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Chronic sleep deprivation exacerbates cognitive and pathological impairments in

APP/PS1/tau triple transgenic Alzheimer’s disease model mice
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Abstract: Sleep exerts important functions in the regulation of cognition and emotion. Recent studies have found that sleep disorder
is one of the important risk factors for Alzheimer’s disease (AD), but the effects of chronic sleep deprivation on the cognitive
functions of AD model mice and its possible mechanism are still unclear. In the present study, 8-month-old male APP/PS1/tau triple
transgenic AD model (3xTg-AD) mice and wild type (WT) mice (n = 8 for each group) were subjected to chronic sleep deprivation by
using the modified multiple platform method, with 20 h of sleep deprivation each day for 21 days. Then, open field test, elevated plus
maze test, sugar water preference test, object recognition test, Y maze test and conditioned fear memory test were performed to evaluate
anxiety- and depression-like behaviors, and multiple cognitive functions. In addition, the immunohistochemistry technique was used
to observe pathological characteristics in the hippocampus of mice. The results showed that: (1) Chronic sleep deprivation did not
affect anxiety- (P = 0.539) and depression-like behaviors (P = 0.874) in 3xTg-AD mice; (2) Chronic sleep deprivation exacerbated the
impairments of object recognition memory (P < 0.001), working memory (P = 0.002) and the conditioned fear memory (P = 0.039) in
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3xTg-AD mice; (3) Chronic sleep deprivation increased amyloid B (AB) deposition (P < 0.001) and microglial activation (P < 0.001)

in the hippocampus of 3xTg-AD mice, without inducing abnormal tau phosphorylation and neurofibrillary tangles. These results

indicate that chronic sleep deprivation exacerbates the impairments of recognition memory, working memory and conditioned fear

memory in 3xTg-AD mice by aggravating A deposition and the excessive activation of microglia in the hippocampus.

Key words: APP/PS1/tau transgenic model mice; chronic sleep deprivation; learning and memory; § amyloid protein; microglia
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Fig. 1. Chronic sleep deprivation did not affect anxiety-like behaviors in 9-month-old 3xTg-AD mice. 4: Histograms showing that the
mice in 3xTg-AD+PC group spent less time in the central area than the mice in WT+PC group in the open field test (OFT). C: Histo-
grams showing that the mice in 3xTg-AD+PC group spent less time in open arms than the mice in WT+PC group in the elevated plus

maze test (EPM). B and D: Histograms showing no difference in the total running distance among four groups in the OFT and EPM,
respectively. SD: sleep deprivation, PC: platform control. Mean = SD, n = 8. P < 0.05, "P < 0.001.
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Fig. 2. Chronic sleep deprivation did not affect depression-like behavior in 9-month-old 3xTg-AD mice. 4: Histograms showing
no significant difference in the total water consumption of mice among four groups. B: Histograms showing that the mice in 3xTg-
AD+PC group had lower sucrose preference percentages than mice in WT+PC group, but chronic sleep deprivation did not further

decrease sucrose preference percentage in 3xTg-AD mice. SD: sleep deprivation, PC: platform control. Mean + SD, n=8. "P < 0.01.
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Fig. 3. Chronic sleep deprivation exacerbated the object recognition memory impairment in 9-month-old 3xTg-AD mice. 4, B: The
recognition index (RI) and discrimination index (DI) of mice in each group. SD: sleep deprivation, PC: platform control. Mean + SD,
n=8.""P<0.001,"P <0.001 vs WT+PC group, "P < 0.001 vs WT+PC group, °P < 0.001 vs 3xTg-AD+SD group.
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Fig. 4. Chronic sleep deprivation exacerbated the working memory impairment in 9-month-old 3xTg-AD mice. 4: Histograms show-

ing the percentage of correct spontaneous alternation of mice among four groups. B: Histograms showing no significant difference in

the total number of arm entries among the four groups. SD: sleep deprivation, PC: platform control. Mean = SD, n=8. "P < 0.01, "'P <

0.001.
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Fig. 7. Chronic sleep deprivation did not induce neurofibrillary tangles in the hippocampus of 9-month-old 3xTg-AD mice. Images
showing representative immunohistochemical staining of phosphorylated tau protein in the hippocampus in the mice of 4 groups.
Scale bar, 50 um. SD: sleep deprivation, PC: platform control.
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Fig. 8. Chronic sleep deprivation increased activation of microglia in the hippocampus of 9-month-old 3xTg-AD mice. 4: Images
showing representative immunohistochemical staining of microglia in the hippocampus in the mice of 4 groups. Scale bar, 50 or 200
um. B: Histograms showing that chronic sleep deprivation increased percentages of Iba-1 immunopositive area in the hippocampus of

9-month-old 3xTg-AD mice. SD: sleep deprivation, PC: platform control. Mean = SD, n=3. "P<0.01, ""P<0.001.
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