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Abstract: Background: Modern lifestyle increasingly deprives people from sleep to different degrees.
Long-term sleep deprivation will facilitate body’s pathological behaviors, such as lethargy, depres-
sion, and anorexia.

Objective: This study is an investigation into the mechanism of hydrolyzed seawater pearl tablet in
treating chronic sleep deprivation mice model.

Methods: The chronic sleep deprivation model was established involving C57BL/6mice; the body
weight, behavioral characteristics, hippocampal structure, oxidative stress, apoptosis-related protein
expression, and intestinal bacteria in mice were assessed to characterise hydrolyzed seawater pearl
tablet.
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Results: Hydrolyzed seawater pearl tablet significantly accelerated body weight, open field test score,
and sugar water preference rate (P < 0.05), alleviated the structural damage of hippocampus, reduced
the content of MDA (P < 0.05), Bax protein expression, increased the content of GSH (P < 0.05), the
activities of SOD, GSH-Px, and Bcl-2 protein expression in the hippocampus, increased the Esche-
richia coli, Bacteroides, Bifidobacterium and Lactobacillus (P < 0.05), which are beneficial bacteria
in the intestine, in chronic sleep deprivation mice, and reduced the amount of Clostridium perfringens
(P <0.05), which are harmful bacteria in the intestine.
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Conclusion: Hydrolyzed seawater pearl tablet can improve the depression-like mental state of mice
caused by chronic sleep deprivation. The mechanism involves improving the antioxidant activity of
the hippocampus to eliminate the excessive ROS, which inhibits cell apoptosis and alleviates tissue
structure damage. Meanwhile, it may also be involved in adjusting the microbiota level and improving
the mental and behavioral activities of chronic sleep deprivation mice through the intestine-brain axis.

Keywords: Hydrolyzed seawater pearl tablet, chronic sleep deprivation, hippocsampus, oxidative stress, cell apoptosis, microbiota.
1. INTRODUCTION oxidant complexes [4-5]. Oxidative stress is the imbalance be-
tween metabolic oxidation and antioxidants in the body,
which can cause oxidative damage to DNA, lipids, and pro-
teins, and then cause apoptosis and tissue damage [6]. In ad-
dition, the brain is closely connected with the intestine
through 200-600 million neurons, forming an intestine-brain
axis [7], and the two interact. Under stress, the microbiota is
disordered, and the structure and composition of specific flora
will change [8], thus affecting the brain and behavior [9]. The
invasion of pathogenic bacteria will increase anxiety-like and
depression-like behaviors, while beneficial bacteria will alle-
viate the symptoms of such mental diseases [10]. It is specu-
lated that drugs may improve the mental disease-like behavior
caused by chronic sleep deprivation through antioxidant stress
and regulating microbiota.

Sleep is the basic element to maintain the normal physio-
logical and psychological activities of the body. Modern life-
style increasingly deprives people from sleep to different de-
grees. As a strong stress stimulus, long-term sleep deprivation
will affect the body's behavior and physiological function, in-
crease systemic diseases, lead to chronic fatigue syndrome
and cognitive decline [1], and facilitate body’s pathological
behaviors, such as lethargy, depression, and anorexia. Some
studies have shown that sleep deprivation can induce oxida-
tive stress, which is mainly manifested in that the body is in a
high metabolic state after sleep deprivation, and increased en-
ergy consumption leads to excessive production of free radi-
cals (ROS) [2, 3]. At the same time, it reduces the capacity of
the body's antioxidant defense system, leading to a decrease

in the activity of antioxidant enzymes and the content of anti-
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The ancient Pharmacopoeia of the People's Republic of
China and the Dictionary of Traditional Chinese Medicine
both recorded that "pearl is effective in detoxification and
muscle regeneration, calming nerves, brightening eyes, and
eliminating pannus formation". In recent years, Han et al.
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have found that pearl powder can prevent and treat skin pho-
toaging in mice, and its mechanism involves the removal of
excessive ROS from photoaging skin [11, 12]. Xia ez al. have
demonstrated pearl powder to reduce stress response by cor-
recting aberrant gene expression in sleep deprivation model
rats [13]. As a matter of fact, pearls are difficult to dissolve in
water. When taken orally or externally, the effective ingredi-
ents that can be absorbed by the human body are very limited.
After applying the low-temperature hydrolysis technology,
the hydrolyzed pearl not only preserves the whole ingredients
of pearls, but also enables the active and effective ingredients
to be absorbed by the human body to the maximum extent,
giving full play to the physiological effects of pearls, which is
suitable for clinical application.

In the early stage, our research group selected seawater
pearls for hydrolysis and obtained a series of products, such as
seawater pearl hydrolysate and hydrolyzed seawater pearl tab-
let, and successfully developed the hydrolyzed pearl technol-
ogy. It has been found that seawater pearl hydrolysate can re-
move excessive ROS from photoaging cell induced by UVA
[14a]. Hydrolyzed seawater pearl tablet is derived from sea-
water pearl hydrolyzed by enzymatic proteases following our
patented technology. Hydrolyzed seawater pearl tablet is de-
rived from seawater pearl hydrolyzed by enzymatic proteases
following our patented technology [14b]. To date, it is being
aimed to explain the clinical practices, find the bioactive prop-
erty, and provide insight into the mode of action. Therefore, we
studied the therapeutic mechanism of hydrolyzed seawater
pearl tablet on chronic sleep deprivation model mice at the cel-
lular level to detect oxidative stress, apoptosis-regulated pro-
teins, and specific microbiota before and after hydrolyzed sea-
water pearl tablet intervention in chronic sleep deprivation
model of mice.

2. MATERIALS AND METHODS

2.1. Experimental Animals and Medicine

Forty SPF grade C57BL/6 male mice with a body mass of
2243 g were used in the experiment. They were purchased
from Hunan Slake Jingda Experimental Animal Co., Ltd.
(Changsha, China; permit number: SCXK (Xiang) 2019-
0004). All experimental procedures were performed in ac-
cordance with the National Institutes of Health Guide for the
Care and Use of Laboratory. The animals were kept in the
clean animal laboratory with a temperature of 23 + 1°C and a
relative humidity of 55 + 5% with a 12 h light/dark cycle. Prior
to the study experiments, animals were provided adaptive
feeding for 7 days. Hydrolyzed seawater pearl tablets (produc-
tion approval number: 450522020014, product number:
20180102) were kindly donated by Baozhulin Ocean Tech-
nology Co., Ltd. (Beihai, China) and used throughout the
study; Chen et al. analyzed the presence of amino acid in hy-
drolyzed seawater pearl tablet [15]. Estazolam tablets (prod-
uct batch No.: 20200602) were purchased from Huazhong
Pharmaceutical Co., Ltd. (Xiangyang, China).

