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bstract
lectroacupuncture (EA) has been shown to exert beneficial effects on obesity, but the
echanism is unclear. This study investigated the effects of EA on diet-induced obese
DIO) rats. Fifty male SpragueeDawley rats were randomly divided into low-fat diet
LFD, 10 rats) and high-fat diet (HFD, 40 rats) groups. After the DIO models had been es-
ablished, successful model rats were randomly divided into HFD, EA, and orlistat (OLST)
roups. The EA group received EA at Zusanli (ST36) and Quchi (LI11) for 20 minutes once
er day for 28 days. The OLST group was treated with orlistat by gavage. The body
eight, homeostasis model assessment-insulin resistance index, adipocyte diameters,
nd neuroprotein Y/agouti-related protein and protein tyrosine phosphatase 1B levels
ere significantly lower in the EA group than in the HFD group. The rats of the OLST group
howed watery stools and yellow hairs whereas those of the EA group had regular stools
nd sleek coats. The effect of EA on weight loss may be related to improved insulin
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phosphatase 1B
 resistance caused by changes in the adipocyte size and by reductions in the expressions of
neuroprotein Y/agouti-related protein and protein tyrosine phosphatase 1B. This study
indicates that EA may be a better method of alternative therapy for treating obesity
and other metabolic diseases.
1. Introduction

Obesity is a worldwide public health problem and raises the
risk of morbidity from hypertension, dyslipidemia, type 2
diabetes mellitus, coronary heart disease, stroke, gall-
bladder disease, and some cancers [1,2]. Acupuncture
originated in China more than 2000 years ago and is one of
the oldest medical procedures in the world [3]. Both
experimental and clinical studies have shown that
acupuncture has beneficial effects in the treatment of obese
patients [4,5]. A study showed that electroacupuncture (EA)
treatment could inhibit weight gain in rats with diet-induced
obesity (DIO) that had been fed a high-fat diet [1]. However,
the mechanism of acupuncture in rats with DIO is unclear.

Current data indicate that neuronal insulin signaling is
required for both body weight control and glucose homeo-
stasis [6]. A low dose of insulin delivery by intra-
cerebroventricular infusion decreased both food intake and
hepatic glucose production [7]. However, many obesity
patients present insulin resistance. Insulin resistance arises
from the inability of insulin to act normally in regulating
nutrient metabolism in peripheral tissues [8].

Adipose tissue is an endocrine organ secreting cytokines
and hormones, including leptin, adiponectin, and many
other factors, influencing food intake, systemic insulin
sensitivity, and nutrient homeostasis [6]. However, obesity
from fat expansion disrupts the proper balance of cytokine
and hormone generation, promoting insulin resistance [6].

The central nervous system has long been recognized as
key in controlling energy homeostasis, and the hypothala-
mus has been identified as the pivotal structure regulating
food intake and energy balance [9]. The arcuate nucleus
contains neurons that respond to hormonal and nutrient-
related afferent signals that are influenced by the size
and the state of adipose tissue stores and by recent food
ingestion. Among them are neurons that co-express neu-
ropeptide Y (NPY) and agouti-related peptide (AGRP), two
peptides that potently stimulate food intake, reduce en-
ergy expenditure, and, thus, promote weight gain [10].
Receptors for insulin are concentrated in the arcuate nu-
cleus, and available evidence suggests that insulin inhibits
NPY/AGRP neurons [11].

As a negative regulator of the insulin signal transduction
cascade, protein tyrosine phosphatase 1B (PTP1B) has been
shown to function as a key insulin receptor phosphatase
[12]. PTP1B-deficient mice are more sensitive to insulin,
have improved glycemic control, and are more resistant to
diet-induced obesity than wild mice [13]. These findings
indicate that inhibition or downregulation of PTP1B is an
effective strategy for improving insulin sensitivity [14].

The purpose of this study was to determine if the
mechanism of EA in controlling weight was related to
improving insulin sensitivity. This study also investigated
whether or not other mechanisms were closely linked to
changes in the sizes of adipocytes, reductions in the ex-
pressions of NPY/AGRP, and inhibition of the expression of
PTP1B.

