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Long-term and low-dose exposure to inorganic arsenic is associated with type 2 diabetes (T2D). In this study,
C57BL/6 mice exposed to As,O3 showed impaired glucose tolerance, decrease in insulin sensitivity and insulin
resistance were observed in the skeletal muscle and myotubes of mice that underwent As,O3 treatment.
Decreased insulin-stimulated glucose uptake (ISGU) was also shown by the As,Os-treated myotubes. Moreover,
the accumulation of ectopic fat in mice skeletal muscle and myotubes was observed after As,O3 treatment. The
upregulated expression of autophagy-associated proteins and the increased number of acidic vesicular organelles
(AVOs) indicated that autophagy was stimulated in the skeletal muscle and myotubes of mice after undergoing
As,03 treatment. TAU could prevent the effect of As,O3 on mice skeletal muscle and myotubes, as mentioned
above. The impaired ISGU, decreased insulin-associated proteins expression, and increased TAG content caused
by As,O3; were reversed by N-acetylcysteine (NAC) and 3-methyladenine (3-MA), and the As,Os-induced au-
tophagy was inhibited by NAC, indicating involvement of ROS-autophagy pathway in the mechanism of As,Os-
induced IR and lipid metabolism disorder. In summary, TAU protect against the As,O3-induced IR and ectopic fat
accumulation in mice skeletal muscle and myotubes via ROS-autophagy pathway.

1. Introduction

Arsenic is a carcinogenic nonmetallic compound that is widely
found in, for instance, water, coal, and air (Abbas et al., 2018). Long-
term exposure to inorganic arsenic can cause cancer and skin damage,
but cardiovascular disease and type 2 diabetes (T2D), which are a
serious threat to human life, can develop as a consequence (Quansah
et al., 2015; Webb et al., 2017). Studies have shown that exposure to
low-dose As,Os3 in drinking water is associated with an increased in-
cidence of diabetes and that it plays an extremely important role in the
pathogenesis and development of diabetes (Maull et al., 2012). Insulin
resistance (IR) is formed in the early stages of diabetes and is the basis
of T2D (Samuel and Shulman, 2016). Moreover, in vitro and in vivo
studies have shown that there is an association between IR and arsenic

levels in human tissue (Choi et al., 2014; Park et al., 2016).

Liver, skeletal muscle and adipose tissue are the three major per-
ipheral organs that are sensitive to insulin and will show a decrease in
insulin sensitivity when IR occurs (Czech, 2017). Skeletal muscle is the
largest organ in the body and accounts for 45% of body composition,
and it plays a major role in glucose disposal, which is responsible for
consuming nearly 80% of insulin-stimulated glucose uptake (ISGU)
(Periasamy et al., 2017). Insulin stimulation can promote phosphor-
ylation of protein kinase B (Akt/PKB) and eventually promote the
transfer of glucose transporter 4 (GLUT4) to the cell membrane in
skeletal muscle cells (Shang et al., 2017). GLUT4 is a protein that helps
the transportation of glucose into skeletal muscle cells. When IR occurs,
skeletal muscle will show a significant decrease in ISGU and an im-
paired sensitivity to insulin (Deshmukh, 2016). Skeletal muscle with IR
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Fig. 1. TAU supplementation relieved impaired glucose tolerance in C57BL/6 mice and IR caused by As,O3 in mouse skeletal muscle. (A) Male C57/BL6J mice were
treated with 1-4 mg/L As,O3 for 12 weeks. The glucose tolerance of As,Os-treated C57BL/6 mice was measured by OGTT. (B) OGTT-AUC in each group. (C) FBG of
mice exposed to As,O3 was detected. (D) FINS of mice exposed to As,O3 was detected. (E) HOMA-IR of mice exposed to As,O3 was detected. HOMA-IR = FBG*FINS/
22.5. (F) PAS staining of mice skeletal muscle exposed to As,O3 was detected. (G) The whole protein fraction was analysed by Western blot analysis. GAPDH was used
as an internal control. (H) The relative expression of proteins expressed in mice skeletal muscle as described in G (n = 5). The bar represents the mean + SEM;
*P < 0.05 vs. control, #P < 0.05 vs. 4mg/L As;O3 group.
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Fig. 2. As,03 caused ectopic lipid accumulation in mouse skeletal muscle. (A) Male C57/BL6J mice were treated with 1-4 mg/L As,O3 for 12 weeks. HE staining and
oil red staining of the skeletal muscle of As,Os-treated mice were performed. (B) The content of TAG in mice skeletal muscle exposed to As,O3 was measured. (C) The
whole protein fraction was analysed by Western blotting. GAPDH was used as an internal control. (D) Densitometric analyses of CD36 expressed in mice skeletal
muscle as described in C. The relative expression of CD36 was expressed as a percentage of the level of GAPDH (n = 5). The bar represents the mean + SEM;

