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Background: Raw hawthorn (RH) is a traditional Chinese medicine commonly
used to treat indigestion. Charred hawthorn (CH) is obtained from RH by
charring. It is reported that the effect of CH treatment on dyspepsia is stronger
than RH. However, this has not been fully proven. The purpose of this study
was to compare the effects of RH and CH on functional dyspepsia (FD) model
rats. And contribute to the development of dietary therapy for dyspepsia.

Methods: SPF-grade male SD rats were divided into 5 groups: the control
group, the model group, the Mos group, the RH group, and the CH group.
The FD rat model was established by using the methods of water restriction,
fasting, tilting cage restraint, day and night upside down, swimming, and tail
damping. The body weight of rats in each group was recorded. And the gastric
emptying rate, intestinal propulsive rate, and the levels of motilin (MTL), gastrin
(GAS), and 5-HT in serum were compared in each group. The expression of
C-kit in the stomach and small intestine of each group was compared by
immunofluorescence and PCR.

Results: RH and CH could increase weight, improve the gastric emptying
rate and intestinal propulsive rate, and promote the secretion of motilin (MTL),
gastrin (GAS), and 5-HT in the serum of FD rats. RH and CH can upregulate the
expression of the characteristic protein c-kit of ICC in the stomach and small
intestine of FD model rats, and the effect of CH is stronger than RH.

Conclusion: RH and CH may increase the number of interstitial cells of
Cajal (ICC) in the gastrointestinal tract by upregulating c-kit expression, thus
improving gastrointestinal motility in FD model rats. And compared with RH,
CH has certain advantages.

charred hawthorn, raw hawthorn, interstitial cells of Cajal, functional dyspepsia,
gastrointestinal motility

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2022.1010556
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2022.1010556&domain=pdf&date_stamp=2022-10-17
mailto:wucjcdtcm@163.com
https://doi.org/10.3389/fsufs.2022.1010556
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsufs.2022.1010556/full
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Ai et al.

Introduction

Functional dyspepsia (FD) is one of the clinics’ most
common functional gastrointestinal diseases, but its etiology
and pathogenesis are still unclear. It refers to a series of
symptoms of dyspepsia in the stomach and duodenum,
including epigastric pain, epigastric distention, early satiety,
belching, loss of appetite, nausea, and vomiting (Tack et al,
2006). In the Roman type III diagnostic criteria, FD is
divided into two subtypes, namely, postprandial discomfort
syndrome and epigastric pain syndrome. Usually, in the general
population, the incidence of symptoms of dyspepsia is 20%.
In addition, 80% of patients were not found to have organic
lesions during other tests such as endoscopy. The disease is
called functional dyspepsia because there’s no explanation for
its symptoms (Ford et al., 2015). The overall prevalence of
FD is 16% in the general population (Ford et al, 2020). FD
is a difficult disease to cure clinically, and its influencing
factors are many and complex. Although FD is usually not
life-threatening, the quality of life, social behavior, and mental
health of patients would be severely affected (Aro et al,
2011). In one survey, there was no significant difference in
the effect of FD and organic dyspepsia on work efficiency
(Sander et al, 2011). This suggests that FD is as harmful as
organic dyspepsia.

Although FD is a common disease, the pathophysiological
basis is not clear, and it may be related to gastrointestinal
motility disorders, hypersensitivity reactions in the stomach,
Helicobacter pylori infection, and psychosocial factors (Wauters
et al., 2020). In response to the possible pathogenesis, many
common drugs have been used to treat FD. For example, anti-
Helicobacter pylori drugs, proton pump inhibitors (PPI), and
prokinetic drugs (Tack and Camilleri, 2018). However, these
drugs are difficult to show high effectiveness in the treatment
of FD, especially since it is difficult to solve the problem of
recurrent episodes of FD. Finding new targets for the treatment
of FD and developing targeted drugs have become the current
research hotspots (Chiarioni et al., 2018). Interstitial cells of
Cajal (ICC) are a class of cells located in the muscle tissue of
the gastrointestinal tract (GIT). Although they make up only
5% of the cells in the muscle tissue of the gastrointestinal tract,
they play a key role in regulating smooth muscle function and
gastrointestinal movement in harmony with the enteric nervous
system (Huizinga et al., 2021). ICC mediates signal transmission
of the gastrointestinal motor nervous system to smooth muscle.
ICC is the pacemaker of gastrointestinal motility, which
stimulates the rhythmic peristalsis of the gastrointestinal tract
by spontaneously generated electrical slow waves. Therefore,
structural and functional abnormalities of ICC are closely related
to gastrointestinal motility disorders and the cause of many
gastrointestinal diseases (Sanders et al, 2014; Zhang et al,
2016). FD is a representative disease of gastrointestinal motility
disorder. ICC will be a possible direction to respond to FD in the
future (Zhang et al., 2018).

