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Background and Purpose: ShengMai-San (SMS) is traditionally used to treat ischemic
cardiovascular and cerebrovascular diseases. Recently, several studies have reported the
cardioprotective effects of SMS in diabetic animals. However, the potential mechanisms
have not yet been fully elucidated. In this study, we investigated whether SMS exerts
a beneficial effect in diabetic cardiomyopathy (DCM) by alleviating NADPH oxidase
(NOX)-mediated oxidative stress.

Methods: SD rats were randomly divided into a negative control group (NC), diabetes mellitus
group (DM) and SMS-treated group (SMS). The myocardial structure alterations, apoptosis and
biomarkers of oxidative stress were observed. Moreover, to explore the protective mechanism of
SMS, the activation of AMPKao, expression and translocation of NOX-related proteins were
assessed.

Results: Diabetes led to excessive collagen content, fibrosis, and apoptosis in the myocardium.
Oxidative stress in diabetic hearts was indicated by low levels of T-AOC, high levels of 8-iso-
PGF20 and 8-OHdG, inactivation of AMPKa, elevated expression of NOX2 and NOX4 and
translocation of NOX isoforms p47phox and p67phox. Treatment with SMS for 10 weeks resulted
in the alleviation of diabetes-associated myocardial structure abnormalities and apoptosis.
Additionally, SMS attenuated the accumulation of oxidative stress markers in myocardial tissue.
Further investigation showed that SMS was able to reverse the levels of oxidative stress-associated
proteins NOX2 and NOX4 in the DM rats. Moreover, SMS treatment blunted the translocation of
NADPH oxidase isoforms p47phox and p67phox as well. Furthermore, SMS promoted the
activation of AMPK in the cardiac tissue of diabetic rats.

Conclusion: These findings indicate that SMS exhibits therapeutic properties against
diabetic cardiomyopathy by attenuating myocardial oxidative damage via activation of
AMPKao and inhibition of NOX signaling.
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Introduction

Diabetes mellitus (DM) is the most widespread metabolic disease worldwide. It is
estimated that approximately 347 million people suffer from diabetes globally.'
Diabetes is often accompanied by a wide spectrum of cardiovascular complications,
which account for at least 80% of deaths among patients with diabetes.
Independent of hypertensive, ischemic, or valvular heart diseases, diabetic cardio-
myopathy (DCM) refers to a direct injury to the myocardium that is mediated by
hyperglycemia and leads to both structural and functional abnormalities.® The main
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characteristics of DCM are initial cardiac remodeling
including left ventricular wall thickening, cardiomyocyte
hypertrophy, apoptosis and interstitial fibrosis, followed by
systolic and diastolic dysfunction, and ultimately heart
failure and death.

Several mechanisms have been proposed to be
involved in the pathogenesis of DCM. Under diabetic
insulin
lead to
a series of abnormal cell functions, such as oxidative
of
advanced glycation end products (AGEs), impairment

conditions, hyperglycemia, hyperlipidemia,

resistance, and other metabolic disorders

stress, mitochondrial dysfunction, production

of calcium homeostasis, inflammation, activation of
system (RAAS),
endoplasmic reticulum (ER) stress.* Most of these

renin-angiotensin-aldosterone and
abovementioned pathological and molecular alterations
possess high redox sensitivity. Thus, oxidative stress is
considered to be the most important inducer of DCM.
Interventions targeting oxidative stress and the related
signaling pathways may be a potential strategy for the
prevention and treatment of DCM.’

ShengMai-San (SMS) is a traditional Chinese medi-
cine formula that comprises Panax ginseng C. A. Mey.
(sovereign), Ophiopogon japonicus (Thunb.) Ker Gawl.
(minister), and Schisandra chinensis (Turcz.) Barll.
(assistant). In China, SMS has been typically prescribed
to prevent and treat cardiovascular diseases for more
than 1000 years. At present, SMS is still used for the
of diabetes
Previous studies have shown that SMS improves cardiac

treatment and various complications.
function and delays the process of DCM by alleviating
cardiomyocyte proliferation, myocardial hypertrophy,
and interstitial fibrosis in type 2 diabetic rats and db/
db mice.®® Using a systematic pharmacological metho-
dology, Zhang et al found that SMS could regulate
various signaling pathways and biological processes
related to glucose and lipid metabolism, inflammation,
and oxidative stress in the myocardium of diabetic rats,
thus possessing a therapeutic value for DCM.’ However,
the molecular mechanism of SMS in DCM remains
unclear.