*P < 0.05 vs. control, #P < 0.05 vs. 4 mg/L As,O3 group (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article).
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Fig. 3. TAU protected autophagy induced by As,O3 exposure in mouse skeletal muscle. (A) Male C57/BL6J mice were treated with 1-4 mg/L As,O3 for 12 weeks. The
whole protein fraction was analysed by Western blotting. GAPDH was used as an internal control. (B) The relative expression of proteins expressed in mice skeletal
muscle as described in A (n = 5). The bar represents the mean + SEM; “*P < 0.05 vs. control, #P < 0.05 vs. 4 mg/L As,O3 group.

will show not only impaired glucose metabolism but also impaired lipid However, whether exposure to As,O3 can lead to IR in skeletal muscle
metabolism. Fatty acid translocase (CD36) is a key protein in the remains unclear.

mediation of transmembrane transportation of fatty acids. Studies have Autophagy is an intracellular recycling system that degrades cyto-
shown that expression of CD36 in peripheral organs with IR is increased solic proteins and malfunctioning organelles, which is important for
significantly, leading to ectopic fat deposition (Titov, 2016). Studies starvation adaptation and cellular quality control (Yoshii and
have shown that T2D occurs when islets fail to secrete enough insulin to Mizushima, 2017). A normal level of autophagy can help maintain cell
compensate for the effects of insulin resistance (Reaven, 2005). Our homeostasis. However, long-term sustained stimulation can cause cel-
previous study showed that exposure to As,O3 causes a decrease in lular dysfunction. Autophagy is mediated by a series of autophagy-re-
glucose-stimulated insulin secretion (GSIS) in islets (Wu et al., 2017). lated proteins that lead to the conversion of microtubule-associated
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Fig. 4. As,Oj3 treatment of myotubes caused IR
and ectopic fat deposition. (A) Myotubes were

o 257 % < p-IRS ,:z_‘_ﬂl 200 kDa treated with 1-4 uM As,O3 for 48 h. The con-
g - % IRS |— PR —.| 180 kDa tent of glucose in the medium of myotubes
E g exposed to As,Os; was detected. (B) The con-
E E 15 p-Akt m&l 56 kDa, tent of TAG in myotubes exposed to As,03 was
: E Akt I pe— " _l 56 kDa measured. (C) The whole prf)tem fraction was
sS= 10- analysed by Western blotting. GAPDH was
E g GLUT4 |~ —— | 55 kDa used as an internal control. (D) The relative
O = expression of proteins expressed in mice ske-
o= - CD36 | S
2 5 I Q ﬂ 88 kDa letal muscle as described in C (n = 3). The bar
= 0 GAPDH |-—D — — —l 36 kDa represents the means + SEM; *P < 0.05 vs.
- trol.
0 1 2 4 0 1 5 4 contro
Concentration of As.O:(pM) Concentration of As.:Os;(uM)
B D
0.3 ® 2.5-
Z 3 Control ¥
&) £ £2.0- 3 1 mg/L A0
E%oz- EE Bl 2 mg/L As:O
13 . S
= g ,E 81.5 E Hl 4 mg/L As:O;
22 2
=S A =1.0 4 * ,
=4 E 0.1 9 =) . * 5
OEg 2= g *
- = 0.5
o)
&= ]
0.0 - 0.0
0 1 2 4 S X {
N g
Concentration of As.Os;(uM) @ Nl QQ QQ
N g &
< < && n,‘°\
» S
&»

