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Scutellarin protects against diabetic cardiomyopathy via inhibiting
oxidative stress and inflammatory response in mice
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Background: Scutellarin (Scu) shows both anti-inflammatory and antioxidant activities. The study
investigates cardioprotective effects of Scu in mice with type 1 diabetes and the underlying molecular
mechanism.

Methods: Streptozotocin (STZ) was used to induce diabetic cardiomyopathy (DCM) in C57BL/6 mice
by intraperitoneal injection (i.p.). Normal and diabetic mice were divided into 6 groups: control, diabetic
model group (DM), DM + Scu (5 mg/kg), DM + Scu (10 mg/kg), DM + Scu (20 mg/kg), DM + pioglitazone
(Pio) (10 mg/kg). Scu was administered to the mice intraperitoneally and Pio was administrated by oral.
Mice in control and DM groups were simply treated normal saline. Four weeks later, myocardial function,
myocardial fibrosis, the levels inflammatory factors and oxidative stress were detected.

Results: Scu improved cardiac function and reduced heart injury in diabetic mice, which was indicated
by increasing Left ventricular (LV) end-diastolic volume (LVVd), fractional shortening (FS), and ejection
fraction (EF) levels and decreased pathological changes of heart. Scu inhibited the level of myocardial fibrosis
by reducing the release of inflammatory cytokines and increasing activities of antioxidant enzymes. Further
study showed that Scu inhibited the activation of nucleotide-binding oligomerization domain-like receptor
with a pyrin domain 3 (NLRP3) and nuclear factor-kappa B (NF-kB) and activated phospho-protein kinase B
(p-AKT), nuclear factor E2-related factor 2 (Nrf2), and heme oxygenase (HO-1).

Conclusions: Scu protects against DCM in STZ-induced diabetic mice by inhibiting oxidative stress and
inflammatory responses and might be a potential therapeutic agent to treat DCM.
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Introduction diastolic dysfunction in DCM, which leading to reduced

myocardial contractility, and ultimately, heart failure (2).

Diabetes is a chronic, progressive disease and is expected to
reach large epidemics over the next few decades. Diabetic
cardiomyopathy (DCM) is a major complication of diabetes,
which the prominent features are cardiac hypertrophy

and fibrosis (1). Progressive of cardiac fibrosis will cause
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Although there are lots of studies on diabetes, the molecular
mechanism of DCM remains poorly understood and further
research in this area is urgently required.

The mechanisms of DCM are related with fibrosis and
apoptosis. Oxidative stress plays a key role in the initial
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cellular pathogenesis of DCM. Biomarkers of oxidative
stress were reported to be altered in DCM, including
decrease of glutathione peroxidase (GSH-px), superoxide
dismutase (SOD), advanced glycation end-products
(AGEs), nicotinamide adenine dinucleotide phosphate
(NADPH) activities and increase of reactive oxygen
species (ROS) level, which causes cardiomyocyte injury
by triggering apoptosis (3). Besides, in responds to long-
term hyperglycemia, multiple pathological changes such as
over expression of numerous inflammatory cytokines (e.g.,
tumor necrosis factor (TNF)-a, interleukin-6 (IL-6) and
monocyte chemoattractant protein (MCP)-1], induction of
transforming growth factor-p (T'GF-B) that contributes to
enhanced myocardial fibrosis and deposition of myocardial
interstitial collagen (3). The cardiac inflammation and
fibrosis will eventually induce irreversible structural
remodeling and dysfunction of heart.

