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Abstract

Ghrelin, a brain-gut peptide that induces anxiety and other abnormal emotions, contributes
to the effects of insomnia on emotional behavior. In contrast, the traditional Chinese Medi-
cine remedy Wen Dan Tang reduces insomnia-related anxiety, which may perhaps correspond
to changes in the brain-gut axis. This suggests a possible relationship between Wen Dan Tang’s
pharmacological mechanism and the brain-gut axis. Based on this hypothesis, a sleep-deprived
rat model was induced and Wen Dan Tang was administered using oral gavage during model es-
tablishment. Wen Dan Tang significantly reduced insomnia-related anxiety and prevented Ghrelin
level decreases following sleep deprivation, especially in the hypothalamus. Increased expression
of Ghrelin receptor mRNA in the hypothalamus was also observed, suggesting that reduced anxi-
ety may be a result of Wen Dan Tang's regulation of Ghrelin-Ghrelin receptors.
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Introduction

Insomnia has a high and increasing prevalence in many
countries. In this regard, insomnia affects approximately
33% of people in the United States, 4-22% in Europe, and
18-23% in Japan'’. Results from a recent global sleep sur-
vey in China released by the Chinese Society of Psychiatry
in 2003 revealed that 42.5% of people in China suffer from
insomnia”. A large amount of clinical epidemiology and
experimental data show that insomnia is closely related to
other health problems such as obesity"”, hypertension',
hyperlipidemia[5], diabetes™’, depression[ﬁ], and Alzheimer’s
disease”’. With increased fatigue, a series of physiological,
psychological, and even behavioral changes occur. These in
turn may affect emotions, learning and memory, and immu-
nity™®”. A study by Neckelmann and colleagues” reported
that patients suffering from insomnia are usually also trou-
bled by other emotional disorders, especially depression,
anxiety, nervousness, and irritability. Another study by Ma et
al."" revealed that amongst the participants in their survey,
31% of primary insomnia patients suffer from moderate to
severe depression. In this same study, the relationship was
even more prominent between insomnia and anxiety, with
54% of primary insomnia patients having both conditions
concurrently. The problems that insomnia and its related
complications cause are deeply rooted in our modern daily
society, thus making sleep and its related neurobiology a ma-

jor focus of current research.

Previous researches have shown that one of the core dis-
orders produced in the above-mentioned problems is a
brain-gut axis imbalance. Reduced sleeping hours trigger
deregulation of neuroendocrine networks connecting the
central nervous system and the gastrointestinal tract, result-
ing in several physiological changes such as decreased blood
glucose tolerance and insulin sensitivity!” and increased
cortisol"” and amyloid protein levels'*. These changes are
strongly associated with fluctuations of the neuropeptide
orexin, which is in turn regulated by the brain-gut peptide
leptin/Ghrelin ratio™ "' Hence, our study was designed to
investigate brain-gut axis mechanisms involved in the rela-
tionship between anxiety and insomnia.

Wen Dan Tang, taken from 12"-century Chinese Medicine
classic Treatise on Diseases, Patterns, and Prescriptions Related
to Unification of the Three Etiologies, is a traditional remedy
that has been reported to show significant therapeutic ef-
fects during insomnia treatment. The original prescription,
however, dates back as far as the Northern and Southern
Dynasties (from 420 A.D. to 589 A.D.), where it was first
named in Yao Seng Yuan’s work Collection of Effective Pre-
scriptions. Wen Dan Tang was designed to induce “Gallbladder
Warming’, as it originally targeted diseases with “gallbladder
cold” syndrome. It was later adjusted when the concept of
“gallbladder cold” expanded to “gallbladder depression and
phlegm obstruction”, leading to our present-day Wen Dan
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Tang that treats all syndromes related to “Qi depression
producing fluids, and fluids fighting with Q7”. From a tra-
ditional Chinese medicine perspective, phlegm follows the
movement of Qi, reaching everywhere or lingering in the
middle energizer, obstructing organ systems such as the liver,
gallbladder, spleen, and stomach. It may also cloud the heart
and disrupt the heart spirit, or permeate the triple energizer.
These syndromes are coherent with the extensive neuroen-
docrine system complications caused by insufficient sleep.
Wen Dan Tang’s extensive use in treating both neuropsy-
chiatric and digestive system diseases'"**" corresponds with
functions of the brain-gut axis. Therefore, we have chosen
the Wen Dan Tang for intervention treatment based on pre-
diction of its therapeutic effects in insomnia-related anxiety
being related to the brain-gut axis. Researches thus far have
shown that Wen Dan Tang can decrease 5-hydroxytryptamine
levels”'! in insomnia rats, normalize 5-hydroxyindoleaceti-
cacid levels™, decrease brain norepinephrine levels in in-
somnia-model rats, increase interleukin and tumor necrosis
factor'” amounts to standard levels or higher, increase
y-aminobutyric acid*" levels, increase cholecystokinin 8"
immunoactivity, reduce damage to and improve functions of
neurons in the thalamic nuclei, and provide neuroprotective
effects'", However, few studies have examined how Wen Dan
Tang affects insomnia-related anxiety.

