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Abstract
Background: Trilobatin, a natural compound, has been found to exhibit anti-diabetic properties in high-fat
diet (HFD) and streptozotocin (STZ) induced type 2 diabetic mice. But up to now no research has been
reported on the effect of trilobatin on insulin resistance in peripheral tissues. Herein, we determined the
effects of trilobatin on insulin resistance in palmitate-treated C2C12 myotubes and ob/ob mice.

Methods: 8-10 weeks of male ob/ob mice and same background C57BL/6 mice were used to evaluate the
role of trilobatin on insulin resistance; Protein expression and phosphorylation were measured by western
blot; Glucose uptake was determined a �uorescent test.

Results: treatment with trilobatin prevented palmitate-induced insulin resistance by enhancing glucose
uptake and the phosphorylation of insulin resistance substrate 1 (IRS1) and protein Kinase B, (PKB/AKT),
recovered the translocation of GLUT4 from cytoplasm to membrane, but preincubation with LY294002, an
inhibitor of PI3K, blocked the effects of trilobatin on glucose uptake and the distribution of GLUT4 in
C2C12 myotubes. Furthermore, administration with trilobatin for 4 weeks signi�cantly improved insulin
resistance by decreasing fasting blood glucose and insulin in serum, enhancing the phosphorylation of
IRS1 and AKT, and recovering the expression and translocation of GLUT4 in ob/ob mice.

Conclusions: IRS-AKT-GLUT4 signaling pathway might be involved in trilobatin ameliorating insulin
resistance in skeletal muscle of obese animal models.

Highlights
Trilobatin improves insulin resistance in skeletal muscle

Trilobatin enhances glucose uptake in insulin-resistant C2C12 myotubes

IRS-AKT-GLUT4 signaling pathway is involved in trilobatin improving insulin resistance

Background
Increasing evidence indicates that obesity and type 2 diabetes has elevated over years in both developing
and developed country, which are closely associated with insulin resistance, a pathophysiological
condition characterized by an impaired insulin action in insulin-sensitizing tissues including liver, adipose
tissue and skeletal muscle 1, 2. Skeletal muscle accounts for 40% of body weight in humans, and is
responsible for up to 80% insulin-mediated glucose disposal under normal physiological conditions 3, 4.
To date, the role of skeletal muscle in glucose homeostasis has been widely reported in insulin resistance
in both cellular and animal disease models 5-7. However, although an enormous amount of mechanisms
of insulin resistance has been postulated in skeletal muscle, the promising compounds are still needed to
be explored.
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Trilobatin, isolated from the leaves of Lithocarpus polystachyus Rehd, is a natural sweetener 8. It has
been shown that trilobatin has anti-oxidative 9, 10, anti-viral and anti-in�ammatory activities 11, 12.
Trilobatin also exhibits anti-hyperglycemic properties by accelerating liver glycogen synthesis, decreasing
oxidative stress, increasing the expression of glucokinase, and up-regulating the expression of insulin
receptor substrate (IRS) on long-term double high fat-diet and streptozotocin (STZ) induced type
2diabetic mice 13. Similar to other dihydrochalcones, phlorizin (a dual SGLT1/SGLT2 inhibitor) 14,
phloretin (a GLUT2 inhibitor) 15, and acarbose (an alpha-glucosidase inhibitor) 16, 17, our previous works
demonstrated that trilobatin could be bind with SGLT1/2 18. But up to now, the effect of trilobatin on
insulin resistance is still needed to be identi�ed.

In the present study, the effect of trilobatin on glucose uptake and insulin resistance and the underlying
mechanisms were investigated in palmitate-treated C2C12 myotubes and ob/ob mice, especially for the
regulation of trilobatin on the phosphorylation of insulin receptor substrate (IRS) and PI3K/AKT, and the
expression and translocation of glucose transporter 4 (GLUT4) in cellular and animal disease models of
insulin resistance.

