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,e aim of this study was to investigate the effect of vestibular disruption on autophagy-related proteins and the tumour-
associated pathway P13K/Akt in rat sleep and its hypothalamus tissue and to examine whether catechins trigger tumour
autophagy. Healthy adult male rats were randomly selected and divided into the vestibular damage group, the sham operation
group, and the control group, with 8 rats in each group. A vestibular damage model was established through penetrating the
tympanic membrane of the external auditory canal by injecting sodium p-aminophenylarsonate. ,e electroencephalogram
(EGG) activity was used to record the sleep-wakefulness cycle of rats, and the expression levels of hypothalamic orexin (orexin)
mRNA and autophagy proteins were detected. Primary hippocampal neurons were intervened with orexin at different con-
centrations and at different times to detect cell viability and the expression of autophagy protein and P13K/Akt signal pathway
protein. ,e results showed that compared with the control group and the sham operation group, NREM duration in the
vestibular damage group decreased significantly (P< 0.05), while its W time increased significantly (P< 0.05). ,e expression
level of orexin mRNA in the hypothalamus of the vestibular damage group was significantly higher than that of the other two
groups (P< 0.05), the expression of autophagy microtubule-related proteins LC3B and Beclin-1 increased significantly (P< 0.05),
and the protein expression level of p62 decreased significantly (P< 0.05). After orexin intervention, compared with the control
group, the expression of Beclin-1 protein that positively correlated with autophagy decreased significantly (P< 0.05) and the
expression of mTOR, PDK1, and Akt protein increased significantly (P< 0.05). Compared with the orexin intervention group, the
expression of Beclin-1 and LC3B proteins in cells of the orexin receptor inhibitor (Almorexant) group, the autophagy activator
(Rapamycin) group, the orexin +Almorexant group, and the orexin +Rapamycin group increased significantly (P< 0.05), and the
expression of mTOR, PDK1, and Akt proteins decreased significantly (P< 0.05). Catechins trigger autophagy in part by regulating
the p-Akt/p-mTOR and P13K pathways and by stimulating the MAPK pathway. Catechins initiate apoptosis in common tumour
types of hepatocellular carcinoma cells by activating autophagy-related pathways. ,e conclusion is that vestibular damage can
affect the sleep-wakefulness cycle of rats; the level of autophagy in hypothalamic tissue is upregulated and may affect cell
proliferation and activity through mTOR-P13K/Akt, which has a certain reference value for tumor formation and provides a basis
for the research of insomnia or sleep disorders caused by tumors. Autophagy activation is a key process by which catechins
promote apoptosis in tumour cells, providing an avenue for more research on the use of catechins-rich diets for cardiovascular
protection in the treatment of tumours.
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1. Introduction

Sleep is the most essential physiological function of human
body, which is both important and complex. It involves
many parts of the central system and is affected by many
factors. After years of research, its mechanism is still not yet
very clear to us, so there exist many hypotheses to date.
Modern medicine believes that the disorder of the sleep-
wakefulness cycle can lead to the occurrence of insomnia,
and its pathogenesis is closely related to the sleep-wake-
fulness cycle [1]. Modern studies have found that insomnia is
caused by the dysfunction of systems (brainstem raphe
nucleus, dorsal thalamus, hypothalamus, suprachiasmatic
nucleus, and cerebral cortex) related to brain sleep and the
imbalance of sleep structure and process resulted by the
disorder of sleep factors (SFs) [2]. ,e vestibular system is
located in the inner ear and includes peripheral vestibular
organs and vestibular neurons. It mainly receives motion
and gravity information [3], which is transmitted to the
vestibular nucleus (VN) of the brain stem through vestibular
organs, and then further transmitted to other brain regions
after integration. It participates in a variety of adjustment
processes, such as respiration, blood pressure [4, 5], circa-
dian rhythm of central body temperature [6], and blood
redistribution during movement and posture change [7, 8].
,ese physiological adjustments are closely related to sleep.

