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Traditional Chinese medicine (TCM) plays an important role in the treatment of type 2 diabetes mellitus (T2DM). However, the
lack of adequate and scientifically rigorous evidence has limited its application in this disorder. Sanbai melon seed oil (SMSO) is
used in folk medicine to treat DM; however, only few literature reports exist regarding its mechanism. Herein, we aimed to
confirm the antidiabetic activity of SMSO in a T2DM model and further elucidate its possible mechanisms. The T2DM rat
model was induced by high-fat and sugar diet and streptozocin (STZ, 40mg/kg). SMSO was administered at doses of 0.7 g/kg,
1.4 g/kg, and 2.8 g/kg. Several biochemical parameters and antioxidant protein levels were measured to evaluate the
hyperglycemic and antioxidant activities of SMSO. Western blotting was performed to determine its potential mechanism.
Based on the results, SMSO treatment significantly reduced blood glucose levels, increased plasma insulin, and repaired islet
tissue injury in diabetic rats (P < 0 05). To add, it markedly reduced MDA levels and increased that of catalase (CAT),
superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px). Western blot results showed that SMSO induced n-Nrf2
and HO-1 expression and Akt and GSK-3β phosphorylation in a dose-dependent manner. Further studies showed that
LY294002, aPI3K inhibitor, abolished the effects of SMSO on GSK-3β phosphorylation and Nrf2 nuclear translocation as well as
the protective effects on pancreatic β cells. Together, these results suggest that SMSO regulates the Akt/GSK-3β/Nrf2 pathway
and induces the expression of antioxidant proteins to impede oxidative stress in rats with T2DM.

1. Introduction

Diabetes mellitus (DM) continues to function as a global and
serious threat to the health of patients. Type 2 diabetes
mellitus (T2DM) accounts for 90% of DM cases, and its prev-
alence is projected to rise to 366 million by 2030 [1]. Because
of the increasing rates of obesity induced by unreasonable
dietary patterns and poverty, the incidence of T2DM has
remarkably increased in Southeast Asia and China [2].
T2DM and its associated complications have medical and
socioeconomic burdens on health-care systems and impacts
on economic wealth [3]. In clinics, several drugs, such as rosi-

glitazone and metformin, are used to treat T2DM. However,
many reports have shown that synthetic drugs exhibit side
effects in the treatment process [4]. Thus, the search for
herbal agents to serve as better therapeutics is necessary for
the treatment of T2DM.

The function islet β cells play an important role in the
development of T2DM; its dysfunction leads to the onset of
glucose intolerance, and its gradual worsening leads to unmet
needs of long-term glycemic control [5, 6]. Some studies
revealed that β cell dysfunction is closely linked to oxidative
stress induced by hyperglycemia and hyperlipidemia [6]. In
patients with T2DM, sustained hyperglycemia causes glucose
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autooxidation and protein glycosylation, which lead to
excessive production of reactive oxygen species (ROS)
[7]. The intrinsic antioxidant defense machinery is fragile
in the β cell of these patients. Hence, pancreatic cells are
susceptible to oxidative stress [8]. Antioxidants may there-
fore serve as a promising treatment strategy to avoid β cell
dysfunction in T2DM.

In China, some fruits or vegetable oils are used as antiox-
idants to treat diseases [9]. Citrullus lanatus, also known as
watermelon, is a type of dietetic fruit. The juice of Citrullus
lanatus is delicious and is popular in many countries. Its seed
contains many antioxidant compounds, such as tannins, fla-
vonoids, terpenoids, and alkaloids, which have demonstrated
antidiabetic effects in previous studies [10].

