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Abstract

Background: Schisandra chinensis (SC) is the dried fruit of SC of Magnoliaceae, which has been used to treat many diseases,
such as asthma, cough, insomnia, spontaneous sweating, and so on, for more than 2000 years. Lignans are important active
ingredients of SC for improving insomnia, but it is not clear the exact material basis and mechanism of action.

Objectives: This study aimed to discover the mechanism by which SC treats insomnia through network pharmacology.
Materials and Methods: It was used to study the chemical constituents of SC by ultra-high-performance liquid
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS). The SC-Insomnia network and the
protein—protein interaction (PPl) network were set up using network pharmacology to research the mechanisms by which
SC treats insomnia. The targets found in network pharmacology were proven by enzyme-linked immunosorbent assays
(ELISA) and real-time polymerase chain reactions (RT-PCR).

Results: It identified 26 monomer compounds, all of which were lignans. From the SC—Insomnia and PPl networks, seven
main active lignans were discovered, which could play an important part in treating insomnia, along with | | targets that play
an important part in the sleep—wake cycle. It was verified by the expression of GABA with ELISA and GABRAI with RT-PCR.
Conclusion: Based on network pharmacology, the mechanism by which SC treats insomnia is through the sleep—wake cycle.
It was a foundation to rationally apply SC for treating insomnia in the clinic.
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Schisandra chinensis (SC), as a traditional Chinese
medicine, was first recorded in “Shennong’s Herbal” more
than 2,000 years ago (Chinese Pharmacopoeia Commission,
2020). It is rich in lignans and has many effects, such as

Introduction

Insomnia is caused by anxiety, excessive fatigue, or
neuropathological damage caused by a continuous decline in
sleep quality. People suffering from insomnia have difficulty
falling asleep, have shallow sleep, are easy to wake up, have
more dreams, and so on (Marais & Osuch, 2020). Nowadays,
the rhythm of social life is accelerating day by day. With
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people’s mental and psychological pressure increasing, the
population of insomnia is expanding. In recent years, the
search for safe and effective methods to prevent and treat
insomnia has become the focus of medical attention. With the
continuous deepening of the study of traditional Chinese
medicine, it has shown good efficacy, less toxicity and side
effects, and fewer adverse reactions (Xu et al., 2019).
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sedative hypnosis, but it is not clear how to treat insomnia in
terms of the exact material basis and mechanism of action
(Qiang et al., 2022).

Network pharmacology interprets the occurrence and
development of diseases from the perspective of system
biology and the balance of biological networks and
understands the interaction between drugs and organisms
from the perspective of the holistic view of improving or
restoring the balance of biological networks (Li et al., 2022).
Because of its holistic and systematic characteristics, it has
been widely used in the study of traditional Chinese medicine,
which is consistent with the holistic view of traditional
Chinese medicine and the principle of treatment based on
syndrome differentiation (Xiong et al., 2022).

In this study, the chemical constituents of SC were detected
by ultra-high-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry (UPLC-QTOF-MS). The
mechanism of SC treating insomnia was studied by the SC—
Insomnia network and protein—protein interaction (PPI)
network. After proving it by enzyme-linked immunosorbent
assay (ELISA) and real-time polymerase chain reactions
(RT-PCR), it was discovered that SC treats insomnia.

Materials and Methods

Reagents and Materials

Five chemical reference standards, including Schisandrol A
(Batch No. 110857-201513), Schisandrin A (Batch No. 110764-
201312), Schisantherin A (Batch No. MUST-17032302),
Schisandrol B (Batch No. MUST-17040307), and Schisandrin C
(Batch No. MUST-17031816). 4-Chloro-dl-phenylalanine
(PCPA) was purchased from Sigma (Company Inc., USA).
Pentobarbitone sodium was obtained from Merck (Company
Inc., Germany). SC was purchased from the Affiliated Hospital
of Liaoning University of Traditional Chinese Medicine
(Shenyang, China). GABA ELISA Kit was provided by AMEKO
(Shanghai, China). Prime® Script RT Reagent Kit with gDNA
Eraser and SYBR®Premix Ex Taq TMII (TliRNaseH Plus)
were provided by Takara (Japan). Primer sequences were
synthesized by Sangong Biotech (Shanghai, China).

