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Thenumber of patientswith type 2 diabetesmellitus (T2DM) is increasing rapidlyworldwide. Glucose transporter 4 (GLUT4) is one
of themain proteins that transport blood glucose into the cells and is a target in the treatment of T2DM. In this study, we investigated
the mechanism of action of dandelion chloroform extract (DCE) on glucose uptake in L6 cells.The glucose consumption of L6 cell
culture supernatant was measured by a glucose uptake assay kit, and the dynamic changes of intracellular GLUT4 and calcium
(Ca2+) levels were monitored by laser scanning confocal microscopy in L6 cell lines stably expressing IRAP-mOrange. The GLUT4
fusion with the plasma membrane (PM) was traced via myc-GLUT4-mOrange. GLUT4 expression and AMP-activated protein
kinase (AMPK), protein kinase B (PKB/Akt), protein kinase C (PKC), and phosphorylation levels were determined by performing
western blotting. GLUT4 mRNA expression was detected by real-time PCR. DCE up-regulated GLUT4 expression, promoted
GLUT4 translocation and fusion to the membrane eventually leading to glucose uptake, and induced AMPK phosphorylation
in L6 cells. The AMPK inhibitory compound C significantly inhibited DCE-induced GLUT4 expression and translocation while
no inhibitory effect was observed by the phosphatidylinositol 3-kinase (PI3K) inhibitor Wortmannin and PKC inhibitor Gö6983.
These data suggested thatDCE promotedGLUT4 expression and transport to themembrane through theAMPK signaling pathway,
thereby stimulating GLUT4 fusion with PM to enhance glucose uptake in L6 cells. DCE-induced GLUT4 translocation was also
found to be Ca2+-independent. Together, these findings indicate that DCE could be a new hypoglycemic agent for the treatment of
T2DM.

1. Introduction

Type 2 diabetes mellitus (T2DM) is known as non-insulin-
dependent diabetes mellitus and accounts for 90%–95% of all
cases of diabetes [1]. Abnormal glucose and lipid metabolism
is the main feature of T2DM. In the early stages of disease,
pancreatic 𝛽-cells retain the ability to secrete insulin but
the patient develops insulin resistance, resulting in the com-
pensatory secretion of more insulin from pancreatic 𝛽-cells
to maintain normal blood glucose levels. When 𝛽-cells lose

this compensatory ability, blood glucose levels rise, causing
T2DM [2].

Currently available medications for the treatment of
diabetes are divided into four categories: insulin, insulin
secretagogues, insulin sensitizers, and prandial glucose reg-
ulators. However, many of these drugs have serious adverse
effects in patients with poor tolerance. Medicinal plants are
increasingly being used inmodern clinicalmedicine and have
been administered as alternative treatments for T2DM, with
reported superior curative effects and few side effects [3].
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In this study, we aimed to identify new hypoglycemic drugs
from traditional Chinese medicine.

Glucose transporter (GLUT)4 is a member of the
GLUT/SLC4A family, which is widely distributed in skeletal
muscle, myocardium, adipose tissue, kidney, and the brain
[4–7]. In the basal state, GLUT4 exists in the special intra-
cellular components, such as GLUT4 storage vesicles (GSVs).
The pathways of insulin-stimulated glucose transport into
the cell include GSVs sorting, trafficking, and finally fusion
with the PM [8]. Current research suggests that GLUT4
transmembrane transport of glucose into the cell is the rate-
limiting step of glucose uptake and that T2DM is associated
with the loss of GLUT4 expression and translocation [9, 10].
Therefore, GLUT4 is considered to be a potential target for
the treatment of T2DM.

Dandelion (Taraxacum mongolicum Hand.-Mazz.) is a
herbaceous perennial plant belonging to Asteraceae family.
Previous study exhibited that it has antioxidant [11], antitu-
mor [12], and anti-inflammatory [13] properties. Moreover,
aqueous extract of dandelion was also reported to improve
lipid metabolism in T2DM rats [14]. However, the effect
of DCE on the expression and translocation of GLUT4
in the treatment of T2DM is unexplored. In the present
study, we found that DCE promoted GLUT4 translocation to
the plasma membrane (PM), resulting in enhanced glucose
uptake in L6 cells.

