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Aim. The study is aimed at investigating the curative effect of acupuncture on simple obesity and its influence on serum levels of
prostaglandin E and leptin in Sprague-Dawley (SD) rats. Methods. In the study, there are 50 male SD rats. We took 10 as healthy
controls and fed 40 with a diet of high fat for 8 weeks. After the 40 rat model was established successfully, we fed 10 rats in
the model group with a normal diet and treated 10 rats in the acupuncture group by acupuncture. During the experiment, the
body fat and body length of rats were measured weekly, and Lee’s index was calculated. After the treatment, the levels of
leptin, prostaglandin E, C-reactive protein (CRP), triacylglycerol (TG), cholesterol (CHO), low-density lipoprotein (LDL),
and high-density lipoprotein (HDL) were detected, and the liver fat morphology was observed by electron microscope.
Results. Acupuncture significantly downregulated the serum levels of CRP, TG, CHO, LDL, leptin, and prostaglandin E and
upregulated the serum levels of HDL in rats with simple obesity. Conclusion. On basis of these results, it was found that
acupuncture could boost fat metabolism and weight loss by inhibiting the production of leptin and prostaglandin E.

1. Introduction

Obesity is a complex disease that is closely related to many
other diseases [1]. There are 650 million obese adults in
the world, and 40% of adults in the United States are obese
[2]. As one of the largest public health problems worldwide,
obesity can not only lead to serious health problems but also
affect the quality of life, social activities, and mental activi-
ties, leading to a heavy burden on families, patients, and
the public health system. Obesity occurs when the energy
intake is greater than the energy consumption and the excess
energy is stored in the body in the form of fat. The condition
is called obesity when the body fat content reaches a certain
level [3]. There are many different interventions for obesity,
including lifestyle intervention, surgery, and drug therapy.
All of these have advantages and disadvantages, but
unhealthy weight control behaviors may lead to many health
problems [4-6].

Although there are many treatment methods for simple
obesity, including diet, exercise, weight-loss drug therapies,
and surgical removal of fat, these methods have different

degrees of adverse effects [7]. Acupuncture has a good ther-
apeutic effect on obesity [8]. Acupuncture is a widely used
medical system that has existed for thousands of years. It is
becoming more and more popular in western medicine [9].
Many studies have shown that its mechanism of action can
be explained in biomedical terms. During the acupuncture
process, many transmitters and regulators were released,
including beta-endorphin, serotonin, substance P, interleu-
kins, and calcitonin gene-related peptide [10]. Therefore,
acupuncture can be used in a variety of clinical situations.
It is thought that the increased satiety center excitability in
the hypothalamus ventromedial nuclei after acupuncture
application can be conducive to body weight loss in obese
people. Immune regulation and hormone secretion may also
be involved in this process [11]. In animal models, acupunc-
ture targeting SIRT1 in the arcuate nucleus of the hypothal-
amus can improve obesity in insulin-resistant rats induced
by a high-fat diet through anorexia effects [12].

In the present study, before and after acupuncture treat-
ment, we measured the serum levels of leptin, prostaglandin
E, and hormones in SD rats with simple obesity to explore
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the possible mechanism of acupuncture during the process
of treating obesity.

2. Materials and Methods

2.1. Animals. Fifty 3-month-old SPF-SD male rats (weighing
approximately 200g) were purchased from the Henan
Experimental Animal Center, China. We offered food and
water ad libitum. After 7 days of adaptive feeding, the rat
models were prepared. The rats were fed at the Acupuncture
Institute of the Anhui University of Chinese Medicine. We
maintained the rats on a 12 h light-dark cycle in an environ-
ment with a humidity of 30-50% and a temperature of 20-
24°C.

