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 Background: Fructus aurantii is a flavonoid derived from Citrus aurantium (bitter orange) that is used in traditional Chinese 
medicine (TCM) to treat gastric motility disorders. This study aimed to investigate the effects of low-dose and 
high-dose decoctions of Fructus aurantii in a rat model of functional dyspepsia (FD).

 Material/Methods: Sprague-Dawley rats (n=90) were divided into nine study groups: the control group, the FD model group, 
the domperidone-treated (Domp) group, the low-dose raw Fructus aurantii (FA-L) group, the high-dose raw 
Fructus aurantii (FA-H) group, the low-dose Fructus aurantii with stir-fried wheat bran (Bran-L) group, the high-
dose Fructus aurantii with stir-fried wheat bran (Bran-H) group, the low-dose Fructus aurantii with stir-fried 
wheat bran and honey (Honey-L) group, and the high-dose Fructus aurantii with stir-fried wheat bran and hon-
ey (Honey-H) group. The FD rat model was established by semi-starvation, followed by tail damping, stimu-
lation, and forced exercise with fatigue. Change in weight, rate of gastric emptying and intestinal propulsion, 
and serum levels of leptin, motilin, vasoactive intestinal peptide (VIP), gastrin, calcitonin gene-related peptide 
(CGRP), ghrelin, and cholecystokinin were compared between the groups.

 Results: In the FD model group, weight, rate of gastric emptying and intestinal propulsion significantly decreased, the 
expression of leptin, VIP and CGRP increased, and expression of motilin, gastrin, ghrelin, and cholecystokinin 
significantly decreased. Treatment with low-dose Fructus aurantii with stir-fried wheat bran significantly re-
versed these effects.

 Conclusions: In the rat model of FD, low-dose Fructus aurantii with stir-fried wheat bran increased gastrointestinal motility 
and gastrointestinal hormone levels.
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Background

Functional dyspepsia (FD) is the term used to describe a syn-
drome of impaired motility of the upper gastrointestinal 
tract that affects the quality of life and health of patients [1]. 
The clinical symptoms of FD include chronic upper abdominal 
pain and discomfort without organic disease [2]. The patho-
genesis and etiology of FD are complex and include impaired 
functional motility of the stomach and duodenum with associ-
ated psychological effects and effects on the quality of life [3]. 
The pathogenesis of FD remains poorly understood, and the 
treatment is mainly symptomatic [4,5].

Fructus aurantii is a flavonoid derived from Citrus aurantium 
(bitter orange) that is used in traditional Chinese medicine 
(TCM) to treat gastric motility disorders [6]. The taste of Fructus 
aurantii is bitter, and the compound has pharmacological ef-
fects that relive abdominal distention, according to TCM the-
ory [7]. Also, Fructus aurantii is a prokinetic herb that relieves 
indigestion and gastrointestinal dysfunction, as well as chest 
pain [8]. The efficacy of herbal TCM is significantly associat-
ed with the chemical components, and different production 
methods may affect the content of the effective components 
of the processed products or decoctions used [9,10]. However, 
have been few studies on the effects of Fructus aurantii on FD 
and the mechanisms involved. A previously published study 
showed that the Weichang’an (WCA) tablet, which is used to 
treat FD, contains 12 active components including naringin, 
hesperidin, and neohesperidin derived from Fructus auran-
tii [11]. A further study showed that meranzin hydrate, a com-
pound isolated from Fructus aurantii, increased gastric empty-
ing and intestinal transit in patients with FD [12]. Therefore, 
it is possible that some active components from Fructus au-
rantii, such as naringin, hesperidin, neohesperidin, and meran-
zin hydrate may have roles in the effects Fructus aurantii in 
experimental models of FD.

Therefore, this study aimed to investigate the effects of low-
dose and high-dose processed products, or decoctions, of 
Fructus aurantii in a rat model of FD. The rat model of FD was 
established by semi-starvation followed by tail damping, stim-
ulation, and forced exercise with fatigue, as previously de-
scribed [13].

