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Suanzaoren decoction (SZRT), a classic Chinese herbal prescription, has been used as a treatment for insomnia for more than a
thousand years. However, recent studies have found no significant effects of SZRT as a treatment for insomnia caused by gastric
discomfort. Herein, we studied the effects of modified Suanzaoren decoction (MSZRD) on gastrointestinal disorder-related
insomnia. 0e main constituents of MSZRD were spinosin (2.21mg/g) and 6-feruloylspinosin (0.78mg/g). A pentobarbital-
induced animal model of insomnia showed that MSZRD shortened sleep latency and prolonged sleep time of the male Institute of
Cancer Research (ICR) mice treated for 7 days with oral MSZRD. Sprague-Dawley male rats were treated daily with oral MSZRD
or placebo for 11 days and then deprived of sleep for the last 4 days to establish a model of insomnia. Of note, MSZRD-treated
animals had significantly improved body weight, organ index scores, and fecal moisture relative to placebo-treated animals, as well
as reduced temperature. Sleep-deprived rats exhibited more exploratory behaviors in an open-field anxiety test; however, this
effect was significantly reduced in MSZRD-treated animals. We found that MSZRD treatment decreased gastric acid pH, de-
creased the production of gastrin, pepsin, and Orexin-A, and increased the expression of MTL and CCK-8. Importantly, serum
GABA concentration was increased by treatment with MSZRD, as reflected by a decreased Glu/GABA ratio. Treated animals had
increased the expression of GAD1, GABARA1, and CCKBR but decreased the expression of Orexin R1. In summary, these results
suggest that MSZRD has soporific and gastroprotective effects that may be mediated by differential expression of CCK-8
and Orexin-A.

1. Introduction

Insomnia is a common psychiatric disorder that can be
caused by a wide range of factors such as medications, drug
or alcohol abuse, medical conditions, depression, or anxiety
[1]. Globally, it has been estimated that 10–30% of adults
experience insomnia [2]. Two important monoamine neu-
rotransmitters, c-aminobutyric acid (c-GABA) and Gluta-
mate (Glu), have been increasingly recognized as playing an

important role in the process of insomnia [3, 4]. Several
prior experiments have shown that Glu, which is formed by
PAG activity in GABAergic neurons, is converted by glu-
tamate decarboxylase (GAD) to GABA [5, 6].

Insomnia may occur more frequently in patients with
gastrointestinal symptoms. Up to 68% of patients in some
clinical trials develop gastrointestinal complaints such as
esophageal hyperalgesia and acid reflux, which may partially
account for disordered sleeping [7, 8]. 0e stomach is
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particularly sensitive to stress, and insomnia can activate the
sympathetic nervous system to cause the adrenal medulla to
secrete catecholamine, which has a role in regulating the
secretion of gastrin (GAS) and stomach acid [9]. Upon
increased secretion of gastrin and stomach acid, the gastric
mucosal barrier is weakened, potentially leading to tissue
damage [10]. Interestingly, a large population-based study
suggested a possible bidirectional association between sleep
problems and gastrointestinal disease, wherein excessive
secretion of gastric acid and pepsin may cause difficulty
falling asleep and poor sleep quality [11, 12]. In turn, in-
somnia may lead to increased sympathetic activity that
exacerbates gastrointestinal dysregulation. Although a
number of pharmacologic and psychological treatments are
available for insomnia, few are focused on the treatment of
insomnia due to gastrointestinal discomforts. 0e use of
benzodiazepines may even increase esophageal acid expo-
sure time during sleep [13, 14]. 0erefore, there is an urgent
need for effective therapeutic options for the treatment of
gastrointestinal disorder-related insomnia.

Cholecystokinin-8 (CCK-8) and Orexin-A are brain-gut
peptides with various biological effects that are found not
only in the gastrointestinal tract but also in the peripheral
blood and hippocampus [15, 16]. CCK-8 has been shown to
promote c-GABA release from the synapses of the cerebral
cortex and also to play a role in inhibiting gastric acid se-
cretion [17, 18]. Similarly, Orexin-A is found in the gas-
trointestinal tract as well as the peripheral blood, and orexin
has been reported to regulate food intake, wakefulness, and
sleep-wake cycles [19]. Experimental research indicates that
orexin facilitates the transformation of slow-wave sleep and
rapid eye movement sleep (REMS) to the waking state by
activating the orexin neurons, which are primarily located in
the perifornical area and lateral hypothalamus [20]. Fur-
thermore, inhibition of GABAergic inputs inhibits orexin
neuron activity during NREM and REM sleep [21]. Orexin
acts on the dorsal surface of the medulla through the vagus
nerve to stimulate gastric acid secretion [22]. 0erefore, it is
possible that Orexin-A and CCK-8 form the biological basis
between disturbed sleep and gastric discomfort.

