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Abstract
AIM: To investigate the effect of Simotang (Decoction 
of Four Powered Drugs) on gastrointestinal motility, 
motilin and cholecystokinin expression in chronically 
stressed mice.

METHODS: Forty mice were randomly divided into 
control group, stress group (model group), mosapride 
group and Simotang group, 10 in each group. A vari-
ety of unpredictable stimulations were used to induce 
chronic stress in mice. Then, the mice were treated 
with distilled water, mosapride or Simotang for 7 d. 
Gastric emptying and intestinal propulsion function 
were detected. Serum level of motilin was measured 
by enzyme-linked immunosorbent assay. Expression 
of cholecystokinin (CCK) in intestine, spinal cord and 
brain of mice was detected by immunohistochemistry 
and semi-quantitative reverse transcription polymerase 
chain reaction, respectively. 

RESULTS: Simotang improved the gastric emptying 

and intestinal propulsion in chronically stressed mice. 
Furthermore, the serum motilin level was significantly 
higher and the expression levels of CCK-positive cells 
and genes were significantly lower in intestine, spinal 
cord and brain of Simotang group than in those of 
model group (P  < 0.05). No significant difference was 
found in serum motilin level and expression levels of 
CCK-positive cells and genes between the mosapride 
and Simotang groups. 

CONCLUSION: Simotang enhances the gastrointesti-
nal motility in chronically stressed mice by regulating 
the serum motilin level and the expression of cholecys-
tokinin. 
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INTRODUCTION
Functional dyspepsia (FD), a common functional gastroin-
testinal disorder, is steadily becoming a public health prob-
lem. Its prevalence in the United States is 15%[1], 11% in 
the general Italian population[2], and 12%-25% in China[3].  

The pathogenesis of  FD remains unknown, but is 
likely to involve many factors. In recent years, gastroin-
testinal motor dysfunction has been considered as the 
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main pathogenesis of  FD[4]. Gastrointestinal motility is 
modulated by many hormones and brain-gut peptides. 
Motilin, a polypeptide hormone containing 22 amino 
acids, is secreted by endocrine M cells and regulates 
gastrointestinal motility by increasing the migrating myo-
electric complex[5,6]. cholecystokinin (CCK), a brain-gut 
peptide, is widely distributed in the gastrointestinal tract 
and central/peripheral nervous system, and regulates the 
gastrointestinal motility and food intake[7,8].

Simotang (Decoction of  Four Powered Drugs) is a 
classical formula that has been used in treatment of  gastro-
intestinal disorders for hundreds of  years[9] and approved 
as an oral liquid drug by the Chinese National Food and 
Drug Administration in the 1980s. It has been shown that 
Simotang can affect the gastrointestinal motility in cold-
restraint stressed mice[10]. Some monomer constituents, 
such as arecoline[11] and hesperidin[12] detected in Simotang, 
can affect gastrointestinal function. However, the mecha-
nism of  Simotang underlying gastrointestinal motility is 
still unknown. In the present study, we investigated the 
effect of  Simotang on gastrointestinal motility in chroni-
cally stressed mice and measured the serum motilin levels, 
expression of  CCK-positive cells and genes in intestine, 
spinal cord and brain of  chronically stressed mice.

MATERIALS AND METHODS
Drugs  
Simotang, composed of  Fructus aurantii, Radix linderae, 
Radix aucklandiae, and Semen arecae (specification: 10 mL/
division), was purchased from Hunan Hansen Pharma-
ceutical Company, Ltd (Yiyang, Hunan Province, China). 
Mosapride citrate was purchased from Chengdu Kang-
hong Pharmaceutical Company, Ltd (Chengdu, Sichuan 
Province, China), and dissolved in distilled water to a 
final concentration of  0.5 mg/mL.