Material and Methods

Preparation of the processed products, or decoctions, of 
Fructus aurantii and the study groups

Fructus aurantii was obtained from Tianqitang Pharmacy 
(Jiangxi, China), which was the dried immature fruit of Citrus au-
rantium. Bran from dried wheat, Triticun aestivum was obtained 

from Shanghai Xiangxu Agricultural Products Trading Co. Ltd. 
(Shanghai, China). Ninety specific pathogen-free (SPF), 7-week-
old Sprague–Dawley rats (45 male and 45 female), weighing be-
tween 180–220 g, were obtained from the Guangdong Medical 
Laboratory Animal Center (Guangdong, China). The rats were 
housed in a room with a temperature of 21±2°C, relative hu-
midity of 30–70% and a 12-hourly light and dark cycle, and 
fed with water and normal food. All animal studies were ap-
proved by the Animal Ethics Committee of Jiangxi University 
of Traditional Chinese Medicine.

Nine study groups included: the control group; the functional 
dyspepsia (FD) model group; the domperidone-treated (Domp) 
group; the low-dose raw Fructus aurantii (FA-L) group; the high-
dose raw Fructus aurantii (FA-H) group; the low-dose Fructus 
aurantii with stir-fried wheat bran (Bran-L) group; the high-dose 
Fructus aurantii with stir-fried wheat bran (Bran-H) group; the 
low-dose Fructus aurantii with stir-fried wheat bran and honey 
(Honey-L) group; and the high-dose Fructus aurantii with stir-
fried wheat bran and honey (Honey-H) group.

Fructus aurantii was stir-fried with wheat bran until the mixture 
became pale yellow. The wheat bran was sieved and cooled the 
Fructus aurantii. The Fructus aurantii to wheat bran ratio was 
10: 1. Fructus aurantii was stir-fried with honey and bran with 
a wheat bran to honey ratio of 10: 3. After stir-frying on medi-
um heat, until the Fructus aurantii became yellow, the wheat 
bran was sieved and cooled.

Concoction solutions were obtained by dilution in water. 
The high-dose concoction was diluted ten times in water for 
30 min and then strained with gauze. The filtrates were com-
bined, and the final concentrated obtained was 1 g/mL, which 
was stored at –4°C. The low-dose concoction was diluted to a 
concentration: 0.1 g/mL.

The domperidone aqueous solution was obtained by grinding 
domperidone tablets (10.0 mg) (certification No: H10910003; 
Xian Janssen Pharmaceutical Ltd, Beijing, China), which were 
dissolved in water at a concentration of 0.2 g/L. Carboxymethyl 
cellulose sodium (20 g) (Sigma-Aldrich, St. Louis, MO, USA) was 
diluted with 500 mL of double-distilled water and heated to 
dissolve the mixture. Then, 16 g of dried skimmed milk pow-
der, 8 g of starch, 8 g of sucrose, and 2 g of activated char-
coal were added and mixed into a paste and stored at –4°C.

Development of the rat model of functional dyspepsia (FD)

Ten rats were normally fed in the control group. The remain-
ing 80 rats were randomly divided into eight groups of ten in 
the FD model group, the Domp group, the AF-L group, the AF-H 
group, the Bran-L group, the Bran-H group, the Honey-L group, 
and the Honey-H group. The rat model of FD was established 
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by semi-starvation, followed by tail damping, stimulation, 
and forced exercise with fatigue, as previously described [13].

Briefly, the FD rat model was developed using semi-starvation 
in the rats by tail damping, provocation, and forced exercise fa-
tigue with exercise four times a day for ten days. Tail damping 
involved using the head of hemostatic forceps wrapped with 
gauze, and the distal one-third of the rat tail was clamped by 
hemostatic forceps, without damaging the skin. The hemo-
static clamp was released when the rat struggled to escape, 
and this was performed twice per day for 30 min each time 
with a 12 h interval. This stimulation was performed for 14 
days with feeding on alternate days. Any skin injuries to the 
rats were swabbed with iodine to prevent infection. All rats 
were fed a normal diet after the model was developed.

Dosing of the Fructus aurantii decoctions and dosing of 
domperidone

The dosing of the rats was calculated according to the drug 
doses in humans, and the conversion between humans and ex-
perimental animals [14,15]. The routine dosage for Fructus au-
rantii of rats was 1.0 g/kg in the low-dose groups, and 10.0 g/kg 
dose in the high-dose groups. Also, the dose of domperidone 
was calculated in the same way. After the model was con-
structed, the rats were treated every morning since the 15th day.