Suanzaoren decoction (SZRT), a traditional Chinese
herb remedy, includes Semen Ziziphus jujuba Mill. var.
spinosa (Bunge) Hu ex H. F. Chou (Suanzaoren), Poria cocos
(Schw.) Wolf (Fuling), Ligusticum chuanxiong Hort.
(Chuanxiong), and Glycyrrhiza uralensis Fisch. (Gancao).
SZRT has a long history of use as an effective treatment of
insomnia [23]. Besides, SZRT could increase spontaneous
sleep activity through mediating GABA (A) receptors [24].
However, we found that SZRT does not work well in
ameliorating insomnia that is caused by gastric discomfort.
0erefore, we created a modified SZRD (MSZRD) by adding
Dendrobium officinale Kimura et Migo (Tiepishihu), which
is believed to nourish the stomach and Yin and has been
shown to protect against gastric mucosal injury in rats
[25, 26]. We hypothesized that the combination of SZRD
and Tiepishihu may provide synergistic effects for the
treatment of insomnia due to gastric discomfort.

In this study, we first validated the soporific effect of
MSZRD in a pentobarbital-induced sleep test. 0en, we

investigated its effects on the stomach by measuring the
changes in the concentration of gastrointestinal hormones
and assessing the histopathologic damage to the gastric
mucosa. 0e soporific effects of MZSRD were further
assessed biochemically by measuring the changes in the
relative expression of monoamine neurotransmitters and
behaviorally in an open field test. Last, we explored the
potential roles of brain-gut peptides in insomnia due to
gastric discomfort.

2. Materials and Methods

2.1. Chemicals and Reagents. Ziziphus jujuba Mill. var.
spinosa (Bunge) Hu ex H. F. Chou (Suanzaoren) and
Dendrobium officinale Kimura et Migo (Tiepishihu) were
purchased from Zhejiang Senyu Co., Ltd (Zhejiang, China).
Diazepam (G170301) was bought from Yunpeng Pharma-
ceutical Co., Ltd. (Shanxi, China). Suan Zao Ren Tang
(0DM1058) was bought from Eu Yan Sang (Hongkong,
China). Pentobarbital sodium (2018042001) was bought
from Huaxia Chemical Reagent Co., Ltd. (Sichuan, China).
GAS ELISA Kit, Orexin-A (OXA) ELISA Kit, and CCK-8
ELISA Kit (09/2019) were bought from Shanghai Enzyme-
linked Biotechnology Co., Ltd. (Shanghai, China). Bio-
chemical Assay Kit of Pepsin (20190910) was purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). Glu standards (20190113) and GABA (19042563)
standards were purchased from Shanghai Sifeng Technology
Co., Ltd. (Shanghai, China). Polyclonal antibodies of anti-
CCKBR (BOS298BP87F) and anti-GABARA1 (11CM399)
were purchased from Boster Biological Technology Co. Ltd.
(California, USA). Orexin Receptor 1 Antibody (OXRA)
(18370-1-AP) and GAD1 10408-1-AP) were bought from
ProteinTech Group, Inc. (Wuhan, China). 0e standards of
6-feruloylspinosin (P17F8F29474) and spinosin
(Y25O9H73433) were bought from Shanghai Yuanye Bio-
technology Co., Ltd. (Shanghai, China).

2.2. MSZRD Component Analysis by HPLC. All separations
were performed on the EC-C18 column (4.6mm× 150mm,
4 μm) at 30°C on the Agilent 1260 HPLC system (Agilent
Technologies, USA). 0e mobile phase was composed of
solvent A (redistilled water) and solvent B (acetonitrile) with
a linear gradient: 0–15min (B 5–10%), 15–20min (B:
10–15%), 20–40min (B: 15–24%), 40–60min (B:24–25%),
60–75min (B: 25–26%), and 75–85min (B: 26–5%). 0e
DAD detection wavelength was set at 271 nm. Symmetrical
peaks were obtained at a flow rate of 1.0mL/min with a
sample injection volume of 20 μL [27].

2.3. Drug Preparation. MSZRD formula was prepared as
48mL of decoction solution according to traditional
methods, and ingredients were Ziziphus jujuba Mill. var.
spinosa (Bunge) Hu ex H. F. Chou (Suanzaoren), Poria cocos
(Schw.) Wolf (Fuling), Ligusticum chuanxiong Hort.
(Chuanxiong), Dendrobium officinale Kimura et Migo
(Tiepishihu), and Glycyrrhiza uralensis Fisch. (Gancao) (5 :
2 : 2 :1 : 3), stored in the bridge of 4°C. Diazepam with
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dosages of 1.55mg/kg and SZRT with 1.24mg/kg were
dissolved in distilled water.

