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Objectives. To explore electroacupuncture’s (EA’s) effects on fasting blood glucose (FBG) and insulin resistance of type 2 diabetic
mellitus (T2DM) model rats and give a possible explanation for the effects. Method. It takes high fat diet and intraperitoneal
injection of streptozotocin (STZ, 30mg/kg) for model preparation. Model rats were randomly divided into T2DM Model group,
EA weiwanxiashu (EX-B3) group, and sham EA group (𝑛 = 12/group). EA (2Hz continuous wave, 2mA, 20min/day, 6 days/week,
4 weeks) was applied as intervention. FBG, area under curve (AUC) of oral glucose tolerance test (OGTT), insulin resistance
index (HOMA-IR), pancreatic B cell function index (HOMA-B), skeletal muscle phosphorylated phosphatidylinositol-3-kinase
(PI3K), glucose transporter 4 (GLUT4), and membrane GLUT4 protein expression were measured. Results. EA weiwanxiashu
(EX-B3) can greatly upregulate model rat’s significantly reduced skeletal muscle PI3K (Y607) and membrane GLUT4 protein
expression (𝑃 < 0.01), effectively reducing model rats’ FBG and AUC of OGTT (𝑃 < 0.01). The effects are far superior to sham EA
group. Conclusion. EAweiwanxiashu (EX-B3) can upregulate skeletal muscle phosphorylated PI3K protein expression, to stimulate
membrane translocation of GLUT4 and thereby increase skeletal muscle glucose intake to treat T2DM.

1. Introduction

Type 2 diabetes mellitus (T2DM) accounts for nearly 95% of
total diabetic patients worldwide [1, 2]. The disease is char-
acterized by hyperglycemia [3] caused by impaired insulin
secretion or peripheral insulin resistance [4]. As a progressive
chronic disease, it is closely related with complications such
as diabetic nephropathy, diabetic foot, and diabetic ophthal-
mopathy [5]. Besides, it is also one of the leading causes of
cardiovascular disease [6]. The prevalence of T2DM among
adults is predicted to be more than 3.47 million [7], making
mechanism study on the disease of great value.

Glucose transporter 4 (GLUT4) is highly expressed in
major tissues responding to insulin including skeletal muscle,
liver, and adipose tissue [8]. It actively transports glucose
from blood into the cell when translocated to cell membrane
[9, 10]. Given that skeletalmuscle accounts formore than 75%

of insulin-stimulated glucose disposal [11] and is the tissue
with highest GLUT4 expression [12], skeletal muscle GLUT4
plays an important role in the pathogenesis of type 2 diabetes
[13]. It therefore not only performs as the major mediator
of glucose uptake of skeletal muscle but also maintains
glucose homeostasis of the whole body [14–16]. It has been
reported that overexpression of GLUT4 in skeletal muscle
improves glucose homeostasis [17] by lowering blood glucose
[16, 18], increasing insulin-stimulated glucose transport [19],
and restoring pancreatic B cell morphology [20]. And tar-
geted disruption of skeletal muscle GLUT4 expression will
cause severe insulin resistance and glucose intolerance [15].
Researchers have realized that decrease in GLUT4 expression
is closely related to insulin resistance [21], and methods
that enhance GLUT4 translocation to the membrane or
increase its protein expression can relieve insulin resistance
[11].
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Acupuncture is proved to have certain effect on T2DM
and was thereby recommended by World Health Organiza-
tion (WHO) as possible therapeutic method for the disease
[22]. Previous researches proved that electroacupuncture
(EA) has certain hypoglycemic effect [23] and can improve
glucose tolerance [24, 25]. And it is demonstrated that
different acupoints perform different hypoglycemic effects
[26, 27].

According to traditional Chinese medicine (TCM), wei-
wanxiashu (EX-B3) is specialized in treatment of diabetes and
is believed to have outstanding effect [28]. It is one of the
most frequently selected ones in clinical and experimental
studies of acupuncture treatment of T2DM reported in
Chinese [29–31] and is proved to have outstanding effects on
hyperglycemia and insulin resistance of T2DM, but little was
reported in English [28, 32]. And themechanismhas not been
well elucidated [28]. We hypothesized that weiwanxiashu
(EX-B3) has better effects on hyperglycemia and insulin
resistance of T2DM.