Ghrelin, an endogenous ligand of the growth hormone
secretagogue receptor, is a relatively less well-studied brain-
gut peptide. It consists of 28 amino acid residues and is
widely distributed in the body"", existing in both the gastro-
intestinal tract and central nervous system. Specific binding
of Ghrelin to the growth hormone secretagogue receptor is
important for many biological activities, such as regulation
of neuroendocrine axis activity'””, promoting appetite™”,
improving learning and memory'”” and sleep quality””,
neuroprotective effects for the brain”", and affecting the
cardiovascular™ and immune systems. Recent research
has also shown that Ghrelin can induce stress, anxiety, and
depression. For example, Asakawa et al.”" showed that when
Ghrelin injection into the ventricular system and peritone-
al cavity of mice induced obvious anxiety-like behavior in
an elevated plus maze test. Kristensson et al.”” found that
acute psychological stress can activate Ghrelin secretion. As
a brain-gut peptide, Ghrelin affects the entire brain-gut axis.
Because of its obvious effects on insomnia-related anxiety,
we focused on Ghrelin as a stepping stone to draw attention
to the effects that brain-gut axis has on insomnia complica-
tions.

In our experiment, we examined the long-acting benzo-
diazepine diazepam as our positive control. It is a central
nervous system depressant with anxiolytic, sedative, hypnot-
ic, anticonvulsant, antiepileptic, and central-acting muscle
relaxant properties. Diazepam also has high selectivity in
its sedative, hypnotic, and anxiolytic effects. It stimulates
y-aminobutyric acid receptors in the ascending reticular ac-
tivating system, increases y-aminobutyric acid inhibition of
the central nervous system, and enhances stimulation of the
reticular formation in the brainstem, which leads to inhibi-
tion and obstruction of cortical and mesolimbic arousal.
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Blood serum, prefrontal cortex, and hypothalamus were
selected as the areas examined in our experiment. The hy-
pothalamus is widely recognized as the “sleep center” and
“awakening center” and directly regulates the body’s sleep
cycle. Prefrontal cortex, on the other hand, is closely related
to affective states. Blood serum is the medium for brain-gut
peptide transportation. We generated a sleep deprivation rat
model, and orally administered Wen Dan Tang. Our studies
provide evidence of whether the therapeutic effects of Wen
Dan Tang for insomnia-related anxiety are related to the
brain-gut axis, and provide a basis for future research on
insomnia-caused brain-gut axis imbalances and neuroendo-
crine disorders.

Results

Quantitative analysis of experimental animals

A total of 48 Sprague-Dawley rats were equally and random-
ly distributed into a (1) control group: same raising period,
no intervention, (2) model group: sleep deprived using a
multi-platform sleep deprivation technique, (3) diazepam
group: oral gavage using diazepam solution during model
establishment, and (4) Wen Dan Tang group: Wen Dan Tang
administered by oral gavage during model establishment.
None of the experimental animals died. All 48 rats were
included in the final analysis, and 12 rats from each group
were subjected to behavioral analysis to provide a sufficient
sample size for a valid behavioral analysis. Five samples were
drawn from each group, and subjected to enzyme-linked
immunosorbent assay (ELISA), immunohistochemistry and
PCR tests, to provide a sufficient sample size for a valid ex-
perimental result.