2. Materials and Methods

2.1. Reagents and Solutions. Alpha MEM (𝛼-MEM) medium
and penicillin–streptomycin solution were purchased from
Gibco (Gran Island, NY, USA). Fetal bovine serum (FBS)
was purchased fromHyclone (Logan, UT, USA). The glucose
uptake assay kit was purchased from Cayman Chemical
Company (Ann Arbor, MI, USA). Fluo-4 AM was purchased
from Invitrogen (Camarillo, CA, USA). Primary antibodies
against GLUT4, AMPK, and p-AMPK were purchased from
Cell Signaling Technology (Beverly, MA, USA).Wortmannin
and BAPTA-AM were purchased from Sigma (St. Louis,
MO, USA). Compound C was purchased from Selleckchem
(Houston, TX, USA). Gö6983 was purchased fromEMDMil-
lipore (Billerica, MA, USA). The physiological salt solution
(PSS) contained the following composition (mM): 135 NaCl,
5 KCl, 1 MgCl

2
, 2 CaCl

2
, 10 HEPES, and 10 glucose (pH 7.4);

extracellular Ca2+-free PSS (mM): 135 NaCl, 5 KCl, 1 MgCl
2
,

0.5 EGTA, 10 HEPES, and 10 glucose (pH 7.4)

2.2. Dandelion Extraction. Dandelion plants were collected
from Shanxi Province, China, and were authenticated by
Professor Ding-Rong Wan, School of Pharmaceutical Sci-
ences, South-Central University for Nationalities (Wuhan,
China). A voucher specimen has been deposited as a voucher
specimen in the South-Central University for Nationalities
herbarium.

Dried dandelion was ground into powder. The compo-
nents were extracted by refluxing with 75% ethanol solution
three times and centrifuging at 4800× g for 15 minutes. Next,
the supernatant was collected, evaporated to dryness on a

rotary evaporator to obtain the ethanol extract, thereafter
dissolved in ultrapure water, and extracted three times with
petroleum ether to remove the oil. Afterwards, the super-
natant was extracted three times with chloroform and further
dried with a rotary evaporator to obtain the DCE. DCE was
dissolved in 3% dimethyl sulfoxide and used for bioactivity
assay.

2.3. Cell Line Construction and Cell Culture. Insulin-
responsive aminopeptidase (IRAP) is a protein that strongly
colocalizes with GLUT4 [15, 16] and can be used as a reporter
molecule to reflect the translocation of GLUT4 [17, 18]. Stable
expression of IRAP in the L6 cell line (L6 IRAP-mOrange)
was determined as we previously described [19]. L6 cells
were cultured in 𝛼-MEM with 10% FBS and supplemented
with penicillin (100 U/mL) and streptomycin (100𝜇g/mL) at
37∘C in a 5% CO2 environment.

2.4. Glucose Uptake Assay. L6 cells were seeded into 96-well
culture plates and cultured until 100% confluence. Next, cells
were starved for 2 hours with serum-free 𝛼-MEM medium
and then treated with DCE or 100 nM insulin or vehicle
control dissolved in 100𝜇L serum-free 𝛼-MEM medium
containing 150𝜇g/mL glucose uptake and transport probe
2-NBDG. Plates were incubated at 37∘C with 5% CO

2
for

30 minutes. Following the treatment, the glucose uptake by
cells was detected using an Infinite M200 Pro microplate
reader (Tecan, Groedig, Austria) at 485 nm as the excitation
wavelength and at 535 nm as the emission wavelength. Three
independent experiments were conducted, comparing the
control group (control), the insulin group (insulin), and the
added drug group (DCE).

2.5. Monitoring of GLUT4 Translocation. L6 IRAP-mOrange
cells were grown on glass coverslips at 37∘C overnight and
then starved in serum-free 𝛼-MEM for 2 hours.The dynamic
changes of IRAP-mOrange translocation were observed
using the LSM700 laser scanning confocal microscope (Carl
Zeiss, Jena, Germany). Changes in IRAP-mOrange fluo-
rescence intensity on the cell membrane were recorded
before and after treatment with DCE to reflect the GLUT4
translocation.