This study aims at observing EA weiwanxiashu’s (EX-
B3’s) effects on hyperglycemia and insulin resistance of
high fat diet combined with STZ-induced T2DM rats and
exploring their relation with skeletal muscle GLUT4 protein
expression.

2. Experiment Method

2.1. Experimental Animals. Experiment animals are 65 clean
level male Sprague-Dawley rats (160 ± 5 g) purchased from
S.P.F limited, Beijing (license: SCXK 2011-004). Animals
were maintained in animal facility at Beijing University of
Chinese Medicine with a controlled environment of 23∘C,
relative humidity 60%, and 12 h light/dark cycle. Rats were
housed 6/cage, with free access to food and water. All
the experiment procedures were performed in accordance
withWHO’s International Guiding Principles for Biomedical
Research Involving Animals. And the study protocol was
approved by the Joint Ethical Review Committee of Beijing
University of Chinese Medicine (R-20131219-7).

2.2. Model Preparation. All the rats were fed with ordinary
rodent chow for 1 week for adaptation. After that, 12 rats
were selected randomly according to body weight as normal
control group (fed with ordinary rodent chow). Other ani-
mals (53 rats) were prepared as T2DM model rats by high
fat diet combined with STZ injection according to previous
researches [33–35]: Ratswere fedwith high fat diet (consisting
of 70% ordinary rodent chow, 10% sucrose, 10% lard oil, and
10%yolk powder.All the rat chowwas purchased fromBeijing
HFK Bioscience Co., Ltd. (license: SCXK 2014-008)) for 50
days, overnight fasted for 10 hours (from 22:00 to 8:00), and
then intraperitoneally injected with 2% streptozocin (STZ)
solution (STZ dissolved in 0.1mol/L citrate buffer solution
with a pH of 4.3) at a dose of 30mg/kg.

Random blood glucose (RBG) was measured 72 h after
the injection, and oral glucose tolerance test (OGTT) was
conducted 14 days after the injection. Animals with RBG >
16.7mmol/L and OGTT’s 2 h time-point blood glucose

> 11.1mmol/L were selected as successfully prepared T2DM
models. Altogether 36 rats were included as model animals.

During the 14 days between STZ injection and model
evaluation, rats except those of the normal control groupwere
fed with high fat diet.

2.3. Grouping and EA Intervention. According to fasting
blood glucose (FBG) measured 14 days after STZ injection,
T2DM model rats were divided by random block design
into 3 groups. They are T2DM model group (𝑛 = 12), EA
weiwanxiashu (EX-B3) group (𝑛 = 12), and sham EA group
(𝑛 = 12).The intervention began at the same day of grouping.
And, since the day of grouping, all animals were fed with
ordinary rodent chow.

Rats in normal control group were nondiabetic normal
rats. Rats in T2DMmodel groupwere T2DMmodel rats. Rats
in both groups received no EA intervention. By comparing
results between normal control group and T2DM model
group, the study verifies the quality of T2DMmodel animals.
By comparing results between T2DM model group and
EA weiwanxiashu (EX-B3) group, the study observes EA
weiwanxiashu’s (EX-B3’s) intervention effects on FBG and
glucose tolerance and explores the mechanism of the effects.
Sham EA group was set to clarify the genuine effects of EA,
when compared with EA weiwanxiashu (EX-B3) group.

Details of Interventions. The intervention was applied during
18:00–20:30, once every day (from Monday to Saturday), for
4 weeks, with a one-day interval between every 2 weeks. FBG
was tested 8:00 on Sunday morning (i.e., the 7th, 14th, 21st,
and 28th day of the intervention), with rats fasted overnight
since 22:00, Saturday night (Figure 1).

Details of EA Intervention. The details of EA intervention are
given as follows.

Normal Control Group and T2DM Model Group. Rats in 2
groups were fixed in loose white cotton bags, wait 5min
for adaptation, and stayed for 20min, without any other
intervention.