protein 1 light chain 3 (LC3) from LC3-I to LC3-II. The expression of
LC3-II represents an increase in the number of autophagolysosomes
(Chen et al., 2017; Qi et al., 2014). Sequestosome 1 (p62/SQSTM1) is
also a well-recognized marker associated with autophagy, and it is
specifically degraded in the process of autophagy (Pankiv et al., 2007).
Recent studies have reported that autophagy is involved in the patho-
genesis of T2D (Sarparanta et al., 2017). Previous studies have shown
that exposure to As,O3 can induce autophagy in islets and the liver (Bai
et al., 2016b; Zhu et al., 2014), but it is not clear whether exposure to
As,03 can lead autophagy in skeletal muscle.

Taurine (TAU) is widely distributed in animal cells, and it is espe-
cially rich in marine animals. TAU has many healthy functions, in-
cluding regulation of neurotransmission, antioxidation, and lowering of
the cholesterol level in plasma (Kilb and Fukuda, 2017; Mezzomo et al.,
2017). Studies have shown that TAU can improve f} cell function, im-
prove insulin secretion and maintain glucose homeostasis in diabetic
mice and prevent the accumulation of white fat in mice (Mikami et al.,
2012; Santos-Silva et al., 2015). Therefore, our study aims to in-
vestigate whether TAU can ameliorate As,Os-induced IR in skeletal
muscle by inhibiting autophagy, and it provides basic data for the
prevention and treatment of As,O3-induced T2D.

2. Materials and methods
2.1. Animals

35 male-C57BL/6 mice were obtained from the Model Animal
Research Centre of Dalian Medical University (Dalian, China). The mice
were housed and handled according to protocols approved by the
Dalian Medical University Animal Care and Use Committee. The mice
were randomly divided into 5 groups, each composed of 7 animals.
As,;03 (CAS no. 1327-53-3) was obtained from Sigma-Aldrich. The mice
were exposed to 1-4 mg/L As,O3 via the drinking water for 12 con-
secutive weeks, and those in the 4 mg/L As,O3 group received 250 mg/
kg/d TAU via gavage.
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2.2. Cell culture and treatment

In this study, an immortalised murine myoblast cell line (C2C12)
was used (National Infrastructure of Cell Line Resourse, Beijing, China).
Cells were cultured and maintained in DMEM media (HyClone, Thermo
Scientific) supplemented with 10% foetal bovine serum (HyClone,
Thermo Scientific) and a 1% mixture of penicillin and streptomycin
(HyClone, Thermo Scientific), and they were incubated in 5% CO, at
37 °C. For differentiation of the cells into myotubes, DMEM media
supplemented with 2% horse serum (HyClone, Thermo Scientific) and a
1% mixture of penicillin and streptomycin were added when the cells
reached a confluence of 90%. The entire differentiation process lasted 7
days.

2.3. Oral glucose tolerance test (OGTT)

During the 12th week, OGTT was performed on the mice following
16 h of fasting. Glucose (2 g/kg body weight) was orally administered
to each animal. Tail vein blood samples were obtained at 0, 15, 30, 60,
and 120 min after glucose administration.

2.4. Haematoxylin-eosin (HE) staining

The parts of the mice skeletal muscles that underwent As;O3
treatment were isolated and fixed in saturated picric acid solution. After
48 h, they were washed in 70% alcohol until there was no picric solu-
tion precipitation. Then, the skeletal muscle were treated with dehy-
dration and embedded in paraffin wax. They were then cut into 4-5 ym
thick sections, which were stained with haematoxylin-eosin and sub-
jected to pathological analysis using microscopy.