Frontiersin Sustainable Food Systems

02

10.3389/fsufs.2022.1010556

FIGURE 1
Hawthorn.

Hawthorn refers to the ripe fruit of Crataegus pinnatifida
Bge in the Rosaceae family (Figure 1). As a widely used Chinese
herbal medicine and medicinal herb, many drugs related to
hawthorn are included in the pharmacopeias of many countries
(Martinelli et al., 2021). It has a long history of being used
in indigestion, blood circulation and stasis, and cardiovascular
diseases. The charred hawthorn (CH) was prepared from raw
hawthorn (RH) by the stir-frying method which is a thermal
processing method of traditional Chinese medicine. Modern
studies have shown that RH has a certain role in improving
digestive function. The traditional Chinese medicine records
that compared with RH, CH has a stronger effect on improving
digestive function. Related studies have investigated this effect,
but more studies are needed to research the mechanism
(Wei et al, 2019). As hawthorn, many foods have special
pharmacological effects. They are useful for preventing and
treating disease. Dietary therapy refers to the use of this kind of
food to regulate bodily functions. In recent years, many studies
have paid attention to the importance of dietary therapy because
of the close relationship between food and gastrointestinal
diseases (Liu et al., 2015; Pearlman and Akpotaire, 2019).

In this study, we compared the effects of RH and CH in
the intervention of FD and elucidated the possible pathways for
improving digestive function from the perspective of ICC. It will
provide a possible solution for developing a CH-based dietary
therapy for functional dyspepsia.

Materials and methods
Preparation of RH, CH, Mos

50g of RH and CH (Tongrentang, China) were weighed
and placed in the flask. They were extracted three times with
500 mL boiling water for 1.5h each time. After filtration, the
filtrate was combined and concentrated at 45°C. Add pure water
and dilute to 0.3 g/ml. Mosapride citrate dispersible tablets
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(Mos, Kanghong, China) were dissolved in pure water to make a
solution of 0.15 mg/ml.

Animals

The Animal Care and Use Committee of Chengdu
University of Traditional Chinese Medicine approved the
experimental program and followed the international animal
studies guidelines to minimize the pain and discomfort of
the animals. Fifty SPF-grade male SD rats (180 & 20g) were
purchased from Chengdu Dasuo Experimental Animal Co.,
Ltd. Forty rats were randomly selected to receive the following
stimuli to establish the model: fasting and not prohibiting water
for 24 h, water deprivation and not fasting for 24 h, tilting the
cage for 24h, the fixing for 2h, day and night upside down,
swimming for 5min in 4°C water, and clamping the tail for
1 min. The rats were stimulated in random order. And the same
stimulation does not occur for 2 consecutive days. After 21
consecutive molding days, they were divided into the model
group, Mos group, RH group, and CH group. During the 7-
day administration period, the rats in the model group were still
subjected to random stimuli to maintain the model. The dosage
of the Mos group as a positive drug group was 1.5 mg/kg/d. The

TABLE 1 Primer sequences designed for RT-PCR.

10.3389/fsufs.2022.1010556

dosage of RH and CH groups as therapeutic drug groups was 3
g/kg/d. The Control group and model group were given equal
amounts of normal saline. The weight of the rats was recorded
daily throughout the experiment.

All rats fasted for 12h (free water) before the last dose.
After the last dose for 40 min, they were fed a black semisolid
paste (Including sodium carboxymethyl cellulose, milk powder,
soluble starch, and activated carbon). About 2 ml each and the
weight is recorded (W3). After 20 min, a blood sample was taken
from the abdominal aorta. The serum was separated from blood
by centrifugation at 4°C 3,000 r/min, and stored at —80°C.
After the pylorus and cardia were ligated, the entire stomachs
of the rats were separated. Then they were dried on filter
paper and weighed (total weight of the stomach, W1). Cut the
stomach along the great curvature of the stomach and remove
the contents. Then the stomachs were weighed again (the net of
the stomach, W2). After the small intestine is isolated, the length
of the small intestine (L1) and the movement distance of black
solid paste (L2) were measured by a ruler. Then, the stomach
and small intestine tissues were fixed in the centrifuge tubes with
4% paraformaldehyde.

