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Recent Advances in Exercise-Induced Attenuation

of Ischemic Brain Injury Based on Multi-Organ Synergistic Interactions
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Abstract The treatment of ischemic stroke faces bottlenecks such as a narrow therapeutic window and
poor long-term neurological recovery. Traditional views categorize the neuroprotective effects of exercise into “di-
rect central effects” and “indirect peripheral effects”. This review proposes that exercise is, in essence, a systemic
intervention that mobilizes a coordinated response across multiple organs throughout the body. Exercise can induce
tissues and organs such as skeletal muscle, adipose tissue, the intestine, and the liver to release various signaling
molecules, including myokines, short-chain fatty acids, and adipokines. Upon entering the brain, these peripheral
signals interact and integrate at sites such as the blood-brain barrier and neurovascular units, jointly regulating intra-

cerebral inflammatory responses, energy metabolism, and neural repair processes, thereby synergistically promoting
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angiogenesis, enhancing synaptic plasticity, suppressing neuroinflammation, and protecting neurons. Based on this,

this paper proposes a “peripheral multi-organ synergy-central interface integration” model, emphasizing that exer-

cise reshapes the secretory functions of peripheral organs, leading to the convergence and synergistic repair of the

brain through multi-level signaling interactions. This model provides a theoretical basis for a deeper understanding

of the neuroprotective mechanisms of exercise and the development of novel rehabilitation strategies.
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Regular exercise exerts direct protective effects on ischemic brain tissues via four core pathways: () promoting cerebral blood flow and angiogenesis
(e.g., up-regulating VEGF/VEGFR2, bFGF, and eNOS); @) enhancing neuronal plasticity and synaptic regeneration (e.g., activating the BDNF/TrkB
pathway and promoting PSD-95 synthesis); (3 inhibiting neuroinflammation and oxidative stress (e.g., activating the Nrf2/SOD antioxidant pathway
and suppressing NF-kB/NLRP3 inflammasomes); and @ regulating cell death and autophagy (e.g., inhibiting apoptosis, necroptosis, and pyroptosis,
and restoring autophagic flux). T-shaped arrows indicate inhibition, blockage, or negative regulation. Upward and downward arrows of different colors:
upward arrows (e.g., red) denote up-regulation of gene/protein expression, pathway activation, or promotion of biological processes; downward arrows
(e.g., blue/green) denote down-regulation of gene/protein expression, activity inhibition, or mitigation of pathological damage.

Bl EHRRMMEEAANS BEERPINEIRE

Fig.1 Direct protective effects of exercise on ischemic brain tissues
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Fig.2 Peripheral organ effects of exercise on brain injury and the mechanisms of crosstalk with the brain
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