Animals and drug administration  
Forty male adult ICR mice weighing 15-22 g were pro-
vided by Hunan Slac Jingda Laboratory Animal Company, 
Ltd (Changsha, China) and randomly divided into control 
group, stress group (model group), mosapride group and 
Simotang group. Mice in mosapride and Simotang groups 
were fed with mosapride citrate (30 mg/kg) or Simotang 
(1.2 g/kg) consecutively for 7 d from day 21 after stress. 
Mice in control and model groups received the same 
volume of  distilled water. All animals were housed in a 
12 h light and dark cycle (7 Am), in accordance with the 
National Institutes of  Health Guide for Care and Use of  
Laboratory Animals.

Mouse model of chronic stress
Mice in model, mosapride and Simotang groups were ex-
posed to chronic stress. A mouse model of  chronic stress 
was induced as previously reported[13]. In brief, mice were 
randomly exposed to different stressors daily from day 1 
to day 21 as follows: high-speed agitation for 1 min, food 
deprivation for 48 h, water deprivation for 24 h, tail pinch-
ing (2 cm apart from the end of  the tail) for 1 min, hung 

upside-down for 5 min, heat stimulation at 45℃ for 5 min, 
day and night reversal, and cold stimulation at 4℃ for 
5 min. Each stressor was repeated twice during the 21 d 
stress procedure.

Detection of gastric emptying and intestinal propulsion  
Gastrointestinal motility was evaluated by testing gastric 
emptying and intestinal propulsion. Six days after drug 
or water administration, mice were fasted for 24 h and 
then administered the last drug or water. One hour later, 
each mouse administered 0.4 mL semi-solid paste. Twenty 
minutes later, the mice were sacrificed with 10% chloral 
hydrate (10.0 mL/kg), and the rate of  semi-solid paste in 
the stomach and the rate of  semisolid paste propulsion in 
the small intestine were measured. The gastric emptying 
and intestinal propulsion rates in 20 min were calculated 
according to the following equations[14]: gastric emptying 
rate (%) = (semi-solid paste quality-gastric residue qual-
ity)/semi-solid paste quality, and intestinal propulsion rate 
(%) = advanced length of  black semi-solid paste/total 
length of  the small intestine × 100%. 

Tissue preparation
Intestine, spinal cord and brain were rapidly removed 
from the mice and immediately fixed with 4% paraformal-
dehyde for immunohistochemistry. Specimens were cut 
into 15-μm thick sections with a cryostat and mounted 
onto silane-coated slides, and dried at 37℃ for 60 min. 
The sections were stored at -70℃. Samples were quickly 
removed from an environment with a low temperature 
and immediately stored in liquid nitrogen for RT-PCR. 

Measurement of serum motilin level
Serum was collected from the heart of  mice after anes-
thesia, and serum motilin level was measured by ELISA 
according to its manufacturer’s protocol (R&D, USA).

Immunohistochemistry
The sections were incubated with 10 μL normal goat se-
rum at room temperature for 10 min, and treated with rat 
anti-CCK diluted at 1/100 (Boster Biological Technology, 
Wuhan, China) at room temperature for 60 min to detect 
CCK-positive cells in intestine, spinal cord and brain of  
the mice. The sections were then incubated with biotinyl-
ated secondary broad IgG antibody (Zymed Laboratories, 
CA, USA) for 30 min, reacted with streptavidin peroxi-
dase and aminoethyl carbazole (Zymed Laboratories CA, 
USA), counterstained with aminoethyl carbazole and ob-
served under an Olympus BX51 microscope (Olympus, 
Tokyo, Japan). CCK-positive cells were counted under a 
light microscope (200 × magnification) using the Olym-
pus MicroImage 4.0 software (BX51, Olympus). Ten 200 
× microscopic fields per sample were randomly selected 
from each group, and the cell counts per mm2 from 10 
fields were averaged.

