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Abstract: Stroke is characterized by high incidence, high disability, high mortality, and high recurrence rates.
Current clinical management relies primarily on injectable thrombolytic therapy. While a variety of oral adjuvant
medications are available, their therapeutic efficacy and underlying mechanisms have not been systematically
evaluated. Traditional Chinese medicine (TCM), as a multi-component and multi-target therapeutic option, has
demonstrated considerable potential in the prevention and treatment of stroke. Emerging evidence indicates that
TCM exerts modulatory effects on stroke-related pathological processes by regulating the gut microbiota,
maintaining gastrointestinal homeostasis, and acting through the gut-brain axis. The conventional pharmacological
paradigm holds that drugs must enter the systemic circulation and traverse the blood-brain barrier (BBB) to exert

central effects. Despite their low oral bioavailability and limited systemic exposure, certain pharmacologically
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active constituents nonetheless exert significant neuroprotective effects, suggesting that their in vivo activities may
be mediated by indirect gut-derived regulatory mechanisms rather than direct systemic actions. Based on these
observations, we propose the concept of "intestinal retention components" (IRC), referring to a class of orally
administered bioactive constituents that are poorly absorbed across the intestinal epithelium and predominantly
retained within the intestinal lumen due to their physicochemical properties. Although these compounds exhibit
minimal systemic exposure, they are capable of modulating the intestinal microenvironment, thereby influencing
brain function and improving stroke outcomes. This review aims to systematically elucidate the potential
mechanisms by which IRC indirectly exerts anti-stroke effects via the gut-brain axis, encompassing microbiota-
mediated biotransformation, attenuation of gut microbial dysbiosis and its associated metabolic perturbations,
restoration of intestinal barrier integrity, and regulation of the intestinal mucosal immune microenvironment. Given
that numerous central nervous system disorders are also accompanied by intestinal microenvironmental
dysregulation, the IRC-centered research framework targeting the gut microenvironment may provide a valuable
reference for mechanistic elucidation and the identification of candidate drugs among orally active constituents in
the context of broader neurological diseases.
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Table 1 Gut-brain axis mechanisms of representative intestinal retention components (IRC) in stroke models. BBB: Blood-brain barrier;

MCAO: Middle cerebral artery occlusion; CNS: Central nervous system; SCFAs: Short-chain fatty acids; ZO-1: Zonula occludens-1; TLR4:
Toll-like receptor 4; LPS: Lipopolysaccharide; HPA: Hypothalamic-pituitary-adrenal; GABA: Gamma-aminobutyric acid; 5-HT: 5-
Hydroxytryptamine; PPD: Protopanaxadiol; HPPA: 3-Hydroxyphenylpropionic acid; AMPK: AMP-activated protein kinase; MLCK:
Myosin light chain kinase; IL-17F: Interleukin-17F

Representative

Chemical class Comprehensive mechanisms of action and evidence Reference

component
Ginsenoside Rb1

Saponin Gut microbiota transformation: Converted to compound K and PPD by f-glucosidase from [47-49,57]
Eubacterium A-44, Bifidobacterium, and Bacteroides, significantly enhancing BBB permeability

Gut microbiota modulation: Upregulated Lactobacillus and downregulated inflammation-

associated bacteria in rat MCAO models, with increased microbial diversity

Immune regulation: Metabolites compound K and Rg3 inhibited NF-kB/MAPK pathways in the

CNS, reduced microglial activation, and decreased IL-1/, TNF-a, and IL-6 levels, exerting

neuroprotective effects
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Continued

Chemical class

Representative
component

Comprehensive mechanisms of action and evidence

Reference

Flavonoid

Alkaloid

Anthraquinone

Polyphenol

Polysaccharide

Terpenoid

Iridoid
glycoside

Astragaloside IV

Escin

Notoginsenoside R1

Baicalin

Naringin

Breviscapine

Berberine

Rhubarb
anthraquinone
glycosides

Resveratrol

Pueraria resistant
starch

Lycium barbarum

polysaccharides

Tanshinone ITA

Morroniside

Gut microbiota transformation: Converted to cycloastragenol by glycosidases from commensal
gut microbiota, enhancing BBB permeability and anti-inflammatory activity