Citrullus lanatus cv. Sanbai (Citrullus lanatus (Thunb.)
Matsum & Nakai cv. Sanbai) also known as Sanbai melon is
a type of cultivated watermelon species in China. In folk
medicine, Sanbai melon seed oil (SMSO) has displayed pro-
tective effects in DM. In our previous study, we found that
the main constituents of SMSO were flavonoids and tocoph-
erols, which displayed excellent antioxidant and antidiabetic
activity in a T1DM model [11]. As there is no literature
report on the effects and possible mechanisms of SMSO in
a T2DM model, we aimed to determine the antidiabetic
activity of SMSO in a T2DMmodel and elucidate its possible
mechanisms.

2. Materials and Methods

2.1. Materials. Streptozotocin (STZ) and LY294002 were
obtained from Sigma-Aldrich (St. Louis, MO, USA). Triso-
dium citrate and citric acid were obtained from Tianjin
Hongyan Chemical Reagent Co. Ltd. (Tianjin, China).
One-Touch Ultra Blood Glucose Meter and strips were
purchased from Accu-Chek Performa, Roche, Germany.
Malondialdehyde (MDA), glutathione peroxidase (GSH-
Px), superoxide dismutase (SOD), and catalase (CAT) kits
were purchased from Nanjing Jiancheng Science and
Technology Co. Ltd. (Nanjing, China). Rat insulin ELISA
kits were obtained from Sweden Mercodia Company
(Sweden). Bax, Bcl-2, Nrf2, HO-1, AKT, GSK-3β,
cleaved-caspase 3, caspase 3, Fyn, β-actin, and H3 primary
antibodies were obtained from Cell Signaling Technology
Inc. (Danvers, MA). Secondary antibodies were obtained
from Cell Signaling Technology Inc. Other chemical
reagents were of analytical grade.

2.2. Production of SMSO. Fresh Sanbai melons were obtained
from Wanrong County, Yuncheng City, Shanxi Province,
and botanically identified by Professor Wenzhe Liu, a bota-
nist at the College of Life Sciences, Northwest University.
The flesh and rinds were removed from the fruit, and its
seeds were collected, washed, and sun-dried. Voucher speci-
mens were deposited at the Department of Natural Medicine,
School of Pharmacy, Air Force Medical University. Seed oil
extractions were kindly performed by Yangling Piaoxiang
Edible Oil Co. Ltd. Total flavonoid content was used to
control oil quality.

2.3. Induction of T2DM. Male Sprague Dawley (SD) rats
were obtained from the Experimental Animal Center of
Air Force Medical University. All animal experimental
protocols were performed according to the Guidelines for
Animal Experimentation of Air Force Medical University
and reviewed and approved by the Ethics Committee for
Animal Experimentation (FMMU-201704067). Rats were
housed in a controlled environment with a 12 h light-dark
cycle at 25°C.

After adaptive feeding for 1 week, diabetic rats were fed a
high-fat and sugar diet (lard oil 18%, sucrose 20%, yolk 3%,
and basal feed 59%) [12], the rats in the control group
(NC) were fed a basal diet, and rats in the SMSO control
group (NC+SMSO) were fed a regular diet and 2.8 g/kg
SMSO. After dietary manipulation for 4 weeks, diabetic rats
were injected intraperitoneally with STZ (40mg/kg BW, dis-
solved in sodium citrate buffer, pH4.4), while rats in the con-
trol group were injected with vehicle citrate buffer with a
volume of 1mL/kg. After 3 days of administration, the level
of fasting blood glucose (FBG) was measured via the tail vein
in triplicate. Rats with an FBG ≥ 11 0mmol/L were diag-
nosed with T2DM and were used for further studies.

Diabetes rats were divided into four groups: T2DM
model group (Mod, n = 8), low-dose SMSO group
(SMSO-L, 0.7 g/kg, n = 8), medium-dose SMSO group
(SMSO-M, 1.4 g/kg, n = 8), and high-dose SMSO group
(SMSO-H, 2.8 g/kg, n = 8). SMSO administration lasted 8
weeks. During the experimental period, body weight and
FBG of rats were monitored weekly. At the end of 8
weeks, rats were sacrificed and blood samples were collected
from the abdominal aorta. Whole blood was used to deter-
mine the level of glycosylated hemoglobin (HbA1c), and
serum was used to determine the level of insulin and other
biochemical parameters. Pancreatic tissues were also col-
lected for further studies.