The rats in the control group and the model group were giv-
en normal saline (10.0 mL/kg) by gavage. The rats in the 
Domp group were given domperidone (10.0 mL/kg) by ga-
vage. The rats in the AF-L group, the Bran-L group, and the 
Honey-L group were given low doses of raw Fructus auran-
tii (1.0 g/kg), Fructus aurantii with stir-fried with wheat bran 
(1.0 g/kg), and Fructus aurantii stir-fried with honey and bran 
(1 g/kg) by gavage. The rats in the AF-H group, the Bran-H 
group, and the Honey-H group were given high doses of raw 
Fructus aurantii (10.0 g/kg), Fructus aurantii with stir-fried 
wheat bran (10.0 g/kg) and Fructus aurantii with stir-fried honey 
and bran (10.0 g/kg), by gavage. The rats in each study group 
were continuously monitored for 14 days. Before modeling 
(week 0), two weeks after modeling (week 2), and after treat-
ment (week 4), the weight change of rats in each group were 
measured and recorded using an electronic balance (R200D; 
Sartorius, Göttingen, Germany).

Blood sampling from the abdominal aorta

During the development of the rat model of FD, attention was 
given to the changes in the behavior, hair, diet, drinking wa-
ter, and the weight of the rats in each group. The endpoint 
evaluations at the end of the study included the appearance, 
the hair, activity, response to external stimuli, vigilance, and 
resistance to handling, weight, and the nature of the stool. 

On the 28th day of the study, the animals fasted for 24 h after 
the last treatment. On the 29th day of the study, all rats were 
fed with nutritious semisolid paste (2 mL) by gavage. After 
30 min, the rats were anesthetized with 10% chloral hydrate 
(350 mg/kg) by intraperitoneal injection). Blood samples (3 mL) 
were taken from the abdominal aorta, the serum was separat-
ed and then frozen at –80°C. The anesthetized rats were sac-
rificed by cervical dislocation.

Investigation of gastric emptying and intestinal propulsion

After the rats were euthanized, the abdominal cavity was im-
mediately opened, and if no intra-abdominal abnormalities 
were seen, the gastric cardia and pyloric orifice were ligated, 
and the entire stomach and small intestine were removed. 
The mucosal surfaces of the stomach and small intestine were 
observed for changes, included flushing, erosion, and ulcer. After 
the stomach was dried with filter paper, the entire stomach 
was weighed using an electronic balance (R200D; Sartorius, 
Göttingen, Germany). Then, the stomach was immersed in a 
0.9% saline solution to clean out the gastric contents. Filter 
paper was used to dry the stomach, which was weighed.

The gastric remnant rate was calculated as follows:
the gastric remnant rate=(full weight of the stomach–net 
weight of the stomach)/mass of the semisolid paste×100%.

The whole small intestine, from the pylorus to the ileocecal 
junction, and the distance of movement of ingested of graph-
ite powder from the pylorus were measured to calculate the 
propulsive as follows:
the propulsive intestinal rate=the length of the graphite pow-
der movement/the whole small intestine×100%.

One senior investigator was responsible for the study and for 
conducting the experiments.

Histology

The stomach and duodenal tissue from the rats were fixed in a 
4% paraformaldehyde solution for 48 h. The tissue was dehy-
drated and paraffin wax-embedded. Tissue sections were cut at 
4 μm and routinely stained with hematoxylin and eosin (H&E) 
(Beyotime Biotechnology, Shanghai, China) for light micros-
copy, using a BH-2 light microscope (Olympus, Tokyo, Japan).

Enzyme-linked immunosorbent assay (ELISA)

Serum levels of leptin, motilin, vasoactive intestinal peptide 
(VIP), gastrin, and calcitonin gene-related peptide (CGRP) were 
measured by ELISA using MSK ELISA kits (LifeSpan BioSciences, 
Wuhan, China), according to the manufacturer’s instructions. 
The samples were incubated in 96-well plates at 37°C for 
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30 min. The washing solution was added into each well and 
incubated for 30 s, then discarded. Washing was repeated five 
times. The enzyme standard reagent was added into the well 
and incubated at 37°C for 30 min, except for the blank well. 
After washing, the chromogenic reagent was added into each 
well, in the dark, for 15 min at 37°C, and the reaction was ter-
minated. The optical density (OD) of each sample was detect-
ed using a microplate 680 reader (Bio-Rad, Hercules, CA, USA) 
at a wavelength of 450 nm.