Preparation of SC

SC (0.5 g) was extracted with methanol into a 25 mL
volumetric flask by ultrasonic treatment (power 250 W,
frequency 20 kHz) for 30 min and filtered for chemical
constituent analysis. SC was reflux-extracted from 95%
ethanol twice. The reflux extracts were combined and
concentrated for intragastric administration in rats.

Determination of Chromatographic

Chromatography was conducted on the Agilent 1290 series
UPLC system by a 4.6 mm x 100 mm Poroshell SB-C g

column. The column temperature was maintained at 30°C. The
gradient mobile phase consisted of solvent A (0.01% formic
acid in water) and mobile phase B (acetonitrile) at a flow rate
0f 0.6 mL/min in positive mode. The gradient elution procedure
was 5%-100% B for 0-30 min and 100%-100% B for
30-37 min by a sample injection volume of 0.4 pL.

An Agilent-6550 Q-TOF mass spectrometry was
performed with a mass range of m/z 50-1000. In positive
mode, the capillary voltage was 3500 V, the drying gas
temperature was 250°C, the drying gas flow rate was
13 L/min, the nebulizer pressure was 40 psig, the sheath gas
temperature was 350°C, the sheath gas flow was 11 L/min,
and the fragmentation voltage was 120 V.

Analysis of the Chemical Constituents of SC by
Mass Spectrometry

The Agilent Mass Hunter qualitative analysis was used to
analyze the chemical composition by mass spectra of SC in
positive ion mode. The characteristic mass spectra peaks
were extracted through molecular feature extraction to infer
the compound formula with the precise molecular weight and
the isotope matching results. The compounds were
preliminarily determined by reference standards and reports.

SC—Insomnia Network and PPl Network

Based on the results of SC’s chemical constituents, the
pharmacology database and analysis platform of the
traditional Chinese medicine system (http://tcmspw.com/
temsp.php) was used to screen the active constituents or
targets of SC with oral bioavailability >30% or drug-likeness
>0.18. Then the target proteins were changed into target
genes by the Uniprot database (http://www.uniprot.org).
Target genes were searched by GeneCards (https:/www.
genecards.org), with insomnia as a keyword. The common
targets of SC—Insomnia were found by Venn analysis on the
jvenn platform (http://jvenn.toulouse.inra.fr/app/example.
html). The SC-Insomnia network was established by
Cytoscape software to visualize the interaction of SC and
insomnia. The SC—Insomnia PPI network was obtained by
the String platform by Homo sapiens, with a confidence level
of >0.150.

Ethics Statement

All experimental procedures have been approved by the Use
of Medicine Ethics Review Committee for animal
experiments at Liaoning University of Traditional Chinese
Medicine.

Animals

All rats (230-270 g) were purchased by the experimental
animal center of Liaoning Changsheng Biological Technology
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Figure |. Representative BPC of SC on UPLC-QTOF-MS.

Abbreviations: SC, Schisandra chinensis; UPLC-QTOF-MS, ultra-high-performance liquid chromatography-quadrupole time-of-flight mass spectrometry;

BPC, base peak chromatogram.

Company. They were housed in an environment under the
following conditions: a temperature of 22°C and a humidity
of 50%—60%.

Induction of Insomnia and Experimental Groups

Insomnia was induced in rats, followed by intraperitoneal
PCPA (0.3 g/kg) for 4 days. All rats were randomly divided
into six groups, including normal control, model, diazepam,
SC high dose, SC medium dose, and SC low dose groups,
with 8 rats in each group. At 5 days after the induction of
insomnia, rats were given oral administration with saline in
the normal control and model groups. The other groups were
given oral administration of high-dose SC (1.944 g/kg),
medium-dose SC (0.648 g/kg), low-dose SC (0.216 g/kg),
and diazepam (0.1 g/kg) for 14 days.