2. Materials and methods

2.1. Animals

Fifty rats (SpragueeDawley, male, age 4 weeks, weighing
100 g) were purchased from Hunan SLAC Laboratory Animal
Co., Ltd (Hunan, China) and were housed in the animal
center of Hunan University of Chinese Medicine, Hunan,
China. They were housed three to four per cage with ad
libitum access to food and water under controlled condi-
tions: temperature at 20e22�C and a 12-/12-hour light/
dark cycle. The rats were kept in the laboratory for a week
for habituation. The protocol was approved by the Care and
Use of Laboratory Animals Committee of the University.
Food for the low-fat diet (D12450B Rodent Diet with 10 kcal
% Fat) and for the high-fat diet (D12492 Rodent Diet with
60 kcal% fat; Research Diets Inc., New Brunswick, NJ, USA).

2.2. Experimental protocols

Fifty SpragueeDawley male rats were randomly divided into
a low-fat-diet group (10 rats, LFD) fed with D12450B and a
high-fat-diet group (40 rats, HFD) fed with D12492. After
the rats had been fed for 5 weeks, 30 rats in the HFD group
with body weights that were 20% higher than the average
weight of the rats in the LFD were identified as rats with DIO
(hereafter referred to as DIO rats). Those 30 rats were then
randomly divided into an HFD group, an EA group, and an
orlistat (OLST) group, with 10 rats in each group. In order to
exclude the influence of diet change, we continued to feed
the DIO rats a high-fat diet during the experiment. In the EA
group, EA was applied at Zusanli (ST36) and Quchi (LI11) for
20 minutes (10 Hz, 1.5 mA), with the rats in the conscious
state. The treatment was done once per day for 4 weeks. In
the OLST group, orlistat was administered via gavage. The
rats in the LFD group and the rats remaining in the original
HFD group received no treatment. The body weights of all
rats were recorded daily.

After 4 weeks, rats that had been deprived of food for
24 hours were intraperitoneally anaesthetized with 10%
chloral hydrate (0.35 mL/100-g body weight). Blood sam-
ples were collected from the abdominal aorta. Perirenal fat
samples were removed and placed into 10% buffered
formalin. Each rat’s hypothalamus was rapidly removed,
immediately frozen using liquid nitrogen, and stored at
�80�C in a refrigerator; these were then used to determine
the expression of NPY/AGRP mRNA using real-time
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uantitative polymerase chain reaction (RT-qPCR) and the
xpression of PTP1B by Western blotting.

.3. Electroacupuncture and gavage

T-36 is located 5 mm lateral to and below the anterior
ubercle of the tibia in rats, and LI11 at the end of the
teral transverse elbow crease. Needles (0.25 mm in
iameter; Suzhou Medical Appliance Factory, Jiangsu,
hina) were inserted to depths of 7 mm at ST36 and 4 mm
t LI11 and were then stimulated by using EA with a
onstant-current square-wave output at 10 Hz and 1.5 mA
rom an electrical stimulator (SDZ-V; Suzhou Medical
ppliance Factory, Jiangsu, China). Orlistat (120 mg/
ablet, Zein Pharmaceutical Firms, Chongqing, China) was
issolved in distilled water (3.24 mg/mL). Rats in the OSLT
roup were given this by gavage 1 mL/d/100-g body weight
or 4 weeks.

.4. Blood parameters

erum glucose was determined using routine laboratory
rocedures. Serum insulin was measured using a radioim-
unoassay kit (Beijing North Institute of Biological Tech-
ology, Beijing, China).

.5. Adipose tissue

erirenal fat samples were fixed in 10% buffered formalin,
mbedded in paraffin, cut into thick sections, and stained
ith hematoxylin and eosin. The images were captured by
sing a microscope (BA410; Motic, Xiamen, China). The di-
meters (mm) of the adipocytes were measured by using
otic Images Advanced 3.2 software at magnification of
00�.

.6. RT-qPCR

PY, AGRP, and b-actin primers were designed according to
enebank sequences. Primers were as follows: NPY forward
0-GTGTTTGGGCATTCTGGCTG-30 and NPY reverse 50-GTG
GACAGGCAGACTGGTT-30, 320 bp; AGRP forward 50-TAGG
AAGGATCAACAAGCAA-30 and AGRP reverse 50-TAGACCT
AGAACTCTGGGAA-30, 161 bp; b-actin forward 50-CCCAT
TATGAGGGTTACGC-30 and b-actin reverse 50- TTTAATGT
ACGCACGATTTC-30, 118 bp.
Total RNA was extracted from the whole hypothalamus