Immunohistochemistry

The gastric antral tissue and duodenal tissue sections were in-
cubated in 0.01 mol/L of citric acid buffer solution for 5 min. 
The tissue sections were blocked in 5% normal goat serum 
(Origene, Beijing, China) for 30 min. The tissue sections were 
incubated in the primary rabbit antibody to ghrelin (1: 2000) 
(ab209790; Abcam, Cambridge, MA, USA) at 4°C overnight. After 
washing, the sections were incubated for 1 h at 37°C with the 
secondary goat anti-rabbit IgG (1: 2000) (ab150077; Abcam, 
Cambridge, MA, USA). The 3,3-diaminobenzidine (DAB) detec-
tion kit (Beyotime Biotechnology, China) was used. Histology 
was performed using a light microscope (Olympus, Tokyo, 
Japan). The images were analyzed using ImageJ software 
(National Institutes of Health, Bethesda, MD, USA).

Western blot

The gastric antral mucous tissue and duodenal tissues of the 
rats were cut into small fragments, and placed in RIPA ly-
sate buffer containing phenylmethyl sulfonyl fluoride (PMSF), 
and homogenized. A bicinchoninic acid (BCA) protein assay 
kit (Thermofisher Scientific, Waltham, MA, USA) was used to 
measure the protein concentration. Then, 4 μL of protein was 
separated using 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to polyvinyli-
dene fluoride (PVDF) membranes (Bio-Rad, Hercules, CA, USA). 
The PVDF membranes were incubated for 2 h in 10% dried 
skimmed milk powder. The PVDF membrane was incubated 
with the primary antibodies at 4°C overnight. The primary anti-
bodies included a rabbit antibody to cholecystokinin (1: 1000) 
(ab83180; Abcam, Cambridge, MA, USA) and a mouse anti-
body to GAPDH (1: 1000) (ab8245; Abcam, Cambridge, MA, 
USA). Then, horseradish peroxidase (HRP)-conjugated second-
ary antibodies were incubated with the PVDF membrane at 
room temperature for 2 h, and included goat anti-rabbit IgG 
(1: 2000) (ab205718; Abcam, Cambridge, MA, USA), and goat 
anti-mouse IgG (1: 2000) (ab205719; Abcam, Cambridge, MA, 
USA). GAPDH was used as an internal standard. The mem-
branes were stained using the BeyoECL Plus kit (Beyotime, 
Shanghai, China) and analyzed using BandScan version 5.0 
(Bio-Rad, Hercules, CA, USA).

Statistical analysis

Each experiment was performed in triplicate. Study data were 
presented as the mean±standard deviation (SD). Data were ana-
lyzed using SPSS version 21.0 software (IBM Corp., Armonk, NY, 
USA). Statistical comparisons between groups were determined 
by Student’s t-test or one-way analysis of variance (ANOVA). 
A P-value <0.05 was considered to be statistically significant.

Results

The weight of the rats from the different groups

In this study, a rat model of FD was established by semi-star-
vation followed by tail damping, stimulation, and forced exer-
cise with fatigue, as previously described [13]. The rats were di-
vided into nine study groups: the control group, the FD model 
group, the domperidone-treated (Domp) group, the low-dose 
raw Fructus aurantii (FA-L) group, the high-dose raw Fructus 
aurantii (FA-H) group, the low-dose Fructus aurantii with stir-
fried wheat bran (Bran-L) group, the high-dose Fructus aurantii 
with stir-fried wheat bran (Bran-H) group, the low-dose Fructus 
aurantii with stir-fried bran and honey (Honey-L) group, and 
the high-dose Fructus aurantii with stir-fried bran and hon-
ey (Honey-H) group. The findings showed that a low-dose of 
Fructus aurantii stir-fried with wheat bran had the most sig-
nificant therapeutic effect on rat model of FD.

The rats in all treatment groups were treated by gavage, and 
the rats in the model group and the control group were given 
normal saline by gavage. The rats in each group were weighed 
before and after the study. At 2 weeks, the weight of the rats 
in the model group and all treatment groups were significantly 
lower than in the control group (Table 1) (P<0.05). At 4 weeks, 
the weight of the rats in all the treatment groups was signif-
icantly greater than in the model group. There was no differ-
ence in the weight between the control group and the Bran-L 
group (Table 1) (P>0.05). The weight of the rats in the mod-
el of FD was lower than that in the control group, while the 
weight of the rats in the Bran-L group recovered the most af-
ter the study.

