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Abstract

Objective: Previous studies have indicated that ferulic acid possesses sedative and hypnotic functions. As a
derivative of ferulic acid, ferulic acid methylester (FAM) exhibits stronger activity and lower toxicity than
ferulic acid. This study is intended to establish a rat model of insomnia induced by PCPA, with the aim of
exploring the improvement effect of FAM on the comorbidity of anxiety and insomnia in PCPA-induced
insomnia model rats and its underlying mechanisms.

Methods: This experiment was partitioned into three sections: (1) To observe the influences of FAM on
anxiety and insomnia in PCPA-induced insomnia rats. The rats were randomly allocated into 5 groups:
blank control group (Control), PCPA insomnia model group (PCPA), low-dose ferulic acid methylester
group (PCPA + FAM 10 mg), medium-dose ferulic acid methylester group (PCPA + FAM 20 mg), and
high-dose ferulic acid methylester group (PCPA + FAM 40 mg). (2) To investigate the impacts of DRN
5-HT on anxiety and sleep in PCPA-induced insomnia rats, the rats were randomly categorized into 4
groups: blank control group (Control group), PCPA insomnia model group (PCPA group), chemical
activation group (hM3Dq + CNO group), and chemical control group (hM3Dq + Saline group). (3) To
investigate and validate whether methyl ferulate ameliorates the anxiety-like behavior and sleep quality of
PCPA-induced insomnia rats via DRN 5-HT neurons, in light of the results of the first part of the
experiment, Chemogenetic and optogenetic techniques were employed for the specific regulation of 5-HT
neurons in the DRN. In the chemogenetic section, rats were randomly classified into three groups: the
chemogenetic inhibition group (hM4Di + CNO group), the chemogenetic empty-load control group
(mCherry + CNO group), and the saline group (hM4Di + Saline group). In the optogenetic part, rats were
randomly divided into two groups: the optogenetic inhibition group (eNpHR3.0 + Light on group) and the
optogenetic control group (EGFP + Light on group). The abovementioned represents the experimental
groupings. An insomnia model was established in SD rats through intraperitoneal injection of 400 mg/kg
PCPA. The anxiety levels of the rats were assessed by neurobehavioral open field test (OFT) and elevated
plus maze test (EPMT). In the first part, the changes in the activity of DRN 5-HT neurons were observed
using immunofluorescence staining. In the second and third parts of the experiment, AAV virus was
stereotactically injected into the DRN region of the brain, and the injection site and transfection were
verified. The electroencephalogram (EEG) and electromyogram (EMG) data of each group of rats were
collected using the electroencephalogram technology, and the sleep-wake and cortical EEG changes of the
rats were analyzed through sleep analysis software.

Results: The results of the first part indicated that, in comparison with the Control group, the rats in the
PCPA group presented a higher anxiety level (P< 0.05), shorter total sleep duration (P<0.05), and lower

protein expression of c-Fos positive 5-HT neurons in the DRN region (P<0.05). In contrast to the PCPA



group, the anxiety levels of rats in the PCPA + FAM 20 mg group and the PCPA + FAM 40 mg group were
lower (P<0.05), the total sleep duration was longer (P<0.05), yet there was no obvious difference in the
circadian rhythm, and the protein expression of c-Fos positive 5S-HT neurons in the DRN region was greater
(P<0. 05). The results of the second part demonstrated that, in comparison with the hM3Dq + Saline group,
the anxiety level of rats in the hM3Dq + CNO group was lower (P<0.05), and the sleep duration was
prolonged (P<0.05). The results of electroencephalogram (EEG) spectral analysis revealed that the
percentage of delta band power in the hM3Dq + CNO group was higher (P<0.05), and the percentage of
alpha band power was lower (P<0.05), while there were no significant differences in the percentage of
power in the other bands. The immunofluorescence results indicated that, compared with the hM3Dq +
Saline group, the protein expression of c-Fos positive in 5-HT neurons in the DRN region was higher in the
hM3Dq + CNO group (P<0.05). The results of the third part showed that in the group of rats treated with
20 mg FAM, the chemogenetic and optogenetic regulation revealed that compared with the mCherry +
CNO group, the anxiety level of the hM4Di + CNO group was higher (P<0.05). The total sleep time of the
hM4Di + CNO group at 6 hours was significantly shorter (P<0.05). There was a statistically significant
difference in anxiety levels between the eNpHR3.0 + Light on group and the EGFP + Light on group
(P<0.05), with the anxiety level of the eNpHR3.0 + Light on group being higher and the sleep time
recorded by EEG being shorter. The results of the electroencephalogram spectral analysis showed that the
percentage of power in the beta band of the eNpHR3.0 + Light on group was higher than that of the EGFP
+ Light on group (P<0.05), while there was no significant difference in the percentage of power in the other
bands.

Conclusions: Ferulic acid methylester improves comorbidity of anxiety and insomnia in PCPA-induced

insomnia model rats by activating 5-HT neurons in the dorsal raphe nucleus.
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LRSS J 77 RHREAF, PHE
P 9T o K G L WAL AT,

2.1.3 FRFR{EE
%22 STURAA SRR

SEIAN B AP A
-80°CHER IR VK AR Thermo Fisher A 7], H
20°CUKA EaF, hHE
4°CUKF EHAwE, HHE
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