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Purpose: With the increase in prevalence and decrease in age of the obese population, safer weight loss methods have attracted
growing attention. While abdominal massage (AM) has been clinically proven for weight loss, the mechanism thereof has yet to be
elucidated. We aimed to investigate the effect of AM on abdominal fat in obese mice fed a high-fat diet and explore the possible
mechanisms involved.

Materials and Methods: Male C57BL/6J mice were fed a high-fat diet for 16 weeks and then treated with AM for 5 weeks; mice fed
a standard diet were used as normal controls. Blood and adipose tissue, including inguinal white adipose tissue (WAT) and epididymal
WAT, were collected from the mice after the intervention. We explored the mechanism of weight reduction through inguinal WAT
transcriptome sequencing, quantitative real-time polymerase chain reaction (PCR) validation, and Western blot.

Results: The results revealed that AM decreased fat mass, weight, glucose, and serum lipid levels. Meanwhile, AM enhanced the
expression of the peroxisome proliferator-activated receptor gamma (PPARY) and other downstream genes (Fabp4, Acox3, Pckl, and
Aqp7) in inguinal WAT. In addition, AM increased the expression of PPARy protein.

Conclusion: AM may promote fatty acid oxidation, lipid metabolism, and glucose homeostasis by activating the PPARy signaling
pathway in inguinal WAT, thereby exhibiting therapeutic efficacy against obesity, even in the presence of a persistent high-fat diet.
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Introduction

The prevalence of obesity has gradually increased worldwide,' and obese adults outnumbered non-obese adults in 2014.”
People around the world are getting heavier in recent years due to dietary and lifestyle changes, such as eating foods with
high caloric density and leading a sedentary lifestyle. Although the prevalence of obesity among children and adolescents
is lower than that in adults, this should not be ignored.’?

Obesity, defined as abnormal fat accumulation, develops over time when energy intake exceeds calories burned.* Obesity
presents a risk to health such as metabolic derangement and metabolic diseases including type 2 diabetes and cardiovascular
diseases.”® With the continuous increase in the number of people with obesity, weight loss has garnered a high degree of
attention.

There has been a recent increase in achievements in the fight against obesity, such as diet restriction,” ® lifestyle

12 and surgical therapy.'® Nevertheless, these interventions cannot meet medical obesity

management,'® pharmacotherapy,
needs on a global scale. Despite regular diet and proper exercise being best for weight loss, these interventions are difficult to
maintain. Pharmacotherapy may cause potential discomfort or toxic side effects, and bariatric surgery has limits and risks.
Compared with other therapies for weight loss, safe and effective massage therapy has shown great potential, and many

clinical reports on massage have verified the effects thereof for various diseases.'* For instance, abdominal massage (AM)
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therapy has been reported to improve triglyceride levels and reduce abdominal obesity in women.'> Clinical research
regarding the role of AM remains important to investigate the mechanisms thereof to reduce obesity.

Obesity is a heterogeneous disease regulated by multiple pathways.'® As the understanding of the signaling pathways
involved in the initiation and development of obesity improves, obesity can be combated in more specific ways.
Peroxisome proliferator-activated receptor gamma (PPARY) is expressed in mature adipocytes or tissues and is regarded
as the master regulator of adipogenesis, playing a critical role in systemic lipid and glucose metabolism.'” Metabolic
pathways under PPARy control include lipid metabolism, adipocyte differentiation, and glucose homeostasis. The
increased level of PPARY is regulated in the control of adipocyte development and function.'®

We aimed to clarify the mechanism whereby AM reduces white adipose tissue (WAT) and inhibits weight gain in obesity
model mice, to determine whether AM activates the PPARy signaling pathway and upregulates protein levels of PPARy.
The investigation into this mechanism may offer some support for the use of AM in the prevention and treatment of obesity.