Comparison of gastrointestinal function in rats from the 
different groups

Compared with the control group, the gastric remnant rate in 
the model group was significantly increased, and the propul-
sive intestinal rate was significantly reduced (Table 2) (P<0.05). 
This finding indicated that the gastrointestinal motility of the 
rats was reduced, and the FD model was successfully estab-
lished. Compared with the model group, the gastric remnant 
rate was significantly reduced and the intestinal propulsion 
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rate was significantly increased in rats in the Domp group, 
the AF-L group, the AF-H group, the Bran-L group, the Bran-H 
group, and the Honey-L group (Table 2) (P<0.05). At the same 
dosage, the difference in the gastric remnant rate and the pro-
pulsive intestinal rate between the Bran group and the con-
trol group was the least, indicating that the effect of Fructus 
aurantii stir-fried with wheat bran on the treatment of the 

rat model of FD was greater than that of raw Fructus auran-
tii and of Fructus aurantii that was stir-fried with honey and 
bran. Compared with low-dose group, high-dose treatment in-
creased the gastric remnant rate and reduced the intestinal 
propulsion rate in the rat model of FD, which indicated high-
dose treatment reduced the therapeutic effect.

Study group n Before modeling (0 weeks) After modeling (at 2 weeks) After treatment (at 4 weeks)

Control 10 186.48±10.62 225.75±10.23 257.92±10.25

Model 10 186.81±8.65 200.89±10.25** 220.18±10.32**

Domp 10 187.05±9.63 200.12±8.65** 243.25±10.28*##

FA-L 10 187.11±8.96 202.96±9.64** 244.68±11.65*##

FA-H 10 188.02±10.32 200.99±8.56** 237.58±8.52**##

Bran-L 10 186.56±8.95 201.75±9.92** 249.97±7.64##

Bran-H 10 187.25±9.95 200.68±10.12** 237.88±8.25*##

Honey-L 10 187.58±8.85 201.72±10.55** 245.25±9.96*##

Honey-H 10 188.02±9.32 200.67±9.65** 237.62±10.11*##

Table 1.  Comparison of the weight of the rats before and after the development of the model of functional dyspepsia (FD) and the 
study groups.

Data are expressed as the mean±standard deviation (SD). Sprague-Dawley rats (n=90) were divided into nine study groups: the 
control group, the FD model group, the domperidone-treated (Domp) group, the low-dose raw Fructus aurantii (FA-L) group, the high-
dose raw Fructus aurantii (FA-H) group, the low-dose Fructus aurantii with stir-fried wheat bran (Bran-L) group, the high-dose Fructus 
aurantii with stir-fried wheat bran (Bran-H) group, the low-dose Fructus aurantii with stir-fried bran and honey (Honey-L) group, and 
the high-dose Fructus aurantii with stir-fried bran and honey (Honey-H) group. * P<0.05 vs. the control; ** P<0.01 vs. the control; 
## P<0.01 vs. the model.

Study group n Gastric remnant rate Propulsive intestinal rate

Control 10 51.25±5.52 47.25±5.65

Model 10 65.55±4.65** 33.89±4.65**

Domp 10 52.56±7.58## 48.02±6.52##

FA-L 10 56.48±5.35*## 42.68±3.23*##

FA-H 10 61.55±3.23**# 39.55±3.12*#

Bran-L 10 51.18±6.52## 42.35±3.65*##

Bran-H 10 56.85±5.26*# 39.02±3.01*#

Honey-L 10 61.06±4.23**# 41.03±3.21*##

Honey-H 10 69.58±3.25**## 37.68±3.02**#

Table 2.  Comparison of the gastric remnant rate and propulsive intestinal rate in the model of functional dyspepsia (FD) and the study 
groups.

