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Moxibustion Regulates Gastrointestinal Motility 
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 Background: Moxibustion therapy has been found to ameliorate clinical symptoms of functional dyspepsia (FD). We aimed 
to examine the regulatory effect of moxibustion on the gastrointestinal (GI) motility in FD and explore the un-
derlying mechanism based on the hyperpolarization-activated cyclic nucleotide-gated cation channel 1 (HCN1).

 Material/Methods: Moxibustion therapy was used in FD rats induced by using classic tail-pinch and irregular feeding. Weight gain 
and food intake were recorded weekly, followed by detecting gastric residual rate (GRR) and small intestine 
propulsion rate (IPR). Next, western blotting was performed to determine the expression levels of HCN1 in 
the gastric antrum. qRT-PCR was used to detect HCN1 in the small intestine and hypothalamic satiety center. 
Double immunolabeling was used for HCN1 and ICCs in gastric antrum and small intestine.

 Results: The obtained results suggested that moxibustion treatment could increase weight gain and food intake in FD 
rats. The GRR and IPR were compared among the groups, which showed that moxibustion treatment could de-
crease GRR and increase IPR. Moxibustion increased the expression of HCN1 in the gastric antrum, small intes-
tine, and hypothalamic satiety center. Histologically, the co-expressions of HCN1 and ICCs tended to increase 
in gastric antrum and small intestine. Meanwhile, HCN channel inhibitor ZD7288 prevented the above-men-
tioned therapeutic effects of moxibustion.

 Conclusions: The results of the present study suggest that moxibustion can effectively improve the GI motility of FD rats, 
which may be related to the upregulation of HCN1 expression in gastric antrum, small intestine, and satiety 
center.
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Background

Functional dyspepsia (FD) is a prevalent gastrointestinal (GI) 
disorder in adults, with a global incidence of 40% based on 
the Rome IV criteria [1-4]. It is characterized by chronic or re-
current symptoms, including early satiation, postprandial full-
ness, epigastric pain, and unreasonable burning sensation. FD 
affects all major dimensions of health-related quality of life in 
the general population, including physical, mental, and social 
aspects [5,6]. Although prokinetics, antacids, and antidepres-
sants are available to treat FD, adverse effects and drug re-
sistance necessitate the development of novel therapies [7,8].

GI motor dysfunction, visceral hypersensitivity, Helicobacter py-
lori infection, gastric acid, depression, central nervous system 
(CNS) disorders, diet, lifestyle, and body mass index contrib-
utes to FD pathogenesis [9-17]. The multifactorial pathogen-
esis contributes to bioelectrical gastric slow-wave abnormali-
ties in FD patients [18]. The interstitial cell of Cajal (ICCs) are 
pacemaker cells that generate electrical slow waves in gastro-
intestinal (GI) smooth muscles. The effective treatment of FD 
by pacing technologies indicates that pacing is the key to GI 
motility disorder [19].

The presence of HCN has been widely reported in the ICCs, 
which can generate a basic slow electrical rhythm that modu-
lates the phasic contractions of gastrointestinal smooth mus-
cle cells [20]. Reported studies have shown the role of HCN 
in gastrointestinal peristalsis, with an elevated expression of 
HCN1-2 in the GI tract [21,22]. HCN1, as the starting channel 
for spontaneous electric rhythm, is specifically expressed on 
the ICCs [20,23,24]. Blocking HCN channels caused vomiting in 
least shrews, according to Zhong and Darmani [25]. The me-
dial hypothalamus nuclear satiety center regulates GI motility, 
and the HCN1 channel expressed in the hypothalamic nuclei 
plays a key role in the CNS. However, the underlying patho-
physiology of HCN1 is not fully understood.

Moxibustion therapy is based on traditional Chinese medicine. 
It uses burning moxa leaves as medicinal materials and uses 
its thermal, radiological, and pharmacological effects to stimu-
late specific acupuncture points and meridians to prevent and 
treat diseases [26-29]. It has been reported that moxibustion 
can regulate visceral and endocrine functions, improve me-
tabolism, enhance immune function, regulate GI motility, and 
reduce anxiety [30-33]. Moxibustion is a simple, cheap, safe, 
non-invasive, painless, self-administered technique for the 
treatment of FD. Moxibustion has been shown to be effective 
in the treatment of FD in previous studies, but its underlying 
mechanism is not fully understood [34,35]. The present study 
was undertaken to observe the regulatory effect of moxibus-
tion on GI motility and explore the targeted role of HCN1 in 
regulation of GI motility in FD rats.