Orexin is a small-molecule neuropeptide [9, 10], which is
mainly synthesized and secreted by the lateral hypothala-
mus. Orexin is expressed not only in hypothalamus, but also
in gastrointestinal tract, kidney, and pituitary. Orexin in-
cludes orexin A and orexin B [11, 12]. With the progress of
research in recent years, orexin has been found to not only
participate in food intake, but also affect sleep cycle, learning
and memory, and drug addiction. Recently, the effect of
hypothalamic arousal promoting neurotransmitter orexin
on sleep and arousal is now a research hotspot and has
attracted more and more attention.,e lateral hypothalamic
area is the main area of arousal initiation area, and orexin
neurons exist exactly in this area. ,e arousal initiation
system of orexin neurons in the posterolateral hypothalamic
area controls the coordination and unity of the activities of
each arousal regulatory system and plays a role in stimu-
lating the cortex and maintaining arousal. ,e experimental
results show that the drugs acting there can effectively make
animals or humans sleep [13]. Autophagy is a defense
mechanism and adaptive response to exogenous stimuli,
which plays an important role in maintaining the synthesis
and degradation balance of intracellular substances and
participating in the orderly reuse of cellular components. At
present, studies have found that orexin can activate
mTORC1 in rat hepatocytes and mTORC1 of the HEK-
293T cell line [14, 15], and mTOR-dependent pathway is a
key signal molecule for autophagy regulation. Recent studies
have found that chronic sleep deprivation causes abnor-
malities in the autophagy activity of cortex and hippocampal
neurons [16].

In recent years, studies have found that with the gradual
increase in the number of cancer patients, there is a very
close relationship between sleep disorders and tumors. Some

foreign research reports indicate that the prevalence of sleep
disorders spontaneously reported in cancer populations is
30%–75% [17, 18]. ,e autophagy protein Beclin-1 plays an
important role in the process of cell differentiation, apo-
ptosis, and autophagy. It can participate in the occurrence
and development of tumors by influencing the life cycle of
tumor cells, regulating tumor cell apoptosis, and controlling
tumor angiogenesis [19–22]. At present, Beclin-1 is generally
considered as a tumor suppressor gene, and the deletion of
its allele can be detected in a variety of tumors [23], while
some studies have found that Beclin-1 can promote oc-
currence and development of tumors [24, 25]. However,
there are relatively few studies on the effect of orexin on
autophagy in the hypothalamus and the signal pathways
related to tumors.

,is study is mainly to establish a model for animals with
vestibular damages to explore the effect of vestibular damage
on the sleep of rats, as well as the effect of orexin expression
and autophagy on hypothalamic tissues. It aims to further
use orexin to stimulate hypothalamic neuron cells to detect
autophagy, the expression of phage protein, and the possible
mechanism of tumor-related regulation, which provides a
basis for the study of insomnia or sleep disorders caused by
tumors. Detection of expression of autophagy-related pro-
teins and pathways with catechin stimulation on common
tumour cells is of greater use with catechin-rich diets for the
treatment of tumours and tumour-induced sleep disorders.

2. Related Works

2.1. Experimental Animal. ,e experimental animals were
all adult male SD rats (provided by Animal Room of Wuhan
University of Science and Technology), weighing 230–250 g.
,e animals were raised in cages and in a standard exper-
imental environment (light for 12 h, temperature 22± 2°C,
and humidity 50%) and could eat food and drink water
freely. All animal experiments met the ethical requirements
of experimental animals and were approved by the ethics
committee.

2.2. Experimental Grouping and Model Preparation.
Twenty-four rats were randomly divided into the vestibular
damage group, the sham operation group, and the control
group, with 8 rats in each group. In the vestibular damage
group, rats were anesthetized by intraperitoneal injection of
pentobarbital sodium (3ml/kg), lying on their sides on a
constant-temperature table for heat preservation, and in-
jected with sodium p-aminophenylarsonate (100mg/ml
dissolved in 0.3M sodium carbonate) by penetrating the
tympanic membrane through the external auditory canal.
,e injection volume of each side was 0.1ml, stuffed with an
absorption sponge, and the drug absorption was promoted
in the supine position. In the sham operation group, rats
were anesthetized by intraperitoneal injection of pento-
barbital sodium (3ml/kg), lying on their side on a constant-
temperature table for heat preservation. ,ey were injected
0.1ml sodium carbonate by penetrating the tympanic
membrane through the external auditory canal, stuffed with
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an absorption sponge, and lying on their back to promote
drug absorption. In the control group, rats were anesthetized
by intraperitoneal injection of pentobarbital sodium (3ml/
kg) without any treatment.