Wen Dan Tang decoction did not affect body weight in
sleep-deprived rats

No significant difference was observed for the body weight
of rats in each group before sleep deprivation (P > 0.05).
Compared with the control group, rats in the other three
groups had significant weight loss after 7 days of sleep depri-
vation (P < 0.01), and diazepam or Wen Dan Tang did not
affect weight loss in sleep-deprived rats (P > 0.05; Table 1).

Wen Dan Tang decoction normalizes behavior in sleep-
deprived rats

Grid crossing

No significant difference was observed for mean grid cross-
ing values between rats of different groups before sleep
deprivation (P > 0.05). Compared with rats in the control
group, grid crossing value increased after sleep deprivation
(P < 0.01). However, grid crossing values decreased in Wen
Dan Tang-administered rats (after 14 days of sleep depriva-
tion; P < 0.01), with values lower than that of the diazepam
group (after 14 days of sleep deprivation; P < 0.01; Table 2).

Standing frequency

No significant difference was observed between rats of dif-
ferent groups before sleep deprivation in standing frequency
(P> 0.05). Compared with the control group, standing freq-
uency increased after sleep deprivation (P < 0.01). However,
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Table 1 Effects of Wen Dan Tang on body weight (g) in sleep-deprived
rats

Table 2 Effects of Wen Dan Tang on grid crossing values in sleep-
deprived rats (times/5 minutes)

Beforesleep  After 7 days of ~ After 14 days of Before sleep After 7 days of  After 14 days of
Group deprivation sleep deprivation sleep deprivation Group deprivation sleep deprivation sleep deprivation
Control 169.20£7.39 221.60+8.64 262.40£10.01 Control 40.9+£19.7 31.3+23.1 8.8+4.4
Model 163.83+8.44 168.17+10.19° 194.92+13.12" Model 50.2%11.4 89.0+21.3" 53.3+15.6"
Diazepam 166.00+5.60 178.00+10.66" 198.22+12.71" Diazepam 39.4%16.5 105.4+15.0° 44.4%22.8
Wen Dan Tang  162.60+5.13 161.00+8.96" 197.89+24.73" Wen Dan Tang ~ 45.7+23.8 96.6+35.7° 25.0+12.7°

Data are expressed as mean + SD. Twelve rats from each group were
examined. Student-Newman-Keuls method for analysis of variance was
used to compare the groups. “P < 0.01, vs. control group.

Wen Dan Tang-administered rats displayed a lower standing
frequency (after 14 days of sleep deprivation; P < 0.05), with
values below that of the diazepam group (after 14 days of
sleep deprivation; P < 0.01; Table 3).

Effects of Wen Dan Tang on Ghrelin expression and Ghrelin
receptor mRNA levels in sleep-deprived rats

Blood serum Ghrelin

Results from ELISA analysis showed that no significant dif-
ference was detected between blood serum Ghrelin levels
in all four groups. Ghrelin levels in control group rats were
937.30 £ 89.47 ng/L, and 880.31 + 33.86 ng/L in rats after 14
days’ sleep deprivation. Ghrelin levels in the Wen Dan Tang
and diazepam groups were 836.07 = 116.90 and 783.76 +
168.89 ng/L, respectively.

Ghrelin levels in prefrontal cortex and hypothalamus
Compared with rats in the control group, immunohisto-
chemistry tests showed that Ghrelin expression significantly
decreased in the hypothalamus and prefrontal cortex after
14 days of sleep deprivation (P < 0.01). The Wen Dan Tang
group showed increased Ghrelin expression in both the hy-
pothalamus and prefrontal cortex (P < 0.01). No significant
difference was observed between Ghrelin levels in the Wen
Dan Tang and diazepam groups in the hypothalamus (P >
0.05), but Ghrelin expression in the Wen Dan Tang group
was significantly lower than in the diazepam group in the
prefrontal cortex (P> 0.05; Figure 1, Table 4).