Material	and	Methods

Experimental	Animals

In vivo experiments were conducted according to the Guideline 
for Animal Experimentation of the Anhui University of Chinese 
Medicine. Adult Sprague-Dawley (SD) rats weighing 200±20 g 
were purchased from the Hunan STJ Laboratory Animal Co., Ltd. 
(Hunan, China; License No. SCXK [Xiang] 2019-0004). All the an-
imals were housed in a specific pathogen-free environment at 
23-25°C with 50-70% humidity and 12-h light/dark cycle and 
given ad libitum access to food and water. Body weights were 
recorded weekly throughout the study period. The experimen-
tal protocols of the study were approved by the Institutional 
Animal Ethics Committee (No. 20200013).

After 7 days of acclimatization, rats (n = 50) were random-
ly divided into 5 groups (n=10 per group): normal (N), mod-
el (M), domperidone (MD) (control group), moxibustion (MM), 
and HCN blocker (MB).

Establishment	of	FD	Model

The FD models were established in all groups except for the 
N group, using classic tail-pinch and irregular feeding [36]. 
Gauze-wrapped hemostatic forceps were used to clamp the 
first third of the tail and then they were immediately released 
to provoke the mice to fight for 30 min, twice daily (9 AM and 
6 PM). If skin lesions were caused by clamping or fighting, the 
skin was disinfected with 2% iodophor to prevent secondary 
infection. Animals were fasted on Wednesdays, Fridays, and 
Sundays. Animals received tail pinching and irregular feed-
ing for 4 weeks.

HCN	Channel	Blocking

HCN channel inhibitor ZD7288 (1 mL, Tocris Bioscience, UK) in 
normal saline (0.5 mM) was intravenously injected in the MB 
group rats, and an equal amount of normal saline was inject-
ed in the remaining groups before moxibustion [37].

Establishment	of	Positive	Control

The rats in the MD group were given 2 mL of domperidone 
(Xian Janssen, China) solution (0.5 mg/ml) per day, while the 
other rats were given an equal amount of normal saline.

Moxibustion Treatment

Moxibustion points ST36 (Zusanli) and RN12 (Zhongwan) 
were selected based on the principles and practice of tradi-
tional Chinese medicine for treating FD. Moxibustion was per-
formed by trained operators. ST36 was located 5 mm below 
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and lateral to the anterior tubercle of the tibia in adult rats, 
and RN12 was located at the midpoint of the midline of the 
upper abdomen of adult rats. After the head, tail, and limbs 
of rats were fixed, the hair around the acupoints was shaved 
to expose the local skin before application. Moxibustion sticks 
(containing 3-year-old pure moxa, 0.5×12 cm, Nanyang Hanyi 
Moxa Co., China) were burned aimed approximately 2-3 cm 
over the acupoints aiming at ST36 and RN12 of rats in the 
MM and MB groups to avoid skin burns, which may be asso-
ciated with the stress response. The moxibustion treatments 
were performed for 20 min per day at 7: 00-9: 00 AM for 2 
weeks in a row, with a 1-day rest on the seventh day of each 
week [33,38]. Rats in other groups received the above proce-
dures except for moxibustion.

Weight	Gain	and	Food	Intake

To observe the difference between the groups more intuitive-
ly, we used gained weight to assess the influence of moxibus-
tion. The body weights and food intake were recorded once 
weekly. Weight gain (g)=weight measured this week–weight 
measured last week.

Detection	of	Gastric	Residue	and	Intestinal	Propulsion

Sugar (8 g), milk powder (16 g), activated carbon powder (2 g), 
and starch (8 g) were added to carboxymethylcellulose sodi-
um (10 g; Sangon, China) in normal saline (250 mL), followed 
by vortexing. Then, the volume was adjusted to 300 mL black 
semi-solid paste with normal saline.