sing TRIZOL (Invitrogen) according to the manufacturer’s
rotocol. Total RNA (5.5 mL), 0.5 mL of oligo dT (0.5 mg/mL)
nd 6 mL of DEPC water were added into a PCR tube, mixed,
entrifuged, and incubated for 5 minutes at 65�C. The re-
ction contained 2 mL of 5� reaction buffer, 1 mL of dNTPS
10 mM), 0.5 ml of RNase inhibitor, and 0.5 mL of reverse
ranscriptase. Reaction mixtures were incubated at 42�C
or 1 hour and incubated in microtubes at 70�C for 10 mi-
utes. cDNA was stored at �20�C until use.
The real-time PCR reaction system contained 10 mL of
� SYBR Green qPCR mix, 1 mL of forward primer (10 mM),
mL of reverse primer (10 mM), 1 mL of cDNA, and 7 mL of
ater. Reaction mixtures were amplified for 35 cycles
predenaturation at 95�C for 3 minutes, denaturation at
5�C for 10 seconds, and annealing at 58�C for 30 seconds).

.7. Western blotting

ypothalamus tissues were lysed in 7M urea, 2M thiourea,
0 mM dithiothreitol, 4% CHAPS, 2% pharmalyte 3-10, and
.4 mg/mL phenylmethanesulfonyl fluoride. The protein
amples were separated using sodium dodecyl sulfa-
eepolyacrylamide gel electrophoresis and electrophoreti-
ally transferred to polyvinylidene difluoride membranes
380 mA, 1.5 hour), which were blocked with 5% milk in
hosphate buffered saline with Tween. Primary rabbit-anti-
ouse antibodies (Santa Cruz Biotechnology) were added
nd incubated overnight at 4�C. The next day, after four
ashes with phosphate buffered saline with Tween, goat
nti-rabbit second antibodies were added and incubated at
7�C for 1 hour. The blots were then developed using the
CL detection kit and produced a chemiluminescence signal
hat was captured on X-ray film. The protein value pre-
ented by using the integrated optical density and glycer-
ldehyde-3-phosphate dehydrogenase was chosen as an
ternal control.

.8. Statistics analysis

ll results were expressed as means � standard deviations
nd were analyzed by using the SPSS statistical software
version 17.0; SPSS, Chicago, IL, USA). Comparisons be-
ween multiple groups were assessed by using the one-way
nalysis of variance, with the least significant difference
est (equal variances assumed) or Dunnett T3 test (equal
ariances not assumed) being used for post hoc tests be-
ween groups. Differences were considered statistically
ignificant if p < 0.05.
. Results

efore treatment, the average body weight in the LFD
roup was significantly lower than the average body weights
the HFD, OLST, and EA groups (p < 0.05). However, the

ifferences among the average body weights in the HFD,
LST, and EA groups were not statistically significant
p > 0.05). At the end of trial, the average body weight of
he HFD group was significantly higher than the average
ody weights of the OLST and the EA groups (p < 0.05).
owever, the average body weights of the OLST and the EA
roups showed no statistically significant difference
p > 0.05; Table 1 and Fig. 1).
The glucose (GLU) and the fasting insulin (FINS) levels

nd the homeostasis model assessmenteinsulin resistance
dex (HOMA-IR) were assessed in the four groups. The GLU
nd the FINS, as well as the HOMA-IR, values were increased
the HFD group compared to the LFD group, but there

ere no statistically significant difference (p > 0.05). The
LST and the EA groups were observed to have significantly
wer GLU, FINS, and HOMA-IR values compared to the HFD
roup (p < 0.05), but no significant differences were
bserved between the OLST and the EA groups (p > 0.05;
able 2).



Table 1 Changes in daily body weight in four different groups.

Group n Body weight premodel
establishment (g)

Body weight postmodel
establishment (g)

Body weight
posttreatment (g)

Change in body weight during
treatment (g)

LFD 10 117.8 � 8.5 344.6 � 15.5 470.7 � 19.3y 126.0 � 8.2y

HFD 10 121.6 � 7.3 440.5 � 25.8* 655.4 � 14.3* 214.9 � 21.9*

OLST 10 122.0 � 6.6 413.2 � 28.3* 540.0 � 35.0*
,y 126.7 � 21.4y

EA 10 126.7 � 3.4 411.8 � 13.7* 514.4 � 12.0*
,y 96.1 � 11.4*

,y

Data are presented as mean � standard deviation.
EA Z electroacupuncture; HFD Z high-fat group; LFD Z low-fat diet group; OLST Z orlistat.
* p < 0.01 versus LFD.
y p < 0.01 versus HFD.

