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Fig. 1 Effect of high—fat feeding and treadmill exercise on body mass, perirenal fat and epididymal fat pads
(a) Timeline of the experiment. (b—d) The body mass (b, ***P<0.001, n=20), mass of perirenal fat (c, ***P<0.001, n=20), mass of epididymal fat

pads (d, ***P<0.001, n=20) of animals in the high-fat diet (HFD) group was significantly higher than that of the animals in the normal-fat diet
(CON). However, the body mass (b, ***P<0.001, n=20), mass of perirenal fat (c, **P<0.01, »=20) and mass of epididymal fat pads (d, **P<0.01, n=
20) of animals in the high-fat diet and exercise (HFD-Ex) group was significantly lower than that of the animals in the HFD group.
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Fig.2 Treadmill exercise prevents decline in spatial learning and memory in high—fat diet—induced obese mice
(a, b) Schematic drawings of the Y-maze (a) and novel object recognition (b) tests performed in our experiment. (c—f) The alternation ratio (c, ***P<
0.001, n=12) and discrimination index (DI) (e, f, ***P<0.001, n=12) were significantly decreased in HFD mice compared to the CON mice. Treadmill
exercise reversed the decrease in the alternation ratio (¢, **P<0.01, n=12) and DI (e, ***P<0.001, n=12; f, *P<0.05, n=12) in the HFD-induced obese
mice. The total arm entry (d) was significantly increased in the HFD-Ex mice compared to the HFD mice (¥**P<0.001, n=12). (g, h) The total object
exploration time did not differ among all 3 experimental groups at 0.5 h (g) and 2 h (h) post-training intervals (P=0.8, n=12). NORT: novel object

recognition test.
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Fig. 3 Effects of treadmill exercise on the expression of c—fos and DCX in the hippocampus of high—fat diet—induced

obese mice

(a, b) Representative Western blots for c-fos, Dex, and GAPDH in the hippocampus of mice in each group. (¢) Summarized data showed a significant

increase in c-fos expression in the hippocampus of the HFD-Ex group compared to the HFD group (***P<0.001, n=8). (d) Summarized data showed

a significant decrease in DCX expression in the hippocampus of the HFD group compared to the CON group (**P<0.01, n=8), which was blocked by

treadmill exercise (*P< 0.05, n=8).
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Fig. 4 Treadmill exercise increases the axon length, dendritic complexity, and the dendritic spines numbers in the

hippocampus of high—fat diet—induced obese mice

(a, b) Representative Golgi staining images of the hippocampus neurons (CA1l) (a) and dendritic spines (2nd-oder dendrites) (b) in the CON, HFD,
and HFD-Ex groups. (c—e) The axon length (¢) (***P<0.001, n=12), dendritic complexity (d) (***P<0.001, n=12), and the number of spines (e)
(***P<0.001, n=12) of the hippocampus were significantly decreased in the HFD-induced obese mice compared to the control group. Treadmill
exercise increased the axon length (¢) (**P<0.01, n=12), dendritic complexity (d) (¥***P<0.001, n=12), and the number of spines (e) (***P<0.001,

n=12) of the hippocampus in the HFD-induced obese mice.
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Fig. 5 Effects of treadmill exercise on the expression of PSD95 and Syn in the hippocampus of high—fat diet—induced

obese mice

(a, b) Representative Western blots for PSD95, Syn, and GAPDH in the hippocampus of mice in each group. (¢) Summarized data showed a

significant decrease in PSD95 expression in the hippocampus of the HFD group compared to the CON group (***P<0.001, n=8), which was blocked

by treadmill exercise (¥**P<0.01, n=8). (d) There were no significant difference on Syn expression in the hippocampus among the CON, HFD, and