2.5. Oil red O staining

The parts of the mouse skeletal muscles that underwent As,O3
treatment were isolated and fixed in 10% formalin. After the specimens
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Fig. 5. Exposure to As,O3 induced autophagy in myotubes. (A) The quantification of ROS in myotubes (n = 3). (B) Formation of autophagolysosomes in myotubes
was measured by AO staining. (C) Quantitation of formation of autophagolysosomes in As,Os-treated myotubes was performed (n = 3). (D) Myotubes were treated
with 1-4 uM As,O3 for 48 h. The whole protein fraction was analysed by Western blotting. GAPDH was used as an internal control. (E) The relative expression of
proteins expressed in mice skeletal muscle as described in D (n = 3). (F) Myotubes were treated with 4 uM As,O3 for 1-48 h. The whole protein fraction was analysed
by Western blotting. GAPDH was used as an internal control. (G) Densitometric analyses of LC3-II expressed in myotubes as described in G. The relative expression of
LC3-1I was expressed as a percentage of the level of GAPDH (n = 3). (H) Densitometric analyses of p62 expressed in myotubes as described in G (n = 3). The bar

represents the mean + SEM; *P < 0.05 vs. control.

were dehydrated in a graded sucrose solution series, sections of tissue
(thickness of 10pum) were prepared and stained with oil red O
(Wanleibio) at 60 °C for 10 min. After differentiation in 75% ethanol for
1.5 min. the staining distribution was visualized by microscopy.

2.6. Periodic acid-Schiff (PAS) staining

The skeletal muscle sections of mice treated with As,O3; were de-
waxed in xylene and hydrated in alcohol. Then, the sections were
oxidated with periodic acid solution and combined with colourless
magenta in Schiff’s solution. After they were counterstained with
haematoxylin, the sections were closured with neutral resin and sub-
jected to pathological analysis using microscopy.

2.7. Western blot analysis

The skeletal muscle samples of mice treated with As,O3 stored at
—80 °C were homogenized. The supernatant was collected using RIPA
lysis buffer, and the supernatant of myotubes treated with As,O3 was
collected using a nuclear protein and cytoplasmic protein extraction kit
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(KGP1100). The total protein content was measured using the BCA
method (Thermo Scientific). Lysates were resolved by 10-15% SDS-
PAGE and transferred to a PVDF membrane. They were immunoblotted
with primary antibodies against LC3B (Abcam), p62 (Proteintech), p-
Akt (Abcam), Akt (Proteintech), GLUT4 (Wanleibio), GSK3p
(Wanleibio), p-GSK3p (Wanleibio), IRS™ (Cell Signaling Technology),
p-IRS’1 (ABclonal), CD36 (Wanleibio), and GAPDH (Proteintech). The
blots were then incubated with horseradish peroxidase (HRP)-con-
jugated secondary antibodies (Sigma), followed by undergoing detec-
tion with a SuperSignal West Pico kit (Thermo Scientific). The expected
protein bands were visualized using the Bio-Rad ChemiDoc™ MP ima-
ging system.

2.8. Acridine orange (AO) staining

Acridine orange (AO) (Invitrogen) was used to measure the number
of acidic vesicular organelles (AVOs), such as autophagolysosomes, in
cells. In intact lysosomes and autophagolysosomes, AO (AHO™) ex-
hibits bright red fluorescence. In contrast, the fluorescence is green.
After undergoing treatment with As,03, the myotubes were incubated
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Fig. 6. Inhibition of oxidative stress protected from As,Os-induced IR in myotubes. (A) Quantitation of ROS in As,Os-treated myotubes (n = 3). (B) Formation of
autophagolysosomes in myotubes was measured by AO staining. (C) Quantitation of formation of autophagolysosomes in As,O3-treated myotubes was performed
(n = 3). (D) The whole protein fraction was analysed by Western blot. GAPDH was used as an internal control. (E) The relative expression of proteins expressed in
mice skeletal muscle as described in D. (n = 3). (F) The content of glucose in medium of myotubes was measured. (G) The whole protein fraction was analysed by
Western blot. GAPDH was used as an internal control. (H) The relative expression of proteins expressed in mice skeletal muscle as described in I (n = 3). (I) The
content of TAG in myotubes was detected. *P < 0.05 vs. control, #P < 0.05 vs. 4 uM As,O3 group.

with AO (1 pg/mL) for 15min at 37 °C and observed by fluorescence
microscopy.