Therefore, in the present study, we investigated the
effect and potential mechanism of SMS on a high-fat
diet (HFD) combined with multiple low-dose injections
of streptozotocin (STZ)-induced DCM. Our results indi-
cated that SMS attenuates diabetes-induced alterations in
the myocardial structure and apoptosis by activating ade-
nosine monophosphate-activated protein kinase (AMPK),

thereby inhibiting nicotinamide adenine dinucleotide phos-
phate oxidase (NOX) and the subsequent oxidative
injuries.

Materials and Methods

Drugs and Reagents

The decocting-free granules of Panax ginseng, Ophiopogon
Jjaponicus, and Schisandra chinensis were purchased from
Tianjiang Pharmaceutical Co., Ltd (Jiangyin, Jiangsu,
China). These three agents were mixed in a dry weight
ratio of 1:3:1.5 and dissolved with distilled water before
administration. Rabbit anti-NOX2, NOX4 and p67phox anti-
body were from Abcam (Cambridge, UK). Rabbit anti-
phospho-AMPK (Thr172) and AMPK antibody were pur-
chased from Cell Signaling Technology (Boston, USA). Goat
anti-p47phox antibody was from Sigma (St.
MO, USA).

Louis,

Animals and Treatment

All animal experiments were conducted as per the
Guidelines of the National Institutes of Health (Bethesda,
MD, USA) for the Care and Use of Laboratory Animals
and approved by the Animal Care and Use Committee of
Shandong University of Traditional Chinese Medicine
(Jinan, China). Male Sprague-Dawley (SD) rats (aged 8
weeks with a body weight of 180-210 g) were obtained
from Beijing Charles River Laboratory Animal
Technology Co., Ltd. (Beijing, China). The animals were
housed under a 12-h light/dark cycle with free access to
food and water. The room temperature was maintained at
22 + 2°C with a relative humidity of 55 £+ 5%. After
adaptation for 1 week, SD rats were fed an HFD for 4
weeks and then intraperitoneally injected with STZ
(S0130, 25 mg/kg;
M sodium citrate buffer (pH 4.5) 3 times every other

Sigma-Aldrich) prepared in 0.1

week (Supplemental Figure 1). Three days after the last

STZ injection, fasting blood glucose levels were measured
using an Accu-CHEK active blood glucose meter (Roche,
Mannheim, Germany). Animals with fasting blood glucose
levels >11.1 mmol/L were considered to have diabetes and
were randomly divided into two groups (n = 15 rats per
group): a DM group and an SMS-treated group (SMS).
DM and SMS rats were given a constant HFD and treated
with normal saline or SMS (1.8 g/kg/day) via intragastric
administration. The negative control (NC) group received
a normal diet and an intraperitoneal injection of citrate
buffer and saline daily via gavage. After treatment with
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SMS or saline for consecutive 10 weeks, all rats were
euthanized (Supplemental Figure 1). Ventricular tissues

were collected and used for subsequent assays.

Histopathological and Morphometric
Analysis

Heart tissues were collected from mice and washed with
precooled saline, then fixed in 4% paraformaldehyde and
embedded in paraffin. Five-millimeter slices of heart tissue
were stained with haematoxylin eosin (HE) and Masson’s
trichrome staining. The morphological examination was
performed using a light microscope (Olympus BXS53,
Japan). For transmission electron microscopy (TEM), left
ventricle tissues were cut into pieces of 1x1x1 mm and
fixed in 2.5% glutaraldehyde phosphate-buffered saline
(PBS) and osmium tetraoxide (2%). Tissues were then
dehydrated and embedded in resin. Ultra-thin sections of
80 nm thickness were provided, and then placed in for-
mvar-coated single-slot grids and counterstained with satu-
rated aqueous uranyl acetate for 15 min and Reynolds lead
citrate for 15 min. Sections were examined using
a HITACHI electron microscope (Hitachi, Japan).

Terminal Deoxynucleotidyl
Transferase-Mediated dUTP Nick End

Labelling (TUNEL) Staining

Apoptotic cardiomyocytes were visualized by TUNEL
staining according to the manufacturer’s instructions
(KeyGEN Biotech, Nanjing, China). Briefly, myocardial
tissues were fixed with 4% paraformaldehyde. Paraffin
sections were dehydrated with graded alcohol, dewaxed
in xylene and digested with proteinase K (1020 pg/mL)
for 15 min at room temperature. Then, the sections were
washed with PBS for three times (5 min each) and incu-
bated with 50 uL TUNEL reaction mixture in a 37°C dark
chamber for 60 min. After that the sections were washed
again by PBS for three times (5 min each), the same
sections were then stained with DAPI (4',6-diamidino-
2-phenylindole) to recognize nuclei. The TUNEL positive
cells were observed and counted under a fluorescence
microscope (Olympus BX53, Japan).

