibernation” means to spend the winter in a dormant, torpid, resting or inactive state. It comes from the Latin word for winter. But some animals spend the summer in a dormant or inactive state. What is the word for that? What are some animals in this category? Why would an animal spend the summer in such a way?





Disuse osteoporosis occurs when the rate of bone formation decreases due to periods of inactivity. Why might this be the case? What advantages, evolutionarily speaking, could a decreased bone formation rate have had during periods of inactivity? 