2.6. Assay of GLUT4 Fusion with PM. The three gene
fragments of myc, GLUT4, and mOrange were inserted
into the GV348 plasmid to obtain the GV348-myc-GLUT4-
mOrange plasmid and transfect it into L6 cells by lentivirus.
GLUT4myc cDNA was constructed by inserting the human
c-myc epitope (14 amino acids) into the first ectodomain
of GLUT4, as described in [20]. A single clone containing
the highest fluorescence intensity was selected and cultured
for the following experiments. The GV348-myc-GLUT4-
mOrange L6 cells on circular glass slides were starved with
serum-free medium for 2 hours and then treated with
30𝜇g/mL DCE or 100 nM insulin for 30 minutes. Next,
the cells were fixed with 3% paraformaldehyde, blocked in
2% (w/v) BSA in PBS, and incubated with mouse anti-
myc antibody (1:200 dilution) [19]. Cells were subsequently
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labeled with anti-mouse-FITC-conjugated secondary anti-
body (1: 200 dilution). The intensity of Green fluorescent
protein (FITC) and mOrange fluorescence was measured by
the LSM700 microscope (Carl Zeiss).

2.7. Detection of Intracellular𝐶𝑎2+ Levels. L6 IRAP-mOrange
cells were grown on glass coverslips at 37∘C overnight and
then starved in serum-free 𝛼-MEM for 2 hours. Cells were
incubated in PSS containing 2 𝜇M Fluo-4 AM for 15 minutes
to stain intracellular Ca2+ and then superfused with dye-free
PSS for 10minutes [21]. Afterwards, the fluorescence intensity
of Fluo-4 AM was observed using the LSM700 microscope
(Carl Zeiss).

2.8. Western Blotting. Cells were starved with serum-free
medium for 2 hours and then treated with Wortmannin
(100nM for 30 minutes), Gö6983 (10 𝜇M for 30 minutes),
compound C (10 𝜇M for 30 minutes), DCE (30 𝜇g/mL for
5 minutes or 30 minutes), insulin (100 nM for 30 minutes),
phorbol ester (PMA, 200 nM for 4 hours), or metformin
(100𝜇g/mL overnight). Next, the cells were placed on ice,
washed three times with cold PBS, and treated with a
protease inhibitor cocktail (Roche, Basel, Switzerland) and
phosphatase inhibitor cocktail (Selleckchem, USA) at 4∘C.
Cells were then lysed as described previously [19]. Equal
amounts of protein were separated by 10% (v/v) SDS-PAGE
and transferred onto a polyvinylidene difluoride (PVDF)
membrane. The membranes were incubated overnight at
4∘C with primary antibodies and then with corresponding
horseradish peroxidase-conjugated secondary antibodies for
1 hour.The intensity of protein bands was quantitated using a
ChemiDoc XRS system (Bio-Rad, CA, USA).

2.9. RNA Isolation and Quantitative Real-Time PCR. L6 cells
were starved with serum-free medium for 2 hours and
pretreated with different concentrations of drugs for 30 min-
utes. Total RNA was extracted using TRIzol reagent (Invit-
rogen) including chloroform extraction and isopropanol
precipitation. The RNA initial extract of each sample was
washed and dried with 75% ethanol and then dissolved in
50𝜇L DEPC water. The quality of each RNA extraction
was confirmed by electrophoresis on a 1% agarose gel.
Next, 2 𝜇g of total RNA from each sample was reverse-
transcribed using the RevertAid First Strand cDNA Synthesis
Kit (Thermo Scientific, USA) in a 20 𝜇L reaction according
to the manufacturer’s protocol. cDNA products were diluted
with RNase-free water, then real-time PCR was performed
using the FastStart Universal SYBR Green PCR Master
ROX (Roche) system on the 7500 Fast Real-Time PCR
System instrument (Applied Biosystems). Primer sequences
were as follows: rat Gapdh (NCBI RefSeq NM 017008.4),
F: 5󸀠-TACAGCAACAGGGTGGTGGAC-3󸀠 , R: 5󸀠-GGG-
ATGGAATTGTGAGGGAGA-3󸀠 ; rat GLUT4 (NCBI RefSeq
NM 012751.1), F: 5󸀠-CTTCCTTCTATTTGCCGTCCTC-3󸀠 ,
R: 5󸀠-GCTGCTGTTTCCTTCATCCTG-3󸀠 . Relative quan-
tification results obtained for the target genes were normal-
ized using the 2-ΔΔCT method.
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Figure 1: DCE increased glucose uptake in L6 cells. Compared with
the control group, the glucose uptake of L6 cells was significantly
increased in a dose-dependent manner following treatment with
30𝜇g/mL, 60𝜇g/mL, and 120 𝜇g/mL of DCE for 30 minutes. ∗∗P
< 0.01 and ∗ ∗ ∗ P < 0.001.