Data are expressed as the mean±standard deviation (SD). Sprague-Dawley rats (n=90) were divided into nine study groups: the 
control group, the FD model group, the domperidone-treated (Domp) group, the low-dose raw Fructus aurantii (FA-L) group, the high-
dose raw Fructus aurantii (FA-H) group, the low-dose Fructus aurantii with stir-fried wheat bran (Bran-L) group, the high-dose Fructus 
aurantii with stir-fried wheat bran (Bran-H) group, the low-dose Fructus aurantii with stir-fried bran and honey (Honey-L) group, and 
the high-dose Fructus aurantii with stir-fried bran and honey (Honey-H) group. * P<0.05 vs. the control; ** P<0.01 vs. the control; 
# P<0.05 vs. the model; ## P<0.01 vs. the model.
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Figure 1.  Histology of the gastric mucosa and duodenal mucosa in different groups of rats and in the rat model of functional dyspepsia 
(FD) treated with low-dose and high-dose decoctions of Fructus aurantii. (A) Photomicrograph of the histology of the gastric 
mucosa in rats in each study group. Hematoxylin and eosin (H&E). (B) Photomicrograph of the histology of the duodenal 
mucosa in rats in each study group. Hematoxylin and eosin (H&E).
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Histology of the stomach and duodenum in rats from the 
different groups

The effects of treatment on the gastric and duodenal muco-
sa were studied histologically. The appearance and morphol-
ogy of the gastric and duodenal mucosa of rats in all treat-
ment groups were normal without visible ulcer, erosion, or 
hemorrhage. The histology showed that the gastric mucosa 
(Figure 1A) and duodenal mucosa (Figure 1B) of the rats in all 

the treatment groups was intact, and there was no infiltration 
of inflammatory cells, which indicated that different doses of 
Fructus aurantii products did not damage the gastric and in-
testinal mucosa of the rats studied.
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Figure 2.  The serum levels of leptin, motilin, vasoactive intestinal peptide (VIP), gastrin, and calcitonin gene-related peptide (CGRP) 
were measured by enzyme-linked immunosorbent assay (ELISA). (A) Serum levels of leptin in each group. (B) Serum levels 
of motilin in each group. (C) Serum levels of VIP in each group. (D) Serum levels of gastrin in each group. (E) Serum levels of 
calcitonin gene-related peptide (CGRP) in each group. * P<0.05 vs. the control group; ** P<0.01 vs. the control group; # P<0.05 
vs. the model group; ## P<0.01 vs. the model group.
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Comparison of serum levels of leptin, motilin, vasoactive 
intestinal peptide (VIP), gastrin, and calcitonin gene-
related peptide (CGRP) in rats from the different groups

The serum levels of leptin, motilin, VIP, gastrin, and CGRP in 
each group were detected by enzyme-linked immunosorbent 
assay (ELISA). Compared with the control group, the leptin, 
VIP, and CGRP levels in the model group were significantly 
upregulated, while the motilin and gastrin levels were signif-
icantly down-regulated (Figure 2A–2E) (P<0.05). Compared 
with the model group, the leptin, VIP, and CGRP levels in all 

treatment groups were significantly down-regulated, while 
the motilin and gastrin levels were significantly upregulated 
(Figure 2A–2E) (P<0.05). No significant differences were ob-
served in the levels of leptin, motilin, VIP, gastrin, and CGRP 
between the control and the Bran-L groups, suggesting that 
the levels of these gut hormones were restored to a normal 
level after Bran-L treatment.
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Figure 3.  The expression of ghrelin in the gastric antral mucosal tissue of rats detected by immunohistochemistry. Magnification, ×100. 
Scale bar=100 µm. Magnification, ×200. Scale bar=50 µm. * P<0.05 vs. the control group; ** P<0.01 vs. the control group; 
## P<0.01 vs. the model group.
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Comparison of ghrelin expression in rats from the different 
groups

Immunohistochemistry was performed to investigate the level 
and distribution of ghrelin expression in the gastric antral and 
duodenal mucosa of the rats, as previously described [16,17]. 
Ghrelin expression was detected in cells in both the gastric and 
duodenal tissues (Figures 3, 4). Also, compared with the control 
group, ghrelin expression in the model group was significantly 
reduced in the gastric and duodenal tissues. However, ghrelin 
expression in all treatment groups was increased compared with 