Inflammasomes are a group of cytosolic protein
complexes, which consist of nucleotide-binding
oligomerization domain-like receptor with a pyrin domain
(NLRP), apoptosis-associated speck-like protein (ASC),
and caspase-1 and are formed to mediate host immune
responses to microbial infection and cellular damage (4). Up
to now, four inflammasomes have been identified: NLRP1,
NLRP3, NLRC4, and absent in melanoma 2 (AIM2) (5).
The NLRP3 inflammasome has been fully described and is
related with a wide range of diseases, including infectious,
autoimmune diseases, and auto-inflammatory (6). The
NLRP3 interacts with ASC and then activates caspase-1,
which induces maturation and secretion of interleukin
(IL)-1B and IL-18. Previous studies found that NLRP3
inflammasome plays a key role in DCM and inhibition of
NLRP3 limits the diabetes induced heart injury (7). So,
NLRP3 inflammasome maybe an important target for
preventing DCM.

Erigeron breviscapus (vant.) Hand-Mazz is a traditional
Chinese herbal medicine and widely used in the clinic for the
treatment of cerebral ischemia and cardiovascular diseases
for a long time (8). Scutellarin (Scu, 4,5,6-trihydroxyflavone-
7-glucuronide) is a bioactive flavonoid extracted from
Erigeron breviscapus (vant.). Studies indicated that Scu
shows various pharmacological properties, including
alleviating cardiac fibrosis and decreasing the infarct size and
dysfunction of rats with myocardial ischemia, suppressing
cardiac hypertrophy, protecting against doxorubicin-induced
acute cardiotoxicity (8-10). The molecular mechanism of its
pharmacological effects may be related with antioxidation
and anti-inflammatory activities (11,12). However, the effect
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of Scu on DCM remains unknow. The present study was
conducted to explore the protected effect of Scu on DCM
and its underlying mechanism.

Methods
Animals and experimental protocols

Male C57/B6 mice weighing from 18 to 20 g were
purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China). The mice were
housed under standard laboratory conditions (room
temperature at 25+1 °C and humidity of 60% with a 12 h
light/dark cycle). Briefly, diabetes was induced in the animals
via intraperitoneal (i.p.) injection with freshly prepared
streptozotocin (STZ) [dissolved in 0.1 mol/L citrate acid
buffer (pH 4.5), 50 mg/kg] for 5 consecutive days. Control
mice were injected with a vehicle solution (0.1 mol/L
citrate acid buffer) (pH 4.5). One week later, mice with
hyperglycemia (3-h fasting blood glucose >250 mg/dL) were
considered diabetic. Then normal and diabetic mice were
divided into 6 groups: control, diabetic model group (DM),
DM + Scu (5 mg/kg), DM + Scu (10 mg/kg), DM + Scu
(20 mg/kg), DM + pioglitazone (Pio). Scu was administered
to mice intraperitoneally and Pio was administrated by oral.
Mice in control and DM groups were simply treated normal
saline. Four weeks later, myocardial function, myocardial
fibrosis, and the levels of inflammatory factors and oxidative
stress relative factors were detected. All experimental
procedures and protocols were conducted in accordance
with the American Physiological Society “Guiding Principles
in the Care and Use of Animals” and were approved by
the Laboratory Animal Ethics Committee of the Institute
of Medicinal Plant Development, Peking Union Medical
College (No. 20181016). The mice were put to death by
cervical vertebra dislocation after the experiment. The
death of the mice was confirmed by observing the complete
cessation of breathing and pupil dilation.

Echocardiographbic measurements

After 4 weeks, cardiac function was analyzed using
echocardiography. Briefly, after fasting for 12 h, the mice
were anesthetized using 4% chloral hydrate (400 mg/kg, i.p.),
and their chests were shaved. M-mode echocardiography
was performed using a Vevo 770™ High Resolution Imaging
System (VisualSonics Inc., Canada). Fractional shortening

(FS), ejection fraction (EF), Left ventricular (LV) end-
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diastolic volume (LVVd), and LV end-systolic volume (LVVs)
were automatically calculated using an ultrasound machine.