Methods
Materials

Trilobatin, palmitate, DAPI and (2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl) amino)-2-deoxyglucose (2NBDG)
uptake measurement kits were purchased from Sigma (St Louis, MO, USA). IRS1, p-IRS1 (Ser 612), p-IRS1
(Ser 307), Akt, p-Akt (Ser 473), p-Akt (thr308), Na,K-ATPase, MYH1, MYOD1, and β-actin primary
antibodies were bought from Cell Signaling Technology (Danvers, MA, USA). GLUT4 antibody was
obtained from Abcam (Cambridge, MA, USA). HRP-conjugated GAPDH primary antibody was purchased
from Aksmics (shanghai, China), Speci�c anti-mouse and anti-rabbit HRP-conjugated second antibodies
were obtained from Santa Cruz Biotechnology (Texas, CA, USA). Rat/mouse insulin ELISA kits (EZRMI-
13K) and ECL chemiluminescence detection reagent were obtained from Millipore (Billerica, MA, USA).
Plasma membrane protein extraction kit, nuclear/cytosolic fractionation kit, RIPA buffer and BCA protein
assay kit and other chemicals were purchased from Beyotime (Shanghai, China).

Cell culture

Mouse skeletal muscle cell lines, C2C12 myoblasts, were obtained from American Type Culture Collection
(ATCC, Manassas, VA, USA) and maintained in DMEM supplemented with 10% FBS, and 1%
penicillin/streptomycin (P/S) at 37°C in a humidi�ed incubator with 5% CO2 atmosphere.

The differentiated C2C12 myotubes were induced as before 19. Generally, to induce the development of
myotubes in C2C12 cells, the media was changed with differentiated media, which were prepared with
fresh DMEM supplemented with 2% horse serum and 1% P/S, and continued to incubate for 4 days. After
that, the cell morphology was observed and marker proteins (MYH1 and MyoD1) were determined by
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western blot. To induce the insulin resistance in differentiated C2C12 myotubes, the cells were starved in
serum-free DMEM for 4 hours, and then incubated with 0.2 mM PA for 24 hours.

Animals

Male ob/ob mice (8-10 weeks) and same background C57BL/6 mice were purchased from Tengxin
Biotechnology Co. (Chongqing, China), which were allowed ad libitum access to food and water unless
otherwise stated, and rooms were maintained at 22°C and 50% humidity on a 12-h light/dark cycle. The
mice were administrated with 10 mg/kg trilobatin (intragastric, i.g.) once for each day for continued 4
weeks, and the control mice were treated with same volume of in phosphate-buffered saline (PBS). Before
dissection, the mice were euthanatized by CO2 inhalation, and gastrocnemius (the fast-glycolytic)
muscles were isolated, froze in liquid nitrogen, and stored at -80°C. All animals’ experiments were carried
out in accordance with the principles and guidelines of the Chinese Council Animal Care and also
approved by the Institutional Animal Care and Use Committee at Chongqing Science and Technology
Committee.

Glucose tolerance test

Glucose tolerance test (GTT) was performed as previously described 20. After the ob/ob mice were treated
with 10 mg/kg trilobatin (i. g.) once for each day for continued 4 weeks, the mice were fasted overnight
(12 hours), 2 g/kg glucose was administrated intragastrically, blood samples were collected from tail vein
at 0, 15, 30, 60 and 120 minutes respectively, and the blood glucose was determined with One Touch Ultra
Mini Blood Glucose Monitoring System (Johnson, Life Scan, Inc., Milpitas, CA, USA).

Palmitate solution preparation

BSA-bound palmitate was prepared according to the procedure described previously 21. Palmitate was
�rstly dissolved in 0.1 M NaOH to a concentration of 75 mM by heating at 70°C in a shaking water bath,
and then the stock solution was complexed with 5% fatty acid-free bovine serum albumins (BSA;
Ameresco, Solon, Ohio, USA) in PBS at a ratio of 8:1 (v/v) at 56°C in a shaking water bath. After �ltration
(0.2 μm membrane �lter), this solution was stored at -20°C and used within 2 weeks. The same
concentration of NaOH mixed with 10% FFA-free BSA was used as a control.