the model group (Figures 3, 4) (P<0.05). Immunohistochemistry 
showed that the level of ghrelin in the duodenum and gastric 
antral mucosa of the rat model of FD was increased by treat-
ment. Also, ghrelin expression was not significantly different 
between the control group and the Bran-L group, which indi-
cated that Bran-L had the greatest effect on the expression 
of ghrelin in the rat model of FD, and could restore it to the 
level of normal.
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Figure 4.  The expression of ghrelin in the duodenal mucosal tissue of rats detected by immunohistochemistry. Magnification, ×100. 
Scale bar=100 µm. Magnification, ×200. Scale bar=50 µm. * P<0.05 vs. the control group; ** P<0.01 vs. the control group; 
# P<0.05 vs. the model group; ## P<0.01 vs. the model group.
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Figure 5.  The expression of cholecystokinin in the gastric antral mucosal tissue and duodenal mucosal tissue of rats measured by 
Western blot. (A) Cholecystokinin expression in the duodenal tissue of rats in each group was detected by Western blot. 
(B) The protein level of cholecystokinin in the duodenal tissue. (C) Cholecystokinin expression in the gastric antral mucosa 
of rats in each group was detected by Western blot. (D) The protein level of cholecystokinin in the gastric antral mucous. 
* P<0.05 vs. the control group; ** P<0.01 vs. the control group; ## P<0.01 vs. the model group.

Comparison of cholecystokinin expression in rats from the 
different groups

Western blot was used to detect the protein expression lev-
els of cholecystokinin in the rat duodenum and gastric antrum 
mucosa. Compared with the control group, the cholecystoki-
nin expression in the duodenum (Figure 5A, 5B) and the gas-
tric antral mucosa (Figure 5C, 5D) in the model group were sig-
nificantly reduced (P<0.05). Compared with the model group, 
cholecystokinin expression in all treatment groups was sig-
nificantly increased (P<0.05). No significant difference in cho-
lecystokinin expression was found between the Bran-L group 
and the control group (P>0.05). These results showed that the 
cholecystokinin protein expression in the rat model of FD was 
increased after the treatment with Fructus aurantii decoction.

Discussion

The commonly used treatments for functional dyspepsia (FD) 
in clinical practice include drugs that inhibit the production of 

gastric acid, drugs that increase gastrointestinal motility, and 
treatments for Helicobacter pylori [18,19. Domperidone is a pe-
ripheral dopamine receptor blocker that can improve gastroin-
testinal function and reduce the clinical symptoms of FD [20]. 
Fructus aurantii is derived from Citrus aurantium (bitter or-
ange) that is used in traditional Chinese medicine (TCM) to 
treat gastric motility disorder [21]. The main effective bioac-
tive constituents of Fructus aurantii are alkaloids, volatile oils, 
and flavonoids, which have anti-inflammatory and antioxidant 
effects in FD [21]. In this study, a rat model of FD was estab-
lished by semi-starvation followed by tail damping, stimulation, 
and forced exercise with fatigue, as previously described [13]. 
The rats were divided into nine study groups: the control group, 
the FD model group, the domperidone-treated (Domp) group, 
the low-dose raw Fructus aurantii (FA-L) group, the high-dose 
raw Fructus aurantii (FA-H) group, the low-dose Fructus aurantii 
with stir-fried wheat bran (Bran-L) group, the high-dose Fructus 
aurantii with stir-fried wheat bran (Bran-H) group, the low-dose 
Fructus aurantii with stir-fried bran and honey (Honey-L) group, 
and the high-dose Fructus aurantii with stir-fried bran and hon-
ey (Honey-H) group. The findings showed that a low-dose of 
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Fructus aurantii stir-fried with wheat bran had the most sig-
nificant therapeutic effect on the rat model of FD.

In this study, after the FD rat model was established, the weight 
of the rats was measured and recorded before and after the 
study, as weight loss is a clinical feature of FD [22]. The animal 
experiments showed that the weight of the rats in the mod-
el group was significantly reduced, which indicated that the 
rat model of FD was successfully developed. Following treat-
ment, the weight of the rats in the rat model of FD increased 
in all treatment groups, and the recovery of the weight of the 
domperidone-treated rats in the model of FD in Bran-L group 
showed the greatest outcome. Also, in this study, no ulcers, 
hemorrhage, or inflammation were observed in the gastric and 
duodenal mucosa of rats in each treatment group. The findings 
from this preliminary study indicated that Fructus aurantii pro-
cessed products, or decoctions, were effective in treating FD, 
without gastrointestinal mucosal injury in rats, and the bene-
ficial effect of Bran-L showed the greatest effect.