2.2. Experimental Equipment. The following devices and
equipment were used: Huatuo brand filiform needle
(Suzhou Medical Supplies Co., Ltd.), rat localizer and elec-
troacupuncture therapeutic instrument (Beijing Huayu-
nante Technology Co., Ltd.), electronic balance (Germany
Saiduolis Co., Ltd.); MD-100 automatic biochemical analyser
(Beijing Perlong Technology Co., Ltd.), RT-6000 microplate
reader (Redu), UV-1800 ultraviolet visible spectrophotometer
(Shanghai Jinghua Technology Co., Ltd.), JW-3021HR centri-
fuge (Anhui Jiawen), JS-1070p automatic exposure instrument
(Shanghai Peiqing Technology Co., Ltd.), GL-88B vortex
mixer (Qilinbei Instrument Manufacturing Company), K960
PCR instrument (Hangzhou Jingle Scientific Instrument Co.,
Ltd.), MINI-P25 microplate minicentrifuge (Hangzhou
Aosheng Instrument Co., Ltd.), LX300 low-speed minicentri-
fuge (Qilinbei Instrument Manufacturing Company),
EPS300 electrophoresis instrument (Shanghai Tanon Tech-
nology Co., Ltd.), PIKOREAL 96 fluorescent quantitative
PCR instrument (Thermo Scientific), 10212432C PIKO
Plate Illuminator (Thermo Scientific), OD1000+ ultra-
microspectrophotometer (Nanjing Wuyi Technology Co.,
Ltd.), VE-180 electrophoresis tank (Shanghai Tanon Tech-
nology Co., Ltd.), a VE-186 film transfer instrument (Shang-
hai Tanon Technology Co., Ltd.), and pH metre (Shanghai
Mettler Toledo instrument Co., Ltd.).

2.3. Reagents. The following reagent kits were used: triglyc-
eride test kit (GPO-PAP method) (A035 & 2019007,
Changchun Huili Biotechnology Co., Ltd.), high-density
lipoprotein cholesterol (direct method-selective inhibition
method) (A029 & 2019011, Changchun Huili Biotechnology
Co., Ltd.), low-density lipoprotein cholesterol (direct
method) (A028 & 2019011 Changchun Huili Biotechnology
Co., Ltd.), total cholesterol (A111-1 & 20190515, Nanjing
Jiancheng Bioengineering Research Institute), Novostart
SYBR qPCR Supermix plus (E096-01B & 0516511, Novopro-
tein), Primescript™ RT reagent kit with gDNA eraser
(RR047A & AJ51485A, TaKaRa), rat high-sensitivity C-
reactive protein ELISA Kit (JYM0253Ra & GR2020-06,
Wuhan ColorfulGene Technology Co., Ltd.), rat prostaglan-
din E2 (PGE2) ELISA Kit (JYM0253Ra & GR2020-06,
Wuhan ColorfulGene Technology Co., Ltd.), rat leptin
ELISA kit (JYMO0253Ra & GR2020-06, Wuhan ColorfulGene
Technology Co., Ltd.), ECL hypersensitive luminescence kit
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(34094 & UE283595A, Thermo), goat anti-mouse 1gG (ZB-
2305 & 140193, Zsbio), and goat anti-rabbit IgG (ZB-2301
& 206820103, Zsbio). The primers were synthesized by SAN-
GON Biotechnology.

2.4. Animal Experiment and Grouping. Ten rats were ran-
domly selected and fed a normal diet (12% fat, 3.7% sucrose,
Lab Diet 5001). We chose 10 rats at random as the normal
group, while we fed the rest a high-fat diet (68% normal diet,
15% sugar, 10% lard, 1% cholesterol, 5% protein powder,
0.8% salt, and 0.2% sodium cholate) for 8 weeks. Rats with
body weights greater than 20% of the average body weight
of the normal group were used as rat models of simple obe-
sity. The rat models were distributed into two groups: an
acupuncture group (study group: 10 rats) and a model group
(10 rats).

2.5. Acupuncture Intervention Methods. According to the
2016 edition of “Experimental Acupuncture and Moxibus-
tion,” the selected acupoints were punctured at Tianshu
4mm, Guanyuan 5mm, Zusanli 3mm, and Sanyinjiao
4mm. After obtaining Qi, the G6805-1II1 electroacupuncture
instrument was connected, and the density wave was 2-
3mA. We retained the needle for 10 minutes once a day,
and the acupoints were selected alternately from left to right
for 21 days. The normal group and the model group were
fixed for 10 minutes in the same way without acupuncture
intervention.

2.6. Experimental Sampling. During the experiment, the
body weight and body length (distance from the nose tip
to the anal outer edge) were measured at a fixed time every
week, and Lee’s index was calculated. After the treatment,
we fasted the rats for 12 hours but allowed them free access
to drinking water. Pentobarbital sodium (2%) was then
injected intraperitoneally to anesthetize the rats. We col-
lected blood from the abdominal aorta and separated the
serum through centrifugation. The serum levels of leptin,
prostaglandin E, CRP, TG, CHO, LDL, HDL, and C-
reactive protein were detected. At the same time, the liver
was excised and fixed with glutaraldehyde. We observed
the morphological changes in the hepatic fat through mak-
ing use of light and electron microscopy.

