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Mechanisms of cognitive impairment associated with
cerebral infarction
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ABSTRACT Cerebral infarction is a common type of stroke with high incidence and disability rates, and
most patients experience varying degrees of cognitive impairment. The manifestations and
severity of post-infarction cognitive impairment are influenced by multiple interacting
factors, and its pathophysiological mechanisms are highly complex, involving pericyte
degeneration, excessive generation of reactive oxygen species (ROS), overproduction of
glutamate, and overactivation of autophagy. After cerebral infarction, abnormal pericyte

1775 B #A(Date of reception): 2024-04-01

% —1{E#& (First author): J*i%, Email: 443401900@qq.com, ORCID: 0009-0009-7317-7564

i#{E1E%& (Corresponding author): #%#, Email: 94101343@qq.com, ORCID: 0000-0001-9444-4363

E £ T H (Foundation item): [ H AR ¥ 54:(81971696); 1G4 A SRR FL4:(20221330861), This work was supported by the National
Natural Science Foundation (81971696) and the Natural Science Foundation of Hunan Province (2022JJ30861), China.

FFHFRER(Open access): A SCEAFHITAIEZZVFAT UM, FLVFER =05 B 44 B8 44 -JE Rl M FH -5 1R 78 25 4.0(CC BY-NC-ND 4.0)f )5 =X,
TEATAT A DA XS ] . AZ4&AAE i (https://creativecommons.org/licenses/by-nc-nd/4.0/) .

©Journal of Central South University (Medical Science). All rights reserved.



IIRAEZEAR OGN R BB HHIL )

FHng, 4% 1693

function activates neuroinflammation and facilitates the entry of inflammatory mediators
into the brain; detachment of pericytes from blood vessels disrupts the integrity of the
blood-brain barrier. Although angiogenesis and glial scar formation may alleviate injury,
excessive scarring can inhibit neuronal regeneration. Excessive ROS trigger oxidative
stress, leading to mitochondrial dysfunction, ferroptosis, and suppression of endothelial
nitric oxide synthase/nitric oxide signaling, thereby damaging neurons. An excessive surge
in glutamate release, coupled with insufficient clearance, results in its accumulation in the
intercellular space, leading to excitotoxicity; the influx of calcium ions subsequently
activates proteases and apoptotic pathways, causing neuronal death. Overactivation of
autophagy alters lysosomal membrane permeability and results in leakage of lysosomal
enzymes; oligodendrocyte necrosis then leads to severe demyelination, further exacerbating
brain injury, although promoting the autophagic clearance of damaged mitochondria can
ameliorate cognitive deficits arising from mitochondrial dysfunction.

KEY WORDS cerebral  infarction;

cognitive
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neuroinflammation; synaptic dysfunction
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Figure 1 Pericyte degeneration activates neuroinflammation leading to cognitive impairment

ICAM-1, a cell surface adhesion molecule expressed by pericytes, interacts with integrin ligands on leukocytes, thereby recruiting

leukocytes to complete the migration of inflammatory mediators and triggering the inflammatory cascade. The shedding of pericytes

disrupts the blood-brain barrier, allowing inflammatory mediators to enter and leading to intertwined neurons, synaptic dysfunction,

and ultimately cognitive impairment. I[CAM-1: Intercellular adhesion molecule 1; IL: Interleukin; TNF-o: Tumor necrosis factor-a.
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Figure 2 Forms of neuronal death caused by excessive ROS generation and glutamate production

Under pathological conditions of ischemic stroke, the depletion of oxygen and glucose leads to excessive glutamate release and

insufficient clearance, resulting in its accumulation in the extracellular space. The impairment of energy-dependent reuptake triggers

overactivation of NMDA and AMPA receptors, causing Ca’™

influx into neurons and activating protein kinases and apoptotic

pathways. ROS: Reactive oxygen species; NMDA: N-methyl-D-aspartate; AMPA: a-amino-3-hydroxy-5-methyl-4-isox-azolepropionic

acid; AIF: Apoptosis-inducing factor.
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In cases of cerebral ischemia and hypoxia, autophagy is excessively activated. This disruption disrupts the autophagic flux of
hippocampal neurons, leading to alterations in lysosomal membrane permeability and the leakage of lysosomal enzymes.
Consequently, autophagosomes fail to fuse with lysosomes for substrate degradation, exacerbating brain damage and cognitive

impairment.
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Figure 4 Molecular mechanism of cerebral infarction related cognitive impairment

The schematic diagram illustrates the molecular mechanisms underlying cognitive impairment following cerebral infarction. These

mechanisms include pathophysiological changes such as pericyte degeneration, excessive ROS generation, excessive glutamate

production, and excessive activation of autophagy. TJs: Tight junctions proteins; AJs: Adherens junctions proteins; ROS: Reactive

oxygen species; NMDA: N-methyl-D-aspartate; eNOS/NO: Endothelial nitric oxide synthase/nitric oxide; BDNF: Brain-derived

neurotrophic factor.
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