2.4. Histopathologic Examination. After blood collection,
pancreatic tissues were excised carefully, washed with normal
saline, fixed in 4% paraformaldehyde solution, and then
embedded in paraffin. Each pancreas was cut into 5 μm thick
sections and then stained with hematoxylin-eosin staining
(HE) for histopathological examination. Pathological
changes were observed under an optical microscope.

2.5. Estimation of Antioxidant Levels. The levels of MDA,
SOD, GSH-Px, and CAT were measured using commercial
kits (Nanjing Jiancheng Science and Technology Co. Ltd.)
with the provided instructions.

2.6. Immunohistochemistry. Tissue sections were prepared as
per the method used above. After dewaxing, the sections were
incubated in a water bath kettle oven at 98°C for 15min with
target retrieval solution for antigen retrieval, followed by
treatment with 3% EDTA for 15min and 5% BSA for
30min. The sections were incubated with primary antibodies
(Nrf2: 1 : 400, Cell Signaling Technology; HO-1: 1 : 400, Cell
Signaling Technology) at 4°C overnight, washed with PBS,
and incubated with horseradish peroxidase-conjugated
secondary antibody (1 : 400, Cell Signaling Technology) for
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1.5 h at room temperature. For color development, sections
were treated with the peroxidase substrate, DAB, and coun-
terstained with hematoxylin (Boster Biological Technology
Co. Ltd.).

2.7. Immunoblot Analysis. Pancreatic tissues were homoge-
nized with pancreas lysis buffer (7mol/L carbamide, 2mol/L
thiocarbamide, 5mL/L IPG buffer (pH3-10), 65mmol/L
DTT, 20 g/L octanoyl thioglycine trimethyl salt (SB 3-10),
20 g/L CHAPS, 5mg/L proteinase inhibitor, and 10mL/L
trypsin inhibitor) [13]. Nuclear proteins and cytoplasmic
proteins were isolated using a commercial kit from Baiao-
laibo Co. Ltd. (Beijing, China). Protein concentration was
determined with a BCA protein assay kit (Roche). For west-
ern blot analysis, an equal amount of protein (30 μg) from
each sample was separated by 10% SDS-PAGE followed by
transferal to a polyvinylidene fluoride membrane (Millipore).
Membranes were then blocked with 5% nonfat dried milk at
room temperature for 1 h and then incubated with primary
antibodies at 4°C overnight. The following primary antibod-
ies: anti-P-GSK-3β (1 : 1000), anti-GSK-3β (1 : 1000), anti-
Nrf2 (1 : 500), anti-HO-1 (1 : 1000), anti-caspase 3 (1 : 1000),
anti-Bcl2 (1 : 1000), anti-Bax (1 : 1000), anti-P-Akt (1 : 500),
anti-Akt (1 : 500), anti-Fyn (1 : 500), anti-β-actin (1 : 1000),
and anti-H3 (1 : 1000), were obtained from Cell Signaling
Technology. After washing with Tris-buffered saline;
membranes were incubated with horseradish peroxide-
conjugated secondary antibodies at room temperature for
1 h. Membranes were visualized using an enhanced chemilu-
minescence (ECL) detection kit (Millipore). β-Actin was
used as protein loading control for the cytoplasm while H3
was used as protein loading control for the nucleus.

2.8. Statistical Analysis. Statistical analysis was performed
with GraphPad Prime 5.0 software. All data are expressed
as the mean ± SD. Comparisons between groups were ana-
lyzed by the one-way analysis of variance (ANOVA) and
Student-Newman-Keuls test. A P value< 0.05 was considered
statistically significant.