2.3. Experiment 1: Changes of Vestibular Sleep-Wakefulness
Cycle in Rats with Vestibular Damage

2.3.1. Surgical Operation Recorded by EEG. Disinfect EEG
electrodes with alcohol for standby. ,e rats were anes-
thetized by intraperitoneal injection of 10% chloral hydrate
(0.35ml/100mg), the heads of rats were fixed with the ear
pounds, and the ear pounds were fixed on the stereotactic
instrument. ,e cranial top skin of rats was disinfected with
Iodophor. After being shaved, the skin on the skull surface
was cut off, and the surface tissue was removed. ,e front
and rear fontanels were fully exposed to stop bleeding
completely to ensure that the skull surface was dry. ,e
electrode positioning position is as follows: the intersection
of 1mm in front of the coronal suture and 1mm on the right
side of the skull midline, and the intersection of 1mm in
front of the herringbone suture and 1mm on both sides of
the skull midline. Fix the EEG electrode at these three points,
subject to no damage to the dura mater; EMG electrodes
were inserted into the left superficial muscle layer and the
right deepmuscle layer of the rat neck, respectively. EEG and
EMG electrodes were fixed on the surface of skull with dental
cement. After waking up, the rats were fed in a single cage
where they could eat and drink freely. One week after op-
eration, EEG and EMG were recorded.

2.3.2. EEG Activity Recording. Place the transparent plex-
iglass cylinder EEG recording device in the shielding cabinet,
and put the rats into the EEG recording device to adapt to 1-
2D. ,ey can eat and drink freely and move freely. ,e
photoperiod was 12 h with light and 12 h without light. ,e
photoperiod was controlled by an automatic timer, and the
light on and off times were 7:00 and 19:00, respectively. A
rotating body was installed above the cylinder to ensure that
the rats could move freely. One end of the wire was con-
nected to the electrode of the rat head, and the other end was
connected to the rotating body, which was then connected to
the signal amplifier. ,e amplifier amplified and filtered the
EEG signal (band-pass filtering between 0.3 and 30.0Hz)
and EMG signal (band-pass filtering between 100 and
300Hz), and then directly input it into the computer
through the analog-to-digital converter. ,e analog-to-
digital conversion and data recording were controlled by
SLEEPWAVE software. Each rat was recorded continuously
for 24 hours (from 19:00 on the day to 19:00 on the next
day), and data analysis was performed by the SleepSign
software after the recording. According to the mode of
manual analysis on the sleep of rats, the software was au-
tomatically analyzed and then manually corrected. Taking
10 s as the basic unit, the sleep-wakefulness cycle was divided
into (1) nonrapid eye movement sleep period (NREMS):
high amplitude and slow wave, EMG activity decreased
significantly; (2) rapid eye movement sleep period (REM):

characterized by low amplitude and continuous theta wave
(6–10Hz), no obvious muscle activity, and occasional
muscle twitch; and (3) wake period (W): frontal occipital
lobe leads out EEG with low amplitude and fast wave and
obvious EMG signals. After correction, SleepSign software
was used to count the sleep phase time of the rats within 24
hours. Total sleep time (TST) is the sum of the NREM time
and the REM time. When two states (e.g., NREM and W)
occurred simultaneously in a 10 s division cycle, the main
part occupying 2/3 was defined as sleep state or arousal state.

2.4. Orexin mRNA Experiment 2: Effect of Vestibular Damage
on Orexin mRNA and the Autophagy Level in
Hypothalamus

2.4.1. Orexin mRNA Effect of Vestibular Damage on Orexin
mRNA. ,ree rats in each of the three groups were randomly
selected. After weighing, they were intraperitoneally injected
with anesthetic. After complete anesthesia, we cut open their
abdominal cavities, intubated from the left ventricle, cut open
the right atrial appendage, and let the normal saline flow out of
the right atrium after peripheral circulation until the blood was
completely flushed. ,en, they were perfused and fixed with
0.1mol/L phosphate buffer containing 4% paraformaldehyde
(PBS, pH 7.4, 4°C). Until the bodies of rats were completely
fixed, the judgment standard then was the rigidity of the rat tail.
Take out the hypothalamic tissue, put it into a container
containing liquid nitrogen for grinding, transfer the tissue
powder to the EP tube containing 1ml Trizol, mix it according
to the volume ratio of nomore than 1:10, and thenmix it evenly
and let it stand for 5 minutes. Add 200ul of chloroform to the
mixture and mix well. Centrifuge at 4°C with a speed of
12000 rpm, transfer the supernatant after 10minutes, add 500μl
of isopropanol to the supernatant, and mix evenly. After
standing for 10 minutes, centrifuge again at 4°C with a speed of
12000 rpm for 10 minutes. Add 1ml of 75% ethanol to the
precipitate after removing the supernatant, shake with an os-
cillator for 10–15 seconds to make them fully mixed, and repeat
centrifugation twice. After removing the supernatant again,
open the cover and dry it in a 37°C incubator for 10 minutes,
and add 30μl of nuclease-free H2O into the EP tube to dissolve
the extracted RNA. RNA reverse transcription: use SYBR®Green I Kit (Takara Bio), gradually add required samples and
reagents in proportion, namely, 5×Primescript RTMasterMix,
RNA samples, and RNA nuclease-free H2O. Mix them evenly
and put them into themachine to run the program for reaction.
At last, use the SYBR® Premix Ex Taq II kit (Takara Bio) to
gradually add the required samples and reagents in proportion
to SYBR® Premix Ex Taq II, ROX Reference Dye or Dye II,
cDNA reaction solution, upstream primers, downstream
primers, and distilled water. Use GAPDH as the internal ref-
erence gene for calibration and calculate the relative content of
target gene expression by applying the 2−ΔΔCt method.