Materials and Methods

Animals

The animal protocol was approved by the Committee of Ethics of Animal Experimentation of the Beijing University of
Chinese Medicine (BUCM-4-202110201-4024). All experiments were performed following the Health Guide for the
Care and Use of Laboratory Animals, at Beijing University of Chinese Medicine. Male C57BL/6J mice (4 weeks) were
purchased from SPF Biotechnology Co., Ltd (Beijing, China). The mice were housed at 20-24°C, 45 + 5% relative
humidity and maintained on a 12 h light/dark cycle during the experiment. After an adaptive feeding period, the mice
were randomly divided into a control group and a high-fat diet (HFD) group. The HFD food (Beijing HFK Bioscience,
Beijing, China) consisted of 20% sucrose, 1.2% cholesterol, 15% lard, 0.2% sodium cholate, and 63.6% standard chow.
After 16 weeks of HFD feeding, mice in the HFD group whose weight reached the requirements were divided into one of
two additional groups: a model group and an AM group. The control group did not undergo any changes in diet, while
the model and AM groups continued the HFD.

AM

The control and model groups were not treated. The AM group received massage for 5 min, once daily for 5 weeks. AM
uses the whorl area of the index fingers to gently rub in a circular motion; the tips of the fingers were pressed firmly
against the abdomen of the mouse, and massage was performed in a clockwise direction with the fingers relaxed, at
medium speed, with no entrainment of the subcutaneous tissues.

Serum Biochemical Analysis

Glucose (GLU) and four blood lipid components, including total cholesterol (TC), triglycerides (TGs), and low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), were detected in the serum and
measured by CX4 Pro automatic biochemistry analyzer (Beckman, USA).

Inguinal WAT RNA Extraction and Sequencing

RNA was extracted from the inguinal WAT using the Total RNA Isolation Kit (TTANGEN, Beijing, China). Sample
quantity and quality were determined by Nanodrop 2000 (Thermo Fisher). The RNA integrity values of all samples in the
study were > 8.0. An RNA sample was used to prepare DNA nanoballs containing multiple copies of DNA and were
sequenced through combinatorial probe-anchor synthesis.

Quantitative Real-Time Polymerase Chain Reaction (PCR)

To verify the transcriptome sequencing data, genes in the PPAR signaling pathway were selected for quantitative real-time
PCR (qPCR) analysis. SYBR Green was chosen as the fluorescent dye for the qPCR experiment at a reaction volume of 20 pL.
Primers for these genes were designed on NCBI website with the following sequences: PPARy, forward 5'-CTCC
AAGAATACCAAAGTGCGA-3' and reverse 5-GCCTGATGCTTTATCCCCACA-3'; Fabp4, forward 5-ATCATAA
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CCCTAGATGGCGGG-3" and reverse 5-TCATAACACATTCCACCACCA-3"; Pckl, forward 5-TGCAGAACACA
AGGGCAAGAT-3' and reverse 5-TTTGCCGAAGTTGTAGCCGA-3"; Aqp7, forward 5-GTCCACCCACAACTCC
ACAA-3' and reverse 5'-ACCAAGGCCAAACACCATCA-3'; B-actin, forward 5'-TGGGACGACATGGAGAAGA-3' and
reverse 5'-TGGGGTGTTGAAGGTCTCA-3'. The B-actin gene was used as an internal control and the qPCR data were
processed by the 2(-AACt) method."’

Western Blot Analysis

Western blot analysis was performed on PPARY protein expression in inguinal WAT. Total protein extracted from
inguinal WAT using RIPA buffer. 10 pL of protein samples were loaded onto 10% of gels without TGX staining
(TGX Stain-Free™ FastCast™ Acrylamide Kit, Bio-Rad) and run at a temperature of 80 V to 100 V. Gels were imaged
(ChemiDoc XRS+ Gel Imaging System, Bio-Rad) for protein loading prior to blotted onto PVDF sheets (Immun-Blot,
Bio-Rad) by using a semi-dry transfer cell (TransBlot Turbo, Bio-Rad). The primary antibody was rabbit anti-mouse
(Proteintech, 16643-1-AP), the secondary antibody was HRP goat anti-rabbit IgG (Abcam, ab6721). Blots for PPARy
was semi-quantified using Image Lab (version 6.0, Bio-Rad).

Statistical Analysis

All the data are presented as means + standard deviation. SPSS 23.0 software was used for the statistical analysis. For
multi-group comparisons, a one- or two-way analysis of variance was applied. P < 0.05 was deemed to be statistically
significant.