Determination of intracellular ROS

Intracellular ROS generation was detected using a fluorometer.
The ROS-sensitive dye 2,7-dichlorodihydrofluorescein
diacetate (H2DCFDA) enters cells passively, is converted to
dichlorofluorescin diacetate (DCFH), reacts with ROS, and
ultimately forms the fluorescent product dichlorofluorescin
(DCF). Heart tissues of mice were made into single cell
suspension by methodology of enzymatic digestion. The
cells were incubated with 20 mM H2DCFDA for 30 min.
The fluorescence intensity was measured at 480 nm
excitation and 530 nm emission using a fluorescence
microplate reader.

Measurement levels of creatine kinase MB isoenzyme (CK-
MB), lactate debydrogenase (LDH), troponin (cTnl), and
malondialdebyde (MDA) and catalase (CAT), SOD and
GSH-Px in serum

Blood samples were obtained from the inner canthus using
a capillary tube under chloral hydrate anesthesia. Samples
were allowed to clot for 30 min and then centrifuged at
3,000xg for 15 min at 4 °C. Myocardial injury markers,
including CK-MB, LDH, and ¢Tnl in serum were
measured using assay kits according to the manufacturer’s
protocols. The activities of SOD, MDA, GSH-Px, and
CAT were detected using the corresponding kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

HE and Masson staining

Heart tissues were fixed in 10% formalin, dehydrated,
and then embedded in paraffin. Paraffin-embedded tissues
were sectioned to 5 pm and were placed on glass slides, and
then stained with hematoxylin and eosin (HE). Masson’s
trichrome staining were used to examine extracellular
matrix deposition. The structure was observed under a
light microscope (CKX41, 170 Olympus, Tokyo, Japan) by
a pathologist blinded to the groups under study. In each
group, at least 6 randomly selected sections were studied for
the histological changes.

Immunobistochemical analyses

For immunohistochemistry, heart sections were dewaxed,
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rehydrated through graded ethanol washes, and incubated
with 3% hydrogen peroxide for 10 min. After antigen
retrieval, the sections were obturated by incubation with
bovine serum albumin for 60 min. The sections were
continuously incubated with the mouse anti-transforming
growth factor-pl (TGF-B1) and anti-collagen I (Col I)
monoclonal antibody (Santa Cruz Biotechnology CA, USA).
at 4 °C overnight, and then washed in phosphate-buffered
saline (PBS) and incubated with the goat anti-mouse IgG
secondary antibody for 1 h at room temperature. The
sections were then stained with 0.5 g/L diaminobenzidine
for 8 min, resulting in brown staining of the left ventricles
of the hearts for viewing with an inverted microscope
connected to a digital camera (CKX41,170 Olympus,

"Tokyo, Japan).

ELISA for detection of IL-6, IL-1p, IL-18, interferon-y
(IFN-y), tumor necrosis factor-a (TNF-a) and macrophage
chemoattractant protein 1 (MCP-1) in serum

Blood samples were obtained from the inner canthus using
a capillary tube under chloral hydrate anesthesia. Samples
were allowed to clot for 30 min and then centrifuged
at 3,000xg for 15 min at 4 °C, and the supernatant was
collected for subsequent measurements. The levels of
TNF-a, IL-1p, IL-18, IFN-y, IL-6 and MCP-1 were
measured with a double-antibody sandwich ELISA
according to the manufacturer’s protocol (Beijing Baochen

Biotechnology Co., Ltd. Beijing, China).

Protein extraction and western blot analyses

Briefly, total protein of heart tissues was extracted
as previously described (13). After quantifying with
bicinchoninic acid (BCA), the proteins were separated
by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to
nitrocellulose membranes. After blocking in 5% (w/v)
non-fat milk powder in tris-buffer containing 0.05% (v/v)
tween-20 (TBST) for 2 h at room temperature, the
membranes were incubated with the appropriate primary
antibodies (TGFB1, COLI, IL18, IL1p, NLRP3, Heme
Oxygenase 1 (HO-1), protein kinase B (AKT), and P-AKT)
(Santa Cruz Biotechnology CA, USA) at 4 °C overnight
incubation. The membranes were then washed with TBST
three times and incubated with secondary antibodies for
2 h at room temperature. Protein blots were developed
using enhanced chemiluminescence solution. The protein
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Table 1 Effects of Scu on blood glucose, body weight, heart weight, and heart weight/body weight ratio in diabetic mice