Glucose uptake

Glucose uptake in differentiated C2C12 myotubes was measured by adding 2-NBDG, a �uorescent D-
glucose analog to trace the uptake of glucose directly 22, 23. Generally, after the differentiated C2C12
myotubes were starved in serum-free DMEM for 4 hours and then treated with 0.2 mM palmitate in the
presence or absence of indicated concentrations of trilobatin for 24 hours, the cells were starved in KRBH
for 3 h, and then incubated without or with 100 nM insulin for 30 minutes, after that, 2-NBDG with a �nal
concentration as 100 μM was added and continued to incubate for 30 minutes. After incubation, free 2-
NBDG was washed out 3 times with PBS, and �uorescence densities in cell monolayers were measured
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with a �uorescence microplate reader (TECAN, Swiss) at an excitation wavelength of 475 nm and an
emission wavelength of 550 nm. The protein concentration of each sample was determined by the BCA
method. Results were normalized by mg of total protein.

Protein extraction

After washed once with ice-cold PBS, the skeletal muscle tissues or cells were homogenized with hand
held homogenizer (Biospec, Bartlesville, OK, USA) for 10 seconds and incubated on ice for 40-60 minutes
in a modi�ed RIPA buffer in the presence of 1% protease/phosphatase inhibitor cocktail, and the protein
concentrations were measured with BCA protein assay kit from Beyotime (Shanghai, China).

To prepare the membrane and cytoplasm proteins, after the gastrocnemius muscles or cells were washed
with PBS, the proteins were obtained by using plasma membrane protein extraction kit and
nuclear/cytosolic fractionation kit from Beyotime (Shanghai, China) respectively according to the
suggestions from the supplier. Generally, after the gastrocnemius muscles (which were cut into small
pieces before use) or cells were incubated with membrane protein extraction reagent A in the ice bath for
10-15 minutes, and homogenized 30-50 times, the lysates were centrifuged for 10 minutes at 700 g and
at 4°C to remove the nucleus and unfragmented cells. The cell membrane fragments were precipitated by
centrifugation at 14000 × g and at 4°C for 30 minutes, and the supernatant is absorbed as cytoplasmic
protein. And then, the precipitate was adding 200 μL membrane protein extraction reagent B and was re-
suspended at maximum speed of Vortex for 10 seconds, followed by an ice bath for 15 minutes. The
lysates were centrifuged at 14000 × g and at 4°C for 5 minutes, the supernatants were collected and used
as the membrane proteins. After the proteins were quanti�ed with BCA protein assay kit from Beyotime
(Shanghai, China). Western blot was performed to determine GLUT4 expression on the plasma
membrane and cytoplasm. The membrane marker Na, K-ATPase was used as a control in this study.

Immunohistochemistry

After the mice were administrated with 10 mg/kg trilobatin for 4 weeks (once for each day), the skeletal
muscle tissues were isolated and �xed (10% formalin solution in 0.1 M PBS), frozen at -80°C overnight,
and cut into 10 μm sections on a freezing microtome (Leica, Nussloch, Germany). The sections were
permeabilized in 0.1% Triton X-100 in PBS and blocked in 1% BSA in PBS before incubation with the
primary antibody. After stained with GLUT4 antibody (ab654, Abcam Inc. Cambridge, MA, USA) and
together with DAPI nuclear stain (Invitrogen, CA, USA). Fluorescence images were acquired using a
confocal microscope (Nikon, Tokio, Japan).