2.9. Measurement of intracellular reactive oxygen species

The reagent 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA)
was used to determine the total cell ROS level. After undergoing
treatment with As,Os, the myotubes were washed in Ringer solution,
stained with DCFH-DA at a final concentration of 10 uM at 37 °C for
30 min in the dark and observed by fluorescence microscopy.

2.10. TAG assay

The As,Os-treated mouse skeletal muscle samples stored at -80 °C
were homogenized. The myotubes that underwent As,O3 treatment
were frozen and melted repeatedly for a total of 3 times. The super-
natant of mice skeletal muscle and myotubes treated with As,O3; were
collected using PBS buffer. The total TAG content was measured by a
triglyceride (TAG) assay kit (GPO-PAP method) (Nanjing Jiancheng
Bioengineering Institute).
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2.11. ISGU assay

Cells were seeded into a 96-well culture plate. After the cells un-
derwent treatment with As,0s;, 50puL differentiation media with
100 nM insulin were added into each well for 2 h. Next, the media were
collected. The content of glucose in the media was measured by a
glucose (Glu) assay kit (Nanjing Jiancheng Bioengineering Institute).

2.12. Statistical analysis

The data were expressed as the mean = SEM from at least three
independent experiments and were analysed using SPSS 20.0 statistical
software (IBM). The statistical analysis was carried out with one-way
ANOVA followed by Student-Newman Keuls (SNK) test, and P < 0.05
was considered to be statistically significant.
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Fig. 7. Effect of autophagy on As,Oz-induced IR in myotubes. (A) Myotubes were pretreated with 5mM 3-MA for 3 h, and differentiation medium containing 4 pM
As,03 was then added consecutively for 48 h. The whole protein fraction was analysed by Western blot. GAPDH was used as an internal control. (B) The relative
expression of proteins expressed in mice skeletal muscle as described in A (n = 3). (C) Formation of autophagolysosomes in myotubes was measured by AO staining.
(D) Quantitation of the formation of autophagolysosomes was performed (n = 3). (E) The content of glucose in the medium of myotubes was detected. (F) The
content of TAG in myotubes was measured. (G) The whole protein fraction was analysed by Western blot. GAPDH was used as an internal control. (H) The relative
expression of proteins expressed in mice skeletal muscle as described in G. (n = 3). The bar represents the mean + SEM; *P < 0.05 vs. control, #P < 0.05 vs. 4 uM
As,03 group.

3. Results higher than that of mice in the control group and that the average

OGTT-AUC of mice pretreated with TAU was lower than that of mice
3.1. As;03-impaired glucose tolerance in C57BL/6 mice and insulin with 4 mg/L As,O; treatment, indicating that mice with As,O; treat-
sensitivity in mouse skeletal muscle were alleviated by TAU ment showed an impaired glucose tolerance, which can be alleviated by

TAU (Fig. 1B). To assess the effects of As,O3 on glucose homeostasis,
The results of the OGTT showed that at 0, 15, 30, and 120 min, the Fasting insulin (FINS) levels, Fasting Blood Glucose (FBG) and Home-

average blood glucose of mice with 4 mg/L As,O3 treatment was sig- ostasis model assessment of insulin resistance (HOMA-IR, an indicator
nificantly higher than that of mice in the control group. Additionally, of systemic insulin resistance) were evaluated. FINS showed no sig-
the average blood glucose of mice pretreated with TAU was lower than nificant difference between the groups of mice (Fig. 1D). FBG and