Ghrelin receptor mRNA levels in the prefrontal cortex and
hypothalamus

Using real-time PCR, we observed that there were no signifi-
cant differences in prefrontal cortex Ghrelin receptor mRNA
expression between the model, Wen Dan Tang, and diazepam
groups after 14 days of sleep deprivation (P > 0.05). Com-
pared with the control group, after 14 days of sleep depri-
vation, hypothalamus Ghrelin receptor mRNA levels were
higher (P < 0.05), whereas no significant differences were
observed in the diazepam group. After 14 days’ sleep depri-
vation, rats administered Wen Dan Tang showed a significant
increase in hypothalamus Ghrelin receptor mRNA levels
(P < 0.01; Table 5, supplementary Figure 1 online).

Discussion

Open field tests were conducted after 7 and 14 days of sleep
deprivation. The open field test can be used to assess general

Data are expressed as mean = SD. Twelve rats from each group were
examined. Student-Newman-Keuls method for analysis of variance was
used to compare the groups. *P < 0.01, "P < 0.05, vs. control group; ‘P <
0.05, vs. model group; *P < 0.01, vs. diazepam group.

Table 3 Effects of Wen Dan Tang on standing frequency in
sleep-deprived rats (times/5 minutes)

Before sleep  After 7 days of After 14 days of
Group deprivation  sleep deprivation sleep deprivation
Control 7.7+4.4 2.1%1.8 1.0£1.0
Model 6.412.2 9.8+2.5" 4.0+2.1°
Diazepam 5.3%3.5 10.6+4.8" 4.3+1.2°
Wen Dan Tang ~ 6.8+3.7 11.442.5" 2.040.9"

Data are expressed as mean = SD. Twelve rats from each group were
examined. Student-Newman-Keuls method for analysis of variance was
used to compare the groups. “P < 0.01, vs. control group; "P < 0.05, vs.
model group; “P < 0.01, vs. diazepam group.

Table 4 Effects of Wen Dan Tang on Ghrelin expression levels in the
prefrontal cortex and hypothalamus of 14-day sleep-deprived rats
(absorbance)

Group Prefrontal cortex Hypothalamus
Control 0.24%0.01 0.25+0.02
Model 0.1340.01° 0.160.01°
Diazepam 0.24%0.01° 0.2340.02
Wen Dan Tang 0.22+0.02" 0.23+0.01™

Immunohistochemistry results are expressed as mean + SD. Five rats
from each group were examined. Student-Newman-Keuls method for
analysis of variance was used to compare the groups. °P < 0.01, P < 0.05,
vs. control group; “P < 0.01, vs. model group; 4p < 0.05, vs. diazepam

group.

Table 5 Effects of Wen Dan Tang on Ghrelin receptor mRNA levels in
the prefrontal cortex and hypothalamus of sleep-deprived rats

Group Prefrontal cortex Hypothalamus
Control 0.83%0.17 0.73%0.23
Model 0.63%0.08 1.68+0.39°
Diazepam 0.83+0.14 1.47+0.29°
Wen Dan Tang 0.80+0.12 4.43+0.35™

Real-time PCR results are expressed as mean + SD. Five rats from each
group were examined. Student-Newman-Keuls method for analysis of
variance was used to compare the groups. ‘P < 0.05, "P < 0.01, vs. control
group; P < 0.01, vs. model group, “P < 0.05, vs. diazepam group.

locomotor activity, willingness to explore, and depression-
and anxiety-like behavior”*”. We measured locomotor
activity”™ by grid crossing and standing frequencies. The
grid crossing value represents horizontal movement, which
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Figure 1 Effects of Wen Dan Tang on Ghrelin expression in the prefrontal cortex and hypothalamus (immunohistochemistry staining, X 400).

In the prefrontal cortex and hypothalamus, positive reactions for Ghrelin were focused inside the cells. Immunoreactive products were brown,
and small brown granules can be seen in the cytoplasm of positive cells. No specific color changes were visible in the negative control. In the con-
trol group, both the prefrontal cortex and hypothalamus displayed a large amount of positive cells, with deeper and more even staining in the cy-
toplasm. Cell shape was normal. In the model group, the amount of positive cells in the prefrontal cortex and hypothalamus was less, staining was
light, and the cytoplasm was not evenly stained. Cell shape was disrupted, with rupturing in some of the cells, especially in the prefrontal cortex.
In the diazepam and Wen Dan Tang groups, large amounts of positive cells were observed in both the prefrontal cortex and hypothalamus. Stain-

ing was deep and uniform within the cytoplasm. Cell shape was slightly disordered, and a few cells were ruptured.