Physiological indexes Control DM DM + Scu DM + Scu DM + Scu DM + Pio
5 mg/kg 10 mg/kg 20 mg/kg 10 mg/kg
Blood glucose (mM) 8.12+1.02 20.31+1.55* 21.45+0.99 20.68+1.71 21.69+1.67 20.05+1.33
Body weight (g) 29.45+1.32 19.81+2.57* 20.34+2.35 22.65+1.98 23.04+2.41 24.38+2.07
Heart weight (g) 0.144+0.003 0.115+0.005* 0.114+0.004 0.120+0.003 0.122+0.006 0.125+0.004
Heart weight/body 0.49+0.02 0.58+0.01* 0.56+0.03 0.53+0.02" 0.53+0.01" 0.52+0.02"

weight ratio %

Data are means + SD; n=12 per group. *, P<0.05 vs. cont group; *, P<0.05 vs. DM group. DM, diabetic model group.

Figure 1 Representative images of M-mode echocardiogram.

expression levels were visualized with Image Lab Software.

Statistical analysis

Data was presented as mean = SD. The statistical
significance of differences between groups were analyzed
using one-way ANOVA followed by Student-Newman-
Keuls post boc test. GraphPad Prism software was used
(GraphPad Software, Inc., La Jolla, CA, USA), and
significant difference was accepted when P<0.05.

Results

Effects of Scu on blood glucose, body weight, beart weight
and beart weight/body weight ratio

As shown in Table 1, Compared with control group, mice in
DM group showed higher glucose level (P<0.05), Scu had
no effect on blood glucose of DM mice. Body weight (BW)
and heart weight (HW) of mice in DM group were lower
than control group (P<0.05) and the HW/BW ratio of DM
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mice were higher than control group (P<0.05). Although
BW and HW of mice in Scu treatment groups showed a
dose-dependent elevation compared to DM group, there
has no significant differences. Scu decreased HW/BW
ratio significantly at 10 and 20 mg/kg compared DM group
(P<0.05).

Effects of Scu on beart function of diabetic mice

We measured cardiac parameters using M-mode
echocardiography to investigate the protective effect of
Scu on the cardiac function of diabetic mice (Figure I).
Compared with control group, EF, FS, and LVVd
significantly decreased in DM group (P<0.05). However,
compared with control group, Scu decreased EF and LVVd
significantly at 10 and 20 mg/kg (P<0.05) and reduced FS
significantly at 20 mg/kg (P<0.05), which proved that Scu
could improve heart function of diabetic mice. However,
no difference between groups existed as far as LVVs was
concerned (Tuble 2).
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Table 2 Effects of Scu on left ventricular functions in diabetic mice

Myocardial Cont DM DM + Scu DM + Scu DM + Scu DM + Pio
contractility indexes 5 mg/kg 10 mg/kg 20 mg/kg 10 mg/kg
EF% 76.91+4.13 54.23+3.39* 58.49+5.28 60.88+4.42" 70.13+3.96" 71.61+5.18"
FS% 41.04+6.34 28.45+3.04* 30.45+3.55 32.42+6.08 39.09+3.40° 38.23+3.43"
Lvvd (uL) 92.55+5.35 52.05+5.48* 61.61+£5.73* 63.00+8.90 74.87+11.01* 77.34+7.81*
LVVs (uL) 43.94+7.80 22.63+3.35* 22.04+2.77 26.10+5.98 32.82+6.66" 35.58+4.22"

Data are means + SD; n=6 per group. *, P<0.05 vs. cont group; *, P<0.05 vs. DM group. DM, diabetic model group; LVVd, LV end-diastolic
volume; LVVs, LV end-systolic volume; FS, fractional shortening; EF, ejection fraction was automatically calculated by the ultrasound machine.

