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Exploring Mitochondrial Autophagy and Cerebral Ischemia—Reperfusion Injury from a
"Micro-Level" Perspective Based on the '"Toxic Damage to Brain Networks' Theory

YANG Xing, ZHANG Zhanwei
(The First Affiliated Hospital of Hunan University of Traditional Chinese Medicine, Changsha 410007, China)

ABSTRACT: The pathological essence of cerebral ischemia-reperfusion injury (CIRI) aligns well with the traditional
Chinese medicine theory of "toxic damage to the brain network." Both theories focus on the accumulation of "toxic
pathogens," such as oxidative stress and inflammatory factors, which lead to an imbalance in the brain network’s
microenvironment. This paper explores CIRI from the perspective of the "toxic damage to brain vessels" theory at the
microscopic level, innovatively proposing the bidirectional effect theory of mitochondrial autophagy imbalance. On the one
hand, insufficient mitochondrial autophagy cannot clear damaged mitochondria, reactive oxygen species (ROS), mitochondrial
DNA(mtDNA), and other "toxic pathogens" through pathways such as PINK1/Parkin. This leads to their excessive accumulation,
which damages brain vessel function. On the other hand, excessive autophagy activation leads to pathological changes after
cell apoptosis, resulting in "toxic heat accumulation," which ultimately causes autophagy—lysosomal degradation disorders
and forms a vicious cycle of "increasing toxicity—increasing network damage." Cerebral ischemia—reperfusion injury is thus
divided into early, middle, and late stages, and the pathological roles of mitochondrial autophagy and the corresponding
traditional Chinese medicine mechanisms are explained for each stage. This establishes a "staged —targeted" traditional
Chinese medicine intervention strategy: "eliminating toxins to awaken the mind, suppressing hyperactivity to support
weakness, and nourishing the marrow to replenish the network." By staging the course of cerebral ischemia -reperfusion
injury and integrating the "toxic damage to brain networks" pathogenesis with the dynamic regulation of mitochondrial
autophagy, a new paradigm for the precise, time—sensitive treatment of CIRI is provided.
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