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Background: Abdominal massage has been found to exert an important role in helping people in overcoming obesity. However, the 
mechanism by which abdominal massage induces weight loss remains largely unclear.
Methods: Healthy male Sprague-Dawley (SD) rats were randomly grouped into standard diet control (15% fat content) group and 
high-fat diet (HFD, 40% fat content) group. After 6 weeks of high-fat feeding, rats in the HFD group were successfully modeled, and 
then separated into the HFD group and HFD plus abdominal massage group. Rats in the HFD plus abdominal massage group were 
then subjected to abdominal massage for 12 continuous days.
Results: Compared to the HFD group, abdominal massage could decrease body weight, food intake and abdominal fat index (AFI) of 
HFD-fed rats. Meanwhile, compared to the HFD group, abdominal massage obviously attenuated mucosal epithelial damage and 
reduced inflammatory cell infiltration in colon mucosal tissues of HFD-fed rats. Furthermore, compared to the HFD group, abdominal 
massage significantly increased GPR42 and GPR43 levels in the colon tissues of HFD-fed rats, and upregulated the production of 
glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) in colon mucosal tissues of HFD-fed rats.
Conclusion: Collectively, abdominal massage could decrease food intake and body weight in HFD-induced obese rats through 
upregulating GPR41/GPR43-PYY/GLP-1 axis.
Keywords: abdominal nudging, obesity, SCFAs, GLP-1, PYY, food intake, body weight

Introduction
Obesity is a type of metabolic diseases, which has become a major public health issue worldwide.1,2 Obesity is 
characterized by excessive fat accumulation, overweight, energy imbalance, metabolic disorders and chronic low-grade 
inflammation.3,4 Obesity can increase the risk of multiple diseases, such as hypertension, hyperlipidemia, hyperglycemia, 
fatty liver disease, coronary heart diseases, osteoarthritis and several cancers.5 The pathogenesis of obesity is complex, 
genetic, economic and environmental risk factors are all responsible for the obesity development.6 Approximately, simple 
obesity denotes an unusual accumulation of body fat that leads to a rise in body weight in the absence of any major 
illness, encompassing 95% of all cases of obesity.7,8 Overeating is the most common cause of simple obesity. Evidence 
has shown that excessive fat intake could contribute to an imbalance of energy consumption and intake, and induce 
excessive body fat accumulation and weight gain, eventually leading to obesity.9,10 Thus, diet control and regulating the 
energy metabolism are the fundamental principles for the treatment of obesity.
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The brain-gut-microbiota axis is a complex bidirectional communication system,11,12 which plays a key role in food intake 
and energy consumption.13,14 Some potent satiety hormones [eg glucagon-like peptide 1 (GLP-1) and peptide YY (PYY)] 
involved in feeding can be released from the small intestine to the colon, and these intestinal satiety signals can be transmit to 
the brain through vagal afferent nerves.15–17 The brain can integrate multiple signals such as gastrointestinal signals, hormonal 
signals and signals from other brain regions, and then send output signals via vagal afferent nerves to the digestive system for 
controlling the food intake.18 Activation of PYY and GLP-1 has been found to reduce food intake.19

Furthermore, it has been shown that the gut microbiota could regulate dietary intake through influencing microbial 
metabolite production such as short-chain fatty acids (SCFAs).20,21 SCFAs (such as acetate, propionate, butyrate) can 
activate its receptors G-protein-coupled receptor 41 (GPR41) and G-protein-coupled receptor 43 (GPR43) to regulate 
glucose and lipid metabolism.22,23 Thereafter, the activation of GPR41 and GPR43 could elevate PYY and GLP-1 levels 
in intestinal L cells to suppress food intake.23

Abdominal massage is an ancient external therapy in traditional Chinese medicine, which has been widely used in clinical 
treatment.24,25 Abdominal massage has proven beneficial in alleviating abdominal distention, relieving constipation, and 
reducing gastric residual volume in critically ill patients.26,27 Furthermore, abdominal massage can also effectively enhance 
the function of digestion and absorption of the gastrointestinal tract and stimulate the brain-gut axis, playing an important role 
in helping people overcome obesity.28,29 Zhang et al found that abdominal massage could reduce the body weight of high-fat 
diet (HFD)-induced obese mice.30 However, the mechanism by which abdominal massage could reduce the body weight and 
food intake remains largely unclear. Thus, in the current research, we aimed to explore whether abdominal massage could 
prevent obesity development through targeting SCFAs-GPR41/43 or PYY and GLP-1 signalings.