Western blot

Proteins (20-30 μg) were subjected to 10% SDS-PAGE and then transferred to a PVDF membrane
(Immobilon P; Millipore, MA, USA), and the membranes were then blocked for 2 h at room temperature
with 5% BSA in TBST (20 mM Tris, 150 mM NaCl, 2.7 mM KCl, 0.1% Tween 20, pH 7.4). The membranes
were next immunoblotted with primary antibodies at dilutions of 1:500 to 1:2000. Speci�c total or
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phospho-proteins were visualized after subsequent incubation with a 1:10000 dilution of anti-mouse or
rabbit IgG conjugated to horseradish peroxidase. Excess antibody was washed off with TBST, and
immunoreactivity was detected using ECL western blotting reagent (Millipore, MA, USA). Signal bands
were quanti�ed by densitometric analysis using ImageJ software (available from NIH at
http://imagej.nih.gov/ij/) after scanning the blotted membrane. Three independent experiments were
performed for each condition.

Statistical Analysis

The data are expressed as means ± SD. Statistical comparisons between two groups were carried out
using Student’s t-test or one-way analysis of variance (ANOVA), and one-way ANOVA with Bonferroni
post-hoc test for multiple comparisons. The differences were considered signi�cant when p < 0.05.

Results
Trilobatin prevented the palmitate-induced decrease of glucose uptake in C2C12 myotubes

It has been established that the development of myoblasts is achieved with the expression of some
myoblast-speci�c transcription factors, including myogenic determination protein 1 (MYOD1), myogenic
factor 5 (MYF5), myogenin (MYOG) and myogenic factor 6 (MRF6) and some structural and enzymatic
muscle-speci�c proteins such as myosin heavy chain 1 (MYH1), the main motor protein in muscle
�laments24. In this study, C2C12 myoblasts were �rstly incubated with differentiated media (DMEM
supplied with 2% horse serum and 1% P/S) to induce the development of myotubes as described in
Methods, the results demonstrated that the myoblasts were induced from human �broblasts, and the
myotube-like muti-nuclear structure were developed, which were  con�rmed by observing the morphology
(Supplement 1A), detecting the protein markers MYH1 (Supplement 1B) and MYOD1 (Supplement 1C) of
myotubes with western blot assay.

To verify the effect of trilobatin on insulin resistance, we reproduced a classic cellular model of insulin
resistance in differentiated C2C12 myotubes as described before 25. Data revealed that treatment with
palmitate attenuated insulin-stimulated glucose uptake (Fig 1A), the phosphorylation of IRS-1 at Ser
307(Fig 1B) and Ser 612 (Fig 1C), and AKT at Thr 308 (Fig 1D) and Thr 473 (Fig 1E) in a dose-dependent
manner in C2C12 myotubes.

To determine the potential impact of trilobatin on glucose uptake in insulin-resistant cells, the
differentiated C2C12 myotubes were incubated with 0.2 mM palmitate in the presence or absence of 0,
0.1, 1.0 or 10 μM trilobatin for 24 hours. After the cells were stimulated with 100 nM insulin for 30
minutes, 2-NBDG was added and incubated for another 30 minutes, and the glucose uptake was
determined according to the suggestions from the supplier. The results demonstrated that treatment with
palmitate induced a signi�cant decrease of the uptake of 2-NBDG in C2C12 myotubes (p < 0.01), but
incubation with trilobatin prevented that in a dose-dependent manner (p < 0.01) (Fig 2).
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Trilobatin regulated the phosphorylation of IRS1 and Akt in palmitate-treated C2C12 myotubes

To observe the effect of trilobatin on insulin signaling molecules under the condition of insulin resistance,
we determined the phosphorylation of insulin receptor substrate 1 (IRS1) and its downstream molecule
AKT in palmitate-treated C2C12 myotubes, the results showed that trilobatin treatment recovered the
phosphorylation of IRS1 at Ser 612 (Fig 3A), Ser 307 (Fig 3B) and AKT at Thr 308 (Fig 3C) under
stimulation with insulin, but there was no signi�cant impact on the phosphorylation of AKT at Ser 473
(Fig 3D).  