Subcellular Fractionation
The

a membrane protein and a cytoplasmic protein extraction

subcellular proteins were fractionated using

kit (Beyotime Biotechnology, Jiangsu, China) according to
the manufacturer’s instructions. Proteins (60 pg/sample)

were by  sodium sulfate-

polyacrylamide gel electrophoresis. Na, K-ATPase, and f3-

separated dodecyl
actin were employed as membrane or cytoplasmic loading
controls.

Western Blot Analysis

Heart tissues were lysed using standard procedures, and pro-
tein concentration was determined using a BCA protein assay
kit (Beyotime Biotechnology). Equal quantities of proteins
SDS-PAGE,
a nitrocellulose membrane, and blocked using 5% skim milk
in TBS-Tween 20 (TBST). Membranes were incubated with
specific primary antibodies overnight, followed by incubation

were  separated by transferred  onto

with horseradish peroxidase-conjugated secondary antibody.
The immunoreactive proteins were detected using ECL che-
miluminescent reagent (Thermo Scientific, Pittsburgh, PA,
USA) system on a luminescent image analyzer, Tanon 6600
(Tanon, Shanghai, China). Quantitation was performed using
Image Pro Plus 6.0 software (Media Cybernetics, Rockville,
MD, USA).

RNA Extraction and Quantitative
Real-Time PCR

Total RNA was isolated using Trizol reagent following the
The extracted RNA was
reverse-transcribed to cDNA using iScript cDNA synthesis
kit (Bio-Rad, Hercules, CA, USA). Quantitative analysis
of mRNA was carried out using a SsoFast™ EvaGreen™
Supermix (Bio-Rad) with LightCycler 480 Real-Time
PCR
Germany). The following primer sequences in Table 1

manufacturer’s instructions.

system (Roche Applied Science, Penzberg,

were used.

Assessment of Oxidative Stress

To analyze the redox status, total antioxidant capacity
(T-AOC) in the myocardium was determined using com-
mercial assay kits (Nanjing Jiancheng Bioengineering,

Table | Primers Used in Quantitative Real-Time PCR

Primers Sequence (5'-3')

NOX4 Forward: TGTTGGGCCTAGGATTGTGT
Reverse: CTTCTGTGATCCGCGAAGGT

NOX2 Forward: TGCCAGTGTGTCGGAATCTC
Reverse: TGTGAATGGCCGTGTGAAGT

B-actin Forward: GCAGGAGTACGATGAGTCCG
Reverse: ACGCAGCTCAGTAACAGTCC
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Jiangsu, China). Oxidative stress in the form of intracellular
reactive oxygen species (ROS) was tested via the 8-iso-
prostaglandin-F2a (8-iso-PGF2a) assay with ELISA kit
(Cayman Chemical, Ann Arbor, MI, USA). Meanwhile,
DNA was extracted from myocardium and 8-hydroxy-
2'deoxyguanosine (8-OHdQG), a reliable marker of oxidative
DNA damage was examined using an enzyme immunoas-
say (Cell Biolabs Inc, San Diego, CA, USA). All these
experiments were performed strictly in accordance with
the manufactures’ instructions.

Statistical Analysis

All data are presented as the mean of at least three inde-
pendent experiments. Each error bar represents the stan-
dard deviation. Statistical significance was determined
using a one-way analysis of variance followed by the
Student-Newman—Keuls comparison method to determine
the differences between groups. Statistical analyses were
performed using GraphPad Prism 8.0 software (GraphPad
Software, San Diego, CA, USA). p values < 0.05 were
considered to indicate statistically significant differences.

Results
SMS Protects the Myocardium from

Diabetes-Induced Remodeling

Using electron microscopy analysis, Masson’s trichrome
and HE staining, we evaluated the myocardial ultrastruc-
ture, collagen deposition, and fibrosis of heart tissues.
Transmission electron microscopy revealed that the nucleus
showed an increase in heterochromatin lining the nuclear
envelope and an increase in invaginations of the nuclear
membrane in cardiomyocytes from diabetic rats; moreover,
the fibrous region of mitochondria had an uneven, fragmen-
ted, and swollen appearance, causing them to lose their
recognizable crest. These characteristics were significantly
mitigated in the SMS-treated rats (Figure 1A).