Materials and Methods
Animals
A total of 36 Sprague-Dawley rats (SPF level, male, 6–8 weeks old, weighting 200 ± 20g) were obtained from SiPeiFu 
(Beijing, laboratory animal production license number: SCXK (Jing) 2019–0010). All animals were fed and watered freely in 
the Experimental Animal Center of Nankai Hospital, Tianjin, China and maintained under constant environmental conditions 
(temperature, 25 ± 2°C; 30–40% relative humidity; a 12 h dark/light cycle). All animal studies were approved by the Animal 
Ethical Committee of Tianjin University of Chinese Medicine and performed according to national guidelines.

Establishment of a Simple Obesity Rat Model
After 7 days of adaptive feeding, all animals were randomized into two groups: standard diet control group (n = 8) and 
high-fat diet (HFD) group (n = 20). Rats in the standard diet control group were fed with standard feed (15% fat content). 
Rats in the HFD groups were fed with high-fat feed (including 60% ordinary feed, 15% lard, 15% sucrose, 2% 
cholesterol, 4% egg yolk powder, 2% maltodextrin, 2% fish meal; 40% fat content).31 Rats were fed with standard 
diet or HFD for 6 weeks. Compared to the standard diet control group, rats with at least a 20% increase in body weight in 
the HFD group were selected as experimental fat rats (n = 16) (four rats were excluded because their body weight did not 
meet the requirements). Then, these experimental fat-fed rats were divided into HFD (n = 8) and HFD plus (+) abdominal 
massage (n = 8) groups.

Experimental Design
Rats in the standard diet control group were fed with ordinary feed and received no treatment. Rats in the HFD and HFD + 
abdominal massage groups were fed with high-fat feed. Rats in the HFD group were put into a binding service for 20 minutes 
once per day for 12 consecutive days, without any abdominal massage treatment. Rats in the HFD + abdominal massage group 
were received abdominal massage intervention for 20 minutes once per day for 12 consecutive days.

Abdominal massage was performed according to the methods described in two books.32,33 Briefly, the researchers 
rubbed the abdomen in a clockwise manner for 12 min at a frequency of 20–30 cycles per minute. Next, the thumb of the 
operator was also put on the abdomen of rats. Next, the thumb of the operator depressed the subxiphoid skin and moved 
from the subxiphoid to the tail region of rats. In this process, the operator needed to apply a force slowly and steadily, and 
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the massage direction was always from top (subxiphoid skin) to bottom (tail region). The frequency was 15–20 times 
per min, and the massage time for this part was 8 min. To ensure the consistency of the massage manipulation, all 
operators received unified training learn the correct massage technique including strength and the frequency of massage.

Samples Collection
After 12 days of massage intervention, all rats were anesthetized with isoflurane. The liver tissue and the fat that is inside 
the retroperitoneal cavity and around both kidneys were collected and stored in liquid nitrogen. Meanwhile, colon 
mucosal tissues were collected by scraping from part of the colon and then lysed using the RIPA buffer for further ELISA 
analysis.

Measurement of Physiological Parameters
As shown in Figure 1A, food intake of each rat was detected every day. The body weight of each rat was weighted at day 0, day 7 
and day 12. The body length of each rat was measured at day 12. The Lee’s index was calculated as Lee’s = [body weight 
(g)×1000]1/3÷[body length (cm)]. The abdominal fat index (AFI) was calculated as AFI (%) = fat weight/body weight (%). The 
liver-to-body weight ratio (LBW) was calculated as LBW = liver weight/body weight.