Trilobatin regulated the expression and distribution of GLUT4 in palmitate-treated C2C12 myotubes

To probe the actions of trilobatin on that in C2C12 myotubes challenged by palmitate, we determined the
protein levels of GLUT4 in membrane and cytoplasm in palmitate-treated cells in the presence or absence
of trilobatin. Data demonstrated that, compared with palmitate treatment alone, combination of palmitate
and trilobatin increased the protein level of GLUT4 in the plasm membrane (Fig 4A), but decreased the
protein level of GLUT4 in the cytoplasm (Fig 4B) in a dose-dependent manner. These results clearly
indicated that treatment with trilobatin accelerated the translocation of GLUT4 from cytoplasm to plasma
membrane. Consistence with this result, the ratio of membrane/cytoplasm of GLUT4 protein level was
increased by trilobatin in a dose-dependent manner in palmitate-treated C2C12 myotubes (Fig 4C).

PI3K plays an essential role in trilobatin improving insulin resistance

To probe the cell signaling transduction, we determined the effect of pre-incubation with LY294002, a
PI3K inhibitor, on the uptake of glucose in palmitate-treated C2C12 myotubes and the distribution of
GLUT4 in plasma membrane and cytoplasm. The results revealed that pre-treatment with LY294002
prohibited the effects of trilobatin on glucose uptake (Fig 5A), the distribution of GLUT4 (Fig 5B, 5C and
5D) under insulin stimulation in insulin-resistant C2C12 myotubes.

Trilobatin improved insulin resistance in ob/ob mice

The increasing evidence indicates that ob/ob mice are a reasonable experimental model of obesity-
induced insulin resistance 26, 27. In this study, we �rst observed the effects of trilobatin on body weight,
food, and water drinking, data showed that treatment with 10 mg/kg trilobatin (i. g.) for 4 weeks had no
signi�cant impact on the body weight (Fig 6A, F = 315.77), change of body weight (Fig 6B, F = 0.538),
food (Fig 6C, F = 75.21) and water drinking (Fig 6D, F = 6.612) in ob/ob mice. 

At present, we also determined the in�uence of trilobatin on insulin resistance in ob/ob mice, the results
demonstrated that treatment with 10 mg/kg trilobatin (intragastric, i.g.) for 4 weeks noticeably decreased
fasting blood glucose (Fig 7A) and insulin in serum (Fig 7B), which was con�rmed by the homeostasis
model assessment of insulin resistance (HOMA-IR), a simple and e�cient tool to evaluate the syndrome
of insulin resistance (Fig 7C). The results from the glucose tolerance test (GTT) showed that
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administration with trilobatin for 4 weeks signi�cantly improved insulin resistance in ob/ob mice (Fig 7D,
and 7E, p < 0.05, F = 0.695).

Trilobatin regulated the phosphorylation of IRS1 and Akt in muscle tissue of ob/ob mice

After ob/ob mice were administrated with 10 mg/kg trilobatin (i. g.) for 4 weeks, we found that trilobatin
signi�cantly improved the deleterious effect induced by obesity on the phosphorylation of IRS1 at Ser
612 (Fig 8A) and Ser 307 (Fig 8B), and Akt at Thr 308 (Fig 8C), but treatment with 10 mg/ kg trilobatin for
4 weeks had no effect on the phosphorylation of AKT at Ser 473 (Fig 8D) in the skeletal muscle tissue of
ob/ob mice.

Trilobatin adjusted the expression and translocation of GLUT4 in the skeletal muscle of ob/ob mice

Insulin resistance induced a remarkably change in the expression and distribution of GLUT4 in skeletal
muscle tissue 5, 28. At present, after treated with 10 mg/kg trilobatin for 4 weeks, we determined the
expression and translocation of GLUT4 in the skeletal muscle from ob/ob mice. The results showed that,
compared to the same age of C57BL6 mice, the total protein of GLUT4 (Fig 9A) was dramatically
decreased, this phenomenon was also observed in plasma membrane (Fig 9B) and cytoplasm (Fig 9C).
But after administrated with 10 mg/kg trilobatin (i. g.) for 4 weeks, the protein level of GLUT4 in the
skeletal muscle tissue of ob/ob mice was signi�cantly recovered (Fig 9A, 9B, 9C, and 9D).    