2.4. Animals and Treatment. Male ICR mice (20± 2 g) and
adult Sprague-Dawley rats (200± 10 g) were purchased from
JOINN Laboratories (Suzhou) and raised in the animal room
of Zhejiang University of Technology.0ey were given a free
way to get food and water with humidity of 50± 10% at
23± 2°C or a 12 h light/dark cycle. All experiments were
performed in accordance with the Regulations of Experi-
mental Animal Administration issued by the Ministry of
Science and Technology of the People’s Republic of China.
0is experiment was approved by the ethics committee of
Zhejiang University of Technology (SYXK (Zhe) 2017-0001).

In the pentobarbital-induced sleep test, 55mg/kg pen-
tobarbital (i.p.) was used as the hypnotic dose (sleep
onset� 100%), and 35mg/kg (i.p.) was used as the sub-
hypnotic dose (sleep onset <10%). ICR mice were orally
administered with MSZRD (14.4, 7.2, 3.6 g/kg) and diaze-
pam (3mg/kg), which were suspended in distilled water and
administered 30min before pentobarbital administration
[28]. In the subhypnotic pentobarbital test, the percentage of
mice that fell asleep was calculated as follows:

sleep onset(%) �
no. of mice falling asleep

total no.
× 100%. (1)

All Sprague-Dawley rats were divided into 7 groups
randomly (n= 7–9): (1) control group, (2) model group, (3)
MSZRD-H group (7.44 g/kg, MSZRD of high dose), (4)
MSZRD-M group (3.72 g/kg, MSZRD of medium dose), (5)
MSZRD-L group (1.86 g/kg, MSZRD of low dose), (6) DZP
group (1.55mg/kg, diazepam), and (7) SZRT (1.24 g/kg,
Suan Zao Ren Tang). 0e rats from the control group and
model group were given distilled water 1mL/100 g weight
and the rest were given the same volume/weight medicine,
respectively. 0e method of drug administration was
adopted while building themodel in this experiment. And all
of the groups except the control group were sleep deprived
for 4 days [29] and given hot drugs which consisted of T.
hypoglaucum and cinnamon by gavage for 7 days [30] to
build gastrointestinal disorder-related insomnia model.
0en, gastric tissues and brain tissue were collected followed
by washing with the cold saline, and blood plasma was
collected by the abdominal aortic method after all rats were
sacrificed, stored in −80°C bridge.

Sleep deprivation was induced by placing rats in mod-
ified water-filled multiple platforms (125 cm× 44 cm) that
consisted of 8 small circular platforms (6.5 cm, in diameter)
which were submerged to about 1–2 cm above the water
surface. 0e platforms were located at a distance, so rats
could move freely from one to another and balance on the
platforms. Due to natural REM’s muscle paralysis, the rats
would come into contact with the water and awaken. 0e
rats had free access to clean water and food pellet baskets
hanging from the aquarium cover. For the control group,
using larger platforms (14 cm in diameter) caused to fall
sleep without falling down.0e SD period lasted for 96 hours
[31].

2.5. Measurement of Weight, Temperature, and :ermal
Imaging. 0e weights of the rats were measured every three
days. Using an Anal thermometer to detect the anal tem-
perature during the experiment. 0ermal imaging was shot
by thermal imaging camera and the neck temperature was
analyzed by Imagine Pro.

2.6. Open-Field Test. After the final drug administration for
30min, rats of each group were subjected to an open-field
test. 0e rats were placed in the laboratory for 10min to
adapt to the environment before being placed into a wooden
open field box. Synchronized video and timing recordings
were collected to observe rat activity within the first 5
minutes [32]. Autonomous activity test index: total move-
ment distance (unit: cm), maximum velocity (unit: cm/s),
and track chart.

2.7. Biochemical Assays. 0e activity of GAS, pepsin, MTL,
OXA, and CCK-8 was detected by enzyme-linked immu-
nosorbent assay (ELISA) and Biochemical tests according to
the protocol provided by the manufacturer. 0e pH of
stomach acid was measured by pH meter (Mettler Toledo,
Zurich, Switzerland).

2.8. HPLC Analysis of c-GABA and Glu. First, 0.5mL
perchloric acid (0.4mol/L) was added to serum to remove
protein, and then centrifugation was done to obtain a su-
pernatant. Following that, the supernatant was added to
0.5mL Na2CO3 (1mol/L) to get the sample for HPLC
detection.

Amino acids were assayed by HPLC after precolumn
derivatization in a timed reaction with O-phthalaldehyde
plus mercaptoethanol [33]. Derivatized samples (100 μL)
were injected into EC-C18 column (4.6mm× 150mm,
4 μm) at 30°C with a mobile phase of acetonitrile-water (50 :
50, A) and sodium acetate (0.05mol/L, B). 0e DAD de-
tection wavelength was set at 338 nm. Symmetrical peaks
were obtained at a flow rate of 1.0mL/min.