Quantification of SCFAs in Fat Samples
The fat tissues were added in 300 µL of 50% (v:v) pre-cooled acetonitrile-water solution. Samples were then grinded for 
3 min, and extracted by ultrasound instrument in ice-water bath for 10 min. After centrifugation at 12000 rpm for 10 min 
at 4°C, the supernatant (80 µL) was transferred into an autosampler vial. Next, 40 μL of 200 mm 3-NPH and 40 μL of 
120 mm EDC-6% pyridine were then added into this autosampler vial and maintained at 40°C for 30 min. The mixture 
was allowed to cool on ice for 1 min, the supernatant (160 µL) was collected and then filtered through a 0.22 µm filter 
and then transferred into a clean autosampler vial. Samples were stored at −80°C. Liquid chromatography-mass 
spectrometry (LC-MS) analysis was then conducted to determine the contents of acetic acid, propionic acid and butyric 

Figure 1 The effects of abdominal massage on the body weight and food intake of HFD-fed rats. (A) Schedule of the animal experiment. (B) The body weight of each rat in 
standard diet control, HFD and HFD + abdominal massage groups (n = 8 per group) on the tested day 0, 7 and 12. (C–E) The average body weight of rats in three groups (n 
= 8 per group) on the tested day (C) 0, (D) 7 and (E) 12. **P < 0.01, ***P < 0.001 (F) The food ration of rats (n = 8 per group) on the tested day 0, 2, 4, 6, 8, 10 and 12. ***P 
< 0.001 vs standard diet control group; ###P < 0.001 vs HFD group.
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acid in fat tissues using the Nexera UHPLC LC-30A Chromatograph/AB Sciex Qtrap 5500 mass spectrometer. Detailed 
materials and methods are provided in Supplementary material 1.

Immunohistochemical Staining Assay
Paraffin-embedded colon tissues were cut into 4-μm thick slices. Next, the slices were blocked in the normal goal serum 
for 20 min and then treated with anti-GPR41 (No. PA5-99629, 1:200, ThermoFisher), anti-GPR43 (No. PA5-33718, 
1:150, ThermoFisher) antibodies overnight at 4°C, followed by incubation with the HRP-labeled secondary antibody. 
Photographs were taken with a light microscope after staining with DAB solution, and the results were analyzed using 
the ImageJ software.

Hematoxylin and Eosin (H&E) Staining Assay
Paraffin-embedded colon sections (4-μm thick) were subjected to routine H&E staining, as described previously.34 

Finally, photographs were taken with a light microscope.

Enzyme-Linked Immunosorbent Assay (ELISA)
The rat Peptide YY (PYY) ELISA kit and rat Glucagon-like Peptide-1 (GLP-1) ELISA kit were obtained from Gelatins. 
The concentration of PYY and GLP-1 in colon mucosal tissues were measured by the commercial kits according to the 
manufacturers’ protocols. A microplate reader (DNM-9602, PERLONG) was applied for reading the results.

Statistical Analysis
All values are expressed as means ± standard deviation (SD). One-way analysis of variance (ANOVA) followed by 
Tukey’s test was used to analyze differences among groups. GraphPad Prism 9.5.0 was used for statistical analysis. 
A value of p < 0.05 was considered statistically significant.

Results
The Effects of Abdominal Massage on the Body Weight and Food Intake of HFD-Fed 
Rats
During the treatment period, the body weight of rats in the standard diet control group gradually increased, while, there was 
no significant change in body weight in the HFD group (Figure 1B). However, rats in the HFD + abdominal massage group 
experienced a gradual reduction in body weight following the massage intervention (Figure 1B). Additionally, prior to the 
intervention (at day 0), the body weight of rats in the HFD and HFD + abdominal massage groups were significantly higher 
than that of the standard diet control group (Figure 1C). Significantly, after the intervention (at day 12), the body weight of 
mice in the HFD + abdominal massage group was reduced compared to the HFD group (Figure 1D and E). These results 
showed that abdominal massage could reduce the body weight of HFD-fed rats.