EA Weiwanxiashu (EX-B3) Group. Rats were fixed the same
way as the normal control or T2DM model group, wait 5
minutes for adaptation.After that, needles of 0.16mm× 7mm
(Beijing Zhongyan Taihe Medicine Co., Ltd, China. LOT:
031426) were inserted obliquely (towards the lateral side at
an angle of 45 degrees) into weiwanxiashu (EX-B3) on both
sides for 4mm with help of a plastic tube to minimize the
pain. When applying acupuncture, the needle was first put
into a tube (which is 1.5mm shorter than the needle) and
pressed against skin of point area. By swiftly tapping on the
needle handle outside the tube, the needle penetrated the
skin for further adjustment of angle and depth. Soon after
the insertion of needles, EA (2Hz, 2mA, continuous wave,
20min) was applied onweiwanxiashu (EX-B3) by connecting
the positive charge of EA device (KWD-808, Changzhou
Yingdi Electronic Medical Device Co., Ltd., China) with
needles on weiwanxiashu (EX-B3) and negative charge with
a saline-infiltrated cotton ball pasted on rear foot of the
same side. Weiwanxiashu (EX-B3) is located 7mm lateral
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Figure 1: Experimental procedures.

to the depression under the process of the 8th thoracic
vertebrae.

Sham EA Group. Rats were fixed the same way as EA wei-
wanxiashu (EX-B3) group. After that, needles were inserted
horizontally (towards the tip of tail at an angle of 15 degrees)
into nonpoint (the mid-point of rats’ tail on dorsal side) for
2mm. Soon after the insertion, EA (2mA, 2Hz, continuous
wave, 20min) was applied by connecting nonpoint with a
saline-infiltrated cotton ball pasted on the tip of the tail.

Fixation of animals, point locating, needle insertion,
and EA device connection on all rats during the 4-week
intervention were done by the same persons, respectively.

2.4. Detection of Indicators
2.4.1. Measure of FBG. FBG was tested 1 day before the
intervention and at the 7th, the 14th, the 21st, and the 28th
day of the intervention using enzyme end-point method
[36]. Blood sample was collected from the tail vein. Protocol:
After disinfection of rat’s tail, it was punctured with a
blood taking needle (Tianjin huahong Technology Co., Ltd.,
Tianjin, China. LOT: 01-140804). After that, one drop of
blood was collected on the test area of the test strip (Roche
ACCU-CHEK ACTIVE test strip (ser. number GC12723032,
LOT: 24626232)), with the test strip in the meter (Roche
ACCU-CHEK ACTIVE blood glucose meter (ser. number
GC12723032)). The reading was recorded as a result.

2.4.2. Calculation of Area under Curve (AUC) of OGTT.
OGTT was tested one day before the intervention and the
day after the last intervention, to determine the effect of EA
on rats’ glucose tolerance. Protocol: All animals were fasted
overnight from 22:00 to 8:00. After the test of FBG, rats were

intragastrically given glucose solution at 2 g/kg body weight
[37] and then tested for blood glucose 30min, 60min, and
120min later. AUC of OGTT (mmol/L⋅h) was calculated.
FBG was tested using enzyme end-point method mentioned
above. Blood sample was collected from the tail vein [36].

2.4.3. Test of SkeletalMuscle GLUT4 Protein Expression. After
sacrifice of rats, same part of the quadriceps femoris of all
rats was collected for western blot test of GLUT4 protein
expression. Results were shown as the ratio to 𝛽-actin.

Protocol of Western Blot Test. For each group, 3 samples
were selected randomly according to FBG tested before
scarification.

For each sample, 100mg of the tissue was ground in a
1.5mL grinder with 1mL radioimmunoprecipitation (RIPA)
lysis buffer and protein inhibitor mixture in ice bath. The
homogenate was then collected in a 1.5mL centrifuge tube,
placed on ice for 30min (vortexed every 5min), and then
centrifuged (4∘C, 10000 rpm, 15min).The liquid supernatant
was then collected for measurement of protein concentration
with Bicinchoninic acid (BCA) kit, prepared at a balanced
concentration of 4.67𝜇g/𝜇L, and then denatured in 95∘C
water for 5min.