2.2. Main Instruments and Chemicals

The sleep deprivation device is a simple sleep deprivation
box modified from a mouse cage. Six small round-shaped plat-
forms with a diameter of about 2.7 cm and a height of 6 cm are
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fixed at the bottom of the mouse cage. The platforms are made
of PP plastic. Clean water is injected into the sleep deprivation
box about 0.5 cm away from the top of the platform. The water
temperature in the sleep deprivation box is kept at 26ed plat-
forms with a diameter of about 2.7 cm and a height of 6 cm, and
the water in the box is replaced regularly every day. The open
field test box was purchased from Shanghai Biowill Co., Ltd.
(Shanghai, China).

The following mentioned chemicals were used. Determi-
nation kits for BCA protein concentration, malondialdehyde
(MDA), glutathione (GSH), superoxide dismutase (SOD), and
glutathione peroxidase (GSH-Px) were purchased from Nan-
jing Jiancheng Bioengineering Institute (Nanjing, China);
monoclonal antibodies, namely, anti-GAPDH, anti-Bcl-2, and
anti-Bax, were purchased from Abcam (Milton, Cambridge,
UK). Goat anti-rabbit IgG-horseradish peroxidase (HRP) sec-
ondary antibody was purchased from Aspen (Linden, Utah,
USA). DNA extraction kit for fecal samples was obtained
from Shanghai Solebar Co., Ltd, Shanghai, China. QRT-PCR
reaction premix was received from ABI, San Diego, Califor-
nia, USA.

2.3. Grouping and Chronic Sleep Deprivation Treatment
in Mice

Forty C57BL/6 male mice were fed adaptively for one
week and randomly divided into four groups, namely, the nor-
mal (N) group, model (M) group, estazolam (ES) group, and
hydrolyzed seawater pearl tablet (HSPT) group. Ten mice in
each group were fed in the same cage. The N group was fed
routinely without any intervention, and the other groups were
treated with chronic sleep deprivation. Chronic sleep depriva-
tion mice were subjected to chronic sleep deprivation stress
for 7 days by using a sleep deprivation device, and then a
chronic sleep deprivation mouse model was established. The
details are as follows: mice were deprived of 20 hours’ sleep
every day, followed by 4 hours of rest recovery time. During
the rest period, they ate and drank normally, and the sleep dep-
rivation duration was 7 days in total.

2.4. Administration Treatment in Mice and Sampling

After establishing the chronic sleep deprivation mouse
model, each group was given different drugs by gavage for
14 days. According to the dose conversion formula between
mice and adults (70kg), the daily dose of mice was obtained.
The dose for the HSPT group was 0.16g/kg hydrolyzed sea-
water pearl tablet, and the dose for the ES group was
0.26mg/kg estazolam. 0.5ml of normal saline was added for
gavage treatment for both groups. The model group and the
normal group were gavaged with an equal volume of normal
saline.

After the experiment, mice were weighed, and behavioral
tests were performed. Samples were taken the next day after
the experiment. The mice were killed, the hippocampal tis-
sue of the brain was taken out, and part of it was stored at -
80°C to detect oxidative stress and apoptosis-regulated pro-
tein expression; other parts were fixed in 4% paraformalde-
hyde for making histopathological tissue sections. Colonic
feces were collected and stored at -80°C to detect specific
microbiota.
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2.5. Open Field Experiment

After the experiment, the mice were placed in the center
of the open field test box, video recording was started, and the
behavior and activities of the mice in the open field within 5
minutes were observed. The observation and recording items
included the number of small blocks they went through on the
ground when the mice were active, and the entry made
through more than 3 claws was taken as the standard and cal-
culated as the horizontal movement score. The number of
times the mice's two forefeet left the floor was taken as the
score of vertical movement (no matter how long the mouse
stands, until it puts down its two forefeet, it can be recorded
as 1 point, and the score is calculated according to the number
of times). This whole test process was conducted in a quiet
environment away from light.

2.6. Sugar Water Preference Experiment

Sugar water preference test was conducted after the exper-
iment. The specific process is as follows: first, the mice are
trained to adapt to sugary drinking water. For the first 24
hours, two small bottles are placed in each cage at the same
time, each containing 1% sucrose water. For the second 24
hours, one bottle of 1% sucrose water and the other bottle of
pure water are exchanged every 12 hours. After the training,
the mice are made to fast for 24 hours. Then, the sugar water
preference experiment is carried out, and each cage of mice is
given two bottles of water that have been weighed: one bottle
of 1% sucrose water and the other bottle of pure water. After
15h (changing the bottle position at 8h halfway), the two bot-
tles are taken away and weighed, the sugar water consumption
and pure water consumption are calculated, and then the sugar
water preference rate of mice is determined.

Sugar water preference rate = sugar water consump-
tion/(sugar water consumption + pure water consumption).

2.7. Evaluation of Hippocampal Structure

Fixed hippocampal tissue sections were dehydrated in an
ascending alcohol series (50% to 95% concentration). Dehy-
drated tissues were embedded in paraffin, sectioned into 5 ym
thick sections, and stained with hematoxylin and eosin (HE).
Sections were then examined with a light microscope.

2.8. Detection of the Level of Oxidative Stress in Hippo-
campal Tissue

Hippocampal tissues, stored at -80°C, were homogenized
with cooled Tris-HCI buffer at 1:5 (w/v), centrifuged at 4°C
at 3,500 r/min for 10 min, and the supernatant was taken out
for sample analysis. The activities of SOD and GSH-Px, and
the contents of GSH and MDA in the hippocampal tissue were
detected according to the operating instructions of the respec-
tive kits. The values have been expressed in relative units per
mg of soluble protein.