Results
AM Inhibited Weight Gain and Reduced Adipose Tissue Mass

To determine the effect of AM therapy on the weight of obese mice, the weight changes of obese mice were recorded
each week. After high-fat feeding, the mean bodyweight of the mice in the model and AM groups was significantly
higher than that of control group (P < 0.01), and the mice were considered obese.

After the intervention, the results showed that the mean weight of the AM group initially decreased and then slightly
increased (Figure 1A). There was a general trend toward a slight decrease in weight. Weight inhibition of the AM group
was not able to compensate for the weight increase caused by the HFD in the long term, although the AM group had
a significantly lower rate of weight growth than the model group. AM was able to inhibit weight gain in obese mice.
Furthermore, in terms of dietary intake, the mice in the control, model, and AM groups all increased weight slowly, and
there were no significant differences between the groups (Figure 1B), ruling out diet interference on weight gain.

By comparing white fat mass in the groin and epididymis of the mice in each of the groups, our results showed that
the model group mass was larger than the AM group, and both the model and AM groups were significantly different
than the control (Figure 1C and D). These findings demonstrate that AM therapy can reduce white fat accumulation, and
therefore may play a role in the regulation of body weight.

AM Reduced Blood Glucose and Lipid Levels

Glucose was significantly lower in the AM group compared to the model group (Figure 2A), indicating that AM may
promote glucose uptake in obese mice. Additionally, the 5-week AM intervention played a role in the regulation of blood
lipid level in obese mice. Increased levels of TC, TG, LDL-C, and HDL-C were detected in the serum of the obese mice
in the model group. We found a decrease in TC, TG, LDL-C, and HDL-C in the serum of the mice in the AM group
(Figure 2B-E), indicating that AM has a regulatory effect on serum TC, TG, LDL-C, and HDL-C.

Differentially Expressed Genes

Gene expression levels were quantified on the basis of transcripts per million values. A total of 1857 differentially
expressed genes (DEGs) were found in the model group compared to the control group, among which 1100 were
upregulated and 757 were downregulated (Figure 3A). In the AM versus model group comparison, there were 1430
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Figure | Effects of abdominal massage (AM) on body weight and fat mass in obese mice between the control, model, and AM groups. (A) Body weight. (B) Food intake. (C) Weight
of inguinal white adipose tissue. (D) Weight of epididymal white adipose tissue. Data are expressed as means * standard deviation relative to the control group. *P < 0.05; **P < 0.01;
*P < 0.001.
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Figure 2 Effects of abdominal massage (AM) on blood glucose and blood lipids in obese mice between control, model, and AM groups. Glucose (A), total cholesterol (B),
triglycerides (C), low-density lipoprotein-C (D), and high-density lipoprotein-C (E) content in serum. Data are expressed as the mean * standard deviation. *P < 0.05; **P < 0.01.

DEGs, 817 of which were upregulated and 613 were downregulated (Figure 3B). There were 3341 DEGs in the AM
versus control group comparison, of which 1811 were upregulated and 1530 were downregulated, respectively
(Figure 3C). A Venn diagram revealed that 144 DEGs exhibited continuous differential expression across all the groups
(Figure 3D).
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Figure 3 Differential gene expression between control, model, and abdominal massage (AM) groups. (A) Volcano plot showing distribution of differentially expressed genes
(DEGs) of model versus control groups (A), AM versus model groups (B), and AM versus control groups (C). The X-axis indicates the fold change and the Y-axis indicates

the statistical significance of the differences. (D) Venn diagram showing overlapping DEGs for three comparison groups. Up, upregulation of gene expression; down,
downregulation of gene expression; no-DEGs, no DEGS.

Gene Ontology (GO) and Analysis

The 144 DEGs were mapped to a GO database for enrichment analysis to understand the detailed functional classification. The
DEGs were mapped to the six Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway categories, ie cellular processes,
environment information processing, genetic information processing, human diseases, metabolism, and organismal systems
(Figure 4A). Gene set enrichment analysis (GSEA) determines whether an a priori defined set of genes shows statistically
significant, concordant differences between two biological states. After further KEGG enrichment analysis after GSEA, 11 of
the top 20 pathways were related to metabolism and nine to the organism systems (Figure 4B). Among them, the PPAR signal
pathway was related to organism systems, and the DEGs involved in the PPAR signal pathway are shown in the Figure 4C.