is a reflection of the rat’s activity level and excitability when
placed in an open field box””. Standing frequency represents
vertical movement, indicating curiosity and the exploratory
activity of the rat in a new environment*”. The excitability
of the rats in the 7-day and 14-day model groups was high-
er than the control group. Considering both psychomotor
agitation and a drop in weight, we can determine that sleep
deprivation induces anxiety in rats. This is consistent with
research by some scholars'® ' *"', Drug efficacy studies have
also shown that Wen Dan Tang significantly improves anx-
iety induced by sleep deprivation in 14-day sleep-deprived
rats, but is ineffective in 7-day rat models. We conclude that
the effects of Wen Dan Tang are significantly better than
diazepam. Hence, we will continue to study how Wen Dan
Tang aftects Ghrelin in 14-day sleep-deprived rats.

Sleep deprivation and both drugs had no obvious regula-
tory effects on blood serum Ghrelin levels. Ghrelin levels in
the blood circulation are affected by various factors, such as
eating, obesity, insulin secretion, and somatostatin concen-
trations. It is therefore difficult to exclude the influence of
these factors, and blood serum Ghrelin does appear to be a
suitable marker of central effects, based on our experiment.
Ghrelin expression increases in the prefrontal cortex and hy-
pothalamus after sleep deprivation, and Wen Dan Tang can
significantly reduce these effects. Loss of Ghrelin is especially
obvious in the hypothalamus. Wen Dan Tang also upregu-
lates Ghrelin receptor mRNA expression in the prefrontal
cortex and hypothalamus. However, the different degrees of
changes in Ghrelin and Ghrelin receptor mRNA between the
prefrontal cortex and hypothalamus is worth considering.
We predict that this difference may be related to varying sen-
sitivity in different parts of the brain, the Ghrelin secretion
pathway, and delayed Ghrelin-growth hormone secretagogue
receptor reactions. There is extensive communication be-
tween the prefrontal cortex and hypothalamus, laying a
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structural basis for stress transmission. The hypothalamus,
being the regulatory center for sleep, is directly affected by
factors that initiate insomnia, whereas the prefrontal cortex
is a downstream target organ that regulates emotions in-
duced by insomnia. Responses in the hypothalamus should
thus be quicker and more direct than in the prefrontal cor-
tex. The hypothalamus is the main organ in the central ner-
vous system that synthesizes and secretes Ghrelin. Ghrelin
secretion changes occur when the hypothalamus is stimu-
lated, and changes in Ghrelin receptor expression only occur
in response to the Ghrelin secretion. Hence, a reaction time
lag exists between Ghrelin and Ghrelin receptor responses.
In addition, the prefrontal cortex is a downstream organ.
This may also affect the latency and degree of the response.
Another point to consider would be that Ghrelin receptor
mRNA expression may not equate to Ghrelin receptor levels
in the cell. Biosynthesis usually requires three steps: tran-
scription, translation, and posttranslational modifications.
The regulatory effects of Wen Dan Tang may not necessarily
occur only at the transcription stage. Different secretion
patterns within the various participants of the biosynthesis
process may also contribute to possible inconsistencies in
cytoplasm mRNA and peptide content. However, the combi-
nation of our results is sufficient to determine that the regu-
latory mechanism is correlated with the hypothalamus, and
the hypothalamus is a brain region worth further study.

Materials and Methods

Design
A randomized, controlled, animal experiment.

Time and setting
The experiment was conducted at the Neuroimmunology
Laboratory, Beijing University of Chinese Medicine, China
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from January 2010 to February 2012.

Materials

Animals

A total of 48 healthy adult male Sprague-Dawley rats, aged
6 weeks, weighing 160 * 20 g, were provided by Vital River
Laboratories, Beijing, China (license No. SCXK (Jing) 2011-
0001). The rats were housed in a clean animal room with six
rats per cage, maintained at 22 * 2°C and 30-40% humidity.
Cages were maintained under a 12-hour light/dark cycle
(6:00-18:00). They were allowed free access to food and
water, and adaptive feeding was maintained for 3 days. All
experimental procedures were conducted in accordance with
protocols from the Guidance Suggestions for the Care and Use
of Laboratory Animals, issued by the Ministry of Science and
Technology of China'*”.