Sleep Synergistic Experiment by Pentobarbital
Sodium

The suprathreshold dose of pentobarbital sodium was 50
mg/kg and the subthreshold dose was 30 mg/kg, according
to the pre-experimental results. Six rats in each group were
selected for the experiment. After a day of the last given SC,
each group was injected intraperitoneally with pentobarbital
sodium (30 mg/kg, 50 mg/kg) in subthreshold and
suprathreshold dose experiments separately. The number of
rats falling asleep in each group was observed and recorded
in the subthreshold dose experiment. The disappearance
time of the righting reflex (with the disappearance of the
righting reflex within 1 min as the standard) and the sleep
duration (recovery of the righting reflex as the standard)
were observed and recorded in a suprathreshold dose
experiment.

ELISA

The levels of y-aminobutyric acid in rats’ brain samples were
from control, model, diazepam, and high-dose, middle-dose,
and low-dose groups, with eight in each group. The results
were determined by ELISA on the basis of the instructions of
the manufacturer.

Molecular Data

RNA from each rat’s brain tissue was extracted by TRIZOL.
cDNA was produced by a gDNA removal reaction and a
reverse transcription reaction. Differential gene expression was
evaluated by qPCR. The results were quantitative in the ratio of
GABRAImMRNA to B-actin. The following primers (5’ to 3’
end) were used: for GABRAImMRNA, forward primer
(CGTGGTTCCAGAAAAGCCAA) and reverse primer
(GCTGGTTGCTGTAGGAGCAT); for p-actin, forward
primer (CGCGAGTACAACCTTCTTGC) and reverse primer
(CGTCATCCATGGCGAACTGQG).

Statistical Analysis

SPSS 19.0 statistical software was used to analyze all
quantitative data, which were expressed as the means + SD as
indicated.

Results

The Chemical Constituents of SC

The Base Peak Chromatogram (BPC) was observed in
Figure 1 by using the UPLC-QTOF-MS condition described
above. In positive-ion mode, 26 monomer compounds were
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Table I. The Results of the Chemical Constituents of SC by UPLC-QTOF-MS.

Retention Time Theoretical
SI.No. (RT) (min) Formula lon Type Mass (Da)  Fragmentation Identification
| 13.81 Cy3H3,0, [M + Na]* 441.19 395.15,333.16 Gomisin
2 15.23 C;0H3404 [M+H] 539.22 417.19,399.18,373.16,343.15 Schisantherin E
3 16.09 C,,H3,0, [M + Na]* 455.21 425.16,409.16 Schisandrol A
4 17.02 CyH3,0, [M + Na]* 553.21 507.20,423.14 Gomisin D
5 17.33 CyeH3,Og [M + Na]* 523.23 508.21,493.18,477.19 Tigloylgomisin H
6 17.52 Cy,HO4 [M+ Na]* 411.18 355.15,333.17,309.20 Gomisin |
7 18.07 C;30H3404 [M+ H]* 523.23 508.21,493.18,477.19,465.19,343.15 Benzoylgomisin H
8 18.20 Cy3Hp0; [M + Na]* 439.17 399.18 Schisandrol B*
9 18.34 C;0H3,04 [M + Na]* 559.19 437.16,415.18,371.15 Gomisin G
10 18.40 C; H30Oq [M+H] 553.24 453.19,387.18,356.16 Benzoylgomisin Q
I 19.37 CygH340, [M + Na]* 537.21 522.19,415.17,385.16 Gomisin E
12 19.39 Cy,H3004 [M + Na]* 413.19 371.15,340.13 Pregomisin
13 19.43 C;30H3,04 [M+H] 537.21 415.17,385.16 Gomisin C
14 19.74 Cy3Hy0; [M + Na]* 439.17 399.18,369.17,315.16,288.29,259.17 Gomisin A
15 20.17 C;30H3,04 [M+H] 537.21 415.18,397.16,385.16,371.15,340.13 Schisantherin A
16 20.30 Cy3H3,0, [M + Na]* 425.19 364.13,341.14 Gomisin K1
17 20.54 CyeH3404 [M + Na]* 537.21 437.16 Schisantherin B
18 21.29 Cy3H3,0, [M + Na]* 425.19 395.14,379.15 Schisanhenol
19 21.84 Cy,H»%Of [M + Na]* 409.16 365.11,316.32,288.29 Gomisin M2
20 22.03 CygH340, [M + Na]* 537.21 519.20,491.20,437.16,407.15 Schisantherin C
21 22.16 Cy,H,O4 [M + Na]* 409.16 351.15,301.14,259.17 Gomisin LI
22 22.72 C,,H3,O4 [M+H] 417.23 402.20,386.21,370.18 Schisandrin A"
23 24.15 Cy3HpO4 [M+H] 401.20 386.17,371.18,331.12,300.10 y-Schisandrin
24 24.52 Cy;H,50, [M+ H]* 401.20 386.17,371.18,331.12,316.09 Schisandrin B
25 24.87 C;0H3,04 [M+H] 521.21 491.20,421.16 Benzoylgomisin O
26 25.44 Cy,H.O4 [M+H] 385.16 355.15,315.09, 285.08,257.08, Schisandrin C*
227.07,199.08