2.9. Detection of Expression of Apoptosis-regulated Pro-
teins in Hippocampal Tissue

Hippocampal tissues, stored at - 80°C, were homogenized
with cooled protein extraction reagent at 1:10 (w/v).The ho-
mogenate was transferred to a centrifuge tube, vibrated and
kept in an ice bath for 30 min, and then centrifuged at 4°C at
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12,000 1/min for 5 min. The supernatant was collected, to
which was added 5 x protein loading buffer of appropriate
equivalent, and then immersed in boiling water at 100°C for 5
min as a protein sample. The separation gel and concentrated
gel were prepared, and then the protein samples were added
to the sampling wells. Transfer membrane filter paper and
methanol-activated PVDF membrane were prepared, and the
current was allowed to flow through the membrane at a con-
stant rate of 300 mA. The transferred membrane was added to
the sealing solution and sealed for 1 hour at room temperature.
The blocking solution was removed, and the monoclonal an-
tibodies, namely, anti-GAPDH, anti-Bcl-2, and anti-Bax,
were added after dilution with a diluent for monoclonal anti-
bodies and incubated at 4°C overnight. The diluted monoclo-
nal antibodies were recovered and washed with TBST thrice
for 5 min each time. The diluted goat anti-rabbit IgG-HRP
secondary antibody was added and incubated at room temper-
ature for 30 min. TBST was used for washing four times on a
shaking table at room temperature for 5 min each time. Fresh
mixed ECL solution was added to the protein side of the mem-
brane, which was then exposed in a dark room. The film was
archived, analyzed, and scanned.

2.10. DNA Expression Detection of five Kinds of Intestinal
Bacteria using qRT-PCR

2.10.1. DNA Extraction

0.2g of fecal sample in a 2 ml round-bottom centrifuge
tube was weighed, and DNA was extracted according to the
instructions of the fecal DNA extraction kit. The concentra-
tion and purity were determined by micro spectrophotometer:
after zeroing the buffer eluent in the kit, the absorbance
(A4260) value was detected at 260 nm to determine the concen-
tration. The absorbance (4280) value at 280 nm was detected,
and the 4260/4280 value was found to be between 1.7 and
1.9, indicating the DNA purity as qualified. The obtained fecal
DNA was diluted to 40mg/L with DEPC water and stored at -
80°C for future use.

2.10.2. PCR Primer Design

According to the 16S rRNA gene sequences of the five
kinds of intestinal bacteria investigated, the PCR primers of
the corresponding bacterial genus were designed with primer
design software Primer Premier 5.0, and the corresponding
bacterial genus specificity of the primer sequences was com-
pared in the BLAST gene bank (www.ncbi.nlm.nih.gov/
BLAST). Table 1 lists the primer sequences.

2.10.3. qRT-PCR Response

20pL of reaction solution containing 10 pL SYBR Green
premix, 0.3 pMol/l primer and 40 ng of template DNA was
added to each well of the octuple tube, and finally supple-
mented with DEPC water. Each sample was set with one com-
plex well. After the sample was added, the reaction tube was
covered, mixed gently, and centrifuged briefly to ensure that
all components remain at the bottom of the tube. qRT-PCR
response was determined as follows: pre-denaturation at 95°C
for 15 min, denaturation at 95°C for 10 s, annealing at 60°C
for 30 s, and 72°C extension for 30 s, with a total of 40 cycles.
The last cycle was 72°C for 2 min, and the melting curve was
analyzed at 60~95°C. The amplification curve and dissolution
curve of each bacterium are shown in Fig. (1) (A-E1, 2). The
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cycle threshold Ct was detected, and analysis was conducted conduct statistical analysis. One-way ANOVA and Least Sig-
using statistical data expressed as 2724,

2.11. Statistical Analysis

Datas were all expressed as mean=standard error (SE).
SPSS (version 17.0) (IBM, Armonk, NY, USA) was used to

Table 1. Intestinal bacteria and primers.

nificant Difference (LSD) tests were used to conduct variation
analysis among different groups. The difference was consid-
ered significant statistically when value with P<0.05 was ob-
tained. All histograms were derived from Origin 8.6 software
(OriginLab, Northampton, MA, USA).

Intestinal Bacteria Amplification Length/bp Forward Primer (5°-3°) Reverse Primer (5°-3°)
Bacillus bifida 136 GATGCAACGCGAAGAACCTTACCT CTTAACCCAACATCTCACGACACGA
Bacteroid 132 AAAGGGAGCGTAGGTGGACAGTT TGCCTTCGCAATCGGAGTTCTTC
Clostridium
perfringens 164 GCGTAGAGATTAGGAAGAACACCAG TATTCATCGTTTACGGCGTGGACTA
Escherichia coli 129 AAACTGGAGGAAGGTGGGGATGA CCGGACTACGACGCACTTTATGA
Lactobacillus 161 GGGAGGCAGCAGTAGGGAATCTT GTTAGCCGTGACTTTCTGGTTGGAT
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Fig. (1). The amplification curve of E. coli (A1), Lactobacillus (B1), Bifidobacterium (C1), Bacteroidetes (D1), and Clostridium perfringens
(E1); the dissolution curve of E. coli (A2), Lactobacillus (B2), Bifidobacterium (C2), Bacteroidetes (D2), and Clostridium perfringens (E2).
(A4 higher resolution/colour version of this figure is available in the electronic copy of the article).
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3. RESULTS

3.1. Effect of Hydrolyzed Seawater Pearl Tablet on Body
Weight and Behavioral Characteristics of Chronic Sleep
Deprivation Mice

Compared to the N group, the final body weight, final open
field test score, and final sugar water preference rate of mice
in the M and ES groups were found to be significantly de-
creased (P < 0.05); the final body weight and the final open
field test score of the mice in the HSPT group were found to
be significantly decreased (P < 0.05), and there was no signif-
icant difference found in the final sugar water preference rate
(Tables 2 to 4).

Compared to the M group, the final body weight, final
open field test score, and final sugar water preference rate of
mice in the ES and HSPT groups were found to be signifi-
cantly increased (P < 0.05) (Tables 2 to 4). Compared to the
ES group, the HSPT group exhibited no significant difference
in the final body weight, final open field test score, and final
sugar water preference rate (Tables 2 to 4).