For western blot test, polyacrylamide gel electrophoresis
(80V, 30min for stacking gel, and 120V, 60min for sepa-
rating gel) was made using 10% separating gel. The sample
volume is 15 𝜇L–70𝜇g. Proteins of different groups were wet-
transferred (80V, 70min) to Polyvinylidene Fluoride (PVDF)
microporous membrane (0.45𝜇m in diameter), blocked 1 h
in 5% w/v skimmed milk, 1x TBS, and 0.1% Tween 20 at
25∘C with gentle shaking, and then incubated with 1 : 2000
diluted antibody (GLUT4 polyclonal antibody purchased
from Abcam, LOT: GR183616-1) in 0.5% w/v skimmed milk,



4 Evidence-Based Complementary and Alternative Medicine

Table 1: EA’s intervention effect on FBG (𝑋 ± 𝑠, mmol/L).

Groups 𝑛
FBG before
intervention FBG at the 7th day FBG at the 14th day FBG at the 21st day FBG after

intervention
Normal control
group 12 4.95 ± 0.16∗∗ff 4.29 ± 0.47∗∗ff 4.93 ± 0.16∗∗ff 6.16 ± 0.18∗∗ff 5.24 ± 0.16∗∗ff

T2DMmodel
group 9 17.04 ± 1.94△△ 17.30 ± 3.22△△ 15.88 ± 1.69△△ 28.46 ± 1.04△△ff 27.42 ± 1.52△△ff

EA weiwanxiashu
(EX-B3) group 10 20.33 ± 2.01△△ 13.91 ± 2.15△△ 18.38 ± 2.44△△ 19.88 ± 2.92△△∗∗ 18.95 ± 2.83△△∗∗

Sham EA group 9 16.88 ± 1.63△△ 16.73 ± 2.26△△ 17.63 ± 2.65△△ 22.34 ± 2.24△△∗ 25.07 ± 1.11△△

Note: △△ for P < 0.01, versus normal control group. ∗ for 0.01 < P < 0.05, versus T2DM model group, and ∗∗ for 𝑃 < 0.01. ff for 𝑃 < 0.01, versus EA
weiwanxiashu (EX-B3) group.

1x TBS, and 0.1% Tween 20 at 25∘C with gentle shaking for
1 h and at 4∘C for 16 h. After that, the primary antibody was
discarded, and the membrane was washed 3 times (5min
each time) with 1x TBST, incubated with 1 : 2000 diluted
secondary antibody in 0.5% w/v skimmed milk, 1x TBS, and
0.1%Tween 20 at 25∘Cwith gentle shaking for 1 h, andwashed
3 times (5min each time) with 1x TBST. The photo was
taken in darkroom. And integrated optical density (IOD) was
calculated with ImageProPlus 6.0.

2.4.4. Test of Membrane GLUT4 Expression of Skeletal Muscle.
After sacrifice of rats, same part of the quadriceps femoris
of all rats was collected. Membrane proteins were extracted
with Eukaryotic Membrane Protein Extraction Reagent Kit
(Thermo Scientific, LOT: OJ186747A). Other procedures are
the same as protocol of western blot test listed above. Results
were shown as the ratio to 𝛽-actin.

2.4.5. Observation of Translocation ofGLUT4 to theMembrane
of Skeletal Muscle. Comparative ratio of skeletal muscle
membrane GLUT4 expression was shown as the ratio of
skeletal muscle membrane GLUT4 expression to GLUT4
expression of the whole cell.

2.4.6. Test of Phosphorylated Phosphatidylinositol-3-Kinase
(PI3K) Expression of Skeletal Muscle. After sacrifice of rats,
the same part of the quadriceps femoris of all rats was
collected for western blot test of PI3K (Y607) protein expres-
sion. Protein were extracted with phosphatase inhibitor.
Other procedures are the same as protocol of western blot
test listed above (PI3K polyclonal antibody purchased from
Abcam, LOT: 194710-8). Results were shown as the ratio to
𝛽-actin.

2.5. Statistical Treatment. SPSS 19.0 was applied for the
processing of data. Results were shown as 𝑋 ± 𝑠. 0.01 <
𝑃 < 0.05 was defined as significant difference and 𝑃 <
0.01 as extremely significant difference. One-way analysis
of variance (ANOVA) was applied for the comparison of
serum insulin content and skeletal muscle cytoplasmic and
membrane GLUT4 expression. For other indices, multiple-
group nonparametric test was applied due to variance non-
homogeneity.