Figure 1 Changes in daily body weight in four different
groups. EA Z electroacupuncture; HFD Z high-fat group;
LFD Z low-fat diet group; OLST Z orlistat.

Table 2 Glucose (GLU) and fasting insulin (FINS) levels
and homeostasis model assessmenteinsulin resistance index
(HOMA-IR) in four different groups.

Group n FINS (mIU/mL) GLU (mM) HOMA-IR*

LFD 10 14.68 � 8.60 11.5 � 3.11 7.16 � 5.00
HFD 10 20.14 � 4.79 13.8 � 1.25 12.41 � 3.14
OLST 10 10.26 � 6.78 11.62 � 3.81 5.16 � 3.98z

EA 10 9.24 � 8.15z 9.63 � 1.31z 3.49 � 2.51z

Data are presented as mean � standard deviation.
EA Z electroacupuncture; HFD Z high-fat group; LFD Z low-
fat diet group; OLST Z orlistat.
* HOMA-IR Z fasting GLU � FINS/22.5.
z p < 0.05 versus HFD.

Electroacupuncture Improves Insulin Resistance 61
The adipocytes in the HFD group (290.62 � 48.38 mm)
were significantly larger than those in the LFD group
(193.98 � 11.13 mm; p < 0.05). After the treatment, the
adipocytes in the OLST group (246.82 � 23.78 mm) and in
the EA group (213.62 � 20.85 mm) were significantly smaller
than those in the HFD group (p < 0.05). No statistically
significantly difference in adipocyte size was observed be-
tween the OLST and the EA groups (p > 0.05; Fig. 2).

RT-qPCR studies revealed that NPY/AGRP mRNA
expression in the hypothalamus of the HFD group was the
highest among the four groups (p < 0.05). After the
treatment, NPY and AGRP mRNA expressions of the OLST
and the EA groups were significantly lower compared to
those in the HFD group (p < 0.05) (Table 3). In addition, the
PTP1B protein levels in the HFD group (0.72 � 0.11) were
higher than that in the LFD group (0.17 � 0.06; p < 0.05),
and the PTP1B protein levels were decreased significantly
in the OLST (0.33 � 0.09) and the EA (0.51 � 0.09) groups
compared to the level in the HFD group (p < 0.05; Fig. 3).

During the treatment, the rats in the OLST group showed
watery stools and yellow hairs. However, the rats in the EA
and the LFD groups had regular stools and sleek coats.

4. Discussion

EA is an acupuncture procedure that uses electrical current
stimulation instead of manual manipulations of needles
[15]. Because of its reproducibility, EA has been used more
frequently in clinical and research settings in recent years
[15]. Yangming meridians are closely related to qi and
blood circulation throughout the body and regulate energy
metabolism [16]. Acupuncture and EA stimulation of the
Yangming acupoints Zusanli (ST36) and Quchi (LI11) have
been shown to have beneficial effects in the treatment of
obesity [17,18]. Therefore, in our study, ST 36 and LI11
were chosen as acupoints for the treatment of DIO rats. Our
findings were consistent with those of earlier studies; i.e.,
the rate of increase in the body weights of the rats in the EA
group was significantly slower than that of the rats in the
HFD group.

Insulin resistance, defined as failure of ordinary levels of
insulin to trigger its downstream metabolic actions, is
closely associated with obesity, type 2 diabetes mellitus
(T2DM), metabolic syndrome, and hypertension. Insulin
resistance results in impaired insulin action in insulin-
sensitive tissues, leading to abnormalities in glucose
metabolism and dysfunction in insulin secretion [19]. Insu-
lin resistance-related diseases have become epidemic
worldwide, and the number of such cases is predicted to
increase in the future, which will threaten human health.
Urgent action is needed now to prevent insulin resistance so
as to halt the progression of the comorbidities of insulin
resistance-related diseases [19]. Several studies have
concluded that acupuncture can improve insulin sensitivity
[20], as it is effective against metabolic disturbances such
as hyperglycemia [21], being overweight [22], and insulin
signal defects [23], which are closely associated with the
pathogenesis of insulin resistance [19]. Acupuncture at
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Figure 2 Adipocytes in four different groups (400� magnification). (A) Low-fat diet group, (B) high-fat group, (C) orlistat group,
and (D) electroacupuncture group.
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ombined acupoints has been shown to decrease insulin
vels in T2DM and hypertension with hyperinsulinemia
24]. In our experiment, the GLU and the FINS levels, as
ell as the HOMA-IR, of the HFD group were higher than
hose of the other three groups, which indicates that rats in
he HFD group present insulin resistance. Using EA at the
ilateral ST36 and LI11 acupoints, our study also showed
hat EA could improve insulin resistance by lowering the
LU and the FINS levels in DIO rats. The improvement in the
sulin sensitivity seems to be related to changes in fat
issues [6], reductions in the orexigenic peptides in the
ypothalamic arcuate nuclei [25], and changes in the in-
ulin signal [12].
Large adipocytes are thought to cause insulin resistance
skeletal muscle and the liver in part by secreting large