2.10. Data Analysis. Data were expressed as the mean ± SEM.
Two groups of data were compared by the Student’s t-test.
Values of P < 0.05 were considered statistically significant.

3. Results

3.1. DCE Increased Glucose Uptake in L6 Cells. The effect of
DCE on glucose uptake in L6 cells was investigated, followed
by glucose uptake assay kit. We found that 30, 60, and
120 𝜇g/mL of DCE significantly increased glucose uptake in
L6 cells (Figure 1) in a dose-dependent manner.

3.2. DCE Promoted GLUT4 Translocation to the PM of
L6 Cells. To explore the mechanism of the DCE-induced
increase in glucose uptake by L6 cells, wemeasured the IRAP-
mOrange fluorescence intensity of the L6 IRAP-mOrange
cell membrane by laser confocal microscopy. We found that
30𝜇g/mL of DCE significantly enhanced the IRAP-mOrange
fluorescence intensity (Figure 2(a)) and also significantly
increased IRAP expression on the cell membrane (Fig-
ure 2(b)). Because of the known strong colocalization of IRAP
and GLUT4 [15, 22], these data imply that DCE promotes
GLUT4 translocation to the PM.Therefore, we hypothesized
that DCE also increases the expression of GLUT4.

3.3. DCE Increased the Expression of GLUT4 in L6 Cells. To
verify our hypothesis, we used western blotting and real-
time PCR to detect GLUT4 protein and mRNA expression,
respectively, in L6 cells. Both were found to significantly
increase in a dose-dependent manner after treatment of L6
cells with different concentrations of DCE (Figures 3(a) and
3(b)). These results showed that DCE not only promoted
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Figure 2: DCE promoted GLUT4 translocation in L6 cells. (a) The bright field image on the left shows the basic morphology of L6 IRAP-
mOrange cells at basal level and 30minutes after treatment with 30𝜇g/mL DCE.The images on the right show the significant enhancement of
L6 IRAP-mOrange fluorescence intensity after the addition of 30𝜇g/mL DCE for 30 minutes. (b) Immediately after the addition of 30𝜇g/mL
of DCE until 30 minutes later, the fluorescence intensity of the L6 IRAP-mOrange cell membrane was significantly enhanced. ∗∗∗P < 0.001.

GLUT4 translocation to the PM, but also increased the
expression of GLUT4 in L6 cells.

3.4. DCE Promoted GLUT4Translocation and GLUT4 Expres-
sion in L6 Cells Mainly through the AMPK Signaling Pathway.
Next, we attempted to identify the signal transduction path-
way(s) involved in DCE-induced GLUT4 translocation in L6
cells. L6 IRAP-mOrange cells were treated with compound C
(AMPK inhibitor), Wortmannin (PI3K inhibitor), or Gö6983
(PKC inhibitor). Compound C significantly inhibited the
promoting effect of DCE on GLUT4 translocation in L6
cells (Figure 4(a)), but Wortmannin and Gö6983 had no
inhibitory effect (Figures 4(b) and 4(c)). Compound C also
remarkably inhibited the promoting effect of DCE onGLUT4
expression in L6 cells; similarly, Wortmannin and Gö6983
had no effect (Figure 5(a)). DCE significantly increased the
phosphorylation of AMPK in L6 cells (Figure 5(b)), but DCE
did not cause an increase in the phosphorylation of Akt and
PKC in L6 cells (Figures 5(c) and 5(d)).These findings affirm
that DCE promotes GLUT4 expression and translocation
mainly through the AMPK signaling pathway.