3.2. Effect of Hydrolyzed Seawater Pearl Tablet on the Hip-
pocampal Structure of Chronic Sleep Deprivation Mice

In the N group, the morphology of neurons in the hippo-
campus was normal, the molecular layer and outer granular

layer were well-defined, the boundary was clear, and the py-
ramidal cell layer was arranged in order (Fig. 2). In the M
group, some neurons in the hippocampus showed pyknosis,
deep staining, and cytosolic dissolution. A large number of
pyramidal cells became smaller and the distance between cells
widened significantly (Fig. 2). Compared to the M group, the
nucleus pyknosis, deep staining, and cytosolic dissolution of
neurons in the hippocampus of the ES group and the HSPT
group were reduced, the pyramidal cell layers were arranged
in order, and the cell spacing basically returned to normal

(Fig. 2).

3.3. Effect of Hydrolyzed Seawater Pearl Tablet on Oxida-
tive Stress in the Hippocampus of Chronic Sleep Depriva-
tion Mice

Compared to the N group, the content of MDA in the hip-
pocampus of the M group was significantly increased, and the
content of GSH and the activities of SOD and GSH-Px were
significantly decreased (P < 0.05); the contents of MDA in
the hippocampus of the ES and HSPT groups were signifi-
cantly increased, and the activity of SOD significantly de-
creased (P < 0.05), and there was no significant difference
observed in the content of GSH and the activity of GSH-Px
(Table 5).

Table 2. Effect of hydrolyzed seawater pearl tablet on body weight of chronic sleep deprivation mice.

Group Initial Body Weight (g) Final Body Weight (g)
N group 20.52+£0.79° 23.83 +£1.20°
M group 20.09+£0.92° 20.56 + 0.85¢
ES group 20.19+£0.99° 21.64 +0.78°
HSPT group 20.60+1.08* 21.74 £ 0.67°

Note: different letters represent significant differences between the two groups.

Table 3. Effect of hydrolyzed seawater pearl tablet on open field test score of chronic sleep deprivation mice.

Group Initial Open Field Test Score Final Open Field Test Score
N group 87.22 +12.73* 87.26 + 11.40°
M group 86.52 +£16.48* 34.51+5.27¢
ES group 87.59 +17.03* 67.06 + 8.09°
HSPT group 88.90 + 14.70* 70.06 +9.32°

Note: different letters represent significant differences between the two groups.

Table 4. Effect of hydrolyzed seawater pearl tablet on sugar water preference rate of chronic sleep deprivation mice.

Group Initial Sugar Water Preference Rate (%) Final Sugar Water Preference Rate (%)
N group 75.01 +10.73* 73.40 +7.81°
M group 74.02 £9.19° 47.89 £ 6.16°
ES group 73.49+£9.01° 66.04 +7.53°
HSPT group 73.97 £ 6.43% 69.16 + 8.44%

Note: different letters represent significant differences between the two groups.
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ES group

Luo et al.

HSPT group

Fig. (2). Effect of hydrolyzed seawater pearl tablet on the hippocampal structure of chronic sleep deprivation mice (HE,x400), scale bar =

50um. (A4 higher resolution/colour version of this figure is available in the electronic copy of the article).

Table 5. Effect of hydrolyzed seawater pearl tablet on oxidative stress in the hippocampus of chronic sleep deprivation mice.

Group MDA (nmol/mg) SOD (U-mg) GSH-Px (U-mg) SOD/GSH-Px GSH (pmol/g)
N group 1.85+0.23° 38.24+7.57" 15.35+1.36° 2.49+0.37° 27.87+1.14°
M group 6.22+1.31* 21.56+6.43° 5.27+0.65° 4.09+0.46° 23.31+2.62°
ES group 3.22+0.87° 30.15+6.65° 13.84+1.97* 2.17£0.26¢ 26.26+2.06°
HSPT group 3.15+0.79° 31.47+5.98" 14.57+2.15° 2.15+0.29¢ 27.23+1.83%

Note: (a-c) different letters represent significant differences between the two groups.

Compared to the M group, the MDA contents in the hip-
pocampus of ES and HSPT groups were found to be decreased
(P < 0.05) significantly, and the GSH content and SOD and
GSH-Px activities were found to be increased (P < 0.05) sig-
nificantly (Table 5). Compared to the ES group, there was no
significant difference found in the contents of MDA, GSH,
and the activities of SOD and GSH-Px in the hippocampus of
the HSPT group (Table 5).

3.4. Effect of Hydrolyzed Seawater Pearl Tablet on Apop-
tosis-Related Protein Expression in the Hippocampus of
Chronic Sleep Deprivation Mice

Compared to the N group, the expressions of Bax protein
in the hippocampus of mice in the M, ES and HSPT groups
were found to be increased significantly, and the expressions
of Bcl-2 protein to be decreased significantly (P < 0.05) (Fig.
3). Compared to the M group, the expressions of Bax protein
in the hippocampus of mice in the ES and HSPT groups were

found to be significantly decreased (P < 0.05), and the expres-
sions of Bcl-2 protein were found to be significantly increased
(P < 0.05) (Fig. 3). Compared to the ES group, there was no
significant difference found in Bax and Bcl-2 proteins expres-
sion in the hippocampus of mice in the HSPT group (Fig. 3).

3.5. Effect of Hydrolyzed Seawater Pearl Tablet on Dna
Expression of Five Kinds of Intestinal Bacteria in Chronic
Sleep Deprivation Mice

Compared to the N group, the DNA expression of E. coli,
Lactobacillus, Bifidobacterium, and Bacteroidetes in the in-
testine of the M group was found to be significantly decreased
(P < 0.05), and the DNA expression of Clostridium
perfringens was found to be significantly increased (P <
0.05). The DNA expression of Clostridium perfringens in the
intestines of mice in the ES group was found to be signifi-
cantly decreased (P < 0.05), and there was no significant dif-
ference found in the DNA expression of E. coli, Lactobacillus,
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Bifidobacterium and Bacteroidetes. In the HSPT group, the
DNA expression of E. coli was found to be increased signifi-
cantly (P < 0.05), while that of Clostridium perfringens de-
creased significantly in the intestines of mice (P < 0.05), and
there was no significant difference found among Lactobacil-
lus, Bifidobacterium and Bacteroidetes (Table 6).

Compared to the M group, the DNA expression of E. coli,
Lactobacillus, Bifidobacterium, and Bacteroidetes in the intes-
tine of mice in the ES and HSPT groups was found to be in-
creased significantly (P < 0.05), and the DNA expression of
Clostridium perfringens to be decreased significantly (P <
0.05) (Table 6). Compared to the ES group, the DNA expres-
sion of Bacteroidetes was found to be increased significantly in
the HSPT group (P < 0.05), and there was no significant differ-
ence observed in the DNA expression of E. coli, Lactobacillus,
Bifidobacterium, and Clostridium perfringens (Table 6).