RT-PCR
Total RNA was extracted using Trizol reagent (Invitrogen, 
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CA, USA) according to its manufacturer’s instructions. 
RNA concentration was measured by 1.5% agarose gel 
electrophoresis. RT-PCR was performed using a TaKaRa 
RNA PCR kit (TaKaRa Biotechnology Co., Ltd., Dalian, 
China) and the sequences of  primers used are 5'-TCC-
GTGCTTCTGCTAATA-3' for CCK forward primer 
and 5'-CAGCCATCACTGTCTTCC-3' (242 bp) for 
reverse primer, 5'-AGGGAAATCGTCGTGGAC-3' for 
β-actin forward primer and 5'-TGGAAGGTGGACAGT-
GAGG-3' (443 bp) for reverse primer. The PCR products 
were electrophoresed on 1.5% agarose gels and analyzed 
using the GIS-1000 digital gel image analysis system (Tanon 
Science & Technology Co., Ltd., Shanghai, China). Ex-
pression levels of  CCK mRNA were normalized to those 
of  β-actin mRNA. The experiments were performed at 
least in triplicate.

Statistical analysis
Data are expressed as mean ± SD. Statistical analysis was 
performed by one-way analysis of  variance (ANOVA). P < 
0.05 was considered statistically significant.

RESULTS
Gastric emptying and intestinal propulsion rates for 
chronically stressed mice after treatment with Simotang
Whether Simotang affects gastrointestinal motility in 
chronically stressed mice was observed by evaluating their 
gastric emptying and intestinal propulsion rates. The gas-
tric emptying and intestinal propulsion rates were signifi-
cantly lower in model group than in control group (P < 
0.01, Table 1), suggesting that chronic stress leads to gas-
trointestinal motility disorder in chronically stressed mice. 
The gastric emptying and intestinal propulsion rates were 
significantly higher in Simotang or mosapride group than 
in model group (P < 0.01, Table 1).

Serum motilin level in chronically stressed mice after 
treatment with Simotang
To determine the potential mechanism of  Simotang un-
derlying gastrointestinal motility, the serum motilin levels 
were measured in chronically stressed mice, showing that 
the serum motilin levels were significantly lower in model 
group than in control group and significantly higher after 
treatment with Simotang or mosapride (P < 0.01, Figure 1).

Expression level of CCK-positive cells in small intestine, 
spinal cord and brain of chronically stressed mice after 
treatment with Simotang
The expression level of  CCK-positive cells in control 
group is shown in Figure 2A-C. The expression level of  
CCK-positive cell protein was significantly higher in mod-
el group than in control group (P < 0.01, Figure 2D-F) 
and remarkably lower in Simotang group (Figure 2G-I) 
and mosapride group (Figure 2J-L) than in model group (P 
< 0.01, Figure 3).

Expression level of CCK mRNA in spinal cord and 
brain of chronically stressed mice after treatment with 
Simotang
The expression level of  CCK mRNA was significantly high-
er in model group than in control group and significantly 
lower in Simotang and mosapride groups than in model 
group after treatment with Simotang (P <0.01, Figure 4).

DISCUSSION 

FD, a meal-related and pain-predominant symptom in 
the absence of  organic disease according to the Rome Ⅲ 
criteria[15], is considered hazardous to health because of  its 
high prevalence and recurrence rates. Although its etiology 
and pathogenesis have not been clearly identified, a wide 
variety of  pathogenetic mechanisms are involved. For ex-
ample, gastrointestinal motor abnormality is thought to be 
an important mechanism underlying FD[16]. It has been re-
ported that 20%-40% of  FD patients have delayed gastric 
emptying and altered duodenojejunal motility[17,18]. With 
the development of  neural gastroenterology in recent 
years, it has been shown that gastrointestinal motility is 
modulated by the central nervous system, autonomic ner-
vous system and enteric nervous system (brain-gut axis) 
through hormones or brain-gut peptides, and that external 
stimuli can affect the motility or sensation of  the gastro-
intestinal tract through the brain-gut axis[19]. Psychological 
factors are considered another important etiology of  FD, 
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Table 1  Effect of Simotang on gastric emptying and intestinal 
propulsion rates in chronically stressed mice (mean ± SD)

Groups n Gastric emptying rate (%) Small intestine 
advancing rate (%)

