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Abstract

influence central innate immune responses through multiple gut-immune-brain pathways. Among these processes, mi-

After ischemic stroke, the gut microbiota and its metabolic profile can be rapidly reshaped and

croglial polarization is a key step linking peripheral inflammatory cues to secondary brain injury. Available clinical and
experimental evidence indicates that stroke-associated dysbiosis is commonly characterized by a decrease in SCFAs
(short-chain fatty acids)-producing bacteria, such as Faecalibacterium, Roseburia, and Lachnospiraceae, together with
an increase in opportunistic or inflammation-associated taxa, including Enterobacteriaceae and Porphyromonadaceae.
These alterations are associated with stroke severity, poor functional outcome, and infectious complications. Mechanis-
tically, gut microbiota dysbiosis can synergistically promote neuroinflammatory responses through multiple pathways,
including microbial metabolites and endotoxin signaling (e.g., the SCFAs-GPR41/43-HDAC axis, the TMAO-related
inflammatory signaling, and the LPS-TLR4 pathway), peripheral immune remodeling (e.g., Th17/Treg imbalance,
monocyte/neutrophil recruitment, and cytokine release), and systemic inflammation triggered by intestinal barrier dis-
ruption. Under the combined influence of these factors, microglia shift from a relatively reparative state toward a pro-
inflammatory phenotype, further activating the NF-«xB signaling pathway and promoting the assembly and activation
of the NLRP3 inflammasome, thereby exacerbating blood-brain barrier disruption and neuroinflammatory responses.
In terms of intervention, peri-stroke nutritional support combined with probiotics or synbiotics has shown potential in
some clinical studies to improve intestinal barrier function, alleviate inflammatory responses, and optimize nutritional
parameters, thereby potentially reducing the risk of infection. In experimental studies, fecal microbiota transplantation,
postbiotics or SCFAs supplementation, and targeted modulation of metabolic pathways such as the TMAO axis have
also shown promise in alleviating brain injury and regulating microglial polarization. Overall, gut microbiota dysbiosis
is an important upstream contributor to post-stroke neuroinflammation; however, the causal relationship among sig-
nature taxa, key metabolites, microglial phenotypes, and clinical outcomes still requires further confirmation by high-
quality clinical studies before microbiota-targeted strategies can be translated into ischemic stroke management.

Keywords  gut microbiota; ischemic stroke; microglial polarization; neuroinflammation; intestinal-brain axis
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This figure illustrates the multi-level regulatory network governing the transition of microglia between Mland M2 phenotypes following IS. Level 1
(upstream triggers): includes DAMPs (e.g., LPS, HMGBI, ATP) and protective factors (e.g., estrogen). Level 2 (receptors/adaptors): highlights trans-
membrane receptors such as TLR4-MyD88/TRIF, P2X7, and GPER. Level 3 and level 4 (intermediate signalling pathways and transcription factor net-
works): depicts key regulatory hubs including NF-kB, ERK and STAT6. Level 5 (M1/M2 markers and effectors): represents the final polarization states
and their downstream biological effectors. Green arrows: denote activation or promotion, indicating the positive transduction of signaling cascades. Red
lines: denote inhibition or antagonism, indicating the blockage of specific pathways by molecular inhibitors or natural compounds (e.g., quercetin, epi-
medium). Dark arrows: represent downstream consequences or phenotypic transitions resulting from the activated cascades.
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Fig.1 Schematic diagram of the major signaling pathways regulating microglial polarization in ischemic stroke
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This figure illustrates the reciprocal regulatory network between brain injury and the intestinal microenvironment post-IS: stroke-induced stress and auto-

nomic dysfunction lead to gut microbiota reshaping, characterized by reduced SCFAs (short-chain fatty acids), impaired intestinal barrier integrity, and LPS

(lipopolysaccharide) translocation. These alterations subsequently trigger systemic immune activation marked by Th17/Treg imbalance and a pro-inflam-

matory cytokine cascade (IL-1B, TNF-a, and IL-6), which ultimately exacerbates secondary brain injury via neuroinflammation. Conversely, exogenous

spermine supplementation strengthens the integrity of both the blood-brain barrier and the intestinal barrier, effectively blocking “leaky gut” and suppress-

ing systemic inflammation to exert neuroprotective effects. Black solid arrows: indicate positive driving forces or induction relationships under pathological

conditions (e.g., brain injury-induced gut dysfunction), as well as specific biological effects or product outputs at each regulatory level.
E2 HR 4 REZE A (IS)iF SR BAE R A 5K AL

Fig.2 Mechanisms of IS-induced gut microbiota dysbiosis
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This figure illustrates the impact of short-chain fatty acids (SCFAs, particularly butyrate) produced by gut probiotics (e.g., Lactobacillus and Bacteroide-

tes) on microglial polarization: butyrate can enter the bloodstream via the “gut-brain axis”, or through direct interaction with surface receptors (GPR41/43)

and inhibition of HDAC (histone deacetylase), thereby inducing a phenotypic transition from the pro-inflammatory M1 type to the anti-inflammatory

M2 type. This process significantly reduces encephalitis scores and improves functional outcomes by alleviating gut dysbiosis and enhancing metabolic

regulation. Downward arrows: a decrease in levels or inhibition of specific parameters. Upward arrows: an increase in levels or up-regulation of factors.

Solid black arrows: represent signal transduction or transformation pathways, tracing the process from metabolite production to receptor activation and

subsequent phenotypic switching.

E3 HEMRS 8 BRI

Fig.3 Direct regulatory mechanisms of microbial metabolic products
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