3. Results

3.1. General Characteristics of Diabetic Rats after SMSO
Treatment. Body weight was recorded every week while
FBG was recorded every two weeks. As shown in
Figure 1(a), body weights in all groups were gradually
increased. At the end of the experiment, body weight in the
DM group was lower than that in the NC group; however,
treatment with SMSO restored the loss in body weight. The
pancreas weight/body weight ratio in the DM group was
significantly lower than that in the NC group (P < 0 05);
however, SMSO treatment could significantly increase the
ratio in a dose-dependent manner (Figure 1(b)).

As shown in Figure 1(c), from treatment initiation to the
8th week, a higher level of FBG was found in the DM group
than in the NC group. However, SMSO treatment could
significantly lower this level in a dose-dependent manner
(P < 0 05). The results of the oral glucose tolerance test
showed that blood glucose levels in each group were

increased at 0.5 h after the administration of 50% glucose
solution [14] and were restored to normal levels at 1 h
(Figure 1(d)). The blood glucose level in the DM group was
higher than that in the NC group, suggesting that pancreatic
islet function was destroyed. The AUC results showed that
SMSO treatment significantly restored the function of the
pancreatic islet (Figure 1(e)). In the DM group, the HbA1c
level was significantly higher than that found in the NC
group; however, the insulin level was significantly lower than
that found in the NC group (P < 0 05). SMSO treatment sig-
nificantly decreased the HbA1c level and increased the insu-
lin level in a dose-dependent manner (Figures 1(f) and 1(g)).

3.2. Effects of SMSO on Histological Changes. Figure 2 shows
the histopathological results of the pancreas of rats. The islet
cells had a normal appearance in the NC group, but in the
DM group, a decrease in the size of pancreatic islets was
found. Verges were ambiguous, cells were undergoing karyo-
pyknosis and degranulation, and vacuolation and invasion of
connective tissues were detected. In the SMSO group, the
islet cells were saved and restored in a dose-dependent
manner while the Langerhans cells and size of the islet in
the high-dose group were restored to levels near those found
in the NC group. No such changes were found in normal rats
treated with SMSO.

3.3. Effects of SMSO on Apoptosis. To determine whether
SMSO had antiapoptotic effects during the treatment pro-
cess, caspase 3, Bax, and Bcl-2 were measured by RT-PCR
and western blot analysis. mRNA levels of caspase 3 and
the ratio of Bax/Bcl-2 were significantly increased in the
DM group compared to the NC group (Figures 3(a) and
3(b)). The protein expressions of cleaved-caspase 3, caspase
3, and the ratio of Bax/Bcl-2 were the same as the levels of
mRNA (Figures 3(c)–3(e)). SMSO treatment was found to
inhibit the mRNA and protein expression of caspase 3 and
Bax and significantly increased the expression of Bcl-2,
ultimately demonstrating its antiapoptotic property.

3.4. Effects of SMSO on Antioxidant Status. Long-term hyper-
glycemia induces oxidative stress in the islet cells. To deter-
mine whether SMSO had antioxidative effects, we measured
the levels of MDA, SOD, GSH-Px, and CAT. As shown in
Figure 4, MDA levels were significantly increased while those
of SOD, GSH-Px, and CAT were significantly decreased in
the DM group (P < 0 05). By administering SMSO to ani-
mals, these changes were altered as values were restored to
levels near normal. Such findings indicate that SMSO pro-
vides protection against hyperglycemia-induced oxidative
stress.

3.5. Effects of SMSO on the Expression of Nrf2 in Diabetic
Rats. Protein expressions of antioxidants are regulated via
the Nrf2 pathway. Hence, to investigate whether the Nrf2
pathway might be responsible for the protective effect of
SMSO, the expression levels of n-Nrf2 and HO-1 were mea-
sured by western blot analysis. As shown in Figure 5, DM
induced the protein expression of n-Nrf2 and HO-1 com-
pared to that observed in the NC group. Treatment with
SMSO could significantly increase n-Nrf2 and HO-1
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Figure 1: Continued.