Furthermore, compared to the rats fed standard feed in the standard diet control group, the average daily food intake 
of HFD-fed rats in the HFD group was remarkably elevated (Figure 1F). However, compared to the HFD group, 
abdominal massage notably reduced the food intake of HFD-fed rats (Figure 1F). To sum up, abdominal massage 
demonstrated the potential to reduce body weight and decrease food intake in HFD-fed rats.

The Effects of Abdominal Massage on Physiological Indicators of HFD-Fed Rats
Next, we then explored the effects of abdominal massage on body length, Lee’s index, AFI and LBW in HFD-fed rats. As 
shown in Figure 2A and B, the body length and Lee’s index of rats were not significantly different among the three 
groups. Additionally, AFI was notably elevated in HFD-fed rats in the HFD group compared to those on a regular diet in 
the standard diet control group; however, abdominal massage intervention significantly reduced AFI of HFD-fed rats 
when compared to the HFD group (Figure 2C). Moreover, the LBW of rats did not exhibit a significant difference among 
the three groups (Figure 2D).
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The Effects of Abdominal Massage on the Production of SCFAs in the Intra-Abdominal 
Fat of HFD-Fed Rats
Next, the impact of abdominal massage on the production of SCFAs (acetic acid, propionic acid and butyric acid) in the 
intra-abdominal fat of HFD-fed rats was investigated. As shown in Figure 3A, acetic acid production in the intra- 
abdominal fat of rats did not show significant difference among standard diet control, HFD and HFD + abdominal 
massage groups. Additionally, the production of propionic acid was slightly increased in HFD-fed rats in the HFD group 
compared to the standard diet control rats, whereas abdominal massage led to a slight reduction in propionic acid 
production in the intra-abdominal fat of HFD-fed rats compared to the HFD group, although the differences were not 
statistically significant among the three groups (Figure 3B). Furthermore, compared to the standard diet control group, 
HFD notably declined the production of butyric acid in the intra-abdominal fat of rats (Figure 3C). Meanwhile, 
abdominal massage further reduced the production of butyric acid compared to the HFD group (Figure 3C).

The Effects of Abdominal Massage on the Colon Tissues of HFD-Fed Rats
Next, H&E staining was performed to examine the pathological changes of colon tissues of HFD-fed rats. As shown in 
Figure 4A, the colon of rats in the standard diet control group showed intact mucosal epithelium, ordered arrangement of 
glands within lamina propria and normal number of goblet cells. However, mucosal epithelial damage, branched and 

Figure 2 The effects of abdominal massage on physiological indicators of HFD-fed rats. (A) Body length, (B) Lee’s index, (C) AFI and (D) LBW of rats were calculated in 
standard diet control, HFD and HFD + abdominal massage groups (n = 8 per group). ***P < 0.001.

Figure 3 The effects of abdominal massage on the production of SCFAs in the intra-abdominal fat of HFD-fed rats. The production of (A) acetic acid, (B) propionic acid and 
(C) butyric acid in the intra-abdominal fat of rats was quantified in standard diet control, HFD and HFD + abdominal massage groups (n = 6 per group). *P < 0.05, **P < 0.01.
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irregular glands, disarray of the crypts and crypt atrophy, a reduced number of goblet cells, and inflammatory cell 
infiltration were observed in colon tissues of HFD-fed rats in the HFD group, whereas abdominal massage obviously 
improved these changes (Figure 4A).

Furthermore, the results of IHC staining assay showed that compared to the standard diet control group, GPR41 and 
GPR43 levels were significantly reduced in the HFD group (Figure 4B–D). Conversely, abdominal massage notably 
elevated GPR41 and GPR43 levels in the colon tissues of HFD-fed rats, compared to the HFD group (Figure 4B–D). 