2.5. Western Blot Detecting the Expression of Autophagy
Protein in Rat Hypothalamus with Western Blot.
Randomly select 5 rats from each group, cut their heads and
take out the brains immediately, place them on crushed ice
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to separate the hypothalamic tissues on both sides, mark the
remaining tissues and the left and right sides respectively,
and place them in a −80°C box for later use. ,e expression
of autophagy-related proteins in rat hypothalamus is then
detected with Western blot.

,e steps of Western blot are as follows:

Protexin extraction: rinse the sample cells with PBS for
2 to 3 times, and add an appropriate volume of lyase
mixed with protease inhibitor into the culture dish for 3
to 5 minutes. Shake the culture dish repeatedly to make
the lysate contact with the cells more fully. After the
cells are scraped from the culture plate, use a pipette to
transfer them to a pre-prepared centrifuge tube
(preferably done on ice). After 30 minutes of ice bath,
blow the pipette repeatedly to prevent cells from being
fully lysed and affecting the content of protein. After
centrifugation at 12000 rpm for 5 minutes, the upper
cool liquid in the test tube obtained is the total protein
solution required for the experiment. Reserve 2 ul of
BCA for quantification, and freeze the remaining
protein at −80°C.
BCA method for the determination of protein con-
centration: Prepare 25mg/ml of protein standard so-
lution in advance in strict accordance with the
requirements of the protein concentration determi-
nation kit, and dilute part of it to 0.5mg/ml. According
to the number of samples, mix reagent A and reagent B
in 50 :1, and place them indoors for 24 hours to sta-
bilize them. After carefully adding the sample to the 96-
well plate according to the instructions, add 200 ul of
working solution to each well and incubate it in an
incubator at 37°C for 30 minutes. Put the sample plate
into the microplate reader to measure the wavelength
value of A562, and get the standard curve. After that,
calculate the protein concentration in the experiment.
SDS-PAGE electrophoresis: Prepare the glue according
to the experimental arrangement. ,e upper glue
(separation glue) is prepared to 15% and the lower glue
(separation glue) is prepared to 5%. Add TEMED,
shake it evenly, fill the glue water in it, and fill the
remaining space with concentrated glue. After it, insert
the comb. After it has solidified, add the samples and
themarkers. Add electrophoresis solution at the voltage
of 90V until the marker band appears. ,en, adjust the
voltage to 120V until the bromophenol blue band
shows up.
Transfer the membrane under the condition of 4°C; set
the current at 300mA and the time at 30 minutes. After
the membrane transfer is completed, cut the internal
reference strips and the target strips required for the
experiment.
Sealing: place the transformed PVDF membrane in the
configured 5% skimmedmilk at room temperature, and
use the experimental table concentrator to maintain the
light shaking state. ,e sealing time is about 1 h.
Immune reaction: primary antibody incubation: after
removing the blocking solution, add diluted primary

antibody, shake the table concentrator, and leave it
overnight at 4°C. At room temperature, wash the TBST
solution three times with a decolorizing table con-
centrator. After the secondary antibody required for the
experiment is diluted, incubate the antibody for 30
minutes and wash it with PBS solution.
Color development: prepare color development solu-
tions ECL A and B according to the instructions. After
color development, observe the experimental results
according to the exposure time and exposure area, and
compare the target bands of LC3B, Beclin-1, and use
the optical density values of the target bands repressed
by LC3B, Beclin-1, and p62 and the internal reference
β-actin band to represent the relative expression value
of each product.