Effects of Scu on cardiac injury of diabetic mice

As shown in Figure 24, HE staining of the heart tissues in
control group showed regular myocardial fibers and normal
morphology of cardiac myocytes. However, myocardial
tissue in diabetic model group displayed grievous pathogenic
structural changes and remodeling compared to the control
group, especially characterized by disordered cellular
structures of cardiomyocytes and hypertrophic myocardium.
Scu treatment alleviated a majority of those pathologic
characteristics. LDH, ¢Tnl, and CK are three important
indicators of cardiac injury. As shown in Figure 2B,C,D,
the serum levels of LDH, CK-MB, and c¢Tnl significantly
increased in DM group (P<0.05). Compared with DM
group, Scu decreased levels of LDH and ¢TnI at 5,10,
and 20 mg/kg and inhibited activity of CK-MB at 10 and
20 mg/kg (P<0.05). However, there has no differences
between Scu (20 mg/kg) group and Pio group.

Effects of Scu on myocardial fibrosis of diabetic mice

Masson’s trichrome staining was performed to detected
fibrosis and collagen content in diabetic hearts (Figure 34).
The quantitative analysis demonstrated the obvious collagen
deposition in the hearts of the DM mice (P<0.05), and was
prevented significantly by Scu treatment (P<0.05) (Figure 3B).
We further performed immunohistochemical staining to
test the expressions of Col I and TGF-B1 in heart tissues.
Compared to the control group, the expressions of Col I and
TGF-P1 in heart tissues of DM group increased significantly
(P<0.05), which were reduced by Scu treatment at 10 and
20 mg/kg (P<0.05) (Figure 4).

Effects of Scu on ROS level and activities of antioxidant
enzymes in diabetic mice

To test if the protective effects of Scu against DCM were
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related to its antioxidative activity, we measured the
oxidative stress associated parameters in serum. We found
that mice in DM group showed significant decrease in
SOD, CAT, and GSH-Px activities and increase in MDA
and ROS production (P<0.05), which were significantly
ameliorated by Scu treatment at 10 and 20 mg/kg (P<0.05)
(Table 3). These results indicated that Scu can increase the
endogenous antioxidant capacity and alleviate oxidative
stress.

Effects of Scu on proinflammatory cytokines production in
diabetic mice

The levels of proinflammatory cytokines in serum of
diabetic mice was determined using ELISA kits. Compared
with control group, the levels of TNF-a, IL-1f, IL-18,
IFN-y, IL-6 and MCP-1 in serum of diabetic mice
increased significantly (P<0.05). Compared with DM group,
Scu decreased levels of IL-1pB, IFN-y, IL-6 and MCP-1
at 10 and 20 mg/kg significantly (P<0.05). Besides, Scu
decreased levels of TNF-a and IL-18 at 5, 10, and 20 mg/kg
significantly (P<0.05) (Table 4).

Scu treatment inbibited NLRP3 signaling pathway in
diabetic mice

Western blot showed that the expression of IL-1f, IL-18
and NLRP3 increased in heart tissues of diabetic mice
compared with control group (P<0.05). Compared with
DM group, Scu decreased the level of IL-1f at 10 and
20 mg/kg and reduced levels of IL-18 and NLRP3 at 5, 10,
and 20 mg/kg significantly (P<0.05). These results indicated
that Scu may remitted cardiac inflammation in diabetic
mice by inhibiting activation of NLRP3 inflammasome.
Besides, compared with control group, the protein
expression levels of TGF-B1 and Col I in DM group
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Figure 2 Effects of Scu on heart injury in DM mice. (A) Histological changes in mice hearts were measured by HE staining (x100). Effects
of Scu on activities of LDH (B), CK-MB (C), and AST (D) in serum of DM mice. Data are means + SD; n=12 per group. *, P<0.05 vs. cont

group; * P<0.05 vs. DM group.

increased significantly (P<0.05) and were inhibited by Scu
treatment (P<0.05), which was consistent with the results of
immunohistochemical staining (Figure 5).