Drugs

Grade 1 Tong Ren Tang herbs (consisting of pinellia tu-
ber, bamboo shavings, immature orange fruit, dried tan-
gerine peel, poria, honeyed liquorice root in the ratio of
9:9:9:12:5:5), selected by the Beijing Dong Zhi Men Hospital
in China, extracted and concentrated into Wen Dan Tang
granules. The recommended adult dosage of Wen Dan Tang
granules is two packets per day (each packet consisting of
extracts equivalent to that of the following raw herbs: 9 g
of pinellia tuber, 9 g of bamboo shavings, 9 g of immature
orange fruit, 12 g of dried tangerine peel, 5 g of poria, and
5 g of honeyed liquorice root). Each packet was dissolved in
25 mL of distilled water, and heated until the granules com-
pletely dissolved. The solution was used after cooling.

Diazepam (C,(H;CIN,O), in tablet form (license No.
H11020897), was purchased from Beijing Yimin Pharma-
ceutical Co., Ltd., Beijing, China. Each tablet of 2.5 mg was
dissolved in 50 mL of distilled water and stirred until com-
pletely dissolved.

Methods

Sleep-deprived rat models established by a modified multi-
platform method

A modified multi-platform sleep deprivation box (as shown
in Figure 2) made of plastic, with dimensions of 110 cm
length, 60 cm width, and 40 cm height, was constructed.
Fifteen transparent Plexiglas platforms, each with a diame-
ter of 6.5 cm and height of 8.0 cm, were fixed to the bottom
of the box. Each platform was horizontally and vertically
spaced apart by 13 cm and 10 cm, respectively. The box was
then filled with water, until the water surface reached 1.0 cm
below the platforms. The water was maintained at 22 + 2°C,
and the top of the tank was covered with barb wires. Food
and water were hung in the box to allow free feeding. The
rats were then placed on the platform, and free movement
and feeding were allowed. When a rat enters into paradoxical
sleep, its muscles relax and it touches the water by bending
its head or it drops into the water. This prevents the rats
from entering into a paradoxical sleep state'*”’. The rats were
placed into the sleep deprivation box every day between
18:00 to 12:00 the next day, and returned to their cages for
rest before the next cycle was repeated at 18:00. The rats un-
derwent 18 hours of sleep deprivation on a daily basis, and
intermittent paradoxical sleep deprivation continued for 14
days. The water in the sleep deprivation box was replaced
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Figure 2 Layout of the custom multi-platform sleep deprivation box used in this study.
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every day to ensure sanitary conditions.

Oral gavage treatment

Oral gavage treatment was administered on a daily basis
starting from day 1 to day 14 of sleep deprivation. Rats from
both the diazepam and Wen Dan Tang groups were given a
dose of 1 mL/100 g rat weight'***’' diazepam solution and
Wen Dan Tang, respectively, at 12:00 every day. 1 mL/100 g
rat weight of distilled water was administered to rats from
the control and model groups.

Measurement of body weight changes in the rats

An electronic scale (from Beijing Feims Technology De-
velopment Co., Ltd., Beijing, China) was used to weigh the
rats at 8:00 on day 7 and day 14 of sleep deprivation. Drug
dosages were adjusted for rats in the diazepam and Wen Dan
Tang groups according to their individual weight changes.

Behavioral assessment using the open field test

Behavioral assessment was separately conducted on day 1,
day 7, and day 14 of sleep deprivation. The rats were placed
into a custom-made, wooden open field box with dimen-
sions of 100 cm length, 100 cm width, and 40 cm height.
The interior and floor surfaces were gray, and black lines
were drawn to separate the floor into 25 equal-sized 20 cm
by 20 cm grids. Grids along the side walls were counted as
peripheral grids (16 peripheral square grids), whereas the re-
maining grids were central grids (nine central square grids).
A camera was installed on top of the centermost grid, and
the experiments were conducted under quiet, shaded con-
ditions™*', Before the experiment started, the rats were first
placed in the laboratory for 10 minutes to adapt. They were
then picked up at 1/3 of the rat tail from its root, and placed
gently onto the centermost grid. Synchronized video and
timing recordings were collected to observe rat activity within
the first 5 minutes. After the rats were removed from the box,
a towel moistened by low-concentration ethanol was used
to wipe the floor surface to prevent any leftover scents that
may disrupt the next rat. The next rat was then placed into
the open field box after the ethanol evaporated, and the same
cycle was repeated. The activities observed were: (1) total grid
crossing value: total number of times the rat placed three or
more claws into an adjacent grid; (2) standing frequency:
number of times both front limbs were lifted off the floor
surface and the rat climbed or rested on the side walls, while
using its rear limbs to support its body in a standing position.