4. DISCUSSION

Animal behavior evaluation is widely utilized in scientific
research, especially in the evaluation of animal models of cog-
nitive dysfunction-related diseases and the study of their phys-
iological mechanisms [16, 17]. This experiment was conduc-
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ted to investigate the effect of hydrolyzed seawater pearl tab-
let on chronic sleep deprivation model mice and to record the
effect of hydrolyzed seawater pearl tablet intervention on
chronic sleep deprivation stress, i.e., body weight and behav-
ioral activities of mice. Chronic sleep deprivation was found
to significantly decrease the body weight of mice; the result
of the open-field experiment showed that chronic sleep depri-
vation significantly reduced the performance score of mice,
indicating that their activity and curiosity about the environ-
ment decreased; the result of the sugar water preference ex-
periment showed that chronic sleep deprivation significantly
reduced the sugar water preference rate of mice, indicating the
lack of pleasure and happiness. Therefore, chronic sleep dep-
rivation induces mice to develop a depression-like mental
state, which is consistent with the findings of Ou ef al. [18].
When 0.16 g/kg hydrolyzed seawater pearl tablet was given to
the chronic sleep deprivation mice, the body weight, open-
field test score, and sugar preference rate of the mice were
found to be significantly increased, and the effect was equiv-
alent to that of estazolam, indicating that 0.16g/kg hydrolyzed
seawater pearl tablet can significantly improve the depres-
sion-like mental state of the mice caused by chronic sleep dep-
rivation.
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Fig. (3). Effect of hydrolyzed seawater pearl tablet on the expression of Bcl-2 (a, b) and Bax (a, ¢) proteins in the hippocampus of chronic sleep
deprivation mice; different letters represent significant differences between the two groups. (4 higher resolution/colour version of this figure is

available in the electronic copy of the article).
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Table 6. Effect of hydrolyzed seawater pearl tablet on DNA expression of five kinds of intestinal bacteria in chronic sleep deprivation mice.

Group E. coli Lactobacillus Bifidobacterium Bacteroidetes Clostridium Perfringens
N group 100.00+31.23° 100.00+81.89* 100.00+19.56* 100.00+£27.66® 100.00+16.45°
M group 47.78+9.33¢ 27.67+8.65° 49.88+16.46° 39.79+17.23¢ 196.34+26.22°
ES group 124.55426.74% 83.78+28.89* 118.67+£36.22° 72.36+28.11° 47.54+9.17¢
HSPT group 143.46+31.25° 74.56+27.71° 127.334£32.56° 120.86+28.31° 41.45+4.22¢

Note: (a-c) different letters represent significant differences between the two groups.

Under normal conditions, the body consumes oxygen
through mitochondria to produce ROS, which are cleared by
antioxidants (such as GSH) and antioxidant enzymes (such as
SOD and GSH-Px), so that oxidation and antioxidation mecha-
nisms in the body are in a dynamic balance. When the body is
stimulated by the outside world, a large quantity of ROS is pro-
duced in the body, which makes the oxidative balance of the
body disrupted, leading to DNA damage, lipid peroxidation, tis-
sue damage of the body, and aggravating the occurrence of var-
ious diseases [19, 20]. MDA is the product of lipid peroxidation
decomposition, and its content is positively correlated with the
degree of lipid peroxidation. It is one of the markers reflecting
the oxidative damage of the body [21]. The effects of different
sleep deprivation durations on oxidative stress of the body are
inconsistent. Some studies have shown that the antioxidant de-
fense system of the liver is destroyed, and the activities of SOD
and GSH-Px are reduced under the condition of sleep depriva-
tion for 48h, resulting in the failure to clear ROS in time, which
leads to oxidative stress tissue damage [22, 23]. This study
showed that under the condition of chronic sleep deprivation for
7 days, the content of MDA in the hippocampus of mice in-
creased, the content of GSH and the activities of SOD and
GSH-Px decreased, and the tissue structure got damaged. Hy-
drolyzed seawater pearl tablet significantly reduced the content
of MDA in the hippocampus of chronic sleep deprivation mice,
increased the content of GSH and the activities of SOD and
GSH-Px, and restored the normal tissue structure. The effect
was found to be equivalent to that of estazolam. Therefore, the
intervention of hydrolyzed seawater pearl tablet can clear ex-
cessive ROS in the hippocampus and alleviate tissue structure
damage through the antioxidant effect.

Under abnormal conditions, excessive ROS will damage
mitochondrial DNA, inhibit the synthesis of ATP by mitochon-
dria, damage cell growth, and accelerate apoptosis. It also
causes mitochondria to release cytochrome C to the cytoplasm,
activate caspase-3, and induce cell apoptosis [24, 25]. Bcl-2 is
an anti-apoptotic protein factor, whereas Bax is an apoptotic
protein factor. Bcl-2 protein can inhibit the activation of Bax
protein, and the ratio between Bcl-2 and Bax determines
whether a cell is apoptotic [26]. It has been found that the phase
with the highest ratio of Bcl-2/Bax in the brain of mice is during
sleep at night, and after 24h of sleep deprivation, the ratio of
Bcl-2/Bax decreases. Supplementary sleep can improve the
protein ratio of Bcl-2/Bax in the hippocampus, suggesting that
sleep may play a protective role for brain neurons by affecting
anti-apoptotic and apoptotic protein factors, such as Bcl-2 and
Bax [27]. This study showed that under the condition of chronic
sleep deprivation for 7 days, the expression of Bax protein in-
creased, the expression of Bcl-2 protein decreased, and the ratio

of Bcl-2/Bax decreased in the hippocampus of mice; hydro-
lyzed seawater pearl tablet significantly reduced Bax protein
expression, increased Bel-2 protein expression and increased
Bcl-2/Bax ratio in chronic sleep deprivation mice, and the effect
was found to be equivalent to that of estazolam. Therefore, the
intervention of hydrolyzed seawater pearl tablet can alleviate
the damage to tissue structure by clearing excessive ROS in the
hippocampus, thereby inhibiting apoptosis.