mounts of tumor necrosis factor-a and free fatty acid [26].
study showed that an increased population of small white
[

Table 3 Neuropeptide Y (NPY) and agouti-related peptide
(AGRP) expression in the hypothalamus of rats in four
different groups.

Group n AGRP NPY

LFD 10 0.93 � 0.15 1.05 � 0.17
HFD 10 2.37 � 0.56* 2.06 � 0.21*

OLST 10 0.42 � 0.11*
,y 1.08 � 0.14y

EA 10 0.96 � 0.12y 1.08 � 0.19y

Data are presented as mean � standard deviation.
EA Z electroacupuncture; HFD Z high-fat group; LFD Z low-
fat diet group; OLST Z orlistat.
* p < 0.05 versus LFD.
y p < 0.05 versus HFD.

F

(
n
h
g

dipocytes might account for improved insulin sensitivity
27]. Consistent with that, in our experiment, the di-
meters of the adipocytes in the HFD group were signifi-
antly bigger than those in the LFD group, which indicated
sulin resistance in the HFD group. With EA treatment, the
dipocytes in the EA group were significantly smaller than
hose in the HFD group, and the HOMA-IR in the EA group
as significantly smaller than that in the HFD group.
herefore, we suggest that the amelioration of insulin
esistance is correlated with the promotion of adipocytes.
NPY and AGRP, two peptides that potently stimulate

ood intake and reduce energy expenditure, and thereby
romote weight gain [10], are inhibited by insulin. Under
onditions of reduced hypothalamic signaling by insulin,
creased NPY/AGRP signaling may contribute not only to
he resultant hyperphagia and weight gain but also to sys-
emic insulin resistance and glucose intolerance as well
28]. Our experiment revealed that NPY/AGRP mRNA
igure 3 Expression of protein-tyrosine phosphatase 1B
PTP1B) protein and glyceraldehyde-3-phosphate dehydroge-
ase (GAPDH) in four different groups. 1, low-fat diet group; 2,
igh-fat group, 3 orlistat group; and 4, electroacupuncture
roup.
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expression in the hypothalamus of the HFD group was the
highest among the four groups and was accompanied by
weight gain and insulin resistance. After the treatment,
NPY/AGRP mRNA expression in the EA group was decreased
significantly compared to that in the HFD group. Thus, EA
may improve insulin resistance by inhibiting the expression
of NPY/AGRP.

The ability of PTP1B to regulate insulin receptor kinase
negatively has been established at the molecular level [29].
PTP1B inhibits insulin signaling and, when over-expressed,
plays a role in insulin resistance [30]. PTP1B-deficient
mice have been shown to be resistant to weight gain and
to remain insulin sensitive when subjected to a high-fat
diet, even though the amount of food consumed was not
different [31]. Ablation of the PTP1B gene yields mice dis-
playing characteristics that suggest that inhibition of the
PTP1B function may be an effective strategy for the
treatment of diabetes and obesity [13]. In accordance with
this, our results showed decreased expression of PTP1B in
the EA group. Furthermore, the reduction of PTP1B activity
in the rats was accompanied by decreased HOMA-IR, which
suggested that EA might increase insulin sensitivity by
inhibiting the expression of PTP1B.

In conclusion, EA affects weight loss. Based on the data
presented in this study, the mechanism of that weight loss
may be related to improved insulin resistance due to
changes in the sizes of adipocytes, reduction in the
expression of NPY/AGRP, and inhibition of the expression of
PTP1B. In addition, although the rats administered orlistat
also showed weight loss, as did the rats in the EA group, the
adverse effects of orlistat, such as watery stools and yellow
hairs, cannot be ignored. Thus, compared to orlistat, EA
may be considered to be a better method of alternative
therapy for obesity and other metabolic diseases.
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