2.6. Experiment 3: Effect of Orexin on theAutophagy Level and
Akt Signal Pathway of Hypothalamic Neurons

2.6.1. Culture of Primary Hypothalamic Neurons. After the
newborn SD rats were anesthetized at low temperature on ice,
clean and disinfect them with alcohol to separate the brain.
Completely take out the brain tissue under the environment of
sterile ultra clean table and place it in the anatomical liquid on
ice. Carefully dissect the meninges under the microscope, blunt
dissection, carefully take out the hypothalamus on both sides,
put the tissue into the culture dish, and use the tissue scissors to
cut the tissue into small pieces sized less than 1 mm3 as possible
as we can. Put the chopped hypothalamic tissue into the di-
gestive solution with DMEM: 0.25% trypsin� 1 :1, digest at
37°C for 15 minutes (mildly shake it during the period to make
the digestion more complete), and then add 20% DMEM
mixture (including 10% FBS) to terminate the digestion.
Transfer the obtained mixed solution from the culture dish to a
15ml centrifuge tube, continue to add 20% DMEM mixed
solution to about 6–7ml, blowwith a straw for about 6minutes,
suck out the supernatant after standing, then transfer it to a 200-
mesh nylon net, and filter and collect the filtered solution into
the centrifuge tube. Blow the pipette repeatedly and centrifuge
the cell suspension at 850 rpm for 5 minutes. Discard the su-
pernatant, add the cell precipitation into the 20% DMEM
mixture, and then gently blow evenly to obtain the cell sus-
pension. After counting the cells with a counter, inoculate them
into a 6-well plate culture dish coated with polylysine in ad-
vance, and add about 2ml of culturemedium to eachwell. Place
the 6-well plate in an incubator at 37°C, 5% CO2, and 85%
humidity for cell culture. After 24 hours, extract out 20%
DMEM culture medium and replace it with neurobasal neuron
culture medium (2% B27, 0.2% glutamine). During the cell
culture period, semiquantitatively change the medium for 2-3
days. After culturing for about 6–8 days, use the relevant drugs
for intervention treatment to collect adherent cells and proceed
to the next step.

2.6.2. Orexin Effect of Orexin at Different Concentrations on
the Viability of Hypothalamic Neurons. Configure orexin
into 4 different concentrations of treatment solution of
0mol/L, 10–11mol/L, 10–9mol/L, and 10–7mol/L, and
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divide the hypothalamic neuron cells cultured in the same
batch randomly into 4 groups. Use 4 different concentra-
tions of orexin solutions to intervene in 4 groups of hy-
pothalamic neuronal cells, then add about 2ml of culture
medium to each well to maintain the consistency of the
number of cells per well, and place the well plate in an
incubator for culture. Select six duplicate samples for each
treatment. After 2 hours, detect the viability of hypothalamic
cells with CCK-8 and select the optimal orexin intervention
concentration.

2.6.3. Orexin Effect of Orexin Intervention at Different Times
on the Viability of Hypothalamic Neurons. Randomly divide
the hypothalamic neurons cultured in the same batch into
five groups. According to the optimal orexin intervention
concentration selected in the previous step, intervene in 5
groups of 0 h, 2 h, 4 h, 6 h, and 8 h, respectively, and make
relevant marks (time, intervention conditions). ,en, add
about 2ml of culture medium to each well to maintain the
consistency of the number of cells per well, and place the well
plate in the incubator for culture. Select six duplicate
samples for each experiment. Detect the viability of hypo-
thalamic cells at different time with CCK-8.

2.6.4. Orexin Akt Effects of Orexin on the Autophagy Level of
Hypothalamic Neurons and Akt Signal Pathway. Divide the
hypothalamic neurons cultured in the same batch randomly
into 6 groups: (1) the control group, (2) the orexin group, (3)
the orexin receptor blocker-Almorexant group, (4) the
autophagy activator-rapamycin group, (5) the orex-
in + almorexant group, and (6) the orexin + rapamycin
group. Orexin intervention concentration and intervention
time are the best intervention concentration and interven-
tion time selected according to the test results of the first two
steps. According to the grouping design of this experiment,
the proteins were extracted after the recovery of hypotha-
lamic neurons in each group after intervention. Detect the
expressions of autophagy-related proteins LC3B, Beclin-1,
and p62, and PI3K/Akt-mTOR signal pathway mTOR,
PDK1, and Akt with Western blot.

2.6.5. Effect of Catechins on the Signalling Pathway at the
Level of Autophagy in HepG2 Cells. HepG2 cells were treated
with catechin gallate (EGCG) at intervention concentrations
(0, 5, 25, and 125mol/L) and labeled (time, intervention
conditions), then about 2ml of culture medium was added
to each well to keep the number of cells in each well con-
sistent, and the plates were incubated in an incubator. ,e
effect of EGCG on the expression of Akt/mTOR signaling
pathway-related proteins was detected by Western blotting.