2.9. Histological Evaluations and Immunohistochemistry.
0e brain tissue and gastric tissue were fixed in 4% para-
formaldehyde solution for 24 h, dehydrated with 95% eth-
anol, and embedded in paraffin. Embedded sections were cut
using the microtome at a thickness of 4 μm. And paraffin-
embedded tissue sections were stained with hematoxylin and
eosin (H&E) [34] to evaluate the brain and gastric mucosa
damage. Nissl staining was used to analyze Nissl bodies in
nerve cells, and the paraffin-free tissues were stained with
0.5% toluidine blue water solution at 56 degrees Celsius for
10 minutes, and the deparaffinized tissue was stained with
the method of immunohistochemical staining. 0ey were
incubated with anti-GABAAR, GAD1, CCKBR, and OXR1
primary antibodies. A secondary antibody HRP conjugated
goat anti-rabbit IgG was added. 0e signals were visualized
by DAB staining and the nuclei were counterstained with
hematoxylin. Positive staining presented yellow color under
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a microscope. All staining was photographed with the bi-
ological microscope, 200x augmentation for ten fields [35].

2.10. Western Blot Assay. Western blot was used to detect
GABAAR, GAD1, CCKBR, and OXR1. 0e proteins were
extracted with radioimmunoprecipitation (RIPA) buffer,
and the concentration was quantitated by BCA assay. 0e
total protein (100 μg) was separated on 10% resolving SDS-
PAGE gel and 5% stacking gel and transferred to PVDF
membrane. Next, membranes were blocked with 5% skim
milk in Tris-buffered saline containing 0.1% Tween-20
(TBST) for 2 h, incubated with the primary antibody
overnight at 4°C, and then incubated with horseradish
peroxidase-conjugated secondary antibody after washing
with TBST. Membranes were visualized using an enhanced
chemiluminescence (ECL) detection system. 0e density of
each band was estimated using the Image Lab software. All
target proteins were normalized against the loading control
GAPDH.

2.11. Statistical Analysis. Each experiment was performed at
least three times, and all results were presented as
means± SD. Results were analyzed with IBM SPSS Statistics
19.0 (SPSS Inc., NY, USA). Significant differences were
determined by a Student’s t-test and one-way analysis of
variance (ANOVA) (∗P< 0.05 or ∗∗P< 0.01). χ2 test was
used for the subhypnotic dose of pentobarbital test and
gastric mucosal injury rate. Differences were considered
statistically significant at ∗P< 0.05.

3. Results

3.1. HPLC Result of MSZRD Detection. HPLC analysis was
used to identify the MSZRD (Figures 1(a) and 1(b)).
According to the methods described above, standard curves
of spinosin and 6-feruloylspinosin were obtained which
were y� 27.108x− 80.704 (R2 � 0.997) and y� 22.723x+
285.46 (R2 � 0.9981). And the sample of MSZRT produces
two prominent peaks corresponding to spinosin (2.21±
0.001mg/g) and 6-feruloylspinosin (0.78± 0.007mg/g).

3.2. Onset and Duration of Sleep in the Pentobarbital-Induced
Sleep Test. In order to investigate the hypnotic effects of
MSZRD, sleep onset and duration of pentobarbital-induced
sleep in mice were measured. As is shown in Table 1, in mice
treated with subhypnotic doses of pentobarbital (35mg/kg),
MSZRD showed a tendency to improve the sleep onset in
mice, but it was not statistically significant. In mice with a
hypnotic dose of pentobarbital (55mg/kg) treatment,
MSZRD at 14.4 g/kg could obviously reduce the sleep latency
(P< 0.05) and improve the sleep duration of mice (P< 0.05)
(Figures 2(a) and 2(b)).0e results showed that MSZRD had
hypnosis effects.

3.3. Changes in Weight and Pyresis following the Treatment
withMSZRD. Body weights were measured daily and organ
weights were measured at the end of the experiment to

investigate the effects of MSZRT on immunity. Compared
with the healthy control group, the weight, thymus index,
and spleen index of the untreated model group were sig-
nificantly decreased (P< 0.05, 0.01). However, as expected,
treatment with a high dose of MSZRD (MSZRD-H) pro-
tected against this decline in body weight and organ indices
(P< 0.05). Compared with the DZP group, the MSZRD-H
also significantly improved the thymus index (P< 0.01).
Furthermore, the thymus and spleen indices were both
significantly increased after treatment with MSZRD com-
pared to the SZRTgroup (P< 0.05, 0.01) (Figures 3(a)–3(c)).

To investigate the antipyretic effects of MSZRD, we
measured the temperature of the anus and neck every day at
approximately 10 am. Animals treated with MSZRD had
significantly lower temperatures thanmodel animals, similar
to the control group (P< 0.05). Fecal moisture content is a
validated indicator of antipyretic effects in rat models of
MSZRD. We measured fecal moisture in samples collected
immediately after excretion and found that fecal moisture
content was significantly reduced relative to the untreated
model group (P< 0.01). Compared with the DZP group,
MSZRD-treated animals had significantly lower average anal
temperatures (P< 0.05). Similarly, the average neck tem-
perature inMSZRD-treated animals was also lower than that
in the SZRT group (P< 0.05, 0.01).