Pathological changes in gastrointestinal
tissue in rats

First, the stomach and small intestine tissues of rats were

Gene Primer 5 — 3/ Size (bp)
fixed in 4% paraformaldehyde solution for 48 h. After the tissues
c-kit Forward TGGCAAAGAAGACAACGA 363 were dehydrated and embedded in paraffin, they were cut into
Reverse CACATGGCGTCCACGGAT 4 pm slices and sealed with neutral resin after hematoxylin and
GAPDH Forward ACAGCAACAGGGTGGTGGAC 252 eosin (H and E) staining. Then the pathological changes in the
Reverse TTTGAGGGTGCAGCGAACTT stomach and small intestine tissues in each group were observed
under a microscope.
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FIGURE 2
Weight changes in FD rats during modeling (A) and weight change during administration (B) (*** represents comparison with the control group:
P < 0.001. # represents comparison with the model group: P < 0.05. ## represents comparison with the model group: P < 0.01. ### represents
the comparison with the model group: P < 0.01).
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FIGURE 3
Micrographs of the small intestine (A) and stomach (B) of rats in the control group and FD model group (H and E staining).
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FIGURE 4

Comparison of gastric emptying rate and small intestine propulsion rate between the control, FD model, Mos group, RH, and CH group.

(** represents comparison with the control group: P < 0.01. *represents comparison with the control group: P < 0.05. # represents comparison
with the model group: P < 0.05).

Determination of intestinal propulsion Determination of MTL, GAS, and 5-HT by
and gastric emptying ELISA

The data of WI1, W2, L1, and L2 can be The contents of motilin (MTL, Elabscience Biotechnology,
obtained from item 2.3. The gastric emptying rate China), gastrin (GAS, Elabscience Biotechnology, China), and
and small intestinal propulsion rate were calculated 5-hydroxytryptamine (5-HT, Elabscience Biotechnology, China)
according to the formula (1-1) and (1-2) (Xiao et al, in the serum of rats in the control group, model group,
2021). Mos group, RH group, and CH group were determined by

enzyme-linked immunosorbent assay (ELISA). According to
the determination method of the commercial rat ELISA Kkit,

Gastri i te %) = (1 W1 — w2 the samples were incubated in 96-well-plates at 37°C for
astric emptying rate (%) = | 1= w3 30min. And the washed solution was added to each well and
x 100% (1-1) then discarded after incubation for the 30s. The samples were
. . . L1 operated in 96-well-plates according to the commercial rat
Small intestine propulsion rate (%) = — . . .
L2 ELISA kit. The optical density (OD) value of the sample was
x 100% (1-2) measured at 450 nm with a microplate reader.
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Detection of C-kit protein expression by
immunofluorescence

Paraffin-embedded slides of the stomach and small intestine
tissues were heated in an oven at 60°C for 1 hour. Then the
slides were deparaffinized in xylene and rehydrated in ethanol
series. Next, the slides were incubated in blocking buffer (1x
PBS, 0.3% Triton X-100, 10% normal goat serum) for 1h
at room temperature. Then, the slides were incubated with
c-kit primary antibody (1:100, A0357, ABclonal Technology,
China) overnight at 4°C, washed, and incubated with Cy3-
coupled goat anti-rabbit fluorescent secondary antibody for 1h
at room temperature. Images were obtained using a fluorescence
microscope. Five fields were randomly selected for each sample.
And the image was semi-quantized by Image J software.

Detection of expression of C-kit mRNA
by real-time-quantitative polymerase
chain reaction

The mRNA expression of C-kit protein in the stomach
and small intestine was detected by RT-qPCR. The total RNA

TABLE 2 Gastric emptying rate and intestinal propulsion rate in the
control, FD model, Mos group, RH, and CH group.