Blood serum Ghrelin concentration measured by ELISA

Five rats were randomly selected from all four groups after
14 days of sleep deprivation. Intraperitoneal injection with
10% chloral hydrate (0.35 to 0.40 mL/100 g) was used to
anesthetize the rats before they were decapitated for termi-
nal blood withdrawal. The blood was allowed to stand for
20 minutes, followed by centrifugation at 3,000 r/min for 15
minutes. Blood serum was then collected for experiments.
The ELISA techniques used followed protocols from the rat
growth hormone releasing peptide-Ghelin ELISA Kit, Ray-
biotech. 100 pL of standard solution and 50 pL of standard
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diluting solution were first added into wells 1 and 2 of the
ELISA microtiter plate. Serial dilution was performed in the
subsequent wells with concentrations of 1,200, 800, 400, 200
and 100 ng/L. 40 pL of sample diluting solution and 10 pL of
sample were added into sample wells on the microtiter plate.
No solution was added into the empty wells. The microtiter
plate was then sealed with a closure plate membrane and in-
cubated at 37°C for 30 minutes. The plate was then washed
with a mild detergent five times, each time for approximately
30 seconds. 50 pL of ELISA reagent was added into the sample
wells. No solution was added into the empty wells. Incubation
and washing procedures were repeated as before. 50 uL of
both chromogenic reagents A and B were then added into
every well. After stirring, the microtiter plate was placed in
a dark room at 37°C for 15 minutes. 50 pL of terminating
solution was added to terminate the reactions. The detection
range was set between 40-1,600 ng/L, whereas the intra and
inter coefficient of variation were fixed at lower than 9% and
15%, respectively. Absorbance was tested using a microplate
reader (Tecan safire’, Groedig, Austria) with a wavelength of
450 nm. The actual Ghrelin concentration in each well was
then calculated using standard curve linear regression equa-
tions for concentration and absorbance.

Immunohistochemical method of Ghrelin expression levels in
the rat brain

After 14 days of sleep deprivation, five rats were randomly
selected from each group. Intraperitoneal injection with
10% chloral hydrate (0.35 to 0.40 mL/100 g) was used to
anesthetize the rats before they were decapitated. The rat
brain was then rapidly dissected on ice on top of a clean
bench. The entire brain was removed, wrapped up with tin
foil and placed into liquid nitrogen for freezing. The frozen
rat brain was then put into a cryostat. Each slice was 15 pm
thick, and was stored at —20°C for preservation. Brain slic-
es were soaked in 0.3% H,0O, at 37°C for 30 minutes and
1.5% goat serum for 45 minutes, following by incubation
with rabbit anti-rat Ghrelin monoclonal antibody (1:50;
Beijing Bioss) at 37°C for 1 hour and 4°C overnight. Mouse
anti-rabbit antibody (1:200; ANASPEC Company, Fremont,
CA, USA) was then used to incubate the sample at 37°C for
45 minutes. The samples were visualized using concentrat-
ed 3,3'-diaminobenzidine for 15 minutes, counterstained
with hematoxylin, dehydrated through gradient ethanol,
and mounted with neutral resin. 0.01 mmol/L PBS (pH 7.4)
and deionized water were used to wash the samples between
every step. After mounting, the samples were photographed
and observed under a Nikon 4500 digital camera (Nikon,
Tokyo, Japan) and Nikon E200 microscope (Nikon) under
400 x magnification. Six brain slices from each group were
randomly selected for examination. Images of the hypothal-
amus and prefrontal cortex were taken under the same light
intensity, and the Rat Brain Stereotaxic Map'*’ was used as
a reference for identifying the hypothalamus and prefrontal
cortex tissues. NIS-Elements BR 3.1 software (Nikon) was
used for image analysis. Mean absorbance values from the
positive reactants were used to express the relative amount
of protein expression.
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Ghrelin receptor mRNA expression levels in rat brain tissues
measured by real-time PCR

