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Effects of Aerobic Exercise on Intestinal Mucosal Barrier Function
and Anxiety-Like Behavior in APP/PS1 Mice
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Abstract  This study aimed to explore the effects of aerobic exercise on intestinal mucosal barrier function,
anxiety-like behavior, and the TLR4/NF-kB signaling pathway in APP/PS1 transgenic AD (Alzheimer’s disease)
mouse models. APP/PS1 double transgenic mice were randomly divided into the sedentary group (SE-AD) and the
aerobic exercise group (EX-AD), while C57BL/6J mice were raised as the control group (WT). After 12 weeks of
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aerobic exercise intervention in the mice of the EX-AD group, the open field test was used to evaluate anxiety-like behav-
ior. ELISA was used to measure plasma levels of DAO, D-LA, and LPS. Histological analysis of the colon was performed
with HE (hematoxylin-eosin) staining. Immunofluorescence was used to detect ZO-1 and Occludin in the colon. Western
blot was performed to determine the expression levels of tight junction proteins, TLR4/MyD88/NF-«xB pathway-associated
proteins, as well as inflammatory cytokines in the colon. The results showed that aerobic exercise significantly reduced
the distance of AD mice in the open field (P<0.01), and significantly increased not only the time spent moving
in the central area, but also the percentage of distance traveled (P<0.05, P<0.01). Furthermore, aerobic exercise
significantly decreased the plasma levels of DAO, D-LA, and LPS in AD mice (P<0.05, P<0.01). In the SE-AD
group, the colon cells had fewer nuclei, a thinner mucosal layer which was loose and porous with epithelial damage,
and the columnar cells were fewer and arranged irregularly. In contrast, the EX-AD group showed more colonic
cell nuclei, regular arrangement of mucosal columnar cells, and thicker mucosal epithelium. Aerobic exercise sig-
nificantly increased the fluorescence area of ZO-1 and Occludin in the colon of AD mice (P<0.01), up-regulated the
expression levels of Claudin-1, ZO-1 and Occludin (P<0.05, P<0.01), and down-regulated the expression of TLR4,
MyD88, NF-kB, TNF-a, and IL-1B (P<0.05, P<0.01). These results suggest that aerobic exercise can improve the
intestinal mucosal barrier function and alleviate anxiety-like behavior of AD mice. Its mechanism of action is re-

lated to the up-regulation of intestinal tight junction proteins, the reduction of LPS displacement, and the inhibition

of the TLR4/MyD88/NF-«B signaling pathway, which in turn reduces the release of inflammatory factors.
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A: total distance moved by the mice in the open field; B: time moved by the mice in the central area of the open field; C: ratio of the distance traveled
by the mice in the central area of the open field; D: graph of the trajectories of the mice in the open field in each group. Data are expressed as X+s, n=06,
*P<0.05, **P<0.01.
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Fig.1 Results of the mouse open field experiment
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Fig.2 Expression levels of plasma intestinal barrier function-related indicators in mice
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The black arrow indicates the site of epithelial damage in the colonic mucosa.
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Fig.3 HE staining of mouse colon
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A: representative images of mice colon ZO-1 and Occludin immunofluorescence; B: mice colon ZO-1 fluorescence area; C: mice colon Occludin fluo-

rescence area. Data are expressed as X+s, n=4, *P<0.05, **P<0.01.
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Fig.4 Immunofluorescence of mouse colonic tight junction proteins
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A: relative expression of mice colonic Claudin-1 protein; B: relative expression of mice colonic ZO-1 protein; C: relative expression of mice colonic

Occludin protein; data are expressed as X+s, n=5, *P<0.05, **P<0.01.
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Fig.5 Expression levels of mouse colonic tight junction proteins
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