4 Journal of Diabetes Research



expression levels relative to that found in the DM group.
Immunohistochemical results presented in Figures 6(a) and
6(b) reveal that SMSO induced the expression of Nrf2 and
HO-1 in pancreatic tissues. The results were similar to those
found by western blot analysis and indicate that SMSO could
regulate the Nrf2 pathway, which induces antioxidant
protein expression.

3.6. Effects of SMSO on the Activities of Akt and GSK-3β. To
determine whether Akt and GSK-3β are involved in the pro-
tective effects of SMSO, the phosphorylated forms of Akt and
GSK-3β were assessed by western blotting. As shown in
Figure 7(a), the phosphorylation levels of Akt and GSK-3β
were significantly decreased in the DM group. However, after
treatment with SMSO, these levels were significantly
increased in a dose-dependent manner (Figure 7(a)). The
expression level of Fyn in the nucleus was also assessed. As
shown in Figure 7(b), this level was significantly induced in
the DM group; however, when treated with SMSO, the
expression decreased in a dose-dependent manner.

3.7. Akt Pathway Is Necessary for SMSO-Induced GSK-3β
Phosphorylation and Nrf2 Nuclear Translocation. To deter-
mine whether Akt activation is necessary for SMSO-
mediated GSK-3β phosphorylation and Nrf2 nuclear
translocation, diabetic rats were treated with SMSO with or
without pretreatment with LY294002. As shown in
Figure 8, Akt and GSK-3β phosphorylation induced by
SMSO and the expression levels of n-Nrf2 and HO-1 were
inhibited by LY294002. The inhibitory effect of SMSO on
the nuclear expression levels of n-Fyn was abolished by
LY294002 treatment. These results suggest that the Akt path-
way is necessary for SMSO-induced GSK-3β phosphoryla-
tion and Nrf2 nuclear translocation.

4. Discussion

DM is induced by the destruction or dysfunction of the pan-
creatic β cells and is considered to be one of the most influ-
ential metabolic diseases on human health [15]. Although
dysfunction of pancreatic β cells plays important roles in
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Figure 1: Effects of SMSO on the general characteristics of diabetic rats. (a) Effects of SMSO on body weight gain in diabetic rats every week
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Figure 2: Effects of SMSO on pancreatic histological changes. Histological changes were evaluated by HE staining. Original magnification:
400x.
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the onset and development of DM, only few of the antidia-
betics used in clinics improve β cell function [5]. Several
reports revealed that pancreatic β cell dysfunction leads to
an incremental increase in blood glucose, sustained
hyperglycemia-induced oxidative stress, and other cellular
stresses that further cause pancreatic β cell dysfunction
[16]. Hence, a drug possessing hypoglycemic and antioxidant

properties would serve as a useful treatment for DM. How-
ever, satisfactory outcomes have not been achieved with
currently used approaches, prompting the development of
new alternative approaches. Traditional Chinese medicine
(TCM) has been used for thousands of years due to its acces-
sibility, low cost, efficacy, and simplicity [17–19]. Under most
conditions, TCMs have been used as empirical medicines,
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Figure 3: Effects of SMSO on pancreatic apoptosis. Apoptosis-related protein levels (caspase 3, Bax, and Bcl-2) in pancreatic tissues after
different treatments were measured by RT-PCR and western blot analysis. #P < 0 05 vs. the NC group. ∗P < 0 05 vs. the DM group.
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but adequate scientific evidence regarding their mechanism
has not been gathered [19–21]. SMSO has been used in folk
medicine to treat DM; however, limited research has been
performed to verify its efficacy as an antidiabetic agent and
its possible beneficial role in protecting pancreatic β cells.
The present study was performed to investigate the effect of
SMSO and further clarify its possible mechanism.

