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Effects of long-term noise exposure during sleep on cognitive function and biological clock-re-
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Abstract:

[Background] Environmental noise pollution is serious, and there are few studies on the effects
of long-term noise exposure during sleep on cognitive function and possible biological clock
mechanism.

[Objective] To explore the cognitive impairment induced by noise exposure during sleep in mice
and possible biological clock mechanism, and to provide a theoretical basis for the protection
against noise exposure.

[Methods] Twenty male C57BL/6J mice were randomly divided into a control group and a noise-
exposed group, 10 mice in each group. The noise-exposed group was exposed to sleep-period
noise using a noise generator for 12 h (08:00—20:00) per day for a total of 30 d. The calibrated
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noise intensity was set at 90 dB. No intervention was imposed on the control group. At the end of the noise exposure, cognitive function
of mice was examined using the new object recognition experiment and the open field test, and the hippocampal tissue damage of mice
were evaluated by Nissl staining, ionized calcium binding adaptor molecule 1 (Ibal) immunofluorescence staining, and real-time fluores-
cence quantitative PCR for inflammatory factors and biological clock genes. Oxidative stress indicators in the hippocampus of mice were
also detected by assay kit.

After noise exposure during sleep period, the results of new object recognition experiment showed that the discrimination index
of mice in the noise-exposed group was 0.06+0.04, which was significantly lower than that of the control group (0.65+0.13) (P < 0.05).
The results of open field test showed that the central activity distance of the noise-exposed group was (242.20+£176.10) mm, which was
significantly lower than that of the control group, (1548.00+790.30) mm (P < 0.05), and the central activity time of the noise-exposed
group was (0.87+0.64) s, which was significantly lower than that of the control group, (6.00£2.86) s (P <0.05). The Nissl staining results
showed that compared with the control group, neurons in the hippocampus of the noise-exposed mice were shrunken, deeply stained,
disorganized, and loosely connected. The immunofluorescence results showed that microglia in the hippocampus of the noise-exposed
mice were activated and the expression of Ibal was significantly increased compared with those of the control group (P <0.05). The real-
time PCR results of showed that the mRNA levels of the biological clock genes Clock, Per2, and Rev-erba were significantly increased
compared with those of the control group (P <0.05), and the mRNA level of Perl was significantly decreased compared with that of the
control group (P < 0.05); and the mRNA levels of IL-18, IL-6, iNOS, and NLRP3 in the hippocampal tissues of mice were significantly increased
compared with those of the control group (P <0.05). The results of oxidative stress evaluation showed that compared with the control
group, reduced glutathione content was significantly reduced in the noise-exposed group (P <0.001).

Noise exposure during sleep period can lead to the destabilization of biological clock genes in hippocampal tissues and trigger
hippocampal neuroinflammation, which can lead to the activation of microglia and cause cognitive impairment in mice.

sleep phase noise exposure; neuroinflammation; cognitive impairment; biological clock
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Per2 CTCCAGCGGAAACGAGAACTG TTGGCAGACTGCTCACTACTG
B-Actin GCCTCACTGTCCACCTTCCA AGCCATGCCAATGTTGTCTCTT
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[Note] Red arrows indicate sequestered neurons in the CA1, CA3, and DG
regions of the hippocampus. Neurons are shrunken, deeply
stained, disorganized, and loosely connected.

1 30d EEIRHAIZAE R BN NRBSAR L THIR N
(X 400)
Figure 1 Effects of 30 d noise exposure during sleep on neurons
in mouse hippocampal tissue (x400)
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E 2 30d FEIRAANE A BB NRES AL/ MR RAAIEZ T
(X 400)
Figure 2 Effects of 30 d noise exposure during sleep on microglia
in mouse hippocampal tissue (x400)
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Figure 3 Effects of 30 d noise exposure during sleep on
inflammatory factors in mouse hippocampal
tissue (n=5)
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Figure 4 Effects of 30 d noise exposure during sleep on the content
of oxidative stress markers in mouse hippocampal
tissue (n=5)
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