Masson’s trichrome staining was used to observe col-
lagen fibrosis. As shown in Figure 1B, red cardiomyocytes
were arranged neatly and tightly in normal rats, with
a small amount of blue collagen fibers scattered in the
intercellular space. The collagen tissue in the normal myo-
cardium was organized, and the collagen fiber network
among adjacent cells was intact with less collagen fiber
content. In contrast, diabetic rats exhibited deposition of
a large quantity of blue-stained, broken, and disordered
collagen fibers around myocardial cells. However, the dis-
tribution of myocardial collagen fibers and interstitial

fibrosis were remarkably reduced by SMS, with cardio-
myocytes arranged in an orderly manner.

DCM characteristics were also observed in the left-
ventricular sections using hematoxylin and eosin staining
(Figure 1C). Rats in the NC group had healthy cardiomyo-
cytes, demonstrated as orderly arranged myocardial fibers,
uniformly sized nuclei ranking in the central region of the
cells, and clear stripes. However, in the DM group, the
myocardial fibers were disordered, the nucleus sizes were
different, and more vacuoles and myocardial fiber collapse
were observed. Treatment with SMS protected heart tis-
sues against the pathological changes due to DCM.

SMS Treatment Attenuates Myocardial
Apoptosis in DM Rats

To evaluate the effect of SMS on cardiomyocyte apoptosis
in DM rats, TUNEL staining was performed. As shown in
Figure 2, the percentage of TUNEL-positive cells (stained
red) in the DM group was higher than that in the NC group
(» <0.01), confirming increased apoptosis of the myocar-
dium in the DM group. However, treatment with SMS
significantly decreased the percentage of apoptotic myo-
cardial cells (Figure 2; p < 0.01). These results indicate
that SMS could exert cardioprotective effects in DM by
attenuating cardiomyocyte apoptosis.

SMS Prevents Oxidative Stress in the
Diabetic Myocardium

Hyperglycemia-induced oxidative stress plays a critical
role in the pathogenesis of DCM. Here, we quantified
the total antioxidant capacity and levels of two reliable
markers of oxidative injury in the myocardium. The total
antioxidant capacity level in cardiac tissues in DM rats
decreased significantly compared with that in the con-
trols, which could be counteracted by SMS administra-
tion (Figure 3A). Moreover, the levels of both 8-iso-
PGF2a and 8-OHdG in myocardial tissues of DM rats
were higher than those in normal hearts (Figure 3B and
C), and treatment with SMS markedly attenuated the
increase of these two molecules. As reported previously,
8-is0-PGF2a and 8-OHdG represent the status of lipid
peroxidation and DNA lesions, respectively, which are
two major biochemical changes associated with oxidative
SMS
enhances antioxidant activity and protects the myocar-

damage. Therefore, our results suggest that

dium from oxidative injuries in DM.
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Figure | SMS protects ultrastructure integrity and attenuates cardiac fibrosis in diabetic rats. (A) Representative transmission electron micrographs of cardiac tissues (magnification =
15,000%). Scale bar (white) 50 pm; scale bar (black) 20 pm. (B) Representative images of myocardial tissue sections stained with Masson’s trichrome solution (magnification = 400x).
Scale bar 50 um. (C) Standard pictures of myocardial tissue sections stained with hematoxylin and eosin (magnification = 400%). Scale bar 50 pm.

SMS Blocks NOX Activation in DM Rats

NOX is the main source of reactive oxygen species (ROS)
in the myocardium. Therefore, we measured the protein and
mRNA levels of NOX2 and NOX4 using Western blotting
and real-time PCR analysis. The expression levels of NOX2
and NOX4 mRNA were significantly elevated in the myo-
cardium of diabetic rats (Figure 4A and B). SMS treatment
significantly downregulated the mRNA expression of
NOX2 and NOX4. Similarly, the protein levels of NOX2
and NOX4 were evidently increased in the DM group
compared with those in the control group (Figure 4C—F).
After administration of SMS for 10 weeks, these changes
were remarkably attenuated (Figure 4-F).