that of mice with 4 mg/L As,O3 treatment (Fig. 1A). The results of the HOMA-IR of mice with 4mg/L As,O3; treatment were significantly
OGTT area under the curve (OGTT-AUC) showed that the average higher than those of mice in the control group. Additionally, FBG and
OGTT-AUC of mice with 4mg/L As,O3 treatment was significantly HOMA-IR of mice pretreated with TAU were lower than those of mice
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Fig. 8. TAU protected from As,Os-induced IR through inhibiting ROS-dependent autophagy in myotubes. Myotubes were pretreated with 100 uM TAU for 6 h, and
then, differentiation medium containing 4 uM As,O3 was consecutively added for 48 h. (A) Quantitation of ROS in As,Os-treated myotubes (n = 3). (B) Formation of
autophagolysosomes in myotubes was measured by AO staining. (C) Quantitation of the formation of autophagolysosomes in As,O3-treated myotubes was performed
(n = 3). (D) The autophagy-related proteins were analysed by Western blot. GAPDH was used as an internal control. (E) The relative expression of proteins expressed
in mice skeletal muscle as described in D (n = 3). (F) The content of glucose in the medium of myotubes was measured. (G) The whole protein fraction was analysed
by Western blot. GAPDH was used as an internal control. (H) The relative expression of proteins expressed in mice skeletal muscle as described in I (n = 3). (I) The
content of TAG in myotubes was detected. *P < 0.05 vs. control, #P < 0.05 vs. 4 uM As,O3 group.

with 4 mg/L As,O3 treatment, indicating that mice with As,O; treat-
ment showed insulin resistance, which can be alleviated by TAU
(Fig. 1C, Fig. 1E). PAS staining results showed that the content of gly-
cogen in As,Os-treated mice skeletal muscle was significantly de-
creased. However, this decrease can be relieved by TAU (Fig. 1F).
Phosphorylated GSK33 was enhanced in the skeletal muscle of As;Os3-
treated mice, but this upregulation can be relieved by TAU (Fig. 1G-
1 H). The ratio of p-IRS/IRS, the phosphorylation of Akt and the ex-
pression of GLUT4 in skeletal muscle of mice with As,Os-treated
showed a significant decrease, but this decrease could be alleviated by
TAU (Fig. 1G-1 H).

3.2. TAU inhibited the As;O3-induced ectopic fat deposition in mouse
skeletal muscle

Oil red O staining showed that there was an accumulation of ectopic
lipids in mouse skeletal muscles that underwent 4 mg/L As,O3 treat-
ment, but this effect can be relieved by TAU (Fig. 2A). Additionally, we
observed an increase in the content of TAG of mouse skeletal muscle
that underwent 4 mg/L As,0O5 treatment. However, this increase can be
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alleviated by TAU (Fig. 2B). The expression of CD36 in As,Os-treated
mouse skeletal muscle was upregulated, but this upregulation can be
relieved by TAU (Fig. 2C and D).

3.3. As;0s-upregulated autophagy in mouse skeletal muscle was relieved by
TAU

To investigate whether As,0O3 can upregulate autophagy in skeletal
muscle, Western blot analysis was used to detect the expression of LC3-
IT and p62. The results showed that the level of LC3-II and p62 in mouse
skeletal muscle with As,O3 treatment was upregulated, but this upre-
gulation can be relieved by TAU (Fig. 3A-3B).

3.4. As;0;3 induced IR in myotubes

Myotubes were exposed to different concentrations of As;O3
(1-4 uM) for 48 h. We measured the glucose level in the supernatant of
myotubes stimulated by insulin. We observed an increase in the glucose
level, suggesting that a decrease in ISGU occurred (Fig. 4A). Further-
more, the ratio of p-IRS/IRS, level of phosphorylated Akt and
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expression of GLUT4 in myotubes that underwent As,O; treatment
gradually decreased (Fig. 4C-4D). Moreover, the content of TAG in
myotubes from the 4 uM As,Os-treated group was higher than that in
myotubes from the control group (Fig. 4B). Additionally, the level of
CD36 in As,Os-treated myotubes increased gradually (Fig. 4C-4D).

