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Exercise and Depression
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Depression is a chronic medical condition that can lead to serious functional impairment, morbidity, and mortality if left untreated [1, 2]. Increasing awareness of depression as a significant public health problem has led to greater interest in both the underlying mechanisms and external factors associated with the disease, with therapies developed to address many of the diverse aspects of disease pathology. Accordingly, management of patients with depression often requires a multidisciplinary approach, including a combination of pharmacological and psychological therapies. In addition, regular exercise in the form of structured exercise programs is often encouraged as a means of nonpharmaceutical treatment of depression [3].
Exercise is widely regarded as a major component of a healthy lifestyle, with specific effects seen in terms of brain function and prevention of neurodegenerative diseases. In rodents, running has been shown to improve cognition and synaptic plasticity, reduce depressive behaviors, and enhance hippocampus neurogenesis [4, 5, 6]. Peripheral factors generated outside of the central nervous system during exercise are also known to affect neuronal function, including skeletal muscle, an important source of muscle-derived myokines that help to regulate the metabolism of other organs [7].
A recent study by Agudelo et al. [8] provided insights into many of the cellular mechanisms underlying muscle-to-brain communication in a rodent model of depression. In this study, mice overexpressing skeletal muscle-specific peroxisome proliferator-activated receptor-γ coactivator 1α (PGC-1α) were found to be resistant to stress-induced depression by modulation of kynurenine metabolism [8]. These data suggest that PGC-1α produced by skeletal muscle acts as an exercise-mimetic that mediate a form of crosstalk between skeletal muscle and the brain. Similarly, adiponectin, an adipocyte-secreted protein, was shown to act as an important exercise-induced modulator of hippocampal neurogenesis and depression [9].
Collectively, studies in rodent models provide compelling evidence that exercise has the potential to improve brain function. However, it should be noted that that the beneficial effects of exercise on brain function appear highly context-dependent, with outcomes strongly influenced by perceived reward, motivation, exercise duration, and intensity. In essence, the nature of the exercise response is remarkably heterogeneous across different individuals and conditions. In studies where the context was switched from voluntary to forced at higher activity levels, the positive effects of exercise were not reproduced [10]. Therefore, how this stability is maintained remains an intriguing question.
In this issue, Kim et al. [11] evaluate the physiological features of forced (passive) exercise in a specific depression mouse model. The authors exposed mice to 2 hours of restraint daily for 14 days, resulting in a stress-induced depression phenotype in mice. They found that passive exercise on a running wheel rotating at a speed of 9 m per minute for 1 hour daily for 7 days increased hippocampal neurogenesis in normal mice [11]. Similarly, they showed that forced exercise for 1 hour daily for 14 to 21 consecutive days on a running wheel rotating at a speed of 9 m per minute could be implemented without inducing physiological stress or serum lactate accumulation in a stress-induced depression model [11]. This result is consistent with previous findings showing that forced, low-speed running improves cognition by increased neurogenesis in rodent models [12, 13].
An alternative study by Kim et al. [11] sought to identify an effective exercise strategy for a specific-depression model. Unfortunately, this study lacked sufficient details regarding hippocampal neurogenesis and behavior tests during and after passive exercise in a stress-induced depression model. Therefore, it was not possible to determine whether this passive exercise protocol translates into improved depression in a stress-induced depression model. Further elucidation of the mechanisms underlying the effects of exercise strategy on depression will benefit from the addition of more rigorous analysis of behavior, hippocampal neurogenesis, and neurotropin expression in specific-depression models.
Although a clear consensus exists regarding the positive effects of exercise on cognition, memory, and mood disorders in rodent models, these studies are not directly translatable to human brain physiology. Differences in study design make it difficult to directly translate exercise speed, force, duration, and intensity from animal to human models. Various "omics" based approaches combined with novel neuroimaging methods will be necessary to bridge the gap between animal and human studies.

Notes
CONFLICTS OF INTEREST:No potential conflict of interest relevant to this article was reported.


References
	
      
        Kessler RC, 
        Berglund P, 
        Demler O, 
        Jin R, 
        Koretz D, 
        Merikangas KR, 
        et al. 
      
      The epidemiology of major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). 
      JAMA 
      2003;
      289
      :3095.
      