Rats were fasted for 12 h and then administered black semi-
solid paste (100 g/mL) via oral gavage. After 30 min, rats 
were sacrificed by cervical dislocation. The cardia and pylorus 
were ligated after laparotomy, and the stomach was collected, 
weighed, and measured. The stomach was then opened along 
the larger curvature, and the contents were washed out, and 
the empty stomach was weighed again. Also, the small intes-
tine was collected, and the distance traveled by the semi-sol-
id paste and the total length of the small intestine were mea-
sured. The gastric residue rate (GRR) and intestinal propulsion 
rate (IPR) were calculated as follows: GRR (%)=(total stomach 
weight-empty stomach weight)/semi-solid paste quality×100; 
IPR (%)=distance traveled by semi-solid paste/total length of 
small intestine×100.

Sample	Collection	and	Processing

At the end of week 6, rats were sacrificed by cervical dislo-
cation, and the gastric antrum tissues above the greater cur-
vature, upper segments of the small intestine, and the ven-
tromedial nucleus of the hypothalamus (satiety center) were 
collected and stored in liquid nitrogen.

Western Blotting

Total proteins were extracted from gastric tissues (gastric 
antrum above the greater curvature). The proteins (100 μg) 
were fractionated by using a NATIVE-PAGE, and then trans-
ferred onto a PVDF membrane. Next, the membrane block-
age was performed with 5% skimmed milk. After washing, 
the membranes were incubated for 1.5 h with an anti-HCN1 
antibody (ab176304, Abcam; 1: 1000). After washing 3 times 
with TBST (5 min each time), the membranes were incubated 
with secondary antibody conjugated with horseradish perox-
idase (ab205718, Abcam; 1: 1000) for 1.5 h and then visual-
ized using an ECL reagent kit (Pierce/Thermo Scientific). The 
optical density of each band was analyzed using Image J soft-
ware (Labworks™ Analysis Software, USA). The expression of 
HCN1 was normalized to that of internal reference.

Quantitative	RT-PCR

TRIzol reagent was used to extract total RNA from the upper 
small intestine and hypothalamic medial nucleus. Then, a re-
verse transcription system (Bio-Rad, USA) was used to quan-
tify RNA concentrations. Quantitative RT-PCR was conducted 
using a fluorescence quantitative PCR reaction system (Bio-
Rad, USA). The primers used were:
HCN1 (160 bp), F: 5’-AATGATGAGAAGAGCCTTTGAGAC-3’,
R: 5’-TCTGTCATGCTTCACAATCTGC-3’;
GAPDH (150 bp), F: 5’-CCCATCTATGAGGGTTACGC-3’,
R: 5’-TTTAATGTCACGCACGATTTC -3’.

Immunofluorescence	Double	Staining	of	c-kit	and	HCN1	in	
Hastric	and	Intestinal	Tissues

The paraffin embedded tissues were cut into 5-µm sections, 
which were then processed for immunofluorescence staining. 
The antibodies included anti-c-kit (ab32363, Abcam; 1: 150), 
anti-HCN1 (ab176304, Abcam; 1: 150), goat anti-rabbit IgG 
H&L (Cy3®) pre-adsorbed (ab6939, Abcam; 1: 800), and anti-
c-Myc [Y69] (FITC) (ab223913, Abcam; 1: 800) antibodies. After 
staining with DAPI in the dark, the images were observed and 
captured using a laser scanning confocal microscope.

Statistical	Analysis

Statistical analyses were performed using SPSS version 21.0 
and the obtained data were expressed as mean±standard devi-
ation. Results of food intake, weight gain, gastric residual rate, 
intestinal prolapse ratio, RT-qPCR, and western blot were an-
alyzed by one-way ANOVA, with intervention as the influenc-
ing factor. The LSD test was used for further pair comparison 
between groups, and Tamhane’s T2 test was used for uneven 
variances. The selected rank-sum test was used for comparing 
groups that did not conform to normal distribution, and the 
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Kruskal-Wallis test was used for further pairwise comparison. 
A value of P<0.05 was considered statistically significant. The 
investigators who performed statistical analyses were blind to 
the grouping. After statistical analysis of the data, GraphPad 
Prism version 6.0 software was used for plotting. The co-ex-
pression of HCN1 and c-kit was quantitatively analyzed using 
Image J software.