Intestinal
propulsion rate

Groups Gastric emptying rate

Control group

62.79 £ 18.30%

53.62 £ 5.57%

10.3389/fsufs.2022.1010556

was isolated from the stomach and small intestine by using
the Total RNA Extraction Kit (R1200, Solarbio, China). The
total RNA was reverse-transcribed to cDNA with the SuperReal
PreMix Plus (FP205, TTANGEN, China). The 2xSYBR Green
PCR Mastermix (KR118, TTANGEN, China) was used for the
amplification of cDNA. The primer sequences are shown in
Table 1. The conditions of thermal cycling were 95°C for
5min in the start cycle, 95°C for 10s, and then a circulation
was processed 40 times at 55°C for 20s and 72°C for
30s. A melt curve was gained by raising the temperature.
In the end, cycle threshold (CT) values were obtained
according to fluorescent signals. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as the endogenous control
for normalization. The expression of c-kit mRNA was calculated
with the 27AACt methods.

Statistical analysis

All experimental data are shown as mean =+ standard
deviation (SD). Statistical comparisons were made by one-way
analysis of variance (ANOVA) using SPSS software (version 18.0,
USA), followed by the Dunnet t multiple comparison test. The P
< 0.05 was considered the significance level.

Results

The rats in the model group showed
abnormal behavior

Model group 3531 4 9.77% 41.26 + 7.53% Before modeling, the rats had normal behaviors such as
Mos group 53.04 4 12.18% 50.50 = 5.37% feeding and sleeping. After modeling, there was no significant
RH group 46.76 4+ 9.30% 49.09 + 3.14% change in the control group, but the rats in the model group
CH group 50.68 + 11.18% 48.83 - 7.22% showed a gradual loss of appetite, no increase or even decrease
in body weight, and the fur color of the rats was messy and
150 3000 40+
. #
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g 100 = 2000 i E # #
) W = *kk
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FIGURE 5
Comparison of the contents of 5-HT, GAS, and MTL in serum of rats in the control, FD model, Mos group, RH, and CH group. (*** represents
comparison with the control group: P < 0.001. ** represents comparison with the control group: P < 0.01. * represents comparison with the
control group: P < 0.05. # represents comparison with the model group: P < 0.05).
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TABLE 3 Contents of 5-HT, GAS, and MTL in serum of rats in the
control, FD model, Mos group, RH, and CH group.

Group 5-HT (ng/ml)  GAS (pg/ml) MTL (pg/ml)
Control group 26.58 % 3.60 133.39 + 8.84 2236.68 + 166.48
Model group 17.72 £ 3.40 100.69 =+ 5.67 1350.92 + 405.76
Mos group 22.08 + 1.66 11678 £13.60 181979 £ 265.75
RH group 19.91 + 2.04 11142 £11.08 155495 = 428.00
CH group 21.37 £2.53 121.87 £ 11.21 1681.09 = 240.46

TABLE 4 Expression of the c-kit protein in the stomach and small
intestine of rats in the control, FD model group, Mos group, RH, and
CH group.

Groups Gastric tissue Small intestinal tissue
Control group 34.84 £ 6.89 38.74 £ 13.61

Model group 13.79 £ 2.15 5.99 +3.81

Mos group 30.67 £ 4.62 14.79 £ 1.92

RH group 26.88 £5.99 25.46 £2.34

CH group 34.74 £ 8.03 31.96 £7.34

dim. The rats in the model group showed decreased sensitivity
to external stimuli such as capture and drive.

The changes in body weight were
different in each group

During modeling (Figure 2A), the weight of rats in the
control group showed an increasing trend, while that in the
model group showed a decreasing trend. At the end of the
modeling, there was a significant difference in weight between
the two groups. During the administration period (Figure 2B),
the weight of rats in the control group remained unchanged,
while the weight of rats in the other groups showed an increasing
trend. The weight increase of rats in the Mos, RH, and CH
groups was better than that in the model group, but there was
still a significant difference from that in the control group.

There were no abnormal lesions in the
control group and model group

According to the histological observation of the model group
and the control group, the morphology of the stomach and
small intestine of rats in each group were normal without
obvious ulcers, bleeding, and erosion. Histological sections of
each tissue sample showed that the histological structure of
the stomach and small intestine was normal without obvious
inflammatory cell infiltration and other pathological changes
(Figure 3). The results showed that there was no organic lesion
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of the gastrointestinal tract in rats, indicating that the model met
the requirements.