3.5. As;03 caused autophagy in myotubes

The level of the total ROS was elevated by As,O; treatment
(Fig. 5A). The results of AO staining showed that the number of AVOs
was upregulated in the As,Os-treated myotubes (Fig. 5B-5C). The
Western blot results showed an increase in the expression of LC3-II and
p62 in the myotubes that underwent As,O3 treatment (Fig. 5D-5E).
Then, we added differentiation medium containing 4 uM As,O5 for
different durations (1-48h). The results at 6 h showed an increased
expression of LC3-II and a decreased level of p62 (Fig. 5F-5H), in-
dicating autophagy flux at an early stage of As,O5 treatment. However,
the accumulation of p62 that was exhibited later suggests autophagy
degradation disorder.

3.6. Inhibition of oxidative stress could protect from IR and ectopic fat
deposition induced by As;O3 in myotubes

Inhibition of oxidative stress relieved ROS accumulation in As,Os-
treated myotubes (Fig. 6A). The pretreatment with NAC not only in-
creased the levels of LC3-II and p62 but also alleviated the rising
number of AVOs in myotubes caused by As,O3 treatment (Fig. 6B-6E).
At the same time, the content of glucose in culture medium was de-
creased (Fig. 6F), and the ratio of p-IRS/IRS, phosphorylation of Akt
and expression of GLUT4 were increased (Fig. 6G-6 H) compared with
those in As,Os-treated myotubes. Moreover, NAC prevented the rising
TAG content and the upregulation of CD36 expression in myotubes
caused by As,03 treatment (Fig. 6G-61).

3.7. Inhibition of autophagy in myotubes relieved glucose and lipid
metabolism impaired by As;03

To investigate whether autophagy has an effect on glucose and lipid
metabolism, we used 3-MA to inhibit autophagy caused by As,03. The
results showed that the upregulation of LC3-II and p62 expression
caused by As,O3 treatment was relieved (Fig. 7A-7B). The results of AO
staining also showed alleviation of the high number of AVOs caused by
As,03 treatment (Fig. 7C-7D). With pretreatment with 3-MA, a rise in
glucose level in the supernatant of myotubes caused by As,O3; was
decreased, suggesting alleviation of ISGU (Fig. 7E). Additionally, up-
regulation of the phosphorylation of IRS, ratio of p-Akt/Akt and level of
GLUT4 caused by As,O3 treatment was also relieved (Fig. 7G-7 H).
Moreover, the high content of TAG and the upregulated expression of
CD36 in myotubes caused by As,O3 treatment showed a decrease from
pretreatment with 3-MA (Fig. 7F, Fig. 7G).

3.8. TAU could protect from IR and ectopic fat deposition induced by As,03
through inhibiting autophagy in myotubes

The ROS accumulation in myotubes caused by As,O; treatement
could be relieved by TAU (Fig. 8A). With pretreatment of TAU, the
rising number of AVOs in myotubes caused by As,O3 treatment and
upregulation of LC3-II and p62 levels were alleviated (Fig. 8B-8E). At
the same time, the As,Oz-impaired glucose uptake was improved by
TAU (Fig. 8F). Furthermore, the phosphorylation of IRS, ratio of p-Akt/
Akt and expression of GLUT4 in the TAU-pretreated myotubes were
increased (Fig. 8G-8H) compared with those in the As,Os-treated
myotubes. Moreover, TAU prevented the rise in TAG content and up-
regulation of CD36 expression in myotubes caused by As,O3 treatment
(Fig. 8G-8I).
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4. Discussion

In some studies, 25 and 50 mg/L or 20 and 40 mg/L As,O3; were
chosen to create the chronic exposure model(Ahangarpour et al., 2018;
Sun et al., 2018). However, people from most areas in the world show
low-dose and long-term exposure to arsenic in drinking water(Paul
et al., 2013; Phung et al., 2017). Therefore, in our study, C57BL/6 mice
were exposed to 1-4 mg/L As,Oj3 in drinking water for 12 weeks, and
myotubes were exposed to 1-4 uM As,O3 for 48 h.