The total genomic information of microbiota is the "intes-
tinal metagenome", which is second only to the innate genetic
genome, as the "second genome" affecting human health and
the "super microorganism" of the human body [28]. The DNA
gRT-PCR analysis of fecal flora in this study showed the
structure and function of microbiota to be dysregulated under
the influence of chronic sleep deprivation stress. Clostridium
perfringens are recognized as harmful bacteria. When their
level in the intestine increased in this study, the balance of
microbiota was found to be broken, the barrier protection as
weakened, and the invasion of harmful bacteria was found to
be increased. Bifidobacterium and Lactobacillus are recog-
nized as beneficial bacteria. Some studies have shown that
they can affect the movement and behavior performance of
the host. Their reduction in this study further exacerbated the
disorder of microbiota [29]. Some studies have used primers
designed based on the 16S rRNA gene of E. coli to carry out
qRT-PCR to detect the changes in the total amount of micro-
biota [30], and Bacteroidetes account for a large proportion in
the body's intestine [31]. In line with this, the changes in the
amount of E. coli and Bacteroidetes in this study also corre-
spond to the changes in the total amount of microbiota, which
further indicates that chronic sleep deprivation stress reduces
the total amount of microbiota.

This study shows that hydrolyzed seawater pearl tablet can
significantly increase the levels of Escherichia coli, Bac-
teroides, Bifidobacterium, and Lactobacillus in chronic sleep
deprivation mice, which are beneficial bacteria in the intes-
tine, and significantly reduce the amount of Clostridium
perfringens, which are harmful bacteria in the intestine. The
effect is equivalent to that of estazolam, and the effect of pro-
moting the increase of Bacteroides is better than that of esta-
zolam. Therefore, the intervention of hydrolyzed seawater
pearl tablet can adjust the microbiota disorder caused by
chronic sleep deprivation stress to a certain extent. Intestinal
microorganisms are closely related to the brain through the
intestine-brain axis. Microbiota not only regulate the function
and health of the intestine, but also affect the function of the
nervous system, such as the hypothalamus-pituitary-adrenal
(HPA) axis [32]. Neurobiological studies have shown that
their mutual regulation plays an important role in maintaining
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gastrointestinal homeostasis [33]. It has been pointed out that
depression is accompanied by an enhanced response of the
HPA axis to stress, while animal experiments show that the
lack of intestinal microorganisms will lead to an enhanced ac-
tivity of the HPA axis, and the supplement of bifidobacteria
can correct the HPA axis [34]. To sum up, the antidepressant-
like effect of hydrolyzed seawater pearl tablet may be related
to its regulation of microbiota level, which affects the mental
and behavioral activities of chronic sleep deprivation mice
through the intestine-brain axis.

CONCLUSION

Hydrolyzed seawater pearl tablet can improve the depres-
sion-like mental state of mice caused by chronic sleep depri-
vation. The mechanism involves improving the antioxidant
activity of the hippocampus to eliminate the excessive pres-
ence of ROS, which inhibits cell apoptosis and alleviates tis-
sue structure damage. Meanwhile, it may also be involved in
adjusting the microbiota level and improving the mental and
behavioral activities of chronic sleep deprivation mice
through the intestine-brain axis.

LIST OF ABBREVIATIONS

ES = Estazolam

GSH = Glutathione

GSH-Px = Glutathione Peroxidase

HRP = Peroxidase

HSPT = Hydrolyzed Seawater Pearl Tablet
M = Model Group

MDA = Malondialdehyde

N = Normal Group

ROS = Reactive Oxygen Species

SOD = Superoxide Dismutase

AUTHORS’ CONTRIBUTIONS

Fei Luo, Siyin Han, and Jiang Lin conceived and designed
the experiments; Fei Luo, Siyin Han, Meng Xia, Zhenxing
Chen, and Peng Liu performed the experiments; FeiLuo, Siyin
Han, Meng Xia, and Jiang Lin analyzed the data; and Fei Luo,
Siyin Han, and Jiang Lin wrote the paper.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

The Ethical Committee of the Guangxi University of Chi-
nese Medicine, China approved the study (Approval no.
DW2022050 5-063).

HUMAN AND ANIMAL RIGHTS

No humans were used. All experimental procedures on ani-
mals were performed in accordance with the National Institutes
of Health Guide for the Care and Use of Laboratory Animals.

CONSENT FOR PUBLICATION
Not applicable.

Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 7 935

AVAILABILITY OF DATA AND MATERIALS

The data used to support the findings of this study are in-
cluded in the article.

FUNDING

This study was supported by grants from the National Nat-
ural Science Foundation of China (NSFC no. 82060825),
Guanggxi's First Class Discipline of Traditional Chinese Med-
icine (GJ Scientific Research [2022] No. 1), "National College
Huang Danian-Style Teacher Team"-Guangxi University of
Traditional Chinese Medicine Teacher Team for foundation
courses of Traditional Chinese and Western Medicine (Letter
to Teacher [2022] No. 2), Linjiang Inheritance Studio of
Guangxi Traditional Chinese Medicine (Guangxi Science and
Education Development of Traditional Chinese Medicine
[2021] No. 6), Guangxi University of TCM Introduction of
Doctor  Scientific Research  Startup Fund (Grant
n0.2018BS013), Open Project of 2019-2021 Guangxi

First-level Discipline Construction at Guangxi University
of Traditional Chinese Medicine (Approval No. 2019xk058),
and 2021 National Innovation & Entrepreneurship Training
Plan for College Students (202110600005).

CONFLICTS OF INTEREST

The authors declare no conflict of interest, financial or oth-
erwise.

ACKNOWLEDGEMENTS

Hydrolyzed seawater pearl tablets (production approval
number: 450522020014, product number: 20180102) were
kindly donated by Baozhulin Ocean Technology Co., Ltd.
(Beihai, China), and used throughout the study.