3. Results

3.1. EA’s Intervention Effect on FBG. Results show that, before
intervention, FBG of T2DMmodel group, EA weiwanxiashu
(EX-B3) group, and sham EA group are significantly higher
than that of normal control group (𝑃 < 0.01), and no
statistical difference can be observed between the 3 groups.
After 4 weeks’ intervention, FBG of T2DMmodel group, EA
weiwanxiashu (EX-B3) group, and sham EA group is still
remarkably higher than that of the normal control group (𝑃 <
0.01). EA weiwanxiashu (EX-B3) can greatly reduce T2DM
model rats’ FBG (𝑃 < 0.01). But no significant difference can
be observed between EA weiwanxiashu (EX-B3) group and
sham EA group (see Table 1).

3.2. EA’s Intervention Effect on Glucose Tolerance. Results
show that, before intervention, AUC of OGTT of T2DM
model group, EA weiwanxiashu (EX-B3) group, and sham
EA group are significantly higher than that of normal control
group (𝑃 < 0.01). And no statistical difference can be
observed between the 3 groups. After intervention, AUC
of OGTT of T2DM model group, EA weiwanxiashu (EX-
B3) group, and sham EA group are still remarkably higher
than that of the normal control group (𝑃 < 0.01). EA
weiwanxiashu (EX-B3) group’s result is greatly lower than
T2DM model group (𝑃 < 0.01). No statistical difference can
be observed between EA weiwanxiashu (EX-B3) group and
sham EA group (see Table 2).

3.3. EA’s Intervention Effect on HOMA-IR and HOMA-B.
Results show that, after intervention, HOMA-IR of T2DM
model group, EA weiwanxiashu (EX-B3) group, and sham
EA group is greatly higher than that of the normal control
group (𝑃 < 0.01). EA weiwanxiashu (EX-B3) can reduce rats’
HOMA-IR to an extent significantly lower than T2DMmodel
group (𝑃 < 0.01). HOMA-B of T2DM model group, EA
weiwanxiashu (EX-B3) group, and sham EA group is greatly
lower than that of normal control group (𝑃 < 0.01). EA
weiwanxiashu (EX-B3) group can significantly increase the
reading, compared with T2DM model group (𝑃 < 0.05) and
sham EA group (𝑃 < 0.05) (see Table 3).

3.4. EA’s Intervention Effect on Skeletal Muscle GLUT4 Protein
Expression. Results show that T2DM model animals are of
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Table 2: EA’s intervention effect on AUC of OGTT (𝑋 ± 𝑠, mmol/L⋅h).

Group 𝑛 AUC of OGTT before intervention AUC of OGTT after intervention
Normal control group 12 14.89 ± 0.62∗∗ff 15.55 ± 0.57∗∗ff

T2DMmodel group 9 50.38 ± 3.55△△ 63.14 ± 1.09△△ff

EA weiwanxiashu (EX-B3) group 10 52.27 ± 2.76△△ 49.37 ± 5.52△△∗∗

Sham EA group 9 55.50 ± 2.33△△ 59.84 ± 1.76△△

Note:△△ for P < 0.01, versus normal control group. ∗∗ for P < 0.01, versus T2DMmodel group. ff for P < 0.01, versus EA weiwanxiashu (EX-B3) group.

Table 3: EA’s intervention effect on HOMA-IR and HOMA-B (𝑋 ± 𝑠).

Group 𝑛 Fasting insulin (mmol/L) HOMA-IR HOMA-B
Normal control group 12 18.24 ± 0.65f 4.22 ± 0.14∗∗ff 236.41 ± 28.96∗∗

T2DMmodel group 9 17.48 ± 0.81 21.32 ± 1.62△△ff 15.08 ± 1.18△△f

EA weiwanxiashu (EX-B3) group 10 16.01 ± 0.80△ 13.51 ± 2.20△△∗∗ 72.65 ± 48.07△△∗

Sham EA group 9 15.94 ± 1.00△ 17.46 ± 0.63△△ 15.39 ± 1.68△△f

Note:△ for 0.01 < P < 0.05, versus normal control group, and△△ for P < 0.01. ∗ for 0.01 < P < 0.05, versus T2DMmodel group, and ∗∗ for P < 0.01.f for 0.01
< P < 0.05, versus EA weiwanxiashu (EX-B3) group, and ff for P < 0.01. HOMA-IR = FBG × fasting blood insulin/22.5. HOMA-B = fasting blood insulin ×
20/(FBG − 3.5).

remarkably lowered GLUT4 protein expression in skeletal
muscle (𝑃 < 0.01). Neither EA weiwanxiashu (EX-B3) nor
sham EA can effectively upregulate GLUT4 expression in
skeletal muscle (see Table 4).