SMS Inhibits NOX Translocation in DM
Rats

The translocation of cytosolic components (p47phox and
p67phox) to the membrane is a prerequisite for NOX activa-
tion. To analyze NOX activity, we monitored the translocation
to the cell membrane by quantifying the p47phox and p67phox
contents in the cytoplasm and cytomembrane. As shown in
Figure SA—C, under diabetic conditions, the level of p47phox
in the cytomembrane was markedly higher, whereas it was
significantly lower in the cytoplasm than in the normal myo-
cardium. Treatment with SMS prevented the translocation of
p47phox from the cytoplasm to the cardiac cell membrane. In
parallel, diabetes induced an increase in the cytomembrane

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14
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Figure 2 SMS protects cardiomyocytes from apoptosis induced by diabetes. (A) Standard pictures of myocardial tissue sections stained with TUNEL (magnification = 630x).
Scale bar 100 um. (B) Ratios of TUNEL-positive cells in different groups (n = 6 rats per group). Results are presented as means * standard deviations. *p < 0.01 vs the NC

group and #p < 0.01 vs the DM group.
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Figure 3 SMS prevents oxidative stress in the diabetic myocardium. Oxidative stress in the myocardial tissues was determined by measuring levels of (A) T-AOC, (B) 8-iso-
PGF20, and (C) 8-OHdG. Results are presented as means * standard deviation. **p < 0.001 vs the NC group and *p < 0.001 vs the DM group (n = 6 rats per group).

levels and a decrease in the cytoplasm levels of p67phox in the
heart. The membrane translocation of p67phox was noticeably
reduced in SMS-treated rats compared with that in DM rats
(Figure 5D—F). These data indicate that in diabetic settings,
NOX was activated and could be inhibited by SMS.

SMS Promotes AMPK Activation in DM

Rats

Our data defined the inhibitory effects of SMS on NOX
activation and oxidative injuries in the diabetic myocar-
dium. Therefore, we tested whether SMS could stimulate
AMPK, a critical signaling pathway that regulates oxida-
tive stress and exerts protective effects against diabetes
and a plethora of cardiovascular diseases.'' As illustrated
in Figure 6A and B, diabetes attenuated the phosphoryla-
tion of AMPKa at Thr172, which positively correlates
with its active status. SMS treatment restored AMPKa
activity to nearly normal status. Our data suggest that
SMS stimulates the AMPK pathway, which may reduce
oxidative stress and provide cardio-protection.

Discussion
In the present study, we demonstrated that SMS is effective
in attenuating diabetes-related cardiac remodeling, includ-
ing collagen deposition, fibrosis, and apoptosis.
Furthermore, the cardioprotective effects of SMS are partly
mediated by AMPK activation, NOX suppression, and sub-
sequent oxidative stress. Our findings suggest that SMS
may be a potential candidate for the treatment of DCM.
Animal models of DCM have been established using
various methods. Among these, low-dose STZ injection
with a constant HFD mostly resembles the pathophysiol-
ogy of type 2 DM. Reportedly, with continuous HFD
intake, cardiac hypertrophy, fibrosis, and collagen fibers
appeared after only 4 weeks of STZ injection.®'® As
expected, we detected fibrosis, apoptosis, and other patho-
logical changes in the myocardium of rats treated with
a long-term HFD and low-dose STZ. Furthermore, myo-
cardial apoptosis is recognized as a key pathological fea-
ture of DCM."' Myocardial apoptosis promotes the loss of

contractile units and reparative fibrosis in the heart of
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Figure 4 SMS blocks NOX activation in STZ-induced DM rats. (A and B) Real-time quantitative polymerase chain reaction and quantitative analysis of NOX2 and NOX4 mRNA
levels in heart tissues. (C—F) Representative Western blot and quantitative analyses of NOX2 and NOX4 protein levels in heart tissues. -actin was used as the internal control.
Results are presented as means * standard deviations. *p < 0.01 vs the NC group; *p < 0.05 vs the DM group, and ##p <0.01 vs the DM group (n = 6 rats per group).

diabetic rats.'? Thus, cardiac apoptosis has been consid-
ered to be a therapeutic target for DCM."? In this study, we
observed apoptosis and fibrosis in the myocardium of
diabetic rats, as indicated by swollen mitochondria,
increased TUNEL-positive cardiomyocytes and deposition
of collagen fibers. Although we did not test diastolic and
systolic functions, apoptosis in combination with other
structural abnormalities favored the induction of DCM.
This result is consistent with that of a previous study."*

SMS has been clinically used in patients with coronary
heart diseases, cardiogenic shock, and congestive heart failure
for more than 1000 years in China. Recently, multiple studies
have revealed the protective effects of SMS on the cardiovas-
cular system. Using histological and morphological assess-
ments, Zhao et al discovered that SMS prevents cardiac
hypertrophy and ultrastructural injury in db/db mice.” In rats
with myocardial ischemia-reperfusion injury, SMS could
improve cell apoptosis.'” Ni et al found that SMS inhibited