Verification of RNA-Seq Data by qPCR

Five DEGs in the PPAR signal pathways were verified by qPCR to validate the transcriptome results. Overall, the expression
patterns of the six DEGs that were identified via qPCR were similar to those found in the sequencing analysis. PPARy agonism
has been reported to regulate lipid metabolism in brown adipose tissue,° and the same pattern was observed in inguinal WAT.
AM significantly upregulated the expression of PPARy (P <0.01). When the lipid metabolism related gene was examined, the
expression of Acyl-CoA oxidase 3 (Acox3) that promotes fatty acid oxidation showed a significant difference in the AM
versus model groups (P < 0.05). The expression of fatty acid binding protein 4 (Fabp4) associated with adipocyte
differentiation also showed a significant difference in the AM versus model groups (P < 0.01). Meanwhile, the expression
of Pckl and Aqp7 related to glucose homeostasis in the AM group and the model group were significant (P < 0.01). In
summary, PPARy, Fabp4, Acox3, Pckl, and Aqp7 were significantly upregulated (P < 0.05) by AM treatment (Figure 5). The
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hypoglycemic and lipid-lowering effects of AM were partially attributed to the regulation of the PPARY signaling pathway by
increasing the expressions of PPARy, Fabp4, Acox3, Pckl, and Aqp7.

AM Regulated the Expression of PPARY Protein

In the Western blot experiments, total protein quantification was employed. The upper portion of Figure 6A depicts the
protein expression of PPARY in each group, while the lower portion represents the total protein content of the respective
samples within each group. We investigated the protein levels of PPARy in the inguinal WAT from different groups. In
comparison to the control group, we observed a decrease in the PPARy protein level in the inguinal WAT in the model
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Figure 6 Effects of abdominal massage (AM) on PPARy protein in obese mice between the control, model, and AM groups (A and B). Data are expressed as mean *
standard deviation. *P < 0.05.

group (Figure 6B). This finding suggests that the model group, likely representing an obese or metabolically challenged
condition, exhibited a downregulation of PPARYy protein expression in the adipose tissue. When comparing the model
group with the AM group, we observed an interesting reversal in the PPARy protein levels. The PPARY protein level in
the AM group was found to be significantly increased compared to the model group (P < 0.05). The model group
displayed a decreased PPARYy protein level, potentially associated with the underlying metabolic dysfunction or obesity.
However, the AM group exhibited a recovery or enhancement of PPARy protein expression, suggesting a potential
therapeutic effect of the intervention in restoring or promoting PPARy activity.

Discussion

We aimed to determine the effect of AM on HFD-induced abdominal fat accumulation. Our results demonstrate that AM
can reduce abdominal fat accumulation in obese mice, including inguinal WAT and epididymis WAT, and reduce blood
glucose and lipid levels (TC, TG, LDL-C, and HDL-C). One possible mechanism of action is that AM activates PPARy,
which in turn upregulates the expression of downstream related genes, thereby ameliorating white fat accumulation in the
groin. To our knowledge, this is the first investigation of the mechanism of AM’s effect on inguinal WAT.

Most massage studies are clinical studies. Since tissue samples are harder to obtain than blood samples, few clinical
studies can study the mechanism of massage on tissues. Bodyweight, blood glucose, and blood lipids are common
indicators. In our study, bodyweight in the AM group increased slowly in the later intervention phase, which could be due
to AM regulating gastrointestinal motility in the obese mice, promoting gastric emptying and intestinal peristalsis, and
enhancing food digestion and absorption.”' Compared with the model group, the weight of the AM group increased
slowly, indicating that AM has a regulating effect on weight. AM can promote glucose and lipid metabolism in clinical
treatments;>> the same conclusion was obtained in our study. Blood glucose in the model group increased while that in
the AM group decreased, which could be due to acceleration of local energy metabolism by massage, therefore affecting
the level of glucose in the serum. The abnormal levels of TC, TG, LDL-C, and HDL-C in the serum of the model group
mice indicated that the mice suffered from HFD have lipid metabolism disorder. In previous reports, the model group
which were fed a continuous HFD did not have significantly reduced HDL-C,*"** and low levels or very high levels of
HDL-C may be detrimental to cardiovascular health.?* AM has a regulatory effect on TC, TG, LDL-C, and HDL-C in
serum, which also provides preliminary evidence that AM may improve lipid metabolism in obese mice.