3.5. DCE-Induced Fusion of GLUT4 at the PM inmyc-GLUT4-
mOrange L6 Cells. In order to further verify the mechanism
of DCE-induced glucose uptake, we explored the effect of
DCE on GLUT4 fusion with PM. In the absence of insulin
andDCE, the anti-myc antibodies on the cell surface were not
detected in the L6 cells expressing myc-GLUT4-mOrange.

However, after treatment with 100 nM insulin or 30 𝜇g/mL
DCE for 30minutes, the FITC fluorescence on the cell surface
was significantly increased (Figures 6(a) and 6(b)). This
phenomenon indicates that DCE does increase the fusion of
GLUT4 vesicles into PM to increase glucose uptake.

3.6. DCE-Induced GLUT4 Translocation was 𝐶𝑎2+-
Independent. Previous studies have reported that Ca2+
plays a crucial role in insulin-induced GLUT4 translocation
[23]. To determine whether the DCE-induced GLUT4
translocation is related to Ca2+ or not, we observed
intracellular Ca2+ levels in L6 cells. No significant change
in intracellular Ca2+ levels of L6 cells was detected after the
addition of 30𝜇g/mL DCE (Figure 7(a)). We next treated
L6 IRAP-mOrange cells with 0mM extracellular Ca2+ and
the intracellular calcium chelator BAPTA-AM (10 𝜇M) and
detected the fluorescence intensity of IRAP-mOrange at the
PM. We found that DCE-induced GLUT4 translocation was
not affected by the absence of Ca2+ (Figure 7(b)), suggesting
that DCE-induced GLUT4 translocation is not dependent
on Ca2+.

4. Discussion

In the present study, we aimed to identify a new hypo-
glycemic drug from traditional Chinese medicine.This study
exhibited that DCE enhanced GLUT4 expression and pro-
moted GLUT4 translocation to the PM through activating
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Figure 3: DCE increased the expression of GLUT4 in L6 cells. (a) The GLUT4 protein level of L6 cells was significantly increased after the
addition of 30𝜇g/mL and 60𝜇g/mL DCE for 30 minutes. Summary results are from three independent experiments. ∗P < 0.05. (b) 100 nM
insulin and different concentrations of DCE induced a significant increase inGLUT4mRNA expression of L6 cells compared with the control
in 30 minutes. The results of three independent experiments were statistically analyzed. ∗P < 0.05 and ∗∗P < 0.01.

0 5 10 15 20 25 30

DCE
DCE+Compound C

1

3

5

Fo
ld

 o
f I

RA
P

in
cr

ea
se

 at
 P

M

Time (min)

∗∗∗

∗∗∗

∗∗∗

∗∗∗

∗∗

(a)

DCE
DCE+Wortmannin

Fo
ld

 o
f I

RA
P

in
cr

ea
se

 at
 P

M

0 5 10 15 20 25 30
Time (min)

1

3

5

(b)

DCE
DCE+Gö6983

Fo
ld

 o
f I

RA
P

in
cr

ea
se

 at
 P

M

0 5 10 15 20 25 30
Time (min)

1

3

5

(c)

Figure 4: Compound C inhibited DCE-induced GLUT4 translocation. (a) The AMPK signaling pathway inhibitor compound C treated L6
cell (10 𝜇M for 30 minutes) significantly inhibited the GLUT4 translocation induced by 30𝜇g/mL DCE. ∗∗P < 0.01 and ∗ ∗ ∗P < 0.001. (b)
The PI3K/Akt signaling pathway inhibitor Wortmannin treated L6 cell (100 nM for 30 minutes) had no effect on 30𝜇g/mL DCE-induced
GLUT4 translocation. (c) The PKC signaling pathway inhibitor Gö6983 treated L6 cell (10 𝜇M for 30 minutes) had no effect on 30𝜇g/mL
DCE-induced GLUT4 translocation.

the AMPK signaling pathway, which ultimately increased
glucose uptake in L6 cells in a dose-dependent manner
(Figure 1). These results indicated the potentiality of DCE
which could be used as a new drug for the treatment of
T2DM.