3.4. Open-Field Test Results. An open-field test was used to
assess the anxious behavior of sleep deprivation rats. 0e
results revealed that model group rats had an improvement in
displacement, average velocity, and traversing lattice number
which is remarkable and also showed the disordered track,
compared to the control group (P< 0.01), while displace-
ment, traversing lattice number, and average velocity were
obviously reduced in Sprague-Dawley rats treated with
MSZRD-H and MSZRD-M compared with the model group
(P< 0.05) (Figures 4(a)–4(d)). 0e open-field test indicated
that MSZRD could help relieve the anxiety of insomnia rats.

3.5. Analysis of BrainNeurotransmitters. 0e concentrations
of GABA and Glu in serum were detected by HPLC. And the
results showed that the content of GABA was dramatically
reduced in the model group compared with the control
group (P< 0.01), along with the higher Glu/GABA ratio
(P< 0.05), but the Glu has no statistical differences. As
expected, MSZRD and diazepam treatment successfully
increased the production of GABA and reduced the Glu/
GABA ratio compared to the model group (P< 0.05). But
the Glu/GABA ratio in the MSZRD-L group was higher than
that in the DZP group (P< 0.05) (Figures 5(a)–5(c)). Cor-
respondingly, the expression of GABARA1 and GAD1 in the
hippocampus in the model group was lower than that in the
control group (P< 0.05, 0.01). However, MSZRD and di-
azepam treatment increased the expression level of GAD1
and GABARA1 compared with the model group, signifi-
cantly (P< 0.05, 0.01). But the production of GAD1 and
GABARA1 in the MSZRD group was lower than that in the
DZP group as well as the SZRT group (P< 0.05, 0.01)
(Figures 5(d)–5(f)).

4 Evidence-Based Complementary and Alternative Medicine



3.6. Histological Evaluation of Brain Tissue. As is shown,
nerve cells were arranged in a well-organized way in the
hippocampus and a number of nerve cells were with large
and round nuclei in the control group. But the arrangement
of hippocampal neurons was disordered and loose, and some
neurons decreased and the normal morphology disappeared,

as well as Nissl body was lost in the model group. In ad-
dition, the number of surviving neurons stained by Nissl
staining presented a significantly decreased integrated op-
tical density (IOD) in the model group contrary to the
control group (P< 0.05). Compared to the model group,
MSZRD and diazepam improved the pathological changes

Table 1: Effects of MSZRD on sleep onset induced by subhypnotic dosage of pentobarbital.

Group Dosage (g/kg, ig) No. of mice falling asleep/total Sleep onset (%)
Vehicle — 1/10 10

Diazepam 0.003 9/10 90∗∗
14.4 4/10 40

MSZRD 7.2 3/10 30
3.6 4/10 40

0irty minutes after the administration of distilled water, diazepam, and MSZRD, pentobarbital (35mg/kg, i.p.) was given to mice. (χ2 test). Compared with
the vehicle group, ∗P< 0.05 and ∗∗P< 0.01.
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Figure 3: Continued.
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with a regular arrangement of hippocampal neurons and
numerous Nissl body (P< 0.05) (Figures 6(a)–6(c)).

3.7.GastrointestinalEffects ofMSZRDonSleep-DeprivedRats.
Sleep deprivation as well as hot drugs produced gastric
mucosal injury of about 42.86% in the model group com-
pared to the control group without gastric lesions (P< 0.05).

But, treatment with a medium-high dose of MSZRD dis-
missed the lesion totally, contrary to the model group
(P< 0.05). And rats administrated with DZP and SZRT still
suffered the gastric damage rate of 25.00% and 12.50%
(Table 2). H&E staining of gastric tissue showed that the
gastric mucosa of rats in the normal control was smooth and
the arrangement of basal epithelial cells was tight. However,
the microscopic appearance of the lesions in the gastric
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Figure 3: 0e comparison of weight as well as organ index in each group and the antipyretic effects of MSZRD.0e weight (a), thymus (b),
and spleen (c) mass were gained before the rats were sacrificed. Fecal moisture (d) and anal temperature (e) were measured on day 7 of the
experimental process. 0ermal imaging was photographed (g) by thermal imagine camera and statistical analysis on the neck temperature
(f ) by Imagine Pro. Data are expressed as the mean± SD of three independent experiments. #P< 0.05 and ##P< 0.01 compared to the
control group; ∗P< 0.05 and ∗∗P< 0.01 compared to the model group; ΔP< 0.05 and ΔΔP< 0.01 compared to the DZP group; $P< 0.05 and
$$P< 0.01 compared to the SZRT group.
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mucosa in the model and DZP groups has epithelial cell
separation and heeding. As expected, the pathological injury
of gastric mucosa had amelioration with MSZRD treatment,
obviously (Figure 7).