Membrane GLUT4 expression of the normal control
group is significantly higher than T2DM model group, EA
weiwanxiashu (EX-B3) group, and sham EA group (𝑃 <
0.01). EAweiwanxiashu (EX-B3) can greatly improveGLUT4
protein expression in the membrane, compared with T2DM
model group (𝑃 < 0.01) and sham EA group (𝑃 < 0.05) (see
Table 4).

Comparative ratio of skeletal muscle membrane GLUT4
of T2DMmodel animals is greatly lower than normal control
group (𝑃 < 0.01). EA weiwanxiashu (EX-B3) can effectively
upregulate the ratio of GLUT4 in membrane of skeletal
muscle, compared with T2DM model group and sham EA
group (𝑃 < 0.01, 𝑃 < 0.05), indicating stimulation of
membrane translocation of GLUT4. However, the reading
is still greatly lower than that of the normal control group
(𝑃 < 0.01) (see Table 4).

Skeletal muscle PI3K (Y607) protein expression of T2DM
model group is significantly lower than that of the normal
control group (𝑃 < 0.05). EA weiwanxiashu (EX-B3) can
greatly improve PI3K (Y607) expression in skeletal muscle
(𝑃 < 0.01). Besides, its expression is remarkably higher than
sham EA group (𝑃 < 0.01) (see Table 5).

4. Discussion

According to TCM, back-shu point is where qi of its corre-
sponding zang-fu organs gathers. Back-shu point is therefore
especially useful for treatment of diseases of its related zang-
fu organ [38]. Weiwanxiashu (EX-B3) is the back-shu point
of the pancreas and is therefore believed to be useful for
treatment of T2DM. The point was frequently selected in
clinical trial or animal experiment studies of T2DM inChina,
and many reports published in Chinese have proved its
outstanding effect [29–31]. However, only a little can be
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Figure 2: EA’s intervention effect on FBG. Note: △△ for 𝑃 < 0.01,
versus normal control group. ∗∗ for 𝑃 < 0.01, versus T2DM model
group. ff for 𝑃 < 0.01, versus EA weiwanxiashu (EX-B3) group.

searched [28, 32] due to language barrier, and themechanism
of weiwanxiashu (EX-B3) remains to be elucidated.

Results of our study proved that EA weiwanxiashu (EX-
B3) can significantly reduce model rats’ highly rocketed FBG
(Table 1, Figure 2), AUC of OGTT (Table 2, Figure 3), and
HOMA-IR (Table 3, Figure 4) and greatly increasemodel rats’
remarkably decreased HOMA-B (Table 3, Figure 5).

The above changes can be performed by activation of
GLUT4. In static state, GLUT4 is sequestered in intracellular
vesicles in skeletal muscle cells and has no biological activity.
When stimulated by insulin signal or muscle contraction
[39], vesicles that contain GLUT4 will fuse with the plasma
membrane; GLUT4 was then inserted in the membrane
and becomes available for active transporting glucose into
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Table 4: EA’s intervention effect on skeletal muscle GLUT4 protein expression (𝑋 ± 𝑠).

Group 𝑛 GLUT4 Membrane GLUT4
Comparative ratio
of membrane

GLUT4
Normal control group 3 2.53 ± 0.12∗∗ff 0.50 ± 0.03∗∗ff 0.20 ± 0.02∗∗ff

T2DMmodel group 3 2.21 ± 0.06△△ 0.17 ± 0.01△△ff 0.08 ± 0.00△△ff

EA weiwanxiashu
(EX-B3) group 3 2.10 ± 0.06△△ 0.29 ± 0.01△△∗∗ 0.14 ± 0.01△△∗∗

Sham EA group 3 2.32 ± 0.10 0.22 ± 0.01△△f 0.09 ± 0.00△△f

Note: △△ for P < 0.01, versus normal control group. ∗∗ for P < 0.01, versus T2DM model group. f for 0.01 < P < 0.05, versus EA weiwanxiashu (EX-B3)
group, and ff for P < 0.01.