Results

Effect	of	Moxibustion	on	Weight	Gain

According to the obtained results, moxibustion improved the 
weight gain of FD rats. The FD model was successfully estab-
lished in rats at week 4, with substantially less weight gain in 
the M, MD, MM, and MB groups than in the N group (Figure 1A). 
Rats in the MD and MM group exhibited substantially more 
weight gain than in the M group at weeks 5 and 6, suggest-
ing that the effect of moxibustion on the weight gain of FD 
rats was similar to that of domperidone. Moxibustion’s effect 
on weight gain in FD rats was inhibited after HCN inhibition, 
suggesting a possible role for HCN in the effect of moxibus-
tion on weight gain in FD rats.

Effect	of	Moxibustion	on	Food	Intake

To assess the effect of moxibustion on food intake, rats in each 
group were chosen with similar food intake patterns. The re-
sults revealed a significant difference between group N and 
other groups after establishment of the FD model (Figure 1B). 
The MM and MD groups showed substantially increased food 

intake at weeks 5 and 6 than in the FD group (P<0.001). Thus, 
both moxibustion and domperidone could improve the food 
intake of FD rats. The food intake in the MM group signifi-
cantly increased as compared to the MB group, but it was 
markedly lower than that in the MD group (P<0.01) during 
the study period.
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Figure 1.  The weight gain (A) and food intake (B) of rats (n=10/group) (mean±SEM). ### P<0.001 vs N group; ** P<0.001 vs M group; 
D P<0.05, DD P<0.01 and DDD P<0.001 vs MD; &&& P<0.001 vs MB group.
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Figure 2.  HCN1 expression in the gastric antrum tissues of 
rats by western blotting (n=4/group). (mean±SEM). 
### P<0.001 vs N group;** P<0.01and *** P<0.001 vs M 
group; DDD P<0.001 vs MD group; & P<0.05 vs MB group.
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Effect	of	Moxibustion	on	GRR	and	IPR

After establishment of the FD model, significant GRR increase 
and an IPR decrease were observed in the M group, as com-
pared to the N group (P<0.001), while the MM and MD groups 
showed a significantly decreased GRR and an increased IPR 
when compared to the M group (P<0.001). Moreover, compared 
with the MB group, the GRR decreased markedly and IPR in-
creased significantly in the MM group, suggesting that the ef-
fect of moxibustion was significantly affected by HCN1 inhibi-
tion (P<0.001). There was a significant difference in the GRR 
(P<0.001) between the MM and the MB group, but the differ-
ence was not observed in the IPR, suggesting that moxibustion 
and domperidone had different effects in the treatment of FD.

Effect	of	Moxibustion	on	HCN1	Protein	Expression	in	
Gastric	Antrum	Tissues

According to the obtained results, moxibustion improved HCN1 
protein expression in the gastric antrum tissues (Figure 2). 
There was a marked difference in the HCN1 protein expression 
between the N and the M group (P<0.001). In addition, HCN1 
expression in the MM group was significantly higher than in 
the M and MB groups (P<0.01; P<0.05, respectively), but mark-
edly lower than in the MD group (P<0.001). This indicates that 
moxibustion could enhance the HCN1 protein expression of 
FD rats, but failed to increase HCN1 protein expressions after 
HCN1 inhibition. The double immunofluorescence staining of 
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Figure 3.  Double immunofluorescence staining of c-kit and HCN1 in gastric tissues. Red, c-kit; Green, HCN1; Blue, DAPI.
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HCN1 and c-kit in the gastric antrum above the greater cur-
vature showed the expressions of HCN1 and c-kit were lower 
in the M group than in the N group (red, c-kit; Green, HCN1; 
Blue, DAPI), and the expressions of HCN1 and c-kit in the MM 
group and MD group were higher than in the M group and MB 
group (Figure 3). Quantitative analysis showed that the increase 
was statistically significant for c-kit and HCN1 (Figure 4A). The 
obtained results suggest that moxibustion can improve HCN1 
level in the gastric antrum of FD rats.

