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ABSTRACT

Introduction: Exercise, as an effective non-pharmacological intervention, has significant effects on
brain function and behavior. However, understanding the biochemical mechanisms underlying these
effects, particularly those related to aggression and resilience, still requires further investigation. This

review aims to comprehensively examine the effects of exercise on the brain’s biochemical mecha- :
nisms, modulate aggressive behaviors, and increase resilience. Materials and Methods: This review
was conducted by searching PubMed, Scopus, and Google Scholar databases with the keywords !
exercise, brain biochemistry, aggression, and resilience. After screening the title and abstract, 60
relevant articles were selected for data extraction. Results: Exercise affects the brain through several
biochemical pathways: 1) increased levels of serotonin and dopamine, which are associated with }
reduced aggression and improved motivation, respectively; 2) increased levels of brain-derived neu-
rotrophic factor, which promotes neurogenesis and synaptic plasticity; 3) modulation of the hypo-
thalamic-pituitary-adrenal axis and decreased levels of cortisol, which regulate stress responses; 4)
modulation of the hypothalamic-pituitary-gonadal axis and modulation of testosterone levels. These :
biochemical changes ultimately lead to reduced aggressive behaviors (especially reactive aggres- }
sion, anger, and impulsivity) and increased psychological and biological resilience. The effects of ;
exercise depend on factors such as the type of exercise (acrobic, resistance, combined), intensity,
duration, age, gender, and social context. Conclusion: Exercise is a powerful and accessible strat-
egy for regulating emotions, improving cognitive function, and promoting resilience. Our current
knowledge has important practical implications for the design and implementation of exercise pro-
grams across schools, universities, and healthcare settings. Longitudinal studies with more robust |
experimental designs and advanced brain imaging and molecular biology technologies are recom- :
mended to understand the underlying mechanisms better and to personalize exercise interventions. |
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2 Mechanistic target of rapamycin (mTOR)

* Mitogen-activated protein kinase (MAPK)
* Insulin-like growth factor 1 (IGF1)

5 Brain-derived neurotrophic factors (BDNF)
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