Figure 4 The effects of abdominal massage on the colon tissues of HFD-fed rats. (A) H&E staining analysis of pathological changes of colon tissues of rats in standard diet 
control, HFD and HFD + abdominal massage groups (n = 6 per group). (B–D) IHC staining analysis of GPR41 and GPR43 expressions in the colon tissues of rats in three 
groups (n = 6 per group). (E and F) PYY and GLP-1 levels in intestinal mucosal tissues of rats in three groups were evaluated by ELISA (n = 6 per group). ***P < 0.001.
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Additionally, the concentrations of colonic PYY and GLP-1 in HFD-fed rats in the HFD group were notably reduced, 
compared to the standard diet control group; however, abdominal massage intervention notably elevated PYY and GLP-1 
levels in colon mucosal tissues of HFD-fed rats (Figure 4E and F).

Discussion
With the continuous development of society, people’s lifestyles and dietary patterns have undergone tremendous changes. 
This has led to a remarkable increase in the number of obese people.35 An analysis of 195 countries reported that the 
prevalence of obesity has doubled since 1980 over 70 countries; in 2015, over 600 million adults were obese.36 Modern 
medicine believes that the main causes of obesity are imbalanced energy metabolism and lack of physical activity.37,38 

Meanwhile, traditional Chinese medicine believes that intemperate diet is the main reason of obesity.39 A theory stems 
from a medical book of Huangdi Neijing (The Yellow Emperor’s Inner Canon) indicated that eating fatty and sweet foods 
and excessive consumption of alcohol can lead to weakness of the spleen and stomach and dysfunction of spleen 
transportation.39 Because of the dysfunction of spleen and stomach, excess energy was then converted into fat that 
accumulates in the body, eventually leading to obesity.

In the current research, we focused on the acupoints located on the abdomen, and massage therapy was performed on the 
abdomen of HFD-fed rats. The abdominal massage method used in this research not only conforms to the understanding of 
traditional Chinese medicine in the theory of meridians and acupoints but also echoes modern anatomy thoughts. This massage 
method included two parts: circular kneading (“Mo” method) and pushing (“Tui” method).40 Circular kneading on the middle 
part of gastric cavity (Zhongwan) acupoint can exert “strengthen the spleen and stomach” and “dispel dampness and resolve 
turbidity” roles; pushing the Ren meridian can regulate the Qi of the whole body.40 Zhongwan acupoint belongs to the Ren 
meridian, which is the intersection acupoint of the small intestine meridian, Sanjiao meridian, stomach meridian and Ren 
meridian. This acupoint plays an essential role in regulating the spleen and stomach and controlling diet. Meanwhile, it also 
plays a role in expelling turbid and purging fu (Tong fu xie zhuo) and regulating the Qi circulation (Tiao li qi ji). Zhongwan 
acupoint-centered massage can stimulate Qi in Ren meridian, spleen meridian, stomach meridian and kidney-meridian, and 
then promote circulation of Qi in Sanjiao meridian. Meanwhile, rubbing the abdomen in a clockwise manner is also consistent 
with the direction of large intestinal peristalsis, which can enhance the conduction function of the large intestine.40 Because the 
intestine is sensitive to the mechanical force, thus abdominal massage (“Mo” method) can exhibit a good role in expelling 
turbid and purging fu (Tong fu xie zuo).40 Meanwhile, Ren meridian is located in front of the human at the midline of the body. 
Multiple acupoints located on the Ren meridian have a role in regulating Qi. Thus, pushing the Ren meridian can exert crucial 
roles in regulating the Qi circulation, strengthening the spleen and stomach, blood-tonifying and qi-tonifying, and promoting 
digestion and removing stagnated food.