A high-fat and sugar diet combined with STZ is regularly
used to induce the type 2 diabetic rat model. This is because it

can mimic the metabolic features of T2DM in humans [22].
Chronic consumption of a high-fat and sugar diet can induce
insulin resistance in rats, and STZ injection can destroy the
pancreatic β cells, thereby mimicking the natural disease pro-
cess from insulin resistance to β cell dysfunction [23]. In the
present study, levels of glucose and HbA1c were significantly
increased, and these were accompanied by a decrease in insu-
lin levels in the DM group compared to normal rats. Admin-
istering SMSO induced dose-dependent changes in these
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Figure 4: Effects of SMSO on the level of oxidative stress. (a) CAT levels in diabetic rats after SMSO treatment. (b) SOD levels in diabetic rats
after SMSO treatment. (c) MDA levels in diabetic rats after SMSO treatment. (d) GSH-Px levels in diabetic rats after SMSO treatment.
#P < 0 05 vs. the NC group. ∗P < 0 05 vs. the DM group.
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Figure 5: Effects of SMSO on the Nrf2 pathway. Immunoblotting of nuclear protein extracts from pancreatic tissues of diabetic rats.
Representative bands of western blotting. Statistical data were derived from gray analysis. #P < 0 05 vs. the NC group. ∗P < 0 05 vs. the
DM group.
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Figure 6: Effects of SMSO on the expression of Nrf2 and HO-1. (a) Immunohistochemical photograph of Nrf2 in the pancreatic tissues of
different groups as indicated horizontally. (b) Immunohistochemical photograph of HO-1 in the pancreatic tissues. Original
magnification: 200x.
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Figure 7: Effects of SMSO on the phosphorylation levels of Akt and GSK-3β in diabetic rats. (a) The phosphorylation levels of Akt and GSK-
3β were determined by western blotting. (b) Expression levels of n-Fyn. #P < 0 05 vs. the NC group. ∗P < 0 05 vs. the DM group.
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parameters, and treatment with a high dose of SMSO exerted
the best effects. Subsequent histological results showed that
islet shrinkage, cellular swelling, and islet tissue vacuolation
were observed in the pancreatic sections of DM rats. SMSO
treatment alleviated the destruction in the islet caused by
STZ. These findings indicate that SMSO ameliorated injury
in the pancreatic islet and decreased blood glucose levels in
a T2DM rat model, suggesting its antidiabetic activity.

During T2DM, persistent hyperglycemia induces the
overproduction of ROS in cells. ROS could directly or indi-
rectly destroy the normal physiological functions of cells by
impairing DNA, protein, and other signaling pathways

[24]. When cells are exposed to ROS, they develop an unex-
pected adaptive protection to counteract excess ROS through
the increased production of antioxidant proteins [25]. How-
ever, persistent elevation or prolonged exposure reduced
antioxidant levels and impaired the prooxidant/antioxidant
balance [26]. Thus, antioxidants might be useful in the treat-
ment of T2DM. Flavonoids and tocopherols have been iden-
tified as the main components of SMSO, which exerted an
excellent antioxidant activity and have been used as a treat-
ment for DM [11]. SMSO may also have some effects on
ROS accumulation or antioxidant production. Interestingly,
we observed that SMSO decreased MDA levels and increased

n-NrF2

HO-1

H3

LY
29

40
02

SM
SOD
MN
C

LY
29

40
02

SM
SOD
MN
C

0

2

4

6

8

Re
la

tiv
e e

xp
re

ss
io

n 
of

n-
N

rf2

10

#

&

⁎

LY
29

40
02

SM
SOD
MN
C

0

1

2

Re
la

tiv
e e

xp
re

ss
io

n 
of

H
O

-1

3

#

&

⁎

(a)

n-Fyn

GSK-3�훽

p-GSK-3�훽

p-AKT

AKT

H3

H3

LY
29

40
02

SM
SOD
MN
C

LY
29

40
02

SM
SOD
MN
C

0.0

0.5

1.0

Re
la

tiv
e e

xp
re

ss
io

n 
of

p-
A

KT
/A

KT

1.5

#
&

⁎

LY
29

40
02

SM
SOD
MN
C

0.0

0.5

1.0

Re
la

tiv
e e

xp
re

ss
io

n 
of

p-
G

SK
-3
�훽

 /G
SK

-3
�훽

1.5

# &

⁎

LY
29

40
02

SM
SOD
MN
C

0

1

2

3

Re
la

tiv
e e

xp
re

ss
io

n 
of

n-
Fy

n

4
#

&

⁎

(b)