Discussion
It had been shown that IRS1, widely expressed in mammalian myocytes, was a direct physiological
substrate of the insulin receptor and played an important role in insulin signal transmission, the
phosphorylation of IRS1 on tyrosine residues could interact with phosphatidylinositol-3 kinase (PI3K),
which phosphorylates phosphatidyl-inositol 2 phosphates (PIP2) into phosphatidyl-inositol 3 phosphates
(PIP3), and recruited Akt to the plasma membrane through the plextrin homology (PH) domain.  AKT then
phosphorylated adenosine monophosphate-activated protein kinase (AMPK), an energy sensor in
eukaryotic cells, which affected the translocation of GLUT4 to the plasma membrane29, 30. On the
contrary, the dephosphorylation of IRS1 on tyrosine residues can potentially inactivate the whole process
of insulin signal transduction, leading to insulin resistance 31.

Insulin resistance, a hallmark of obesity and type 2 diabetes, is characterized by the defect of insulin to
stimulate glucose uptake and utilization in the liver, skeletal muscles and adipose tissues 1, 32. It has
become increasingly apparent that chronic elevation of plasma free fatty acids (FFAs) played an
essential role in the impairment of insulin-stimulated glucose uptake in obesity and type 2 diabetes 33, 34.
Exposure of FFAs impaired glycogen synthesis and the transport and utilization of glucose in adipocytes,
hepatocytes and skeletal muscle cells 35, 36. Furthermore, prolonged exposure of FFAs induced the
production of in�ammatory factors and the activation of Jun N-terminal kinase (JNK), which accelerated
β-oxidation of FFA, brought excessive electron �ux in the mitochondrial respiratory chain, and
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subsequently caused the generation of reactive oxidant species (ROS) 37-39. All these factors would
damage the insulin signaling molecules by decreasing the phosphorylation of IRS and AKT, and impaired
the expression and translocation of GLUT4, �nally resulting in the defect of glucose uptake and
utilization 40, 41. Despite such data, the underlying mechanisms remain to be explored and the promising
compounds are still limited. At present, we observed that incubation with palmitate-induced insulin
resistance by attenuating insulin-stimulated glucose uptake, the phosphorylation of IRS1 and AKT, and
the distribution of GLUT4, but trilobatin prohibited these effects of palmitate in C2C12 myotubes in a
dose-dependent manner. The increasing data indicates that the PI3K/AKT signal pathway played a
pivotal role on the uptake and utilization of glucose, and the full activation of AKT in response to insulin
was major mediated by the phosphorylation at Thr 308 and Ser 473 42, 43. In the present study, treatment
with trilobatin recovered the phosphorylation of AKT at Thr 308, and LY294002, an inhibitor of PI3K,
blocked almost the effect of trilobatin on glucose uptake in palmitate-treated C2C12 myotubes. All these
�ndings revealed that PI3K/AKT signaling pathway might be involved in trilobatin improving insulin
resistance and glucose uptake in palmitate-treated C2C12 myotubes.

It has been widely reported that GLUT4, mainly expressed in skeletal muscle and white adipose tissue,
plays an important role in insulin-induced glucose uptake 42, 44. In these tissues, insulin induced the
phosphorylation of IRS by binding to its tyrosine receptor. These phosphorylated proteins then activated
PI3K by enhancing the phosphorylation of their downstream targets, including AKT and protein kinase C
(PKC), which accelerated the translocation of GLUT4 from intracellular storage compartments to the
plasma membrane 42, 43, 45. In this study, our data demonstrated that consistence with the role on glucose
uptake, incubation with trilobatin prevented the effects of palmitate on the translocation of GLUT4 from
cytoplasm to plasma membrane in C2C12 myotubes, and in the presence of LY294002, the effect of
trilobatin on the translocation of GLUT4 was inhibited evidently, suggested that AKT/GLUT4 signaling
pathway was associated with trilobatin improving glucose uptake palmitate-treated C2C12 myotubes.  