HFD-Ex groups (P=0.396. n=8).
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Fig. 6 Effects of treadmill exercise on microglia (MHC-II) and IL—-1f in the hippocampus
(a) The representative microscope imaging of MHC-II positive cells in the hippocampus of mice in each group. (b) Quantification of MHC-II positive
microglia cell numbers in the hippocampal. The number of MHC-II positive microglia cells was significantly higher in HFD mice compared to the
CON mice (***P<0.001, n=8), and this increase was blocked by treadmill exercise (***P<0.001, n=8). (c) ELISA analysis of IL-1f concentrations in
the hippocampus of mice in each group. The concentration of IL-1f in the hippocampus were significantly increased in the HFD mice compared to

the CON mice (¥***P<0.001, n=8). However, the concentration of IL-1 was decreased in the HFD-Ex mice compared to the HFD mice (***P<0.001,
n=8).
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Abstract Objective Obesity has been identified as one of the most important risk factors for cognitive
dysfunction. Physical exercise can ameliorate learning and memory deficits by reversing synaptic plasticity in the
hippocampus and cortex in diseases such as Alzheimer’s disease. In this study, we aimed to determine whether 8
weeks of treadmill exercise could alleviate hippocampus-dependent memory impairment in high-fat diet-induced
obese mice and investigate the potential mechanisms involved. Methods A total of sixty 6-week-old male
C57BL/6 mice, weighing between 20-30 g, were randomly assigned to 3 distinct groups, each consisting of 20
mice. The groups were designated as follows: control (CON), high-fat diet (HFD), and high-fat diet with exercise
(HFD-Ex). Prior to the initiation of the treadmill exercise protocol, the HFD and HFD-Ex groups were fed a high-
fat diet (60% fat by kcal) for 20 weeks. The mice in the HFD-Ex group underwent treadmill exercise at a speed of

8 m/min for the first 10 min, followed by 12 m/min for the subsequent 50 min, totally 60 min of exercise at a 0°
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slope, 5 d per week, for 8 weeks. We employed Y-maze and novel object recognition tests to assess hippocampus-
dependent memory and utilized immunofluorescence, Western blot, Golgi staining, and ELISA to analyze axon
length, dendritic complexity, number of spines, the expression of c-fos, doublecortin (DCX), postsynaptic density-
95 (PSD95), synaptophysin (Syn), interleukin-1§ (IL-1p), and the number of major histocompatibility complex II
(MHC-II) positive cells. Results Mice with HFD-induced obesity exhibit hippocampus-dependent memory
impairment, and treadmill exercise can prevent memory decline in these mice. The expression of DCX was
significantly decreased in the HFD-induced obese mice compared to the control group (P<0.001). Treadmill
exercise increased the expression of c-fos (P<0.001) and DCX (P=0.001) in the hippocampus of the HFD-induced
obese mice. The axon length (P<0.001), dendritic complexity (P<0.001), the number of spines (P<0.001) and the
expression of PSD95 (P<0.001) in the hippocampus were significantly decreased in the HFD-induced obese mice
compared to the control group. Treadmill exercise increased the axon length (P=0.002), dendritic complexity
(P<0.001), the number of spines (P<0.001) and the expression of PSD95 (P=0.001) of the hippocampus in the
HFD-induced obese mice. Our study found a significant increase in MHC-II positive cells (P<0.001) and the
concentration of IL-1B (P<0.001) in the hippocampus of HFD-induced obese mice compared to the control group.
Treadmill exercise was found to reduce the number of MHC-II positive cells (P<0.001) and the concentration of
IL-1B (P<0.001) in the hippocampus of obese mice induced by a HFD. Conclusion Treadmill exercise led to
enhanced neurogenesis and neuroplasticity by increasing the axon length, dendritic complexity, dendritic spine
numbers, and the expression of PSD95 and DCX, decreasing the number of MHC-II positive cells and
neuroinflammation in HFD-induced obese mice. Therefore, we speculate that exercise may serve as a non-
pharmacologic method that protects against HFD-induced hippocampus-dependent memory dysfunction by

enhancing neuroplasticity and neurogenesis in the hippocampus of obese mice.
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