    
[image: image][image: image]
	
    National Institute for Health and Care Excellence. 
    Depression in adults: the treatment and management of depression in adults 2009 (Clinical guideline 90) [Internet]. 
    London: 
    NICE; 
    c2014
     [cited 2015 Aug 18]. 
    
     Available from: www.nice.org.uk/CG90.

	
      
        Cooney GM, 
        Dwan K, 
        Greig CA, 
        Lawlor DA, 
        Rimer J, 
        Waugh FR, 
        et al. 
      
      Exercise for depression. 
      Cochrane Database Syst Rev 
      2013;
      9
      :CD004366.
    
[image: image]
	
      
        van Praag H, 
        Kempermann G, 
        Gage FH, 
      
      Running increases cell proliferation and neurogenesis in the adult mouse dentate gyrus. 
      Nat Neurosci 
      1999;
      2
      :266.
      
    
[image: image][image: image]
	
      
        Adlard PA, 
        Perreau VM. 
        Pop V, 
        Cotman CW, 
      
      Voluntary exercise decreases amyloid load in a transgenic model of Alzheimer's disease. 
      J Neurosci 
      2005;
      25
      :4217.
      
    
[image: image][image: image]
	
      
        van Praag H, 
        Christie BR. 
        Sejnowski TJ, 
        Gage FH, 
      
      Running enhances neurogenesis, learning, and long-term potentiation in mice. 
      Proc Natl Acad Sci U S A 
      1999;
      96
      :13427.
      
    
[image: image][image: image]
	
      
        Brandt C. 
        Pedersen BK, 
      
      The role of exercise-induced myokines in muscle homeostasis and the defense against chronic diseases. 
      J Biomed Biotechnol 
      2010;
      2010
      :520258.
    
[image: image][image: image]
	
      
        Agudelo LZ, 
        Femenia T, 
        Orhan F, 
        Porsmyr-Palmertz M, 
        Goiny M, 
        Martinez-Redondo V, 
        et al. 
      
      Skeletal muscle PGC-1alpha1 modulates kynurenine metabolism and mediates resilience to stress-induced depression. 
      Cell 
      2014;
      159
      :33.
      
    
[image: image][image: image]
	
      
        Yau SY, 
        Li A, 
        Hoo RL, 
        Ching YP, 
        Christie BR, 
        Lee TM, 
        et al. 
      
      Physical exercise-induced hippocampal neurogenesis and antidepressant effects are mediated by the adipocyte hormone adiponectin. 
      Proc Natl Acad Sci U S A 
      2014;
      111
      :15810.
      
    
[image: image][image: image]
	
      
        Klaus F. 
        Amrein I, 
      
      Running in laboratory and wild rodents: differences in context sensitivity and plasticity of hippocampal neurogenesis. 
      Behav Brain Res 
      2012;
      227
      :363.
      
    
[image: image][image: image]
	
      
        Kim TK, 
        Park JY, 
        Han PL, 
      
      Physiological parameters in the blood of a murine stress-induced depression model before and after repeated passive exercise. 
      Endocrinol Metab (Seoul) 
      2015;
      30
      :371.
      
    
[image: image]
	
      
        Lou SJ, 
        Liu JY. 
        Chang H, 
        Chen PJ, 
      
      Hippocampal neurogenesis and gene expression depend on exercise intensity in juvenile rats. 
      Brain Res 
      2008;
      1210
      :48.
      
    
[image: image][image: image]
	
      
        Klaus F, 
        Hauser T, 
        Slomianka L, 
        Lipp HP, 
        Amrein I, 
      
      A reward increases running-wheel performance without changing cell proliferation, neuronal differentiation or cell death in the dentate gyrus of C57BL/6 mice. 
      Behav Brain Res 
      2009;
      204
      :175.
      
    
[image: image][image: image]











OEBPS/image/ReficonKoMCI.gif
KoMcl.






OEBPS/image/ReficonKoreaMed.gif
KOREAMED





OEBPS/image/icon-orcid.jpg






OEBPS/image/ReficonCrossRef.gif
CROSSREF





OEBPS/image/icon_corresp.gif





OEBPS/image/ReficonPubmed.gif
PUBMED