To explore the effects of trilobatin on insulin resistance in vivo, we determined the role of trilobatin in
ob/ob mice, an interesting genetically obese mouse model characterized by hyperglycemia,
hyperinsulinemia, and insulin resistance. The results demonstrated that administration with trilobatin for
4 weeks signi�cantly decreased the contents of fasting blood glucose and insulin, improved insulin
resistance, increased the phosphorylation of IRS1 at Ser 612, AKT at Thr 308 and decreased the
phosphorylation of IRS1 at Ser 307, and recovered the expression and translocation of GLUT4 in ob/ob
mice. All these �ndings indicated that trilobatin might be a bene�t to alleviate insulin resistance induced
by obesity, and a promising compound for the treatment of obesity and type 2 diabetes.

Conclusion
There is now a wealth of evidence that IRS-AKT-GLUT4 signal pathway plays an important role in the
development of insulin resistance in obese animal models 44, 46. In the present study, we demonstrated
that administration with trilobatin alleviated obesity-induced insulin resistance by decreasing the levels of
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fasting blood glucose and insulin, improving glucose tolerance, and these bene�cial effects were
associated with trilobatin ameliorating the defects of IRS1 and AKT phosphorylation, recovering the
translocation of GLUT4 in ob/ob mice. The results of the current study strongly support the concept that
the IRS-AKT-GLUT4 signaling pathway is involved in trilobatin improving insulin resistance in C2C12
myotubes and ob/ob mice.
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Figure 1

Palmitate induced insulin resistance in C2C12 myotubes. After the cells were starved for 4 hours and
incubated with 0.2 or 0.4 mM palmitate for 24 hours. The glucose uptake (A) was determined with 2-
NBDG kits, and the phosphorylation of IRS-1 at Ser 307 (B), Ser 612 (C), and AKT at Thr 308 (D) and Ser
473 (E) was detected with western blot. Data are mean ± SD (n = 3) from three independent experiments.
@@, p < 0.01 vs. control (no insulin stimulation), **, p < 0.01 vs. 100 nM insulin alone.
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Figure 2

Trilobatin increased glucose uptake in palmitate-induced C2C12 myotubes. After C2C12 myotubes were
incubated with 0.2 mM palmitate (PA) in the presence or absence of indicated concentrations of trilobatin
(Tri) for 24 hours, the cells were stimulated with 100 nM insulin for 30 minutes, and then incubated with
2-NBDG for 30 minutes. The uptake of 2-NBDG was determined as described in Methods. Data are mean
± SD (n = 6). @@, p < 0.01 vs. control (no insulin stimulation), **, p < 0.01 vs. 100 nM insulin alone, ##, p
< 0.01 vs. 0.2 mM PA plus 100 nM insulin stimulation.
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Figure 3

Trilobatin regulated the phosphorylation of IRS1 at Ser612 (A), Ser307 (B) and AKT at Thr 308 (C), Ser
473 (D) in palmitate-induced C2C12 myotubes. After C2C12 myotubes were incubated with 0.2 mM
palmitate (PA) without or with indicated doses of trilobatin (Tri) for 24 hours, the cells were washed once
and stimulated with 100 nM insulin for 15 minutes. The cell lysates were used to determine the
expression and phosphorylation of IRS1 at Ser 612 (A), Ser 307 (B) and AKT at Thr 308 (C), Ser 473 (D).
Data are mean ± SD from three independent experiments. @@, p < 0.01 vs. control (no insulin
stimulation), **, p < 0.01 vs. 100 nM insulin alone, ##, p < 0.01 vs. 0.2 mM PA plus 100 nM insulin
stimulation.
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Figure 4