3.8. Effects of MSZRD on Gastric Acid Secretion and Gut
Hormones. It was found that the levels of pepsin and GAS
were improved rapidly in the model group, with lower MTL
and gastric acid PH value, compared with the control group
(P< 0.01), while MSZRD with medium to high dose
treatment could reduce the activity of pepsin, GAS, andMTL
and alleviate the change of gastric acid PH value (P< 0.05,
0.01). Do note that pepsin activity and the level of GAS as
well as MTL in MSZRD were lower than those in the DZP
group (P< 0.05). Also, the production of GAS was re-
markably decreased in MSZRD than in the SZRT group.
Correspondingly, gastric PH value in MSZRD-H was less
than that in the DZP group (P< 0.05) (Figures 8(a)–8(d)).
0e results indicated that MSZRD played an important role
in gastroprotective effects by inhibiting the aggressive factor.

3.9. MSZRD Affects Orexin-A and CCK-8 Expression. To
investigate the effects of MSZRD on the brain-gut peptide,
the content of Orexin-A as well as CCK-8 in serum and the
expression of OrexinR1 with CCKBR in hippocampus
were detected. 0e results showed that the production of
Orexin-A and OrexinR1 was increased in the model group
in comparison to the control group (P< 0.05). By contrast,
MSZRD treatment could decrease the expression of
Orexin-A and OrexinR1 (P< 0.05). What’s more, the
expression of Orexin-A and OrexinR1 in MSZRD was
obviously lower than that in the DZP group (P< 0.05,
0.01) and the Orexin-A content, even less than that in the
SZRT group (P< 0.01) (Figures 9(a), 9(c), 9(d), and 9(f )).
Similarly, CCK-8 and CCKBR were decreased in the
model group in contrast to the control group (P< 0.05,
0.01). However, compared with the model group, MSZRD
treatment could improve the expression of CCK-8 and
CCKBR (P< 0.05, 0.01). And the level of CCK-8 and
CCKBR in the MSZRD group was even higher than that in
the DZP group (P< 0.05, 0.01) (Figures 9(b), 9(c), 9(e),
and 9(g)).
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Figure 4: Assessment of the anxious behavior following MSZRD treatment during sleep deprivation (SD). Displacement (a), traversing
lattice number (b), average velocity (c), and tract plot (d) were collected during the open field test. Data are expressed as the mean± SD of
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Figure 5: Effects of MSZRD on the level of c-GABA as well as Glu and the representative western blot images of GABARA1 and GAD1.0e
levels of c-GABA (a) and Glu (b) were detected by HPLC, and their ratio was calculated (c). 0e expression of GABARA1 and GAD1 was
measured by western blot (d). Statistical analysis of GAD1 and GABARA1 (e-f ). Data are expressed as the mean± SD of three independent
experiments. #P< 0.05 and ##P< 0.01 compared to the control group; ∗P< 0.05 and ∗∗P< 0.01 compared to the model group; ΔP< 0.05 and
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Figure 6: Continued.
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4. Discussion

In this study, we first created a modified Suanzaoren de-
coction (MSZRD) and validated its soporific and gastro-
protective effects. 0en, we explored the effects of brain-gut

peptides in a rat model of insomnia with gastrointestinal
involvement.

Insomnia is a common complaint that can be closely
bidirectionally related to gastrointestinal symptoms [36].
0us, it is ideal to simultaneously improve gastrointestinal

N
iss

l s
ta

in
in

g
Control Model MSZRD-H MSZRD-M

MSZRD-L DZP SZRT

(b)

0.000

0.005

0.010

0.015

0.020

Po
sit

iv
e e

xp
re

ss
io

n 
(I

O
D

/a
re

a)

#

C
on

tro
l

M
od

el

M
SZ

RD
-H

M
SZ

RD
-M

M
SZ

RD
-L

D
ZP

SZ
RT

∗

∗

∗ ∗

∗

(c)

Figure 6: Effects of MSZRD on histological evaluation of brain tissue with H&E staining and Nissl staining. H&E staining, “⟶” points to
hippocampal (a), magnification (100x); Nissl staining, “⟶” points to Nissl body (b) which was quantified as IOD/area by Imagine Pro
(c), magnification (400x). Data are expressed as the mean± SD of three independent experiments. #P< 0.05 and ##P< 0.01 compared to the
control group; ∗P< 0.05 and ∗∗P< 0.01 compared to the model group.

Table 2: Gastric mucosa injury rate of sleep deprivation rats.