2.7. Quantitative mRNA Expression Measurement. Use
RNeasy Mini Kit (Cat. N 74104, Qiagen) to isolate RNA.
Use PrimescriptTM RT reagent kit with gDNA eraser
(RR047A & AJ51485A, TaKaRa) to transcribe RNA into
cDNA according to manufacturer’s protocol. The TagMan
real-time polymerase assay uses Novostart SYBR qPCR
Supermix plus (E096-01B & 0516511, Novoprotein). Use
PIKOREAL 96 fluorescent quantitative PCR instrument
(Thermo Scientific) to amplify and detect thresholds. The
target gene expression was normalized to the expression of
B-actin as a housekeeping gene.

2.8. Statistical Analysis. We performed data analysis using
SPSS version 20.0 software and expressed the data as the
mean + standard deviation. All experiments were repeated
three times. The distributions of continuous data were tested
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F1GURE 1: The effect of acupuncture on the body weight of Sprague-
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FIGURE 2: The effect of acupuncture on Lee’s index of Sprague-
Dawley rats. *P < 0.05.

for normality and homogeneity of variance. We analyzed
differences in variables by making use of one-way analysis
of variance (ANOVA) with LSD or Dunnett’s T3 test. We
considered differences significant when P < 0.05.

3. Results

3.1. Changes in Body Mass and Lee’s Index of Rats in Each
Group before and after Treatment. Before treatment, the
model group showed normal morphology, decreased activ-
ity, and significantly increased body weight in comparison
with the normal group. There were no obvious differences
in morphology or weight between the acupuncture group
and the model group before treatment. The acupuncture
group’s activity increased, and the weight decreased after
acupuncture treatment. As shown in Figures 1 and 2, the
body weight and Lee’s index of the model group and the
acupuncture group before acupuncture treatment were obvi-
ously higher than those of the normal group, and there was
no obvious difference between the model group and the acu-

TaBLE 1: Serum levels of hs-CRP, TG, CHO, LDL, and HDL in each
group.

Normal group Model group Acu;t(l)rlll;ture
hs-CRP 6791.78 +125.38 9333.42+122.45" 8581.68 + 180.63"
TG 2.11 £0.06 2.59 +0.05 2.44 +0.06"
CHO 3.86+0.15 5.86 +0.26" 4.44+0.16"
LDL 2.15+0.05 2.44 +0.05" 2.29 +0.03
HDL 1.51 +0.05 1.14+0.04 1.29 +0.05

Compared with the normal group, *P < 0.05; compared with model group,
#
P <0.05.

TaBLE 2: TG and serum levels of leptin and PGE2 in each group.

Normal group
Leptin 952.37 +164.72 2560.41 +248.39"
PGE2 43.48 £6.88 112.92 +£10.41%

Model group ~ Acupuncture group
1255.95 + 146.62"

69.26 +12.24%

Compared with normal group, *P <0.05; compared with model group,
P <0.05.
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FIGURE 3: Leptin’s protein expression level in each group.
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FIGURE 4: Leptin’s mRNA expression level in each group. *P < 0.05.

puncture group. After acupuncture treatment, the body
weight and Lee’s index of the acupuncture group were obvi-
ously lower than those of the model group.

3.2. Effects of Acupuncture on Serum Levels of hs-CRP, TG,
CHO, LDL, and HDL in Rats of Each Group. From
Table 1, we found that the serum levels of hs-CRP, TG,
CHO, and LDL in the model group were obviously higher
than those in the normal group (P < 0.05), while the serum
levels of hs-CRP, TG, CHO, and LDL in the acupuncture
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Figure 5: The morphology of adipose tissue in rat liver was observed by light microscope.
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FIGURE 6: We observed the morphology of adipose tissue in rat liver through making use of an electron microscope.

group were obviously lower than those in the model group
(P <0.05). Moreover, the serum level of HDL in the model
group was obviously lower than that in the normal group
(P <0.05), while the serum level of HDL in the acupuncture
group was obviously higher than that in the model group
(P <0.05).

3.3. Changes in Leptin and Prostaglandin E in Rats of Each
Group. As shown in Table 2, the serum level of prostaglandin
E in the model group was obviously higher than that in the
normal group (P < 0.05), and the serum level of prostaglandin
E in the acupuncture group was obviously lower than that in
the model group (P < 0.05). As shown in Figures 3 and 4,
the protein and mRNA expression levels of leptin in the model
group were obviously higher than those in the normal group
(P <0.05), while the protein and mRNA expression levels of
leptin in the acupuncture group were obviously lower than
those in the model group (P < 0.05).