Trilobatin regulated the expression and translocation of GLUT4 in palmitate-treated C2C12 myotubes.
After the differentiated C2C12 myotubes were incubated with 0.2 mM palmitate (PA) without or with
indicated doses of trilobatin (Tri) for 24 hours, the cells were washed once and stimulated with 100 nM
insulin for 15 minutes. The cell lysates were used to determine the expression of GLUT4 in membranes
(A) and cytoplasm (B), and the ratio of GLUT4 in membrane and cytoplasm was calculated (C). Data are
mean ± SD from three independent experiments. @@, p < 0.01 vs. control (no insulin stimulation), *, p <
0.05, **, p < 0.01 vs. 100 nM insulin alone, ##, p < 0.01 vs. 0.2 mM PA plus 100 nM insulin stimulation.
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Figure 5

LY294002, an PI3K inhibitor, prevented the effects of trilobatin on glucose uptake and GLUT4 distribution
in insulin-resistant C2C12 myotubes. After C2C12 myotubes were incubated with 0.2 mM palmitate (PA)
without or with indicated doses of trilobatin (Tri) for 24 hours, the cells were washed once and stimulated
with 100 nM insulin for 30 minutes in the presence or absence of 10 μM LY294002 (LY), and then
incubated with 2-NBDG for 30 minutes. A: The uptake of 2-NBDG was determined as described in
Methods. B, C: the protein of GLUT4 in membrane and cytoplasm was detected with western blot. D: The
ratio of GLUT4 in membrane and cytoplasm was calculated. Data are mean ± SD from three independent
experiments. @@, p < 0.01 vs. control (no insulin stimulation), **, p < 0.01 vs. 100 nM insulin alone, ##, p
< 0.01 vs. 0.2 mM PA with 100 nM insulin stimulation, $, p < 0.05, $$, p < 0.01 vs. 0.2 mM PA combined
with 10 μM Trilobatin and 100 nM insulin.
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Figure 6

Effects of trilobatin on body weight, food and water drinking in ob/ob mice. Twenty male ob/ob mice
were separated to two groups randomly, which were control (ob/ob) and trilobatin (ob/ob-Tri), ten same
age of C57BL/6 male mice were used as negative control (C57BL6) in this study. During treatment with
10 mg/kg (intragastric, i.g.), the body weight (A), Change of body weight (B), food (C) and water drinking
(D) were monitored in ob/ob mice. Data are mean ± SD (n = 10).
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Figure 7

Trilobatin improved insulin resistance in ob/ob mice. Twenty male ob/ob mice were separated to two
groups randomly, which were control (ob/ob) and trilobatin (ob/ob-Tri), ten same age of C57BL/6 male
mice were used as negative control (C57BL6) in this study. After ob/ob mice were administrated with 10
mg/kg trilobatin (i. g.) for 4 weeks, the insulin content in serum (A), fasting blood glucose (B) and glucose
tolerance test (D) was measured, HOMA-IR (C) and AUC (E) were calculated. Data are mean ± SD (n = 10).
*, p < 0.05, **, p < 0.01 vs. C57BL6, #, p < 0.05 vs. ob/ob.
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Figure 8

Trilobatin regulated the phosphorylation of IRS1 and AKT in muscle tissues of ob/ob mice. After the
ob/ob mice were administrated with 10 mg/kg trilobatin (i. g.) for 4 weeks, the skeletal muscles were
collected, and proteins were extracted, the expression of IRS1 and AKT, the phosphorylation of IRS1 at Ser
612 (A) and Ser 307 (B), and the phosphorylation AKT at Thr 308 (C) and Ser 473 (D) were detected with
western blotting assay. Data are mean ± SD of randomly selected three from ten mice, and the
experiments were repeated at least three times. **, p < 0.01 vs. C57BL6, ##, p < 0.01 vs. ob/ob.
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Figure 9

Trilobatin affected the expression and distribution of GLUT4 in muscle tissue of ob/ob mice. After the
ob/ob mice were administrated with 10 mg/kg trilobatin (i. g.) for 4 weeks, the expression (A), distribution
of GLUT 4 in membranes (B) and cytoplasm (C) were detected by western blot or immuno�uorescence
(D). Data are mean ± SD of randomly selected three from ten mice, and the experiments were repeated at
least three times. **, p < 0.01 vs. C57BL6, ##, p < 0.01 vs. ob/ob.
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