Obesity is defined as abnormal or excessive fat accumulation that presents a risk to health. Abdominal obesity is
a marker of ectopic fat accumulation.? Considering that, in the fat distribution of the mouse,® the proportion of white fat
in the abdomen is high, the abdomen is selected as the target area. The idea, developed in 1980, that regional abdominal
obesity may contribute to metabolic events and alterations, was the catalyst for this study.”” PPARy has many roles and
can induce adipogenesis and regulate lipid metabolism in mature adipocytes.”” According to our results, AM significantly
upregulated the expression of PPARy and the downstream genes Acox3, Fabp4, Pckl, and Aqp7. Acox3 is related to
mitochondrial and fatty acid oxidation.”® AM upregulated the expression of Acox3, suggesting that it may restore
mitochondrial homeostasis in adipose tissue. FABP4 is mainly expressed in adipose tissue and is downregulated at the
mRNA level in obese patients.”’ Although FABP4 expression in our model group did not differ from the control, the
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expression of Fabp4 was significantly upregulated in the AM group, indicating the role of AM in suppressing obesity.

30 and Agp7-deficient mice develop adult-onset obesity.3 ' Aqp7

Pckl underexpression causes lipodystrophy in mice,
serves as a glycerol channel in adipose tissue in vivo and glycerol derived from adipose tissue determines the glucose
level. AM raises the expression of Pckl and Aqp7, providing further explanation for decreased blood glucose in obese
mice after AM treatment. Therefore, the hypoglycemic and lipid-lowering effects of AM were partially attributed to its
regulation on the PPARYy signaling pathway by increasing the expressions of PPARy, Fabp4, Acox3, Pckl, and Aqp7.

Moreover, Western blot analysis confirmed that AM treatment led to an elevation in PPARy protein expression in the
inguinal WAT. The results of our study revealed an intriguing discrepancy between the expression of the PPARy gene and
the levels of PPARY protein in the obese model group compared to the normal group of mice. While the expression of the
PPARY gene did not show a significant decrease in the obese model group, we observed a significant reduction in the
protein levels of PPARy. One possible explanation for this disparity is post-transcriptional regulation. Another possible
explanation is the existence of different isoforms or variants of PPARY.

AM has been proven to be an effective and safe therapy since 1889.%? The range of diseases treated with AM is
gradually expanding, and treatment programs are constantly be optimized. AM increases SIRT1/NF-kB signaling in rat
adipose tissue, indicating regulation of the secretion of proinflammatory cytokines, contributing to improvement of
insulin resistance.* In patients with type 2 diabetes, AM significantly reduces abnormalities in the intestinal microbiota
and glucose metabolism.* As the metabolic and inflammatory states, muscle function, and gut microbiota are all
interconnected,> AM can result in greater fat layer reduction in massaged sites to enhance the clinical outcome after
cryolipolysis compared with non-massaged sites.® The therapeutic effect of AM in clinical settings is significant, while
research into the mechanism thereof is relatively weak, requiring further research. The possible mechanism of AM
treatment continues to be excavated.

Conclusion

AM can reduce WAT mass and inhibit weight gain, and decrease blood sugar and lipid levels, thereby improving HFD-induced
obesity. AM regulates glucose homeostasis, adipocyte differentiation, and lipid metabolism in inguinal WAT to ameliorate
inguinal fat accumulation, blood glucose, and lipids by the PPARY signaling pathway even in the presence of a persistent HFD.
The efficacy of AM should not be underestimated, and we hope to promote the development of AM through this in-depth
research regarding the mechanism thereof. Noninvasive fat reduction techniques, such as cryolipolysis, have typical side
effects, such as erythema, bruising, minor pain, and transient loss of sensation. As a noninvasive treatment with no side effects,
AM is more easily favored, and combining AM with other technologies will assist in reducing obesity.
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