Scu treatment inhibited NF-KB translocation, activated
Nrf2/HO-1 pathway and AKT phosphorylation in diabetic

mice

Previous study found that NF-kB can regulate activation
of NLRP3 inflammasome. We proved that NF-«B nuclear
translocation increased significantly in heart tissues of
diabetic mice (P<0.05), which were decreased by Scu
treatment at 10 and 20 mg/kg (P<0.05) (Figure 6). Nrf2 is
a member of the basic leucine zipper transcription factor
family and is responsible for upregulating transcriptional
antioxidant proteins and phase II detoxifying enzymes.
We evaluated the expression of Nrf2 in heart tissues and
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found that the nuclear Nrf2 expression in DM group
increased significantly compared with control group
(P<0.05). Compared with the DM group, Scu treatment
further increase the nuclear Nrf2 expression significantly
(P<0.05). We then examined the protein levels of HO-1,
which is well-known target gene of Nrf2. In accordance
with the change in Nrf2, the protein expression of HO-1
was moderately increased in DM group and significantly
increased in Scu (10, 20 mg/kg) treated mice (P<0.05)
(Figure 6). Phosphorylation of AKT decreased significantly
in DM group compared with control (P<0.05), which was
prevented by Scu treatment at 10 and 20 mg/kg (P<0.05)

(Figure 6).

Discussion

In the present study, we found that Scu improved
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ve)
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Positive rate (%)

Figure 3 Scu attenuates diabetes-induced cardiac fibrosis. (A) Representative Masson’s trichrome staining (x100). (B) Quantitative analysis

of Masson’s trichrome staining to evaluate myocardial fibrosis. Data are means + SD; n=12 per group. *, P<0.05 vs. control group; ¥, P<0.05
vs. DM group.

myocardial contractile function, protected against heart which maybe mediated by inhibiting NF-xB/NLRP3 and
injury and fibrosis, and inhibited oxidative stress and activating AK'T and Nrf2. Our study showed that Scu might
inflammation response in STZ-induced diabetic mice, be a potential therapeutic agent to treat DCM.
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Figure 4 Effects of Scu on the levels of TGF1 and COLI in cardiac tissues of mice. The hearts were harvested and sectioned for
immunohistochemistry. (A,C) TGFB1 and (B,D) COL 1-positive cells were examined under a microscope (x100). Data are means = SD;
n=12 per group. *, P<0.05 vs. control group; ¥, P<0.05 vs. DM group.
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Table 3 Effects of Scu on GSH-Px, SOD, CAT, and MDA activities in serum of diabetic mice
Target Cont DM DM + Scu DM + Scu DM + Scu DM + Pio
enzymes 5 mg/kg 10 mg/kg 20 mg/kg 10 mg/kg
SOD (U/L) 36.84+2.65 24.37+2.23 25.66+3.88 29.38+2.41" 31.46+3.81" 28.88+2.23"
CAT (U/L) 6.98+0.82 3.55+0.47* 3.84+0.37 4.57+0.44" 4.83+0.46" 4.62+0.55"
GSH-PX (U/L) 42.03+3.55 27.43+2.75* 32.74+4.01 36.31+3.35" 38.70+4.10" 38.01+3.22"
MDA (U/L) 13.95+1.65 27.18+1.28* 25.46x2.79 21.84+1.35" 18.78+1.85" 20.36+1.91"
Data are means + SD; n=12 per group. *, P<0.05 vs. cont group; *, P<0.05 vs. DM group. DM, diabetic model group.
Table 4 Effects of Scu on the levels of proinflammatory cytokines in serum of diabetic mice
Inflammatory Cont DM DM + Scu DM + Scu DM + Scu DM + Pio
factors 5 mg/kg 10 mg/kg 20 mg/kg 10 mg/kg