Next, we investigated the mechanism of DCE that can
increase glucose uptake in L6 cells. Glucose is mainly trans-
ported from the blood to skeletal muscle and adipose cells by
GLUT4. Following insulin stimulation, GLUT4 translocates
fromGLUT4 storage vesicles (GSV) to the PMand transports
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Figure 5: DCE increased the phosphorylation of AMPK in L6 cells. (a) The AMPK signaling pathway inhibitor compound C remarkably
attenuated DCE-induced GLUT4 protein expression, but the inhibitory effects of Wortmannin and Gö6983 were less obvious. Summary
results are from three experiments. ∗P < 0.05 and ∗∗P < 0.01. (b) AMPK phosphorylation in L6 cells was significantly increased after the
addition of 30𝜇g/mL DCE for 5 minutes and 30 minutes. Summary results are from three independent experiments. ∗P < 0.05 and ∗∗P
< 0.01. (c) 30𝜇g/mL DCE had no effect on Akt phosphorylation level rather than 100 nM insulin after the addition of DCE or insulin for
30 minutes, respectively. Summary results are from three independent experiments. ∗∗P < 0.01. (d) 30𝜇g/mL DCE had no effect on PKC
phosphorylation level rather than 200 nM phorbol ester (PMA) after the addition of DCE for 30 minutes or PMA for 4 hours, respectively.
Summary results are from three independent experiments. ∗P < 0.05.
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Figure 6: DCE increased the GLUT4 fusion with PM. (a) L6 cells were transfected with plasmid GV348-myc-GLUT4-mOrange encoding a
mOrange fusion protein with myc epitope-tagged GLUT4 (myc-GLUT4-mOrange). Cells were stimulated with 100 nM insulin or 30𝜇g/mL
DCE for 30 minutes, respectively. Then fixed and hybridized with specific immunofluorescent antibodies, FITC fluorescence was measured.
Scale: 5 𝜇m. (b) GLUT4 fusion protein for detection of GLUT4 translocation and PM surface exposure. (c) Statistical percentage of FITC
positive cells in mOrange positive cells. Summary results are from three independent experiments. ∗ ∗ ∗P < 0.001.

glucose into the cells [24, 25]; indeed, GLUT4 transmem-
brane transport of glucose into the cell is the rate-limiting
step of glucose uptake [4, 10].Therefore, we hypothesized that
DCE increased the glucose uptake in L6 cells by promoting
the translocation of GLUT4. To verify this, we studied
L6 IRAP-mOrange cells as the IRAP and GLUT4 strongly
colocalize. Furthermore, IRAP could be used as a reporter
molecule to reflect GLUT4 translocation into L6 cells by
detecting dynamic changes in IRAP-mOrange fluorescence
intensity through laser confocal microscopy [17, 18]. We
found that 30𝜇g/mL of DCE significantly increased IRAP
expression on the cell membrane (Figure 2(b)), indicating

that DCE promoted GLUT4 translocation to the PM. This
implied that DCE increased glucose uptake in L6 cells
by promoting GLUT4 translocation. We also found that
30𝜇g/mL of DCE significantly enhanced the fluorescence
intensity of IRAP-mOrange (Figure 2(a)), suggesting that
DCE simultaneously increased IRAP expression, indicative of
an increase in GLUT4 expression.

Western blotting and real-time PCR analyses of GLUT4
protein and mRNA expression further corroborated our
findings. After treating with DCE, GLUT4 expression of L6
cells was significantly increased in a dose-dependent manner
(Figures 3(a) and 3(b)). These results manifested that DCE
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Figure 7: DCE-induced GLUT4 translocation was Ca2+-independent. (a) The confocal image on the left shows the basic morphology of L6
IRAP-mOrange cells and the fluorescence intensity of intracellular Ca2+ at basal level and after treatment with 30𝜇g/mL DCE for 30minutes,
respectively. The corresponding curve on the right shows that no significant change was seen in the level of intracellular Ca2+ in L6 cells
after the addition of 30𝜇g/mL DCE. (b) Changes in IRAP fluorescent intensity at the PM after the addition of 30𝜇g/mL DCE under 2mM
extracellular Ca2+ or 0mM extracellular Ca2+ conditions with 10 𝜇M BAPTA-AM.

not only promoted GLUT4 translocation, but also increased
GLUT4 expression in L6 cells, leading to an increase in their
glucose uptake.