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14
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Figure 5 SMS inhibits NOX translocation in DM rats. The subcellular levels of p47phox and p67phox protein in heart tissues from different groups were detected by
Western blot, and representative bands are shown in (A and D). The levels of cytomembrane and cytoplasm p47phox (B and C), and cytomembrane and cytoplasm
p67phox (E and F) were normalized to the NC group. The results are presented as means # standard deviations. *p<0.01 vs the NC group, #p<0.05 vs the DM group, and

#5<0.01 vs the DM group (n = 6 rats per group).

myocardial fibrosis, thus delaying the progression of cardio-
myopathy in diabetic animals.® Consistent with this result, our
findings showed that 10-week SMS treatment significantly
decreased the percentage of apoptotic cardiomyocytes and
improved most of the pathological changes in the myocardium
of diabetic rats. This observation suggests that SMS

ameliorates cardiac remodeling and exerts cardioprotective
effects in diabetic rats.

In diabetes, hyperglycemia, hyperlipidemia, and other
metabolic disorders lead to excessive reactive oxygen species
(ROS) generation. Oxidative stress occurs when the produc-
tion of ROS surpasses the degradation and is closely related to
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various pathophysiological changes in DCM, including car-
diac remodeling and dysfunction.'®!” ROS promotes myocar-
dial fibrosis by inducing DNA damage, mitochondrial
dysfunction, profibrotic factor generation, lipid and protein
degeneration, and inflammatory response aggravation.'®
Therefore, therapies that target intracellular ROS to relieve
oxidative stress and related cardiac fibrosis may represent
a potential strategy for the prevention of DCM." In this
study, we analyzed the effects of SMS on oxidative stress
and found that SMS enhances the total antioxidant capacity
while decreasing the levels of cardiac 8-iso-PGF2a and
8-OHdG, which are markers of oxidative modification in
lipids and DNA. This observation suggests that the cardiopro-
tective effects of SMS are correlated with redox signaling.
The mechanisms that are responsible for ROS genera-
tion in the diabetic myocardium include mitochondria,
NOX, dysfunctional nitric oxide synthase (NOS) and
xanthine oxidase (X0).>2%*' Many of the systemic changes
in diabetes are known activators of NOXs. High glucose
and/or free fatty acids promote the recruitment of NOX
catalytic subunits and activation of NOX.**** This activa-
tion results in the generation of superoxide, which conse-
quently promotes mitochondrial ROS production in
a positive feedback loop.?*** Thus, NOXs are believed to
be a major source of ROS in different organs and have been
diabetic
complications.”® In the present study, we examined the
expression and activity of NOX2 and NOX4, the major
types of NOX in the myocardium.?” Our data showed that
SMS reversed the elevation of cardiac NOX2 and NOX4
proteins while inhibiting the translocation of p47phox and

suggested as a therapeutic target for

p67phox to the cytomembrane. Ginsenoside Rgl, one of the
active ingredients of ginseng, was previously shown to

downregulate NOX2 and reduce the production of ROS in
H,0,-treated hippocampal neurons.?® Therefore, our results
indicate that SMS may ameliorate DCM by reducing NOX
activity and scavenging ROS derived from NOX.

AMPK, an energy sensor, is involved in glucose and
fatty acid metabolism in mammalian cells.?’ Recent evi-
dences have shown that AMPK protects against oxidative
stress in the heart under various pathological conditions.*’
Specifically, AMPK has been reported to exert antioxidant
effects in the cardiovascular system by inhibiting the
expression and activity of NOX.*'*? Here, we found that
SMS markedly increased AMPKa phosphorylation at
Thr172 in the myocardium exposed to long-term high
glucose. Our result was consistent with that of a study on
db/db mice that reported marked SMS enhancement of
p-AMPKa protein levels in diabetic hearts.®

Taken together, using HFD- and STZ-induced diabetic rats,
we demonstrated that SMS attenuated high glucose-induced
myocardial injury by decreasing oxidative stress. The allevia-
tion of redox reactions was associated with the inhibition of
cardiac NOXs and activation of AMPK. Our results further
confirmed the therapeutic potential of SMS in the treatment of
diabetic cardiovascular complications. Intensive studies are

required to elucidate the underlying mechanisms of SMS.
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