Figure 8: The Akt pathway is necessary for SMSO-induced GSK-3β phosphorylation and Nrf2 nuclear translocation. LY294002 and SMSO
were administered to rats via tail vein intravenous injection (0.5mg/kg, weekly). Islet tissues were then collected for western blot analysis. (a)
Protein expression level of n-Nrf2 and HO-1 in cells. (b) Phosphorylation of Akt and GSK-3β and the expression level of n-Fyn were
determined by western blotting. #P < 0 05 vs. the NC group. ∗P < 0 05 vs. the DM group. &P < 0 05 vs. the SMSO treatment group.
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SOD, GSH-Px, and CAT levels in T2DM rats, suggesting that
SMSO could induce the production of antioxidant proteins
to clear excess ROS. ROS induces apoptosis in cells which is
the main reason for the loss of β cells in the pancreatic islet
[27]. In this study, cleaved-caspase 3, caspase 3, and Bax were
found to significantly increase in the DM group. However, by
treatment with SMSO, their levels could be significantly
decreased while the expression of Bcl-2 increased. These
findings suggest that SMSO could inhibit cell apoptosis
caused by oxidative stress.

To identify the potential molecular mechanism revealing
SMSO as an antioxidant agent, we examined the Nrf2 path-
way. Nrf2 induces antioxidant protein expression and plays
an important role in inhibiting oxidative stress [28]. In
normal conditions, Nrf2 resides in the cytosol with keap1.
Once cells are subjected to stress, such as ROS, hyperglyce-
mia, or ER stress, Nrf2 dissociates from keap1 and is translo-
cated to the nucleus, thereby inducing various antioxidant
gene expressions [29]. Nrf2 protects β cells from cell injuries
and apoptosis induced by oxidative stress, ultimately mini-
mizing the impairment in insulin secretion [30]. In this
study, we found that STZ treatment induced a slight
elevation in n-Nrf2 and HO-1 expressions; however, by
administering SMSO, the levels of n-Nrf2 and HO-1 were
significantly increased. Akt and GSK-3β were found to be
the upstream molecular markers of Nrf2 in various cells
[31]. In addition, some researchers found that GSK-3β could
inhibit nuclear translocation of Nrf2 [32]. To determine the
effects of SMSO on Nrf2 whether through Akt and GSK-3β,
the levels of Akt and GSK-3β phosphorylation were
measured. This revealed that SMSO could induce the
phosphorylation of Akt and GSK-3β in a dose-dependent
manner. To further verify whether the protective effects of
SMSO occurred via Akt, we employed the PI3K/Akt inhibi-
tor, LY294002. The results showed that LY294002 abolished
the effects of SMSO on GSK-3β phosphorylation and Nrf2
nuclear translocation, as well as its protective effects on
pancreatic tissues. These results suggest that SMSO regu-
lated the Akt/GSK-3β/Nrf2 pathway and then induced
the expression of antioxidant proteins to impede high
glucose-induced oxidative stress.

5. Conclusion

To summarize, the results presented herein demonstrate
that SMSO significantly reduced blood glucose levels,
increased plasma insulin, repaired islet tissue injury, and
increased the antioxidant activities in diabetic rats, ulti-
mately verifying its excellent antidiabetic effect. The mech-
anism of SMSO may occur through the induction of Nrf2
via the Akt/GSK-3β-mediated pathway, which would
induce the expression of antioxidant proteins to impede
the oxidative stress induced by high glucose in rats with
T2DM.
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