Table 5: EA’s intervention effect on skeletal muscle PI3K (Y607)
protein expression (𝑋 ± 𝑠).

Group 𝑛 PI3K (Y607)
Normal control group 3 0.68 ± 0.02∗ff

T2DMmodel control group 3 0.59 ± 0.00△ff

EA weiwanxiashu (EX-B3) group 3 1.25 ± 0.02∗∗

Sham EA group 3 0.63 ± 0.03ff

Note: △ for 0.01 < P < 0.05, versus normal control group. ∗ for 0.01 < P <
0.05, versus T2DMmodel group, and ∗∗ for P < 0.01.ff for P < 0.01, versus
EA weiwanxiashu (EX-B3) group.
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the skeletal muscle cell [40]. As a result, blood glucose will
be reduced.

Previous researches show that it is possible to regulate
GLUT4 expression by EA [41–46]. It is proved that EA can
normalize insulin sensitivity of polycystic ovary syndrome
rats by increasing skeletal muscle cytoplasmic GLUT4 con-
tent [41]. The effect can also be observed in prednisolone
induced insulin resistance rats: EA can greatly increasemodel
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Figure 4: EA’s intervention effect on HOMA-IR. Note:△△ for 𝑃 <
0.01, versus normal control group. ∗∗ for 𝑃 < 0.01, versus T2DM
model group. ff for 𝑃 < 0.01, versus EA weiwanxiashu (EX-B3)
group.

rats significantly decreased cytoplasmic GLUT4 expression
to restore free fatty acid content and HOMA-IR to normal
[42]. Some researchers point out that EA cannot modify
skeletal muscle cytoplasmic GLUT4 content. Instead, it
mediates glucose uptake through translocation of GLUT4
from cytoplasm to membrane in response to activation of
adenosinemonophosphate-activated protein kinase (AMPK)
or insulin signal pathways [43, 44]. Tominaga and colleagues
show that EA can significantly improve glucose infusion in
hyperinsulinaemic-euglycaemic clamp test by upregulating
membrane but not cytoplasmic GLUT4 expression in skeletal
muscle of insulin resistance rats prepared by high fructose
diet [45]. The effect was also observed in adipose tissue [45].
Van Epps-Fung and colleagues show that translocation of
GLUT4 from the cytosol to membrane improves glucose
uptake in adipose tissue of insulin resistance rats induced by
glucocorticoids [46]. To sum up, EA upregulates cytoplasmic
GLUT4 expression or translocation of GLUT4 to improve
skeletal muscle glucose uptake and relieve insulin resistance.
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Figure 5: EA’s intervention effect on HOMA-B. Note: △△ for 𝑃 <
0.01, versus normal control group. ∗ for 0.01 < 𝑃 < 0.05, versus
T2DM model group, and ∗∗ for 𝑃 < 0.01. f for 0.01 < 𝑃 < 0.05,
versus EA weiwanxiashu (EX-B3) group.

Our research results show that EA weiwanxiashu (EX-
B3) can significantly improve hyperglycemia and insulin
resistance of model rats and greatly improve skeletal muscle
membrane GLUT4 expression but not cytoplasmic GLUT4
expression, indicating that EA can stimulate GLUT4 mem-
brane translocation to reduce FBG and relieve insulin resis-
tance. Test of skeletal muscle PI3K (Y607) protein expression
demonstrates that, in our study, upregulation of GLUT4
membrane translocation is related to phosphorylation of
PI3K.

This is in accordance with previous research conclusion
that insulin signal takes effects in the skeletal muscle by
binding insulinwith the alpha-subunits of insulin receptor on
the surface of cell. After that, beta-subunit of insulin recep-
tor will autophosphorylate and lead to activating tyrosine
phosphorylation of insulin receptor substrate (IRS; in skeletal
muscle, it is mainly IRS-1) [47]. Phosphorylated IRS-1 will
bindwith regulatory subunit of phosphatidylinositol 3-kinase
(PI3K) with Src homology 2 domain and further activate
PI3K and protein kinase B (Akt). As a result, GLUT4 will
translocate from the cytosol to the membrane and helps with
active transport of glucose into the skeletal muscle [48–51].