Note: *Compared with reference standards.

Abbreviations: SC, Schisandra chinensis; UPLC-QTOF-MS, ultra-high-performance liquid chromatography-quadrupole time-of-flight mass spectrometry.

identified (Gao et al., 2019; Guo et al., 2021; He et al., 2013;
Huang et al., 2008; Lee et al., 2013; Lei et al., 2020; Li et al.,
2016, 2018; Liu et al., 2013, 2017; Onay et al., 2020; Shi et
al., 2009; Sun et al., 2019; Yang et al., 2017; Zhang et al.,
2017; Zhou et al., 2011), all of which were lignans in Table 1.
The specific secondary cracking process of the representative
compound is shown in Figure 2.

Quasi-molecular ion peak was 409.16 [M + Na]*; the
elemental composition of the compound was C,,H,,Oq, and
secondary ion fragments information of the compound were
351.15, 301.14, and 259.17.

SC—Insomnia Network and PPl Network

The 11 active constituents or targets of SC were found with
oral bioavailability >30% or drug-likeness >0.18 from the

TCMSP database (Table 2). Through Venn analysis, 11
common targets of SC—Insomnia were illustrated, as shown
in Figure 3. The SC-Insomnia network was visualized by
Cytoscape software in Figure 4. The seven main active
components could play an important part in treating insomnia
by targeting the following targets: -calcium-activated
potassium channel subunit al (KCNMAIL), Glycogen
synthase kinase-3 § (GSK3B), GABRAI, estrogen receptor 2
(ESR2), ESRI, adrenergic receptor alD (ADRAID),
acetylcholinesterase (ACHE), prostaglandin-endoperoxide
synthase 1 (PTGSI1), recombinant human peroxidase
proliferator-activated receptor Y (PPARG), endothelial nitric
oxide synthase (NOS3), and induced nitric oxide synthase
(NOS2). The SC—Insomnia PPI network was obtained by the
String platform, importing the aforementioned 11 targets,
Homo sapiens, and a confidence level >0.150 (Figure 5).
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Figure 2. The specific secondary cracking process of Gomisin LI by UPLC-QTOF-MS.

Abbreviations: UPLC-QTOF-MS, ultra-high-performance liquid chromatography-quadrupole time-of-flight mass spectrometry.

Table 2. The Main Active Components of SC.

Molecule ID Active Component

Oral Bioavailability (%) Drug-Likeness

MOL00893 | Gomisin K| 8.01 0.58
MOL008932 Gomisin L1 9.38 0.71
MOL008946 Schisanhenol 8.02 0.59
MOL008957 Schizandrer B 30.71 0.83
MOL008960 Benzoylgomisin H 7.51 0.86
MOL008963 Benzoylgomisin Q 7.50 0.85
MOL008968 Gomisin A 30.69 0.78
MOL008970 Gomisin C 7.56 0.82
MOL008971 Gomisin D 7.88 0.59
MOL008974 Gomisin G 32.68 0.83
MOL008976 Gomisin | 8.4l 0.54
Abbreviation: SC, Schisandra chinensis.
Sleep Synergistic Experiment Results by
SC Insomnia

Figure 3. Results of the Venn Analysis. The Red Color
Represents SC; the Blue Color Represents Insomnia, and the
Purple Color Represents the Common Targets.