Control group 10 48.4 ± 6.3 54.3 ± 4.5
Model group 10 62.7 ± 8.5b 38.2 ± 3.8b

Simotang group 10 51.6 ± 7.4d 50.2 ± 4.7d

Mosapride group 10 52.5 ± 7.2d 51.5 ± 4.2d

bP < 0.01 vs control group, dP < 0.01 vs model group.
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Figure 1  Effect of Simotang on serum motilin level in chronically stressed 
mice. Values are expressed as mean ± SD, n = 10/group. dP < 0.01 vs model 
group.
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and FD is currently considered to be a biopsychosocial 
disorder[20]. The proportion of  psychosocial factors, such 
as depression and anxiety, is higher in FD patients than in 
healthy people, and psychosocial factors also affect gastric 
motility[21]. Stressed animals are often used as a model of  
FD. In the present study, the gastrointestinal motility was 
lower in chronically stressed mice than in unstressed con-
trol mice, which is consistent with the reported findings[22]. 

Motilin, a hormone secreted by endocrine cells in the 
duodenal mucosa, interacts directly with its receptor, in-
duces smooth muscle contraction and improves peristalsis 
in the small intestine[23,24]. Its concentration is closely related 
with gastric emptying[25]. Although the role of  motilin in 
the pathogenesis of  FD has not yet been determined, the 
plasma motilin concentration is lower in FD patients than 
in healthy people[6]. FD patients have a similar proximal gas-
tric motor response to motilin as healthy volunteers[24]. In 
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Figure 2  Effect of Simotang on expression of cholecystokinin-positive cells in the small intestine, spinal cord and brain of chronically stressed mice with 
immunostaining with cholecystokinin in small intestine (A, D, G and J), spinal cord (B, E, H and K) and brain cortex (C, F, I and L) in control group (A-C), 
model group (E, F), Simotang group (G-I) and mosapride group (J-L). Magnification × 200.
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Figure 3  Effect of Simotang on the number of cholecystokinin-positive 
cells in the small intestine, spinal cord and brain of chronically stressed 
mice (mean ± SD, n = 5/group). aP < 0.05 vs model group.

Figure 4  Effect of simotang on cholecystokinin gene expression in the 
small intestine (A), spinal cord (B), brain (C) of chronically stressed mice, 
and relative optical density of cholecystokininm RNA in small intestine, spi-
nal cord and brain of chronically stressed mice (D). Values are expressed as 
mean ± SD (n = 5/group). M: Marker; NG: Control group; MG: Model group; SG: 
Simotang group; CG: Mosapride group. aP < 0.05 vs model group.
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the present study, the serum motilin level was significantly 
lower in stressed mice than in unstressed control mice and 
significantly higher after treatment with Simotang.  

CCK is not only a gastrointestinal hormone, but also 
a neurotransmitter which is widely distributed in both the 
enteric and central nervous systems[7,8]. As an established 
brain-gut peptide, CCK transfers signals between the gut 
and central nervous system, plays an important role in 
regulation of  gastrointestinal function, and is linked to the 
etiology of  stress-related anxiety disorders. CCK not only 
inhibits gastric motility and emptying[26], but also is related 
to food intake and satiety[27]. It has been shown that the 
CCK levels are higher in FD patients than in controls[28]. 
Exogenous CCK can suppress the appetite and gastric 
emptying in healthy volunteers[29,30]. In the present study, 
the CCK protein and mRNA levels were increased not 
only in the small intestine but also in the spinal cord and 
brain of  chronically stressed mice, and the CCK expres-
sion level was higher in the brain than in the small intes-
tine and spinal cord of  chronically stressed mice. Further-
more, the CCK expression level was higher in the small 
intestine, spinal cord and brain of  chronically stressed 
mice after treatment with Simotang.

In conclusion, Simotang affects the gastrointestinal 
motility in chronically stressed mice by regulating the se-
rum motilin level and expression of  CCK, which provides 
a pharmacological basis for its clinical application in treat-
ment of  functional gastrointestinal disorders.
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