2.6.6. Data Statistics. Use SPSS24 software to conduct one-
way analysis of variance (one-way ANOVA) on the test data
and Duncan’s test for multiple comparisons. Significant
differences in test results were expressed as P< 0.05, and the
results were expressed in the form of mean± standard de-
viation (Table 1).

3. Results

3.1. Effect on the Vestibular Sleep-Wakefulness Cycle Changes
inRatswithVestibularDamage. It can be seen from Figure 1
that compared with the control group, the vestibular damage
group has a significant effect on the sleep of rats, while the
sleep effect of rats in the sham operation group is not ob-
vious.,e waveform of high amplitude and low frequency in
EEG represents sleep wave, the waveform of low amplitude
and high frequency represents wake wave, and the EMG
waveform indicates whether the animal has muscle activity.
,e high amplitude and slow wave of rats in the vestibular
damage group are significantly reduced, and EMG shows
that their myoelectric activity increases. ,e duration of
NREM in the vestibular damage group decreases signifi-
cantly compared with the control group (P< 0.05). ,e W
time significantly increases compared with the control group
(P< 0.05). Compared with the control group, the duration of
REM in the sham operation group increases, but the dif-
ference is not statistically significant (P> 0.05) (Figure 2).

3.2. Effect of Vestibular Damage on the Level of OrexinmRNA
andAutophagy inHypothalamus. Sion level of OrexinmRNA
in the hypothalamus of rats in the vestibular damage group
increases significantly compared with the control group and the
sham operation group (P< 0.05), but there is no significant
difference between the sham operation group and the blank
group (P> 0.05) (Figure 3). Compared with the control group
and sham operation group, the expression of autophagy mi-
crotubule related proteins LC3B and Beclin-1 in hypothalamus
increase significantly (P< 0.05), while the protein expression
level of p62 decreases significantly (P< 0.05). At the same time,
the expression changes of three proteins in rat hypothalamus
before the sham operation group and the control group have no
significant statistical significance (P> 0.05) (Figure 4).

3.3. Orexin Effect of Orexin Intervention on the Viability of
Hypothalamic Neurons. Prepare orexin into four different
concentrations of solutions to intervene in the same batch of
cultured hypothalamic neuron cells for 2 h. It can be seen
from Figure 5(a) that the cell viability increases in a con-
centration-dependent manner at the later stage of orexin
intervention. Compared with the control group, the cell
viability of 10–7mol/L orexin intervention group increases
significantly (P< 0.05).

3.4. Orexin Effect of Orexin on the Autophagy Level in Hy-
pothalamic Neurons. In order to further quantitatively an-
alyze the autophagy level of hypothalamic cells by orexin,

Table 1: Primer sequence.

Gene Primer sequence (5′-3′) Product size

GAPDH F: TGAACGGGAAGCTCACTGG 307 bpR:TCCACCACCCTGTTGCTGTA

Orexin F:TCCTGCCGTCTCTACGAACT 133 bpR:GGTTACCGTTGGCCTGAAG
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10−7mol/L orexin is intervened for 6 hours as the orexin
intervention group. After 6 groups of cells are collected, the
expressions of autophagy related proteins p62, Beclin-1, and
LC3B are detected. It can be seen from Figure 6 that after
adding orexin, compared with the control group, the ex-
pression levels of Beclin-1 and LC3B proteins that are
positively correlated with the autophagy activity decrease
significantly (P< 0.05), and the expression level of p62
protein that is negatively correlated with the autophagy
activity increases significantly (P< 0.05). In the two groups

of cells in the orexin receptor inhibitor (Almorexant) group
and the autophagy activator (Rapamycin) group, the ex-
pression of Beclin-1 and LC3B proteins increases signifi-
cantly compared with the orexin intervention group
(P< 0.05), and the expression level of the p62 protein de-
creases greatly compared with the control group (P< 0.05).
In the cells of the orexin + receptor blocker group and
orexin + autophagy activator group, it is observed that the
inhibitory effect of orexin on the autophagy activity of cells
can also be relieved to a certain extent. At the same time, the
results of autophagy protein expression in the two groups are
similar to those in the control group. However, compared
with orexin group, the expression levels of Beclin-1 and
LC3B are significantly different (P< 0.05), and the protein
expression level of p62 significantly decreases (P< 0.05).

