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Enriched environment alleviates social behavioral deficits in 5XFAD mice
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[Abstract] Objective: Alzheimer’ s disease (AD) is a progressive and irreversible neurodegenerative disorder characterized by
pathological features including abnormal { - amyloid (AB) deposition, glial hyperactivation, synaptic impairment, and myelin
dysfunction. The enriched environment (EE) ; a non-pharmacological intervention, has garnered attention for its potential to enhance
neuroplasticity. However, the effects of EE on social behavior and associated neuropathology during the early stages of AD remain
insufficiently explored. This study utilized the SXFAD mouse model to systematically investigate the impact of EE on early pathological
progression in AD, providing new evidence to support the application of EE in the prevention and treatment of AD. Methods: Two-
month -old 5XFAD mice were randomly assigned to a standard environment (SE) group or an EE group (5 mice per cage) and
maintained in their respective housing conditions for four weeks. Behavioral tests, including the Y - maze, open field, elevated plus
maze, and three-chamber social interaction assays were conducted. Subsequently, immunohistochemistry and Western blot were used
to detect the distribution and expression of postsynaptic density protein-95 (PSD-95) , synaptophysin (SYP) and myelin basic protein

(MBP)in the medial prefrontal cortex (mPFC). Immunofluorescence staining and transmission electron microscopy were combined to
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observe the changes in neuronal, synaptic structure and myelin morphology to evaluate neuropathological changes. Results: EE did not
affect short - term spatial memory or anxiety - like behaviors in 5 X FAD mice but significantly enhanced their social interaction
capabilities. Pathologically, 5XFAD mice exhibited marked AR deposition and glial activation in the mPFC. Compared with the SE
group, EE mice showed significantly reduced AR accumulation and glial activation in the mPFC. Furthermore, EE improved myelin
structural integrity in this region, while no significant effects were observed on synaptic proteins, synaptic ultrastructure, or neuronal
survival. Conclusion: EE effectively mitigates AD - related pathology in 5 X FAD mice and alleviates social behavioral deficits,
highlighting its potential for addressing AD-associated social dysfunction. These findings suggest that environmental interventions may

exert neuroprotective effects by modulating neuroinflammation, reducing Af deposition, and preserving myelin homeostasis during AD

progression.
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A: Schematic diagram of the experimental design. Two-month-old 5XFAD mice were randomly divided into two groups and housed under different
conditions for four weeks. Behavioral tests were conducted sequentially: Y-maze test on Day 1, open field test on Day 2, elevated plus maze test on Day
3, and social interaction test on Day 4. Pathological analyses, including immunofluorescence, immunohistochemistry, electron microscopy, and Western
blotting, were performed after behavioral assessments. B: On the left is a heatmap of the movement trajectories of the mice during the Y-maze test.
On the right are the statistical analyses of the percentage of time spent and the number of entries into the novel arm. C: On the left is a heatmap of the
movement trajectories of the mice during the elevated plus maze test. On the right are the statistical analyses of the percentage of time spent and the
number of entries into the open arms. D: On the left is a heatmap of the movement trajectories of the mice during the open field test. On the right are the
statistical analyses of the percentage of time spent and the number of entries into the central area, fecal pellet counts, and movement speed. E: On the
left is a heatmap of the movement trajectories of the mice during the sociability test in the three-chamber social interaction experiment. On the right is
the statistical analysis of the percentage of time spent in each chamber during the sociability test. F: On the left is a heatmap of the movement trajectories
of the mice during the social memory test in the three-chamber social interaction experiment. On the right is the statistical analysis of the percentage of
time spent in each chamber during the social memory test. Compared with the SE group mice (n=10).
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Figure 1 Effects of EE on behavioral outcomes in 5XFAD mice
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A: Representative immunofluorescence images of 6E10 staining in the mPFC region of mice (scale bars: upper panel, 20 pm; lower panel, 50 pm).

B: Percentage of 6E10 positive area in the mPFC region across groups (n=6). C: Thioflavin-S staining images of the mPFC region (scale bars: upper pan-

el, 20 wm; lower panel, 50 wm). D: Percentage of Thioflavin-S positive area in the mPFC region across groups (n=6). E: Inmunofluorescence images of

GFAP staining in the mPFC region. Scale bar: 50 um. F: Percentage of GFAP positive area across groups (n=6). G: Immunofluorescence images of Ihal

staining in the mPFC region(scale bar: 50 wm). H: Statistical analysis of the percentage of Ibal-positive area across groups(n=6).
2 FEAFFEE TR mPFC ABTFRFII R4 AIE 1L

Figure 2 A deposition and activation of glial cells in the mPFC region of mice under different housing conditions
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A: Representative immunofluorescence images of the neuronal marker NeuN in the mPFC region of mice (scale bar: 50 pm). B: Number of neurons
per unit area in the mPFC in different groups of mice (n=6). C: Representative immunohistochemical images of PSD-95 in each group of mice(scale bar:
50 pm). D: Statistical chart showing the mean integrated optical density (MIOD) of PSD-95 in each group of mice (n=6). E: Representative immunohis-
tochemical images of SYP in each group of mice (scale bar: 50 wm). F: Statistical chart showing the MIOD of SYP in each group of mice (n=6).
G: Representative transmission electron microscope images showing synaptic morphology in the mPFC of mice from different groups (scale bar: 500 nm).
H-K: Quantification of PSD (H) , synaptic cleft width(K), active zone length (J) , and synaptic curvature (1) in SE (50 synapses) and EE (50 synapses)
groups (n=>5 for each group).

3 EEFFRME SXFAD /R mPFC RS flAR X8R
Figure 3 EE did not improve synapse-related indicators in the mPFC of 5XFAD mice

A SE EE B 12 C D
w)
PSD-035 = o o o o i i o e o —85 kDt QLI E15
Z 1.0 =
SQYP #5 e  —38 kDa A ks
209 o
- - —)) kDa g().g S 0.5

MBPR e mammmdamanman —17 kDa
~15 kDa

SE EE SE EE

GAPDH s s s s s s s s e s i —37 kDa

A: Representative Western blot bands of PSD-95, SYP, and MBP in the mPFC of mice from each group. B-D: Statistical analysis of grayscale
values of PSD-95(B), SYP(C), and MBP(D) Western blot bands in the mPFC of each group of mice (n=6).
4 AREAFFHTRMANGEHBXEQRRIEKT

Figure 4 Expression levels of synapse and myelin-related proteins under different housing conditions
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A: Immunofluorescence images of the myelin marker MBP in the mPFC region of mice (scale bar: 50 um). B: Statistical chart showing the percentage

area of MBP immunofluorescence signal in the mPFC of each group of mice (n=6). C: Representative transmission electron images showing myelin

morphology in the mPFC of mice from different groups (scale bar: 500 nm). D: Statistical chart of the mean g-ratio of myelin in SE (50 axons) and EE

(50 axons) groups of mice (n=5). E: Representative transmission electron images showing oligodendrocyte nuclear heterochromatin in the mPFC of

mice from different groups (scale bar: 500 nm). F: Statistical chart of the mean percentage of nuclear heterochromatin area in oligodendrocyte from SE

(10 nuclei) and EEC10 nuclei) groups of mice(n=15).
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Figure 5 EE improved the myelin morphology in the mPFC of 5XFAD mice
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