The group of three treatments could
improve gastrointestinal motility in FD
rats

As shown in Figure 4 and Table 2, there were significant
differences between the control group and the model group (P
< 0.01). It indicates successful modeling. Compared with the
model group, the intestinal propulsion rate and gastric emptying
rate of rats in the CH and Mos groups were significantly
increased (P < 0.05). RH significantly promoted intestinal
propulsion in FD rats (P < 0.05). However, there was no
significant difference between the RH group and the model
group in promoting gastric emptying.

The group of three treatments could
promote the secretion of gastrointestinal
hormones in FD rats

As shown in Figure 5 and Table 3, the contents of MTL, GAS,
and 5-HT in the serum of the model group were significantly
lower than the control group (P < 0.001). However, Mos, RH,
and CH can interfere with their contents in the serum of FD rats.
Compared with the model group, the contents of GAS increased
significantly in the Mos group and CH group (P < 0.05), but
there was no obvious upward trend in the RH group. For MTL,
only the Mos group had a significant increase compared with the
model group (P < 0.05), and there was an insignificant increase
in the RH group and CH group. Compared with the model
group, 5-HT increased significantly in the CH group and the
Mos group (P < 0.01), while the RH group had an insignificant
increasing trend.

Effect of Mos, RH, and CH on c-kit
protein expression

The results are shown in Table 4, Figures 6, 7. Compared
with the control group, the mean fluorescence density of c-kit
protein in the stomach and small intestine of the model group
was significantly decreased (P < 0.001). RH and CH can
significantly increase the mean fluorescence density of c-kit
protein in the small intestine of FD model rats (P < 0.001), but
Mos has no obvious effect. The mean fluorescence density in
the CH group was higher than that in the RH group. In gastric
tissues, compared with the model group, the mean fluorescence
density of the Mos group and CH group was significantly
different (P < 0.001). The mean fluorescence density in gastric
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FIGURE 6

Comparison of c-kit protein expression in the stomach and small intestine of rats in the control, FD model group, Mos group, RH, and CH group.
(*** represents comparison with the control group: P < 0.001. ## represents comparison with the model group: P < 0.01. ### represents the
comparison with the model group: P < 0.01. B represents the comparison with the RH group: P < 0.05).
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tissues of the RH group was also significantly different from that
in the model group (P < 0.01), but significantly lower than that
in the CH group (P < 0.05).

CH significantly upregulated c-kit mRNA
expression in FD rats

As shown in Figure 8 and Table 5, compared with the control
group, the expression of c-kit mRNA in the stomach and small
intestine of the FD model group was significantly decreased (P
< 0.001). RH, CH, and Mos could interfere with c-kit mRNA
expression in the stomach and small intestine of FD rats. In
small intestine tissue, CH had the most significant effect in
upregulating c-kit mRNA expression (P < 0.001), followed by
hawthorn (P < 0.01), and Mos was weaker than the former two
(P < 0.05). In the gastric tissue, the effect of CH is still the most
significant (P < 0.001), followed by Mos (P < 0.01), and RH had
the weakest effect (P < 0.05).

Discussion

The traditional theory of Chinese medicine holds that
“fried to brown” helps to improve digestive function and
promote gastrointestinal motility. Many herbal medicines that
are fried to brown are thought to promote digestion (Liu et al.,
2021). Hawthorn has a long history of being used to treat
indigestion, and it often appears in prescriptions related to
digestive function. Some studies have shown that CH is more
effective in improving digestive function than RH (Wang et al,,
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2019). Our study investigated the effects of RH and CH in the
intervention of FD and elucidated the possible mechanism.

Establishment of FD models

There are many methods for establishing the FD model.
The method of establishing the FD model in this study is
improved based on the existing research (Liang et al., 2018;
Zhu et al,
for chronic induction modeling, which is determined by the

2020). In this study, multiple factors were used

complex pathogenesis of FD. During the modeling process, the
weight of rats in the control group increased gradually, while the
weight of rats in the model group increased slowly or decreased
occasionally. This is consistent with the clinical features of FD
patients (Tack et al., 2016). No obvious pathological changes
were found in the stomach and small intestine sections of the
control group and the model group after H&E staining. This
indicated that no organic lesions of the digestive system were
caused by modeling. This is in line with the characteristics of FD
and indicates that the FD rat model in this study is reasonable.