EEG

EMG

(a)

EEG

EMG

(b)

EEG

EMG

(c)

Figure 1: Typical examples of electroencephalogram and electromyogram damage. (a) ,e vestibular damage group. (b) ,e sham
operation group. (c) ,e control group.
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Figure 2: Effect of vestibular damage on the sleep-wakefulness
cycle. A: the vestibular damage group; B: the sham operation group;
C: the control group. NREM: nonrapid eye movement; REM: rapid
eye movement; and W: wake period.
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Figure 3: Effect of vestibular damage on the mRNA expression of
orexin. A: the vestibular damage group; B: the sham operation
group; and C: the control group. ab Values with different super-
scripts differ significantly (P< 0.05).
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3.5. Orexin Regulates Autophagy throughAkt Signal Pathway.
It can be seen from Figure 7 that after orexin intervention,
compared with the control group, the expression levels of
mTOR, PDK1, and Akt protein increase significantly
(P< 0.05). Compared with the orexin intervention group,
the expression levels of mTOR, PDK1, and Akt proteins in
cells in the Almorexant group, the Rapamycin group, the
orexin +Almorexant group, and the orexin + rapamycin
group decrease significantly (P< 0.05).

3.6. Inhibition of AKT/mTOR Signaling Pathway by EGCG
Leads to Autophagy. Figure 8 shows the impacts of EGCG
on the development of HCC tissues and regular

hepatocytes are dose and time dependant. ,e CCK-8
assay was utilized to assess the vitality of HepG2 cells. ,e
findings are represented as the averages and standard
deviations (SD) of 3 independent tests. ,e value with a
symbol is considerably varied from the control value
P< 0.05.

Figure 9 shows the results of a densitometry exami-
nation of protein levels. Western blots are utilized to
examine the impact of EGCG on the concentration of
total and phosphorylated AKT, mTOR, p70S6K, and
4EBP1 proteins (P< 0.05). Figure 10 shows JNK, ERK1/2,
and p38MAPK, MAPK signaling pathway-associated
target proteins, were also found to have high levels of
expression. EGCG therapy elevated the protein content of
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phorylated JNK, ERK1/2, and p38MAPK in a dose-de-
pendent way (P< 0.05), but had no impacts on the entire
concentrations of these proteins.

4. Discussion

4.1. Effect of Vestibular Sleep-Wakefulness Cycle Changes in
Rats with Vestibular Damage. Studies have found that the
higher center of the vestibular system includes many
subcortical and cortical structures that are related to the
neural center of sleep [26–28]. Current studies believe

that after the occurrence of sleep-wakefulness cycle
stimulates the retina, the information is transmitted to
the suprachiasmatic nucleus through the retinal hypo-
thalamic pathway, and then a signal is sent to the pineal
gland through the ganglion on the complex neural
pathway to inhibit the secretion of melatonin so as to
inhibit sleep and increase the wake state [29]. Pan et al.
[30] also found that animals induced hyperactivity after
bilateral vestibular injury. ,erefore, the vestibule is a key
area for sleep regulation. In order to clarify the effect of
the vestibular system on the sleep-wakefulness cycle of
rats, this experiment chooses to damage the vestibule by
penetrating the tympanic membrane of rats’ external
auditory canals. ,e results show that the duration of
NREM decreases significantly and the W time increases
significantly. ,erefore, vestibular damage affects the
sleep-wakefulness cycle of the rats.

4.2. OrexinmRNA Effect of Vestibular Damage on the Level of
Orexin mRNA and the Autophagy Level in Hypothalamus.
Orexin has attracted much attention as a key neuro-
peptide for sleep-wakefulness control. Orexin and its
receptor genes are knocked out or orexin neurons are
denatured and deleted. ,e decrease of orexin level is
listed as one of the diagnostic criteria of narcolepsy in
animals and humans. Machaalani et al. [31] also found
that the expression of orexin in hypothalamus of the rats
with two vestibular damage models was significantly
increased. ,e results of this study are the same. Orexin is
closely related to vestibular system, which proves the
correlation between vestibular system and sleep once
again. Studies have found that orexin in HCT-116 human
tumor cells can induce the autophagy activity through the
ERK pathway [32]. ,ere is yet no relevant literature
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report on whether orexin has an effect on the autophagy
activity of hypothalamic neurons or whether it has the
same effect as other peripheral cells in vitro so far.

