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Introduction: In rats, we have shown that exercise increases tendon cross-linking but not collagen content. 

(1) Miller et al. found that acute exercise-induced increases in collagen synthesis are coordinated. (2) 

A comparison between the chronic effects of exercise on tendon and skeletal muscle collagen has not been 

performed. The purpose of this study was to determine if there are differences in how the extracellular 

matrix of skeletal muscle and tendon adapt to chronic exercise.  

 

Methods: Male Wistar rats (8-week-old) were divided into sedentary (S, n=15) or exercised (E, n=9) 

groups. Exercised animals ran on a treadmill 5 daysweek-1 for 8 weeks with progression to 60 minutes per 

day, 20 mmin-1, and 8° incline. The Achilles tendon, gastrocnemius, and soleus were assayed for 
hydroxyproline by HPLC to estimate collagen content. Hydroxylysyl pyridinoline (HP) was also 

determined via HPLC as a measure of collagen crosslinking.  

 

Results: Gastrocnemius (p<0.05, S: 55±8 vs. E: 108±15 g collagenmg dry weight) and soleus (p<0.05, 

S: 52±7 vs. E: 104±27 g collagenmg dry weight) increased with exercise, but tendon (p>0.05, S: 

1308±89 vs. E: 1364±52 g collagenmg dry weight) collagen content did not. In contrast, HP content was 
37% greater (p<0.05) in the Achilles tendon (S: 167±17 vs. E: 243±44 mmol HP/mol collagen) but lower 

(p<0.05) in the gastrocnemius (S: 481±129 vs. E: 194±41mmol HP/mol collagen) and soleus (S: 840±155 

vs. E: 113±31 mmol HP/mol collagen) of trained animals. HP content was also lower in the gastrocnemius 
when compared to the soleus (p<0.05).  

 

Discussion: Our findings suggest that exercise training-induced changes in the extracellular matrix of 

tendon and skeletal muscle are not synchronized. Although collagen increases in skeletal muscle with 

treadmill exercise, it does not appear that the addition of cross-links is sufficient to maintain a normal ratio 

of cross-links to collagen fibrils. 
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