Effect	of	Moxibustion	on	HCN1	Expression	in	the	Intestine

Moxibustion enhanced the HCN1 expressions in the upper 
segments of the small intestine in FD rats (Figure 5A). After 
the establishment of the rat FD model, there was a marked 

difference in HCN1 expression between the N and the M group 
(P< 0.001). HCN1 expression in the MM group was significant-
ly higher than in the M (P<0.001) and MB groups (P<0.01), but 
lower than in the MD group (P<0.001). The double immuno-
fluorescence staining of HCN1 and c-kit in the upper small in-
testine showed that co-expressions of HCN1 and c-kit were 
lower in the M group than in the N group, and the co-expres-
sions in the MM group and MD group were higher than in the 
M and MB groups (Figure 6). Quantitative analysis showed 
that the increase was statistically significant for c-kit and 
HCN1 (Figure 4B).
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Effect	of	moxibustion	on	HCN1	expression	in	the	satiety	
center	of	the	hypothalamus

Moxibustion increased HCN1expression in the satiety cen-
ter of the hypothalamus of FD rats (Figure 5B). There was a 
marked difference in HCN1 expression between the N group 
and the M group (P<0.001). HCN1 expression was significant-
ly higher in the MM group than in the M (P<0.001) and MB 
group (P<0.01), but it was markedly lower than in the MD 
group (P<0.001). HCN1 expression was similar in the hypo-
thalamus and intestine.

Discussion

FD causes recurrent or persistent dyspeptic symptoms, includ-
ing postprandial fullness, early satiation, epigastric pain, and 
burning sensation that originates in the gastroduodenal re-
gion. In this study, we proposed that moxibustion had a ther-
apeutic effect on FD via modulating GI motility through the 
HCN1 channel. The hypothesis was validated at molecular 
(HCN1 expression in the antrum, small intestine, and satiety 
center), cellular (HCN1 co-expression with c-kit in the antrum 
and small intestine), organ (gastric residual rate and intesti-
nal propulsion ratio), and organism (weight gain and food in-
take) levels in animal experiments.
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Figure 6.  Double immunofluorescence staining of c-kit and HCN1 in upper small intestinal tissues. Red, c-kit; Green, HCN1; Blue, DAPI.
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Although there are various methods for establishing FD rat 
models, the classic two-factor method of tail-pinch and irreg-
ular feeding is generally accepted at present [36]. To acquire 
a better understanding of the pathophysiology of FD, we used 
the standard two-factor procedure of tail-pinch and irregular 
feeding to generate the FD model. Reported studies have re-
vealed that anxiety and depression are positively correlated 
with the severity of FD [39]. Tail-pinch stimulation induces a 
chronic stress response in rats through physical and psycho-
logical stress, which is similar to psychosocial stress induce-
ment in FD patients. Irregular feeding simulates the main cause 
of irregular eating in FD patients. The times of tail-pinch stim-
ulation were twice per day for 4 weeks. The daily amount of 
stimulation was reduced and the modeling period was longer, 
which was more consistent with the onset characteristics of FD 
chronic stress. FD model rats showed significantly increased 
GRR and decreased IPR, indicating that the FD models were 
successfully established.

In recent decades, it has been revealed that the hyperpolar-
ization-activated cyclic nucleotide-gated cation channel (HCN) 
is a voltage-gated ion channel that works in a time-depen-
dent manner [40,41]. The HCN channels consist of 4 subunits 
(HCN1-4). HCN is similar in structure to voltage-dependent po-
tassium channels and cyclic adenylate gated channels, and it 
consists of 3 parts: the N-terminal, the transmembrane seg-
ment (S1~S6), and the C-terminal of the region bound to cyclic 
nucleotides. They are pacemaker channels of pacemaker cells, 
closing during depolarization and opening during hyperpolar-
ization [40]. HCN channels are found in both neuronal and non-
neuronal cells, where they play a variety of physiological roles, 
including pain perception, neuronal pacing, and dendritic in-
tegration. They are also involved in the pathogenesis of a va-
riety of CNS disorders and pathological states [42-46], as well 
as regulating rhythmic activity of the heart and brain [47]. Cs+ 

and ZD7288 can inhibit HCN channels, while cAMP can stim-
ulate them. Studies have shown that overexpression of HCN1 
channels in bladder ICCs is associated with the occurrence of 
bladder hyperactivity [48]. There is growing evidence that the 
HCN1 channel is responsible for GI motility. In the present study, 
the presence of HCN1 in the ICCs of gastric antrum (Figure 3) 
and upper small intestine (Figure 6) was confirmed by double 
immunofluorescence staining of HCN1 and c-kit. Quantitative 
analysis showed that moxibustion could enrich the co-expres-
sion of HCN1 and c-kit (Figure 4). The HCN1 channel is also 
expressed in the satiation center, in which neural signaling is 
related to food intake. We used QRT-PCR to confirm the ex-
pression of HCN1 in satiety centers (Figure 5B).