Abbreviation: SC, Schisandra chinensis.

Pentobarbital Sodium

It was found in Table 3 that the sleep latency and sleep time
were sharply shortened in the model group compared with the
control group (p < 0.01). In comparison with the model
group, the sleep latency and sleep time were obviously
prolonged in the SC high-dose, middle-dose, and low-dose
groups (p < 0.01).

Effect of SC on Level of GABA

The results are displayed in Figure 6. In comparison with the
control group (15.76 £ 2.60), the level of GABA was down
distinctly in the model group (12.33 £+ 1.67) (p < 0.05).
Compared with the model group, it was sharply raised in the
middle and high groups (p < 0.01), intimating that SC could
treat insomnia by upregulating the levels of GABA. The
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Figure 4. SC—Insomnia Network.
Note: “Node” represents the active ingredient or target of SC and “edge” represents the relationship between them. Yellow blocks were |1 common

targets; green triangles were seven active components.

Abbreviation: SC, Schisandra chinensis.
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Figure 5. SC—Insomnia Protein—Protein Network.
Note: “Node” represents target proteins, and each edge represents the interaction relationship between target proteins.

Abbreviation: SC, Schisandra chinensis.
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Table 3. The Results of the Sleep Synergistic Experiment on SC Curing Insomnia Rats (mean * SD, n = 6).

Subthreshold Dose Suprathreshold Dose
Group Sleep Number Sleep Ratio Sleep Latency (min) Sleep Time (min)
Control 2 33.33 4.88 £ 0.93 40.31 £ 5.17
Model 0 0 11.68 £ 1.15%* 16.16  |.54%*
Diazepam 3 50.00 3.83 £ 1.07# 49.64 + 4.33##
SC high dose 2 33.33 5.25 £ 0.45# 40.16 + 3.65%
SC middle dose 3 50.00 5.58 + 0.84## 4527 + 5.12##
SC low dose I 16.66 7.05 £ 1.03# 35.62 + 5.83#
Note: **p < 0.0l compared to control group; ##p < 0.0 compared to model group.
Abbreviations: SC, Schisandra chinensis; SD, standard deviation.
GABA
18 4
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Figure 6. The Content of GABA in Different Groups.

Note: *p < 0.05 compared to the control group; #p < 0.01 compared to the model group.
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Figure 7. The Level of GABRAI mRNA in Different Groups.

Note: **p < 0.0] compared to the control group; #p < 0.01 compared to the model group.
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Figure 8. SC in Treating Insomnia by Sleep—Wake Cycle.

Abbreviation: SC, Schisandra chinensis.

levels of GABA in diazepam, high dose, SC middle dose, and
SC low dose were 15.20 + 3.82, 15.57 £ 1.15, 15.00 + 1.25,
and 14.04 £ 0.60, respectively.

Determination of GABRAI mRNA Level

The results of the determination of GABRA1 mRNA levels
are shown in Figure 7. Compared with the control group
(1.00 + 0.06), GABRA1 mRNA levels were significantly
reduced in the model group (0.58 + 0.03) (p < 0.01). In
treatment groups, the SC high dose (0.93 + 0.06), SC middle
dose (0.87 + 0.05), and SC low dose (0.76 £ 0.06) groups
were obviously higher as opposed to the model group. The
mRNA expression levels of GABRA1 were upregulated
using SC, especially in the high-dose group.

Discussion

Sleep is an important part of the sleep—wake cycle. The
continuous reduction of sleep time caused by various reasons
often leads to many physiological disorders, especially
abnormal brain function. The sleep-wake cycle is controlled
by two major systems: the sleep-promoting neuron and the
arousal neuron (Li, 2008). It was demonstrated in Figure §
that SC was effective in treating insomnia through the sleep—
wake cycle.