After 14 days of sleep deprivation, five rats were randomly
selected from each group, and intraperitoneally anesthetized
with 10% chloral hydrate (0.35 to 0.40 mL/100 g) before
they were decapitated. The rat brain was then rapidly dis-
sected on ice on a clean bench. The right prefrontal cortex
and hypothalamus were separated, placed into 1.5-mL sterile
centrifuge tubes, and frozen in liquid nitrogen before storage
in a —80°C refrigerator. Rat brain tissues were taken out of
the refrigerator and placed on ice prior to RNA extraction.
Trizol (Invitrogen Life Technologies, Carlsbad, CA, USA)
was used for one-step extraction of RNA"*, RNA quantity
and concentration were analyzed using an ultraviolet spec-
trophotometer (NanoDrop® ND-1000, Thermo Fisher, MA,
USA) and denaturing agarose gel electrophoresis (DYY-8
steady flow electrophoresis, Shanghai Qite analytical Instru-
ment Corp, Shanghai, China; H6-1 micro-electrophoresis
tank, Shanghai Jingyi organic glass Instrument Corp, Shang-
hai, China). Reverse transcription, aseptically performed on
a clean bench, was then applied to synthesize cDNA from
the sample’s RNA. PCR primers were designed in accordance
with protocols from Pubmed Database Genbank Serial
Number'**” using the Primer 5.0 sequence as a template.
The primer sequences are listed as follows:

Length of primer

Primer Sequence (bp)
Ghrelin Forward: 5'-CAG CGT 156
receptor CTT CTT CTT TCT ACC G-3'
Reverse: 5'-AAC ACC ACC
ACA GCA AGC ATC-3'
GAPDH Forward: 5'-GGA AAG 308

CTG TGG CGT GAT-3'
Reverse: 5'-AAG GTG
GAA GAA TGG GAG TT-3'

A PCR instrument (ABI 7900 Realtime PCR, ABI, Carlsbad,
CA, USA) was used to perform real-time PCR on GADPH
c¢DNA and Ghrelin receptor cDNA. Serial dilution of the
DNA template was prepared according to values that will
be used in drawing a standard curve. The PCR reaction
system was set at 10 uL, of which the template cDNA was
2 pL, dNTP mixture (2.5 mmol/L of dATP, dGTP, dCTP and
dTTP) 1.0 uL, 10 X PCR buffer solution (Promega) 1.0 uL,
MgCl, solution (Promega) 0.6 pL, Taq polymerase (Promega)
0.5 units, Sybergreen I final concentration 0.25 X (Invitro-
gen), 10 umol/L PCR specific primer 0.4 uL and 2 x ROX
Reference Dye (Invitrogen) 0.2 pL. The sample was brought
to a final volume of 10 pL with ddH,0. GAPDH and Ghrelin
receptor treatment conditions were the same: 95°C dena-
turation for 3 minutes and 40 cycles of 95°C for 15 seconds,
59°C for 20 seconds, 72°C for 20 seconds, and 82°C for 20
seconds. After amplification, another 40 cycles of 95°C for 15
seconds, 60°C for 20 seconds, 72°C for 20 seconds, and 99°C
for 15 seconds, with gradual heating from 72°C to 99°C, was
performed (automatic operation — Ramp rate 2%). Mea-
sures from various sample concentrations were produced by

the instrument according to the pre-planned serial dilution
DNA standard curve. The relative expression of Ghrelin re-
ceptor mRNA was expressed at a ratio of Ghrelin receptor
mRNA to GAPDH gene.

Statistical analysis

All data were expressed as mean + SD and were analyzed
using normal distribution tests and tests of homogeneity of
variance between groups with SPSS 17.0 (SPSS, Chicago, IL,
USA). A comparison of two samples was performed using
the Student-Newman-Keuls method for analysis of variance
if the data had a normal distribution and homogeneous
variance. A value of P < 0.05 was considered statistically sig-
nificant.
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