Moxibustion is a common method of treating FD in Southeast 
Asia, and it is verified by thousands of years of clinical prac-
tice. Through warm and near-infrared stimulation, the effec-
tive substances of moxa penetrate local acupuncture points, 
transmit into the human body meridian, improve GI motility 
disorders, and repair body abnormalities [49]. In this study, 
moxibustion was found to have a substantial therapeutic im-
pact on FD rats. The weight gain and food intake were signif-
icantly increased in the MM group, as shown in Figure 1. GRR 
and IPR are important indicators that improve the symptoms 
of early satiety and abdominal distention in patients with FD. 
Figure 7 shows that moxibustion can significantly reduce the 
gastric residual rate and increase the intestinal propulsion ratio 
in FD rats. These results demonstrated that moxibustion had a 
beneficial effect on FD. To explore the role of HCN, we added 
an HCN channel blocking group. The effects of moxibustion on 
weight gain and food intake in FD rats were dramatically re-
duced by blocking HCN channels with ZD7288, and the effects 
of moxibustion on reducing GRR and improving IPR were also 
significantly affected. The results suggested that HCN chan-
nels played a critical role in treating FD rats with moxibustion.
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Figure 7.  GRR (A) and IPR (B) of rats (n=10/group) (mean±SEM). ### P<0.001 vs N group; *** P<0.001 vs M group; DDD P<0.001 vs MD 
group; &&& P<0.001 vs MB group.
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To further explore the role of the HCN1 channel in regulat-
ing gastrointestinal movement, western blotting was used to 
detect the expression of HCN1 protein in the gastric antrum, 
showing that moxibustion could significantly increase the ex-
pression of HCN1 protein in FD rats, as shown in Figure 2. qRT-
PCR was used to detect the expression of the HCN1 channel 
in the upper small intestine (Figure 5A) and the satiation cen-
ter (Figure 5B), and it was found that moxibustion could sig-
nificantly increase the expression of HCN1 in the small intes-
tine and the satiation center of FD rats. Moreover, moxibustion 
significantly enhanced the co-expression of c-kit and HCN1, 
and the co-expression was significantly decreased when HCN1 
was blocked (Figure 4). This study confirmed that HCN1 was 
as important in the pacing of GI ICCs as HCN1 was in blad-
der ICCs [48]. Increased HCN1 can activate GI ICCs, and ICCs 
pacemaker slow waves enhanced GI motility. In addition, in-
creased HCN1 can stimulate the hypothalamus satiety center, 
which acts on the GI tract to regulate GI motility. Increased GI 
peristalsis resulted in decreased GRR and increased IPR. The 
present results suggest that moxibustion probably regulated 
GI motility in FD rats through HCN1 target, which may be the 
common mechanism in the hypothalamus and GI tract.

In the present experiment, domperidone had greater signif-
icantly influences on weight gain, food intake, and GRR and 
HCN1 expression in the gastric antrum, small intestine, and 
satiation center than moxibustion. But there was no differ-
ence in PIR between domperidone and moxibustion, perhaps 
because moxibustion stimulates the maximum physiological 
potential via “benign stimulation” with very little energy sent 
to the overall bidirectional regulation of body balance. When 

this regulation reaches the body’s balance, the effect of mild 
stimulus gradually diminishes. Therefore, the effect of this 
benign stimulation of moxibustion will not accumulate in the 
body and produce adverse effects. As domperidone directly 
blocks dopamine receptors and mainly works on the stom-
ach, its effect on PIR is relatively weak and long-term use can 
have adverse effects [50].

There were some limitations in this study. The treatment pe-
riod was short and the expression of HCN is not adequately 
presented. Moreover, recent studies have found that HCN2 and 
HCN4 also play a role in regulating gastrointestinal motility, 
and their role in the treatment of FD by moxibustion remains 
to be further explored. More studies with long-term treatment 
are needed to confirm our findings. In addition, electrophysi-
ological examinations may be employed to assess gastric and 
intestinal function.

Conclusions

We found that moxibustion can effectively improve FD by en-
hancing GI motility, which may be related to the regulation of 
HCN1 expression in the ICCs of the GI and the satiety center 
of the hypothalamus.
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