In the sleep-promoting neuronal system, GABA, as an
inhibitory neurotransmitter affecting sleep, is the
neurotransmitter in most of the major neurons. The specific
transmembrane receptors (GABAAR, GABABR, and
GABACR) are bonded to GABA in the plasma membrane
through both presynaptic and postsynaptic neurons in the
nervous system. This binding causes the opening of ion
channels to allow either the flow of negatively charged
chloride ions into the cell or positively charged potassium
ions out of the cell. GABAAR is commonly used in the study
of insomnia, and GABAAR acts as a GABRAI receptor
(Liang & Chen, 2015; Liu et al., 2011; Zhong et al., 2021).
The results showed that the contents of GABA and
GABRAImRNA in rats’ brains in the model group were
decreased (p < 0.01). Compared with the model group, the
levels of GABA were increased in the brain tissue of the
diazepam, high and medium dose groups (p < 0.01), which
were close to the control group, especially the high dose
group. The contents of GABRA ImRNA in the diazepam and
three dose groups were down (p < 0.01). Therefore, SC could
improve the brain’s GABA and GABRA1 mRNA levels to
affect sleep in insomnia rats. The estrogen receptor is involved
in regulating body temperature, sleep, and circadian rhythm,
which are affected by GABA. The level of estrogen is
regulated by ESR1 and ESR2 (Deng et al., 2001).

In the sleep—wake cycle, the other factor is the arousal neuron
system, which is much more complex. It is composed of multiple
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neuronal systems that use different neurotransmitters, including
glutamate, (-)-noradrenaline, dopamine, 5-hydroxytryptamine,
histamine, nitric oxide, acetylcholine, and so on. The following
factors could affect the arousal neuron. ADRA1D has receptors
that respond to epinephrine and (-)-noradrenaline in the organs
that receive sympathetic postganglionic nerve fibers (Orand
et al., 2015). By bonding calcium channels, some adrenergic
receptors are regulated by reducing activity and release.
KCNMAI, regulating calcium channel activation, might
influence sleep (Contet et al., 2016). Nitric oxide synthase
belongs to the nervous system, and NOS2 and NOS3 are its
isoforms (Gonzalez-Castro et al., 2019). ACHE is a key enzyme
in biological nerve conduction. It degrades acetylcholine at the
cholinergic synapse and stops the excitatory effect of
neurotransmitters on the postsynaptic membrane to ensure the
normal transmission of nerve signals in the body (Liu et al.,
2022). PPARG is a group of nuclear proteins involved in the
transcription of factors that regulate a variety of biological
functions, including gene expression, inflammatory processes,
and related pathology. PPAR a, PPAR vy, and PPAR B are
included in the PPAR family subtypes. Some scholars have
found that activation of PPAR o could strongly enhance
wakefulness while reducing sleep (Montagner et al.,, 2011;
Murillo-Rodriguez, 2017).

In addition, PTGS1 cyclooxygenasel, which is involved
in and exacerbates inflammation, enhances sedative-hypnotic
effects by reducing the level of PTGS1 and other inflammatory
factors (Xie et al., 2015).GSK3B is a central nervous system
serine-threonine kinase that is involved in mood regulation
and circadian rhythms. It has been shown that GSK3B can
indirectly affect the expression of BMALI, the only gene that
can cause whole-body dysrhythmia by systemic knockout
alone. GSK3B is a polymorphism associated with insomnia
in patients with depression, and intervention with GSK3B
can effectively improve symptoms in patients with depression
and insomnia (Leroy & Brion, 1999).

Conclusion

The research identified 26 monomer compounds by UPLC-
QTOF-MS. Based on network pharmacology, seven main
active components and eleven targets were found. The
mechanism by which SC treats insomnia was through the
sleep—wake cycle. It was a foundation to rationally apply SC
for treating insomnia in the clinic.

Summary

Through network pharmacology, this study discovered the
mechanism of SC in curing insomnia. It could be indicated
that SC treats insomnia by affecting the sleep—wake cycle,
which laid a foundation to rationally apply to treat insomnia
of SC in the clinic.

Abbreviations

SC: Schisandra chinensis; UPLC-QTOF-MS: Ultra-high-
performance liquid chromatography-quadrupole time-of-
flight mass spectrometry; ELISA: Enzyme-linked
immunosorbent assay; RT-PCR: Real-time polymerase chain
reaction; PPI: Protein-protein interaction.
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