Comparison of gastrointestinal motility
of rats in each group

Gastric emptying is the process by which food is pushed
from the stomach into the duodenum. The gastric emptying rate
can reflect the quality of gastric motility (Al-Saffar et al., 2019).
The delay of gastric emptying is closely related to gastrointestinal

motility (Kusano et al.,, 2014). The small intestine propulsion
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FIGURE 7
Immunofluorescence images of Characteristic protein c-kit of Cajal interstitial cells in the stomach (B) and small intestine (A) of rats in the
control, FD model, Mos group, RH, and CH group

rate can reflect the peristaltic performance of the intestine.
Reduced intestinal peristalsis is consistent with the clinical
symptoms of FD. In this study, gastric emptying and intestinal
propulsion in FD model rats were significantly weakened
after modeling. After 7 days of continuous administration,
gastric emptying rate and intestinal propulsion rate were
improved in Mos, RH, and CH groups. CH showed significant
effects on improving intestinal propulsion and gastric emptying
in FD rats. RH can also improve intestinal propulsion
in FD rats, but the effect of promoting gastric emptying
is weak.

Frontiersin
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Comparison of gastrointestinal
hormones in serum of rats in each group

Gastrointestinal hormones secreted by gastrointestinal
mucosal cells are closely related to gastrointestinal motility
disorders ( ). MTL is produced by endocrine
cells in the intestinal mucosa. It is an important regulator
of gastrointestinal motility through a specific motilin receptor
(MLN-R) (
mainly existing in G cells of the gastric antrum. Its main

). GAS is a peptide hormone

physiological function is to stimulate the secretion of gastric
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FIGURE 8
The expression of c-kit mMRNA in the control, FD model, Mos group, RH, and CH group. (*** represents comparison with the control group: P <
0.001. # represents the comparison with the model group: P < 0.05. ## represents comparison with the model group: P < 0.01. ### represents
the comparison with the model group: P < 0.01).

TABLE 5 The expression of c-kit mRNA in the control, FD model, Mos
group, RH, and CH group.

Groups Gastric tissue Small intestinal tissue
Control group 2.254+0.23 2.08 £0.23
Model group 0.31+0.18 0.28 £0.14
Mos group 1.01 % 0.67 0.74 £ 0.07
RH group 0.84 +0.14 1.01£0.13
CH group 1.01 £ 0.03 1.28 £0.38

acid (Schubert and Rehfeld, 2019). 5-HT is synthesized, stored,
and released by a subset of intestinal endocrine cells called
enterochromaffin (EC) cells in the intestinal mucosa, which
has been recognized as an important signaling molecule in the
intestine (Mawe and Hoffman, 2013). In this study, the three
gastrointestinal hormones in the FD model group showed a
downregulation trend. As a positive drug, Mos can upregulate
three gastrointestinal hormones in FD rats. RH and CH also
have the effect to upregulate partial gastrointestinal hormones.
However, in general, the effect of RH and CH on gastrointestinal
hormones in FD rats was not strong, and there was no significant
difference between them.

The number of ICC in the stomach and
small intestine of rats in each group was
compared

C-Kit protein is a quantitative marker of ICC. C-kit
is a proto-oncogene that encodes receptor tyrosine kinase
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(kit) (Huizinga et al.,
antibodies provides a variety of effective methods to identify

1995). The emergence of c-kit protein

ICC in pathological tissue sections (Streutker et al., 2007). The
number of ICC was consistent with the expression trend of
c-kit protein (Li et al., 2019). That is, the expression of c-
Kit protein reflects the number of ICC changes. The results
of immunofluorescence and PCR showed that the number of
ICC in the small intestine and stomach of the FD model group
was significantly decreased, while the three therapeutic drugs
showed different effects on the number of ICC in gastrointestinal
tissue. In general, the effect of hawthorn on the upregulation
of ICC in the gastrointestinal tract was better than RH and
Mos. RH and CH may improve gastrointestinal motility in
FD model rats by regulating the number of ICC cells in the
gastrointestinal tract. However, the limitation of this study is
that more research is needed to prove this pathway and explain
the mechanism.

Conclusion

We have proved that hawthorn decoction had an effect on
improving the digestive function of FD rats, and the effect of
CH was stronger than RH. CH could increase weight, improve
intestinal propulsion and gastric emptying, and promote the
secretion of motilin (MTL), gastrin (GAS), and 5-HT in the
serum of FD rats. And the possible pathway is to improve
gastrointestinal motility by increasing the number of ICC in
the stomach and small intestine of FD rats. Our study will help
to develop a functional food based on hawthorn and provide a
possible dietary therapy for dyspepsia.
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