REFERENCES

[1]  Orzet-Gryglewska, J. Consequences of sleep deprivation. Int. J. Oc-
cup. Med. Environ. Health, 2010, 23(1), 95-114.
http://dx.doi.org/10.2478/v10001-010-0004-9 PMID: 20442067

[2]  Pandey, A.; Kar, S.K. Rapid eye movement sleep deprivation of rat
generates ROS in the hepatocytes and makes them more susceptible to
oxidative stress. Sleep Sci., 2018, 11(4), 245-253.
http://dx.doi.org/10.5935/1984-0063.20180039
PMID: 30746042

[3] Nedeltcheva, A.V.; Scheer, F.A.J.L. Metabolic effects of sleep disrup-
tion, links to obesity and diabetes. Curr. Opin. Endocrinol. Diabetes
Obes., 2014, 21(4), 293-298.
http://dx.doi.org/10.1097/MED.0000000000000082
PMID: 24937041

[4]  Lasisi, T.J.; Shittu, S.T.T.; Abeje, J.I.; Ogunremi, K.J.; Shittu, S.A.
Paradoxical sleep deprivation induces oxidative stress in the subman-
dibular glands of Wistar rats. J. Basic Clin. Physiol. Pharmacol., 2022,
33(4), 399-408.
http://dx.doi.org/10.1515/jbcpp-2020-0178
PMID: 33878251

[5]  Everson, C.A.; Laatsch, C.D.; Hogg, N. Antioxidant defense responses
to sleep loss and sleep recovery. Am. J. Physiol. Regul. Integr. Comp.
Physiol., 2005, 288(2), R374-R383.
http://dx.doi.org/10.1152/ajpregu.00565.2004
PMID: 15472007

[6] Joseph, T.C; Puttfarcken, P. Oxidative stress, glutamate, and neuro-
degenerative disorders. Science, 1993, 262(29), 689-695.

[7]  Furness, J.B. Novel gut afferents: Intrinsic afferent neurons and intes-
tinofugal neurons. Auton. Neurosci., 2006, 125(1-2), 81-85.
http://dx.doi.org/10.1016/j.autneu.2006.01.007



936 Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 7

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

PMID: 16476573

Park, A.J.; Collins, J.; Blennerhassett, P.A.; Ghia, J.E.; Verdu, E.F.;
Bercik, P.; Collins, S.M. Altered colonic function and microbiota pro-
file in a mouse model of chronic depression. Neurogastroenterol. Mo-
til., 2013, 25(9), 733-e575.

http://dx.doi.org/10.1111/nmo.12153 PMID: 23773726
Crumeyrolle-Arias, M.; Jaglin, M.; Bruneau, A.; Vancassel, S.; Car-
dona, A.; Daugé, V.; Naudon, L.; Rabot, S. Absence of the gut micro-
biota enhances anxiety-like behavior and neuroendocrine response to
acute stress in rats. Psychoneuroendocrinology, 2014, 42, 207-217.
http://dx.doi.org/10.1016/j.psyneuen.2014.01.014 PMID: 24636517
Goehler, L.E.; Gaykema, R.P.A.; Opitz, N.; Reddaway, R.; Badr, N.;
Lyte, M. Activation in vagal afferents and central autonomic path-
ways: Early responses to intestinal infection with Campylobacter je-
Jjuni. Brain Behav. Immun., 2005, 19(4), 334-344.
http://dx.doi.org/10.1016/j.bbi.2004.09.002 PMID: 15944073

Han, S.Y.; Wu, Y.P.; Wang, Y.B. Study on the effect and mechanism
of Nanzhu powder on preventing skin photoaging in mice. Shizhen
Trad. Chinese Med., 2021, 32(02), 308-312.

Han, S.; Huang, D.; Lan, T.; Wu, Y.; Wang, Y.; Wei, J.; Zhang, W_;
Ou, Y.; Yan, Q.; Liu, P.; Chen, Z.; Lin, J. Therapeutic effect of sea-
water pearl powder on uv-induced photoaging in mouse skin. Evid.
Based Complement. Alternat. Med., 2021, 2021, 1-11.
http://dx.doi.org/10.1155/2021/9516427 PMID: 34925534

Xia, M.; Huang, D.; Tong, Y.; Lin, J. Pearl powder reduces sleep dis-
turbance stress response through regulating proteomics in a rat model
of sleep deprivation. J. Cell. Mol. Med., 2020, 24(9), 4956-4966.
http://dx.doi.org/10.1111/jcmm.15095 PMID: 32220128

a) Han, S.; Li, H.; Luo, F.; Chen, X.; Cen, Y.; Liu, P.; Chen, Z.; Lan,
T.; Lin, J. Inhibitory effect of seawater pearl hydrolysate on uva-in-
duced photoaging of human skin fibroblasts. Evid. Based Comple-
ment. Alternat. Med., 2022, 2022, 1-11.

b) Lin, J.; Lin, Y.; Lin, H. Method of dissolving pearl and pearl honey
tonic obtained by said method [P]. Chinese patent: ZL.95106283.2,
2001-02-07, 2001.

http://dx.doi.org/10.1155/2022/1558288 PMID: 35815281

Chen, Z.; Yan, Q.; Zhang, Z.; Lan, T.; Liu, P.; Han, S.; Lin, Y; Lin, J.
Immunomodulatory effects of hydrolyzed seawater pearl tablet
(HSPT) on Th1/Th2 functionality in a mice model of chronic obstruc-
tive pulmonary disease (COPD) induced by cigarette smoke. Evid.
Based Complement. Alternat. Med., 2020, 2020(3), 1-17.
http://dx.doi.org/10.1155/2020/5931652 PMID: 33281913
Cantarella, G.; Di Benedetto, G.; Puzzo, D.; Privitera, L.; Loreto, C.;
Saccone, S.; Giunta, S.; Palmeri, A.; Bernardini, R. Neutralization of
TNFSF10 ameliorates functional outcome in a murine model of Alz-
heimer’s disease. Brain, 2015, 138(1), 203-216.
http://dx.doi.org/10.1093/brain/awu318 PMID: 25472798

Sharma, S.; Haselton, J.; Rakoczy, S.; Branshaw, S.; Brown-Borg,
H.M. Spatial memory is enhanced in long-living Ames dwarf mice and
maintained following kainic acid induced neurodegeneration. Mech.
Ageing Dev., 2010, 131(6), 422-435.
http://dx.doi.org/10.1016/j.mad.2010.06.004 PMID: 20561541

Osi, Y.; Li, C.; Li, X.; Ding, Y.; Wang, Z. Effect of water extract of
flos albiziae and semen ziziphi spinosae on the animal model of sleep
deprivation depression based on single herb- compatibility. Jilin J.
Chinese Med., 2019, 39(5).