Recent studies revealed that multiple signaling pathways
are associated with GLUT4 translocation, including the
insulin-stimulated PI3K/Akt signaling pathway [26, 27] and
the antihyperglycemic metformin-induced AMPK signaling
pathway [28–30]. Additionally, the PKC signaling pathway
was shown to be related to GLUT4 translocation [31–33]. To
determine whether these signaling pathways were involved
in DCE-induced GLUT4 translocation or not, we treated
L6 IRAP-mOrange cells with compound C, Wortmannin,
and Gö6983. Compound C significantly inhibited DCE-
induced GLUT4 translocation (Figure 4(a)), but Wortman-
nin and Gö6983 showed no inhibitory effect (Figures 4(b)
and 4(c)). Similar results were observed at the protein level
(Figure 5(a)), while DCE was also found to increase AMPK
(Figure 5(b)) rather than Akt (Figure 5(c)) and PKC (Fig-
ure 5(d)) phosphorylation in L6 cells, indicating that DCE
promotes GLUT4 translocation in L6 cells mainly through
the AMPK signaling pathway, rather than the PI3K/Akt or
PKC signaling pathways. We also observed the incomplete
inhibition of DCE-inducedGLUT4 translocation and expres-
sion by compound C (Figures 4(a) and 5(a)).This might have
happened due to the promotion ofGLUT4 translocation in L6
cells by DCE through other unknownmechanisms. However,
to justify these findings, further study is needed.

A previous study revealed that the fusion of GLUT4
vesicles with PM is essential for glucose uptake [8]. In order
to further verify the effect of DCE on glucose uptake, the
immunofluorescence test was performed and showed that
there was no obvious intracellular GLUT4 expression phe-
nomenon and the GLUT4 vesicles-PM fusion step on the cell

surface was under resting conditions. After treatment with
insulin or DCE, we found that 30𝜇g/mL DCE significantly
increased the expression of intracellular GLUT4 and the
gain of GLUT4 on the cell surface compared with control
(Figures 6(a) and 6(b)), indicating that DCE can produce
more GLUT4 and drive the GLUT4 vesicles insertion into
the PM to accelerate glucose uptake. In addition, GLUT4
vesicles docked and fused with PM, and only the GLUT4
which fused with PM can transport glucose into the cells.
Wemeasured GLUT4 near the cell membrane including both
GLUT4 docking to PM and GLUT4 fusing with PM. This
might be one of the reasons why the fold of glucose uptake
is slightly lower than the GLUT4 translocation under DCE
stimulation.

Previous studies reported that Ca2+ plays a key role in
insulin-induced GLUT4 translocation [22, 23]. To further
investigate the mechanism of DCE that can promote GLUT4
translocation in L6 cells, we studied the relationship between
Ca2+ and GLUT4 translocation and observed no significant
effect of DCE on the level of intracellular Ca2+ in L6 cells
(Figure 7(a)). Moreover, DCE-induced GLUT4 translocation
remained unchanged after treatment with 0mMextracellular
Ca2+ and BAPTA-AM (10mM) (Figure 7(b)). Our results
showed that, unlike insulin, DCE-induced GLUT4 transloca-
tion did not depend on Ca2+. We speculated that the reason
behind this is that the DCE does not act on the insulin
signaling pathway.

In summary, DCE promoted GLUT4 translocation and
expression in L6 cells through the AMPK signaling pathway
and, thereby, stimulated GLUT4 fusion with PM to increase
glucose uptake, while GLUT4 translocation was independent
of Ca2+. However, a limitation of our study is that we
conducted in vitro experiments only at the cellular level.
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Therefore, the hypoglycemic effect of DCE at the animal level
and identification of the active ingredients of DCE require
further study.

5. Conclusion

Thepresent study showed that DCE promoted L6 cell GLUT4
translocation and expression through the AMPK signaling
pathway, thus increasing glucose uptake by the GLUT4-PM
fusion step. These results suggested the possibility of DCE
being used as a novel hypoglycemic agent for the treatment
of T2DM.
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