Gut microbiota modulation: Upregulated Bacteroidetes and downregulated Faecalibacterium and
Ruminococcus in rat stroke models, restoring microbial balance

Barrier repair: Improved goblet cell function, enhanced mucus layer structure, reduced intestinal
permeability and LPS translocation, ameliorating neurological function

Immune regulation: Inhibited GR/p38 MAPK/NF-xB and LPS/TLR4/NF-xB pathways, reduced
HPA axis activation and inflammatory cytokine levels, improving neurological function

Gut microbiota modulation: Upregulated Bacteroidetes and Bacteroidaceae, downregulated
Escherichia, Shigella, and Proteobacteria in rat stroke models, with increased microbial diversity
Barrier repair: Upregulated ZO-1 and occludin expression, enhanced tight junction integrity,
reduced intestinal permeability and LPS translocation into bloodstream

Immune regulation: Inhibited TLR4/MyD88/NF-xB pathway, reduced inflammatory cell
infiltration and pro-inflammatory cytokines, attenuated neuroinflammation, exerting anti-
inflammatory and neuroprotective effects

Gut microbiota transformation: Converted to baicalein by f-glucosidase from gut microbiota,
enhancing absorption and antioxidant activity

Gut microbiota modulation and barrier repair: Improved gut microbial structure and enhanced
intestinal barrier function

Immune regulation: Exerted antioxidant stress effects

Gut microbiota transformation: Converted to naringenin and HPPA by glycosidases from specific
Bifidobacterium, enhancing anti-inflammatory activity and exerting neuroprotective effects

Gut microbiota modulation: Upregulated Bifidobacteriaceae and Lactobacillus, downregulated
Enterobacteriaceae in stroke models, improving microbial diversity

Barrier repair: Promoted indole metabolite production and activated PXR, upregulated barrier
function-related genes, enhancing intestinal barrier function

Gut microbiota transformation: Converted to dihydroberberine by nitroreductase from gut
microbiota, significantly enhancing absorption

Gut microbiota modulation: Upregulated Bacteroidaceae and Lactobacillus, downregulated
Lachnospiraceae and Erysipelotrichaceae in stroke models, improving microbial diversity
Barrier repair: Activated AMPK and inhibited MLCK, enhanced tight junction protein stability,
improving intestinal epithelial barrier function

Immune regulation: Metabolites inhibited NLRP3 inflammasome, reduced microglial and
astrocyte activation, decreased IL-1p, IL-6, and TNF-a levels, attenuating brain injury

Gut microbiota transformation: Converted to aglycones by f-glucosidase from colonic
microbiota, achieving high local intestinal concentrations

Gut microbiota modulation: Regulated gut microbial composition

Immune regulation: Promoted neurotransmitter balance through microbiota modulation, reduced
glutamate and aspartate, increased GABA and 5-HT, improving neurological function

Gut microbiota modulation: Upregulated Bacteroidaceae and Lactobacillus, downregulated
Lachnospiraceae and Erysipelotrichaceae in stroke models, improving microbial diversity
Immune regulation: Promoted Treg/Th17 balance through microbiota modulation, reduced
systemic and neuroinflammation, exerting immunomodulatory effects

Gut microbiota transformation: Fermented by gut microbiota to produce melatonin and SCFAs
Gut microbiota modulation: Upregulated Akkermansia and Bifidobacterium, downregulated
opportunistic pathogens in prebiotic models, with increased microbial diversity

Barrier repair: Upregulated barrier-related proteins via melatonin pathway, enhanced barrier
function, exerting metabolic regulatory and barrier protective effects

Gut microbiota modulation: Upregulated Bifidobacteriaceae and Lactobacillus, downregulated
Enterobacteriaceae in prebiotic models, with increased microbial diversity

Barrier repair: Improved mucus layer function through prebiotic effects

Immune regulation: Exerted intestinal immunomodulatory effects

Gut microbiota modulation: Regulated gut microbial metabolic functions

Barrier repair: Elevated SCFAs levels, improved tight junctions, upregulated ZO-1 and occludin
expression, enhanced barrier integrity

Immune regulation: Reduced intestinal and neuroinflammation

Immune regulation: Inhibited IL-17F/TRAF6/NF-«B pathway, modulated inflammatory cells,
reduced IL-17F levels, ameliorated intestinal and neuroinflammation
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