Available from: http://dx.doi.org/10.13463/j.cnki.jlzyy.2019.05.025
Agarwal, A.; Aponte-Mellado, A.; Premkumar, B.J.; Shaman, A.;
Gupta, S. The effects of oxidative stress on female reproduction: A
review. Reprod. Biol. Endocrinol., 2012, 10(1), 49.
http://dx.doi.org/10.1186/1477-7827-10-49

PMID: 22748101

Bosch, R.; Philips, N.; Suarez-Pérez, J.; Juarranz, A.; Devmurari, A.;
Chalensouk-Khaosaat, J.; Gonzalez, S. Mechanisms of photoaging
and cutaneous photocarcinogenesis, andphotoprotective strategies
with phytochemicals. Antioxidants, 2015, 4(2), 248-268.
http://dx.doi.org/10.3390/antiox4020248

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Luo et al.

PMID: 26783703

Rui, Y.; Zhaohui, Z.; Wenshan, S.; Bafang, L.; Hu, H. Protective effect
of MAAs extracted from Porphyra tenera against UV irradiation-in-
duced photoaging in mouse skin. J. Photochem. Photobiol. B, 2019,
192,26-33.

http://dx.doi.org/10.1016/j.jphotobiol.2018.12.009 PMID: 30665147
Hernandez Santiago, K.; Lopez -Lopez, A.L.; Sanchez-Muiloz, F.;
Cortés Altamirano, J.L.; Alfaro-Rodriguez, A.; Bonilla-Jaime, H.
Sleep deprivation induces oxidative stress in the liver and pancreas in
young and aging rats. Heliyon, 2021, 7(3), e06466.
http://dx.doi.org/10.1016/j.heliyon.2021.e06466 PMID: 33748503
Villafuerte, G.; Miguel-Puga, A.; Murillo Rodriguez, E.; Machado, S.;
Manjarrez, E.; Arias-Carrion, O. Sleep deprivation and oxidative
stress in animal models: A systematic review. Oxid. Med. Cell. Lon-
gev., 2015, 2015, 1-15.

http://dx.doi.org/10.1155/2015/234952 PMID: 25945148

Zhen, X.; Wu, B.; Wang, J.; Lu, C.; Gao, H.; Qiao, J. Increased inci-
dence of mitochondrial cytochrome C Oxidase 1 gene mutations in
patients with primary ovarian insufficiency. PLoS One, 2015, 10(7),
e0132610.

http://dx.doi.org/10.1371/journal.pone.0132610 PMID: 26225554
Liang, L.F.; Qi, S.T.; Xian, Y.X.; Huang, L.; Sun, X.F.; Wang, W.H.
Protective effect of antioxidants on the pre-maturation aging of mouse
oocytes. Sci. Rep., 2017, 7(1), 1434.
http://dx.doi.org/10.1038/541598-017-01609-3 PMID: 28469172
Song, S; Jacobson, K N; Mcdermott, K M ATP promotes cell survival
via regulation of cytosolic [Ca2+] and Bcl-2/Bax ratio in lung cancer
cells. American J. Physiol. Cell Physiol., 2015, 310(2), C99-114.
http://dx.doi.org/10.1152/ajpcell.00092.2015 PMID: 26491047
Montes-Rodriguez, C.J.; Alavez, S.; Soria-Gomez, E.; Rueda-Orozco,
P.E.; Guzman, K.; Moran, J.; Prospéro-Garcia, O. BCL-2 and BAX
proteins expression throughout the light-dark cycle and modifications
induced by sleep deprivation and rebound in adult rat brain. J. Neuro-
sci. Res., 2009, 87(7), 1602-1609.
http://dx.doi.org/10.1002/jnr.21987 PMID: 19125405

Hirayama, K. Human Flora-Associated (HFA) Animals for studying
the role of intestinal flora in human carcinogenesis. Biosci. Microflora,
2002, 21(4), 239-244.

http://dx.doi.org/10.12938/bifidus1996.21.239

Luna, R.A.; Foster, J.A. Gut brain axis: Diet microbiota interactions
and implications for modulation of anxiety and depression. Curr.
Opin. Biotechnol., 2015, 32, 35-41.
http://dx.doi.org/10.1016/j.copbio.2014.10.007 PMID: 25448230
Cowan, T.E.; Palmnis, M.S.A.; Yang, J.; Bomhof, M.R.; Ardell, K.L.;
Reimer, R.A.; Vogel, H.J.; Shearer, J. Chronic coffee consumption in
the diet-induced obese rat: Impact on gut microbiota and serum metab-
olomics. J. Nutr. Biochem., 2014, 25(4), 489-495.
http://dx.doi.org/10.1016/j.jnutbio.2013.12.009 PMID: 24629912
Turnbaugh, P.J.; Ley, R.E.; Hamady, M. The humanmicrobiome pro-
ject: Exploring the microbial part ofourselves in a changing world. Na-
ture, 2007, 449(7164), 804-810.
http://dx.doi.org/10.1038/nature06244 PMID: 17943116

Dinan, T.G.; Cryan, J.F. Regulation of the stress response by the gut
microbiota: Implications for psychoneuroendocrinology. Psychoneu-
roendocrinology, 2012, 37(9), 1369-1378.
http://dx.doi.org/10.1016/j.psyneuen.2012.03.007

PMID: 22483040

Mayer, E.A. Gut feelings: The emerging biology of gut—brain commu-
nication. Nat. Rev. Neurosci., 2011, 12(8), 453-466.
http://dx.doi.org/10.1038/nrn3071 PMID: 21750565

Sudo, N.; Chida, Y.; Aiba, Y.; Sonoda, J.; Oyama, N.; Yu, X.N.; Kubo,
C.; Koga, Y. Postnatal microbial colonization programs the hypotha-
lamic-pituitary-adrenal system for stress response in mice. J. Physiol.,
2004, 558(1), 263-275.
http://dx.doi.org/10.1113/jphysiol.2004.063388

PMID: 15133062



	Study on the Mechanism of Hydrolyzed Seawater Pearl Tablet in TreatingChronic Sleep Deprivation Mice Model
	Abstract: Background
	Objective:
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	Table 1.
	Fig. (1).
	3. RESULTS
	Table 2.
	Table 3.
	Table 4.
	Fig. (2).
	Table 5.
	4. DISCUSSION
	Fig. (3).
	Table 6.
	CONCLUSION
	LIST OF ABBREVIATIONS
	AUTHORS’ CONTRIBUTIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICTS OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