Since in our study, EA weiwanxiashu (EX-B3) group
exceeds sham EA group in regulation of skeletal phos-
phorylated PI3K expression (Table 5, Figure 9), membrane
translocation of GLUT4 (Table 4, Figures 6–8), and HOMA-
B (Table 3, Figure 5) and has better effect on FBG (Table 1,
Figure 2), AUC of OGTT (Table 2, Figure 3), and HOMA-
IR (Table 3, Figure 4). It rules out the possibility that EA
weiwanxiashu’s (EX-B3’s) effects are done by placebo effect
of EA.

EA weiwanxiashu (EX-B3) is especially useful for inter-
vention of T2DM.
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Figure 6: EA’s intervention effect on skeletal muscle GLUT4 protein
expression. Note:△△ for𝑃 < 0.01, versus normal control group. ∗∗
for 𝑃 < 0.01, versus T2DM model group. ff for 𝑃 < 0.01, versus
EA weiwanxiashu (EX-B3) group.
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Figure 7: EA’s intervention effect on skeletal muscle membrane
GLUT4 protein expression. Note: △△ for 𝑃 < 0.01, versus normal
control group. ∗∗ for 𝑃 < 0.01, versus T2DM model group. f for
0.01 < 𝑃 < 0.05, versus EA weiwanxiashu (EX-B3) group, and ff
for 𝑃 < 0.01.
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Figure 8: Comparative ratio of membrane GLUT4. Note: △△ for
𝑃 < 0.01, versus normal control group. ∗∗ for 𝑃 < 0.01, versus
T2DMmodel group.f for 0.01 < 𝑃 < 0.05, versus EAweiwanxiashu
(EX-B3) group, and ff for 𝑃 < 0.01.
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Figure 9: EA’s intervention effect on skeletal muscle PI3K (Y607)
protein expression. Note: △ for 0.01 < 𝑃 < 0.05, versus normal
control group. ∗ for 0.01 < 𝑃 < 0.05, versus T2DM model group,
and ∗∗ for 𝑃 < 0.01. ff for 𝑃 < 0.01, versus EA weiwanxiashu
(EX-B3) group.

5. Conclusion

EA weiwanxiashu (EX-B3) can upregulate skeletal mus-
cle phosphorylated PI3K protein expression, to stimulate

membrane translocation of GLUT4 and thereby increase
skeletal muscle glucose intake to reduce blood glucose and
relieve insulin resistance.
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González, “17𝛽-estradiol activates glucose uptake via GLUT4
translocation and PI3K/Akt signaling pathway inMCF-7 Cells,”
Endocrinology, vol. 154, no. 6, pp. 1979–1989, 2013.

[48] G. R. Gandhi, G. Jothi, P. J. Antony et al., “Gallic acid attenuates
high-fat diet fed-streptozotocin-induced insulin resistance via
partial agonism of PPAR𝛾 in experimental type 2 diabetic rats
and enhances glucose uptake through translocation and acti-
vation of GLUT4 in PI3K/p-Akt signaling pathway,” European
Journal of Pharmacology, vol. 745, pp. 201–216, 2014.

[49] V. Ramachandran and R. Saravanan, “Glucose uptake through
translocation and activation of GLUT4 in PI3K/Akt signaling
pathway by asiatic acid in diabetic rats,”Human and Experimen-
tal Toxicology, vol. 34, no. 9, pp. 884–893, 2015.

[50] K. Nagano, H. Takeuchi, J. Gao et al., “Tomosyn is a novel
Akt substratemediating insulin-dependent GLUT4 exocytosis,”
International Journal of Biochemistry and Cell Biology, vol. 62,
pp. 62–71, 2015.

[51] G. R. Gandhi, A. Stalin, K. Balakrishna, S. Ignacimuthu, M.
G. Paulraj, and R. Vishal, “Insulin sensitization via partial
agonism of PPAR𝛾 and glucose uptake through translocation
and activation of GLUT4 in PI3K/p-Akt signaling pathway by
embelin in type 2 diabetic rats,” Biochimica et Biophysica Acta—
General Subjects, vol. 1830, no. 1, pp. 2243–2255, 2013.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