4.3. Orexin Effect of Orexin on Autophagy of Hypothalamic
Neurons. ,e autophagy process is completed by the cor-
responding proteins encoded by a series of autophagy-re-
lated genes (ATG), and LC3 protein is the homologue of
yeast Atg8 in mammalian organism, which is considered to
be the marker of autophagy [33]. p62 is a multidomain
scaffold protein that binds to ubiquitinated modified pro-
teins and transports them to autophagic vesicles for deg-
radation. When autophagy occurs, p62 protein is
continuously degraded. When autophagy is defective or its
activity is weakened, p62 protein accumulates in the cyto-
plasm.,erefore, the level of p62 can be used as an indicator
of the autophagy activity [34]. In addition, in the process of

autophagy, the protein Beclin-1 is encoded by the BECN1
gene, whichmainly binds to vps through the Bcl-2 functional
domain to promote the occurrence of autophagy. When
autophagy occurs, its expression increases, and vice versa, its
content decreases. Like LC3 and p62, Beclin-l is one of the
specific observation indexes of autophagy. ,e results of this
study show that the activity of hypothalamic neuronal cells
increases with the increase of orexin intervention concen-
tration and intervention time; that is, orexin may have a
certain effect on promoting the proliferation of hypotha-
lamic neuronal cells. In order to further verify the inter-
vention effect of orexin on hypothalamic neuronal cells,
10−7mol/L of orexin with significant experimental results is
selected for continuous intervention on cells for 6 hours.,e
expression of Beclin-1 and LC3B proteins, which are pos-
itively correlated with autophagy, is significantly reduced,
while the accumulation of p62 increases significantly; in
other words, orexin may promote cell activity and cell
proliferation.

In this experiment, we found that the inhibitory effect of
orexin on neuronal autophagy can be blocked by autophagy
activator and orexin receptor blocker. ,erefore, we spec-
ulate that orexin in neuronal cells may also achieve the
function of inhibiting autophagy through the mTOR-de-
pendent PI3K/Akt pathway. mTOR and PI3K/Akt are
currently more familiar autophagy-related regulatory signal
pathways, and it has been reported that Beclin-1 protein, a
specific observation index of autophagy, is associated with
PI3K/Akt/mTORC1 signal pathway. Further detection of the
expression levels of mTOR, PI3K, and Akt proteins in the
treated neuronal cells showed that orexin inhibited auto-
phagy and then activated the mTOR-PI3K/Akt signal
pathways to promote cell proliferation. ,erefore, the sleep-
wakefulness cycle disorder caused by tumor may regulate
autophagy through hypothalamic orexin and affect tumor
cell proliferation.
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Hypocretin is two neuropeptides released mostly from the
lateral hypothalamus that activate two specific receptors to exert
a wide range of physiological effects. ,e researchers concen-
trate on the involvement of hypocretin signaling that is asso-
ciatedwith amyloid brain layers and pain in rat, as well as tumor
in cell lines and hypersomnia type. ,ese findings point to
hypocretin modulation having therapeutic ways in a variety of
diseases, including narcolepsy and tumor. Catechin has been
found to have anticancer properties linked to the stimulation of
apoptosis and autophagy. ,e Akt/mTOR signaling pathway is
a traditional and important autophagy negative regulatory
route, as evidenced by new research. By regulating cellular
proliferation, division, proliferation, apoptosis, and autophagy,
MAPK signaling pathways display a part in the growth and
advancement of tumor. JNK, ERK1/2, and p38MAPK are the 3
keymembers of standardMAPKs inmammalian cells.,e JNK
pathway is an autophagy regulatory route that is strongly
positive.,e ERK1/2 and p38 PAPK signaling pathways, on the
other side, play multiple roles in autophagy, serving as both a
positive and negative regulator. ,e findings demonstrate that
EGCG activated autophagy by inhibiting Akt/mTOR and ac-
tivating MAPK in in vitro functional assessments utilizing
pathway-specific inhibitors or chemical activators. ,ese
findings support the theory that EGCG causes autophagy by
regulating the Akt/mTOR pathway and activating the MAPK
pathways. Although EGCG has a broad range of pharmaco-
logical properties, it has little pharmacological applicability due
to its low and changeable bioavailability. To boost its bio-
availability and in vivo efficiency, several techniques have been
used, including prodrugs, nanocrystals, polymeric micelles, and
microemulsions. Oral treatment of the pure state of EGCG at
61mg/kg BW reduced the formation of SMMC7721 HCC
cancers in vivo in our experiments.,e more bioavailable form
of EGCG is likely to be even more effective at inhibiting the
growth of SMMC7721 cancers.

5. Conclusion

In conclusion, the expression of orexin in the hypothalamus
of the rats increases significantly, and it inhibits autophagy
of hypothalamic neurons and promotes cell viability and
proliferation. In tumor-induced insomnia and sleep-

wakefulness cycle disorder, orexin of the central nervous
system may inhibit the autophagy of tumor cells through
mTOR-dependent PI3K/Akt tumor signal pathways. Cate-
chins can protect cardiovascular and cerebral vessels by
activating autophagy.
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