3.4. Morphological Changes of Adipose Tissue in Rat Liver.
As shown in Figure 5, in the normal group, the liver cells
were arranged radially. In the model group, there was obvi-
ous inflammation and more fat bubbles in the liver tissue. In
comparison with the model group, the degree of inflamma-
tion and the number of fat bubbles in the liver tissue of the
acupuncture group were obviously decreased. As shown in
Figure 6, the liver fat morphology of the model group was
obviously larger than that of the normal group, while that
of the acupuncture group was obviously smaller than that
of the model group.

4. Discussion

Obesity is a global epidemic disease that increases the inci-
dence of serious diseases such as type 2 diabetes, cancer,
hypertension, nonalcoholic fatty liver disease, cardiovascular
diseases, and dementia [13-16]. As for pregnant obese

women and their foetus, there is a considerable risk for
adverse perinatal outcomes. In morbidly obese women,
maternal leptin levels affect foetal development, birth weight,
and the growth trajectory of lactation [17-19]. Obesity has
been identified as a cause of esophageal cancer, colon cancer,
uterine cancer, kidney cancer, and postmenopausal breast
cancer. It is also an important risk factor for prostate cancer,
pancreatic cancer, and non-Hodgkin’s lymphoma [20].
Therefore, revealing the regulation of obesity by acupunc-
ture is of great significance to human health.

CRP is considered to be a key plasma protein that can bind
to leptin [21]. Studies have shown that CRP is positively corre-
lated with increased body mass index [22]. Mammals store
metabolic energy in the form of TG in adipose tissue [23].
Metabolic cardiomyopathy (MC) is characterized by the accu-
mulation of TG and lipotoxic damage in the myocardium,
which is a new cause of heart failure in obese patients [24]. Ele-
vated LDL is a treatable and heritable risk factor for cardiovas-
cular disease. Obesity is an important risk factor for various
chronic diseases. It is generally related to dyslipidemia. It is
mainly manifested as a decrease in HDL, which plays an indis-
pensable role in the development of cardiovascular diseases
[25]. In this study, the serum hs-CRP, TG, CHO, and LDL
levels of the model group were significantly higher than those
of the normal group, while the serum hs-CRP, TG, CHO, and
LDL levels of the acupuncture group were significantly lower
than those of the model group. The serum HDL of the model
group was significantly lower than that of the normal group,
while the HDL of the acupuncture group was significantly
higher than that of the model group. In summary, acupunc-
ture effectively regulates SD-related markers.

Simple obesity is a metabolic disease with a complex eti-
ology. Leptin and leptin resistance are closely related to the
occurrence and development of simple obesity [26]. The
serum leptin level was positively correlated with the body
mass index (BMI) [27]. In the case of obesity, a decrease in
plasma leptin levels can restore hypothalamic leptin
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sensitivity and effectively reduce weight gain [28]. Inflam-
mation of white adipose tissue has a crucial influence on
the development of obesity. Prostaglandin E2 (PGE2) is
involved in lipolysis and adipogenesis. In this study, the
serum prostaglandin e levels, leptin protein, and mRNA
expression levels in the model group were significantly
higher than those in the normal group. This is consistent
with previous reports that obesity leads to increased prosta-
glandin e and leptin protein levels. In addition, the levels of
prostaglandin e, leptin protein, and mRNA expression in the
acupuncture group were significantly lower than those in the
model group. Acupuncture can improve leptin resistance,
promote leptin receptor gene expression, inhibit NPY gene
expression, and activate the leptin signaling pathway and
other ways to achieve weight loss [29]. Meanwhile, acupunc-
ture can also significantly improve the blood lipid status and
reduce the expression of inflammatory factors [30]. Acu-
puncture may reduce the expression levels of prostaglandin
e and leptin to regulate obesity.

There are still some limitations in this study. First of all,
it is necessary to further explore the exact mechanism of
acupuncture regulating obesity. Secondly, the regulatory
pathways of acupuncture at different acupoints on simple
obesity are still unclear. In future research, we will conduct
this exploration.

In conclusion, this study explored the effect and mech-
anism of acupuncture in the treatment of simple obesity.
Acupuncture significantly reduced serum CRP, TG, CHO,
LDL, leptin, and prostaglandin E levels in simple obese
rats and increased HDL levels. This study further confirms
the role of acupuncture in weight loss and provides new
direction and supporting evidence for other researchers’
investigations.
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