Gastric emptying is the process of emptying food from the 
stomach into the duodenum through the propulsive effects 
of the stomach and duodenum [23,24]. Most patients with 
FD have gastrointestinal motility disorder, which is associat-
ed with delayed gastric emptying [25]. There is a close asso-
ciation between slow intestinal motility and impaired gastric 
emptying [26]. In the present study, the investigation of the 
gastric remnant and small intestine propulsion in rats showed 
delayed gastric emptying and slow intestinal propulsion in the 
model group. Following treatment, the gastrointestinal motility 
in the rat model of FD was improved, and the effect of low-
dose Fructus aurantii stir-fried with wheat bran on gastroin-
testinal motility was the best, which was consistent with the 
findings from domperidone treatment. Also, high-dose treat-
ment reduced the therapeutic effects, which further support-
ed the efficacy of low-dose bran stir-fried with Fructus aurantii.

Gastrointestinal hormones, secreted by endocrine cells on the 
gastrointestinal mucosa, is closely associated with gastroin-
testinal motility disorders [27]. Leptin is a neuroendocrine fac-
tor secreted by the hypothalamus and gastric mucosal cells, 
which can inhibit gastric emptying and enhance satiety [28]. 
Vasoactive intestinal peptide (VIP) is widely distributed in neu-
ral tissue and the gastrointestinal tract, inhibits gastrointesti-
nal motility, delays gastric emptying, and slows small intestine 
motility [29]. Calcitonin gene-related peptide (CGRP) is wide-
ly distributed in the gastrointestinal tract neural plexus. CGRP 
has a role in visceral hypersensitivity, inhibits gastric acid se-
cretion, slows gastrointestinal movement, and regulates gas-
trointestinal hormone secretion [30]. Jiang et al. [31] showed 
that Fructus aurantii water decoction could reduce the ex-
pression of VIP. The present study showed that serum levels 

of leptin, VIP, and CGRP in the rat model group were upregu-
lated. After 14 days of treatment, the serum levels of leptin, 
VIP, and CGRP in the rat model of FD in each treatment group 
were reduced. These findings showed that the different treat-
ments based on Fructus aurantii reduced the serum levels of 
leptin, VIP, and CGRP, to regulate the visceral sensory func-
tion of the gastrointestinal tract and improve gastrointesti-
nal movement. Also, low-dose Fructus aurantii stir-fried with 
wheat bran was the most efficacious decoction.

Motilin is a gastrointestinal peptide hormone secreted cells 
in the small intestinal mucosa and can promote gastrointesti-
nal motility and accelerate gastric emptying [32]. Gastrin pro-
motes gastrointestinal motility and the secretion of gastric 
acid and pepsin [33]. Ghrelin is an appetite-stimulating factor 
secreted by gastric oxyntic cells, which can increase appetite, 
accelerate gastric emptying, and protect the gastrointestinal 
mucosa [34–36]. Cholecystokinin is widely distributed in gas-
trointestinal neurons and is involved in the regulation of gas-
trointestinal function [37]. Liang et al. [38] showedthat chole-
cystokinin expression was down-regulated in the duodenum 
and antrum of the rat model of FD. The findings from the pres-
ent study showed down-regulation of motilin, gastrin, ghre-
lin, and cholecystokinin in the model group, and upregulation 
of motilin, gastrin, ghrelin, and cholecystokinin in the treat-
ed groups. These results showed that the processed products 
of Fructus aurantii could promote gastrointestinal movement 
and improve gastric motility disorders by regulating the se-
cretion of gastrointestinal hormones in the rat model of FD. 
Also, low-dose Fructus aurantii stir-fried with wheat bran had 
the greatest efficacy in the rat model.

This study had several limitations. Because lesions in the du-
odenal bulb are more common than in other segments of the 
duodenum, as in celiac disease in children [39], it is necessary 
to subdivide and investigate different segments of the duode-
num, which was not done in this study. This study also includ-
ed only ten rats in each group, and future animal studies on 
gastric emptying and intestinal motility should be undertak-
en with larger study groups. Also, the mechanisms of action 
of Fructus aurantii and its decoctions in FD remain unknown.

Conclusions

This study aimed to investigate the effects of low-dose and 
high-dose decoctions of Fructus aurantii in a rat model of 
functional dyspepsia (FD). The findings showed that low-dose 
Fructus aurantii with stir-fried wheat bran increased gastroin-
testinal motility and gastrointestinal hormone levels, includ-
ing leptin, vasoactive intestinal peptide (VIP), and calcitonin 
gene-related peptide (CGRP).
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