Furthermore, GLUT4, one of the insulin-regulatable glucose trans-
porter (IRGT), undergoes translocation from an intracellular site to the
cell surface after exposure to insulin(Cushman and Wardzala, 1980).
Therefore, the transportation of glucose can be promoted by increasing
the translocation of GLUT4 to the cell membrane (Lauritzen, 2013;
Ploug et al., 1998). When T2D or IR occurs, the redistribution of GLUT4
vesicles to the cell surface is reduced, resulting in a decrease in ISGU
(Pinto-Junior et al., 2018; Zhang et al., 2018). However, long-term
decline in the transportation of glucose is still associated with decreased
expression of GLUT4(Correa-Giannella and Machado, 2013; Gutierrez-
Torres et al., 2015). Our results showed that exposure to As,O3 caused a
decrease in the expression of GLUT4 in mice skeletal muscle and
myotubes, which led to impaired glucose tolerance in mice and de-
creased ISGU in myotubes.

CD36 mediates the transportation of fatty acids. Exposure to arsenic
causes skeletal muscle inflammation, which can promote the expression
of CD36 (Ahmad et al., 2012; Romic et al., 2017). It was also found that
exposure to arsenic can directly affect the expression of CD36
(Supruniuk et al., 2017). We found that exposure to As,O3 promotes the
expression of CD36 in skeletal muscle. Moreover, exposure to arsenic
can decrease the expression of peroxisome proliferator-activated re-
ceptor gamma coactivator 1-a (PGC-1a), which promotes lipid oxida-
tion in skeletal muscle (Padmaja Divya et al., 2015; Summermatter
et al., 2010), resulting in an increase in the content of TAG. Our result
showed an increase in the content of TAG in As,O3-treated mice skeletal
muscle and myotubes, resulting in ectopic lipid accumulation in ske-
letal muscle. It has been confirmed that accumulation of ectopic lipids
promotes the induction of IR (Morales and Bucarey, 2017).

Previous studies have found that arsenic accelerated autophagoly-
sosomes formation and caused autophagic cell death in INS' and
HepG2 cells (Bai et al., 2016b; Zhu et al., 2014). Controversial results
have been produced regarding the effect of autophagy on IR. The ac-
tivation of autophagy attenuates palmitate (PA)-induced IR in myo-
tubes (Li et al., 2017; Wang et al., 2016). However, in the present study,
autophagy exerted a stimulatory effect on IR rather than an inhibitory
effect after As,O3 treatment. The activation of autophagy in 3T3-L1
adipocytes suppresses insulin signalling through reducing insulin-sti-
mulated Akt phosphorylation, plasma membrane translocation of
GLUT4, and glucose uptake (Zhang et al., 2016). Our results showed
that exposure to As,O3 induces autophagy in mice skeletal muscle and
myotubes. Moreover, consistent with the results from our previous
study, inhibition of As,Os-induced ROS production alleviated autop-
hagy, further relieving IR and ectopic fat deposition (Pan et al., 2016;
Yang et al., 2018).

Consistent with the results from our previous study, TAU supple-
mentation alleviated As,Os-induced autophagy (Bai et al., 2016b,
2016a). Moreover, TAU inhibits ROS production, which reduces cel-
lular oxidative stress (Kim et al., 2017; Tappia et al., 2017). In our
study, the inhibition of ROS-dependent autophagy relieved As,Os-in-
duced IR and ectopic fat deposition. Based on these data, due to the
availability of TAU, a variety of foods are rich in TAU, and TAU has a
very good anti-insulin resistance (Gao et al., 2019) and anti-in-
flammatory (Qiu et al., 2018) effect, TAU can be used as a major sup-
plement of T2D food therapy in the future.
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5. Conclusions

TAU can alleviate the reduction in ISGU and ectopic lipid accu-
mulation in mice skeletal muscle and myotubes that underwent As,O3
treatment by inhibiting ROS-dependent autophagy, which further al-
leviates IR induced by As;Os.
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