Group Dosage (g/kg, ig) No. of injuries/total Gastric mucosa injury rate (%)
Control — 0/9 0.00
Model — 3/7 42.86#

MSZRD-H 7.44 0/8 0.00∗
MSZRD-M 3.72 0/8 0.00∗
MSZRD-L 1.86 1/8 12.50
DZP 1.55×10−3 2/8 25.00
SZRT 1.24 1/8 12.50
0e number of gastric mucosal injuries of sleep deprivation rats at the end of the experiment. #P< 0.05 and##P< 0.01 compared to the control group;
∗P< 0.05 and ∗∗P< 0.01 compared to the model group (χ2 test).
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function and to restore the natural sleep-wake cycle for
individuals with insomnia due to gastrointestinal complaints
[37]. In the Traditional Chinese Medicine (TCM) subtype

medium of insomnia with stomach discomforts, stomach
heat syndrome is characterized by constipation, elevated
temperature, and a constellation of related symptoms [38].

Control

Model

MSZRD-H

MSZRD-M

MSZRD-L

DZP

SZRT

(a)

Control Model MSZRD-H MSZRD-M

H
E

MSZRD-L DZP SZRT

(b)

Figure 7: Effects of MSZRD onmacroscopic images of the gastric mucosal and histological evaluation.0e images of gastric mucosal tissues
(a). H&E staining (b) (100x). ○ stands for dead rats which were sacrificed during the experiment.
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Herein, we found that MSZRD has the function of clearing
stomach and purging heat resulting from serving hot drugs
[30]. However, treatment with DZPwas less able to attenuate
fever. Clinically, insomnia typically results in decreased
immune function, manifesting in the form of decreased
weight and immune organ mass [39]. However, we found
that DZP, despite being a fundamental element in the
therapeutic approach to managing insomnia, did not sig-
nificantly protect against decreases in bodyweight or im-
mune organ weight [40]. In contrast, treatment with
MSZRD did improve bodyweight as well as the spleen and
thymus indices relative to untreated model animals.

Anxiety is highly interconnected with insomnia because
sleep deprivation lowers the psychological threshold for
stress tolerance [41, 42]. In this work, we assessed the anxiety
of Sprague-Dawley rats in an open field test and found that
MSZRD significantly reduced behavioral signs of anxiety
relative to untreated model animals. A significant body of
evidence has suggested that insomnia and sleep deprivation

may enhance gastric mucosal injury and the development of
ulcers [43]. In this study, a rat insomnia model was built via
sleep deprivation for 96 h, which resulted in clear macro-
scopic damage as well as the microscopic development of
lesions in the gastric mucosa. Further, it has previously been
shown that insomnia can induce hippocampal injury and
Nissl substance loss. 0is prior finding is in good agreement
with our results, because it has been shown that sleep
deprivation causes hippocampus damage by increasing
oxidative stress, eventually leading to neuronal apoptosis
and Nissl substance loss in the brain [44, 45]. However, we
found that treatment with MSZRD attenuated damage to the
gastric mucosal and hippocampus.

Monoamine neurotransmitters play an important role in
the sleep-wake cycle [46]. GABA, which is the main in-
hibitory neurotransmitter in the CNS, tends to increase sleep
time [28]. In addition, some reports have found that the level
of GABA is decreased significantly after sleep deprivation
[47, 48]. Furthermore, GAD (glutamate decarboxylase), as
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Figure 8: Effects of MSZRD on gastric acid secretion and gut hormones. Pepsin activity (a), MTL (c), and GAS (d) levels were measured
by Biochemical Kit and ELISA kits. Gastric pH value (b) was detected by using a pH meter. Data are expressed as the mean ± SD of three
independent experiments. #P< 0.05 and ##P< 0.01 compared to the control group; ∗P< 0.05 and ∗∗P< 0.01 compared to the
model group; ΔP< 0.05 and ΔΔP< 0.01 compared to the DZP group; $P< 0.05 and $$P< 0.01 compared to the SZRT group.
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Figure 9: Continued.
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one of the major enzymes converting Glu into GABA, is also
crucial for the sleep-wake cycle [49]. 0us, we measured the
concentrations of GABA and Glu in the serum as well as the
expression of GAD in the hippocampus. Our results showed
that sleep deprivation for 96 h decreased the expression of
both GABA and GAD and increased the Glu/GABA ratio;
however, the treatment with MSZRD reversed these
changes. Of note, GABA acts through GABA receptors, of
which GABAR1 is the most important receptor in the
context of sleep [50]. When GABA or another agonist binds
to the GABAA receptor, it triggers the influx of chloride ions

into neuronal cells, which reduces activity. 0erefore, the
activation of GABAA receptors is beneficial for sleep [51].
Our results showed that MSZRD upregulated the expression
of GABAR1. 0is indicates that GABA might be of primary
importance in the mechanism of the soporific effects of
MSZRD.