Many studies showed that SCFAs are key players in the pathophysiology of obesity-related diseases, which exert crucial 
roles in energy metabolism regulation.41–45 Some SCFAs (acetate, propionate and butyrate) could stimulate insulin secretion 
and increase insulin sensitivity through activating GPR41 and GPR43, thereby affecting the host metabolism and energy 
balance status.46,47 It has been shown that overproduction of SCFAs in the bowel may be toxic to intestinal mucosa.48 

Additionally, some reports indicated that the abundance of SCFAs (eg propionate) was significantly higher in obese 
participants than that in lean participants.49,50 These findings suggested that an overproduction of SCFAs may contribute to 
obesity. Conversely, Barczyńska et al found that the total amount of SCFAs were notably declined in the stool of obese 
children compared to normal weight children.51 These findings above showed that SCFAs may exert both obesity-inhibiting 
and obesity-promoting properties. SCFAs play important roles in modulating energy homeostasis, glucose and lipid 
metabolism.52 Consequently, its dysregulation may lead to obesity. In the current research, HFD slightly elevated propionic 
acid production and significantly reduced butyric acid production, but did not affect acetic acid production in intra-abdominal 
fat of rats compared to the standard diet control group, suggesting that HFD may lead to the dysfunction of energy metabolism. 
In general, targeting SCFAs may be a strategy for improving obesity. Our results showed that abdominal massage could 
obviously reduce body weight and food intake of HFD-fed rats. Additionally, abdominal massage significantly upregulated the 
expressions of GPR41 and GPR43 in the colon tissues of HFD-fed rats. Kimura et al found that mice lacking GPR43 were 
prone to obese even on a normal diet; however, mice with enhanced GPR43 expression in adipose tissue maintain a lean body 
mass even when fed with HFD.53 These findings suggested that the weight loss effect of abdominal massage may be exerted 
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through activation of GPR41/43 signaling. However, abdominal massage has limited effects on the abundance of SCFAs in 
HFD-fed rats. Thus, further studies with large sample size are needed to explore the relation among abdominal massage, the 
amount of SCFAs and host energy metabolism in the future.

Furthermore, evidence has shown that obesity often related to chronic inflammation.54 In the current research, the results of 
H&E analysis showed that obvious inflammatory infiltration was observed in the colon of HFD-fed rats, which was consistent 
with the previous study. Meanwhile, abdominal massage intervention obviously attenuated mucosal epithelial damage, crypt 
atrophy and reduced inflammatory cell infiltration in colon mucosal tissues of HFD-fed rats. These data suggested that 
abdominal massage could suppress local inflammation, regulate intracellular environment and repair damaged tissue.

PYY and GLP-1, two kinds of satiety hormones, play an important role in maintaining intestinal energy balance.55 

SCFAs have been found to affect food intake and satiety by increasing the release of the PYY and GLP-1 in L cells via 
GPR41 and GPR43, which is a pivotal link in the gut-brain axis.56–58 Mechanically, PYY and GLP1 can inhibit food intake 
via inhibition of the neuropeptide Y and activation of pro-opiomelanocortin neurons in the arcuate nucleus of the 
hypothalamus.59–62 Additionally, Tolhurst et al found that GPR43 could trigger Ca2+ elevation in L cells, thereby promoting 
the secretion of GLP-1.63 These findings showed that SCFAs could exert a obesity-inhibiting role through activating 
GPR43-PYY/GLP-1 axis. In the current research, we found that compared to the HFD group, abdominal massage could 
significantly elevated GLP-1 and PYY levels in colon mucosal tissues of HFD-fed rats, suggesting that abdominal massage 
could inhibit food intake and body weight of HFD-fed rats through upregulating GPR41/GPR43-PYY/GLP-1 axis.

Conclusion
In the current research, we found that abdominal massage could inhibit the progression of obesity. Through the gut-brain axis, 
abdominal massage could upregulate GPR41 and GPR43 protein expression, stimulate the release of GLP-1 and PYY, elevate the 
satiety and then reduce food intake of HFD-fed rats. Abdominal massage could break the balance between energy intake and 
consumption (eg energy expenditure exceeds energy intake), leading to weight loss. Collectively, abdominal massage could 
decrease food intake and body weight in HFD-induced obese rats through upregulating GPR41/GPR43-PYY/GLP-1 axis.
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