Insomnia and sleep deprivation can cause increased
production of gastrin, regulating gastric acid secretion and
motilin (MTL) that activate pepsin. [52, 53]. If gastric acid
levels are too high, the gastric mucosal barrier can become
compromised, leading to potential tissue damage [43].
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Figure 9: Effects of MSZRD on the level of CCK-8 and Orexin-A and the expression of orexinR1 and CCKBR.0e level of Orexin-A (a) and
CCK-8 (b) in serum was detected by ELISA kits. 0e production of orexinR1 and CCKBR (c) was measured by western blot. Statistical
analysis on orexinR1 and CCKBR (d, e). 0e expression of orexinR1 (f) and CCKBR (g) in brain tissues was examined by immuno-
histochemical analysis (200x, brown-yellow granules indicate positive reaction). Data are expressed as the mean± SD of three independent
experiments. #P< 0.05 and ##P< 0.01 compared to the control group; ∗P< 0.05 and ∗∗P< 0.01 compared to the model group; ΔP< 0.05 and
ΔΔP< 0.01 compared to the DZP group; $P< 0.05 and $$P< 0.01 compared to the SZRT group.

Gas

Gastric acid

Pepsin

Glu

GAD1

Insomnia

Stomach injury/
acid reflux 

OXR1

Orexin-A

CCKBR

CCK-8

GABAR
A1

GABA

(a)

Gas

Gastric acid

Pepsin

Glu

GAD1
Hypnotic 

effects

Gastroprotective

GABAR
A1

GABA

OXR1

Orexin-A

CCKBR

CCK-8

(b)

Figure 10: Soporific effect of modified Suanzaoren decoction and its effects on the expression of CCK-8 and Orexin-A. (a) Before treatment.
(b) After treatment.
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Interestingly, Dimarino et al. found that inhibiting acid
secretion reduces arousal during sleep and prolongs total
sleep time [12]. Since benzodiazepines decrease basal
esophageal sphincter (LES) pressure in humans, this class of
drugs might worsen gastric discomforts and this study
verified that effect. We also found that MAZRD inhibited the
production of GAS, pepsin, MTL, and gastric acid, restoring
healthy gastrointestinal function. 0ese results suggested
that MSZRD may be a promising therapeutic candidate for
insomnia due to gastric discomfort due to its ability to both
improve sleep quality and restore gastric function.

Prior studies have shown that one of the insomnia core
resulted from an imbalance in the brain-gut [54]. 0erefore,
we conducted a preliminary study of the brain-gut peptides
CCK-8 and Orexin-A. Lanza M. et al. reported that CCK-8,
the most highly expressed CCK in the human body that is
mainly present in the central nervous system, can not only
facilitate the release of c-aminobutyric acid (GABA) in the
brain, act as an inhibitory neurotransmitter, and prolong the
NREMS via CCKB receptors [55] but also play a physio-
logical role in inhibiting gastric acid secretion [17]. Ex-
perimental evidence has indicated that MSZRD increases the
expression of CCK-8 and CCKBR, but diazepam has no
effect. Importantly, we found that MSZRD decreased gastric
acid secretion and the activity of pepsin. Orexin-A has also
been shown to be involved in the central control of gastric
acid and pepsin secretion [56]. A large prior study showed
that Orexin-A signaling is important for sleep behavior,
especially for staying awake [57]. Interestingly, MSZRD
increased the production of Orexin-A and downregulated
the expression of the Orexin-A receptor in good agreement
with other research results. However, diazepam and SZRT
did not appear to inhibit Orexin-A, potentially because of
the increased secretion of GAS in these two groups.

In summary, treatment with MSZRD provided the
benefits of sleep improvement and protection against gas-
trointestinal disorders in a rat model of insomnia, possibly
through a mechanism related to Orexin-A and CCK-8. We
hypothesize that MSZRD improved insomnia by inhibiting
acid secretion to relieve gastric discomforts and thus im-
proved sleep quality. However, the specific mechanisms
involved in this pathway remain a topic for future studies,
especially the question of whether MSZRD acts by inhibiting
CCK-8 and Orexin-A.

5. Conclusion

We found that MSZRD had a soporific effect and gastro-
protective effect in a rat model of gastrointestinal discom-
fort-related insomnia. 0ese preliminary findings suggest
that MSZRD might regulate the brain-gut peptides (CCK-
8↑, Orexin-A↓) to increase the content of GABA and the
expression of GABARA1 and GAD1 in order to improve
insomnia, which is manifested as decreased latency of
sleeping time and prolonged duration of sleeping time
alongside a reduction in anxious behavior. Additionally,
MSZRDmay affect the brain-gut peptides (CCK-8↑, Orexin-
A↓) to reduce the production of GAS, MTL, and the se-
cretion of gastric acid and pepsin, leading to a generally

gastroprotective effect. In contrast, diazepam aggravated
gastric acid secretion.0ese results suggest thatMSZRDmay
be a promising natural agent to serve as the basis for the
development of products for the therapeutic management of
insomnia related to gastrointestinal discomfort (Figure 10).
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