IL-18 (pg/mL) 253.09+27.24 505.59+37.85"

IL-1B (ng/L) 7.33+1.02 23.40+2.27*
TNF-a (ng/L) 109.38+15.99 406.61+26.44*
IL-6 (pg/mL) 6.33+0.56 173.98+10.77*
MCP-1 (ng/mL) 5.22+0.45 56.39+4.09*
IFN-y (ng/mL) 0.33+0.06 4.68+0.41*

368.72+34.54

21.91+2.46

316.17+21.72

165.21+13.62

54.82+4.27

4.51+0.35

312.60+29.96

303.60+34.55 294.33+33.66"

19.76+1.15" 14.30+2.58" 12.65+2.31"
297.33+20.93° 213.10+18.50° 205.40+13.14°
143.19+9.98" 84.82+6.85" 77.41+6.38"
41,08+2.10" 35.89+3.43" 32.20+4.15"

3.24+0.22" 2.67+0.27" 2.54+0.15"

Data are means = SD; n=12 per group. *, P<0.05 vs. cont group; *, P<0.05 vs. DM group. DM, diabetic model group.
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Figure 5 Effects of Scu on fibrosis and NLRP3 inflammasome-related protein expression in heart tissues. (A) The protein levels of TGFpI,

COLI, IL-1B, IL-18, and NLRP3 in the myocardium were examined by western blot analysis. (B) Quantification of protein expression.

Data are means = SD; n=3 per group. ¥, P<0.05 vs. control group; *, P<0.05 vs. DM group.
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Figure 6 Involvement of Akt, Nrf2, and Nf«kB signallings in DM-induced cardiac dysfunction. (A) The protein levels of nucleus NF-«B,

nucleus Nrf2, HO-1, p-AKT and AKT in the myocardium were examined by western blot analysis. (B) Quantification of protein expression.

Data are means + SD; n=3 per group. *, P<0.05 vs. control group; *, P<0.05 vs. DM group.

First, we found that mice in DM group showed lower
heart weight and body weight and higher heart/body weight
ratio compared with control group. Then we evaluated
heart function and M-mode echocardiography showed that
LVVd, EF and FS markedly decreased in DM group, which
suggested that the myocardial contractile function of mice
was impaired after STZ injection. However, Scu treatment
decreased heart/body weight ratio and increased myocardial
contractile function by elevating levels of LVVd, EF and FS.

CK-MB, LDH, and ¢Tnl are three important
biochemical markers, which reflect the injury degree of
heart disease (14). Levels of CK-MB, LDH, and ¢Tnl
in serum of mice increased significantly in DM group
compared with control, which decreased in Scu treatment.
HE staining proved that Scu alleviated pathological changes
of heart tissues in diabetes mice. These results indicated
that Scu attenuated heart injury of diabetic mice.

One of the important pathological structural changes in
diabetes is myocardial fibrosis (15,16). TGF-B1 signaling
pathway is activated by continuous of hyperglycemia and
then increased the level of fibrotic markers in hearts of
diabetic mice, including a-SMA, Col I, and Col III (17). The
increase of collagen level in left ventricular endomyocardial
in diabetes patients may induce decrease of myocardial
contractility by reducing EF (18). Inhibition of myocardial
fibrosis is one important therapeutic strategy in DCM.

© Annals of Palliative Medicine. All rights reserved.

In our study, Masson staining showed that STZ injection
induced myocardial fibrosis. Immunohistochemistry
and western blot proved the activation of TGF-B1 and
deposition of Col I in heart tissues of mice in DM group.
However, Scu could reduce the myocardial fibrosis and
decreased levels of TGF-B1 and deposition of Col I in heart
tissues of mice, which indicated that Scu alleviated the
fibrosis process in diabetic mice.

Cardiac inflammation plays an important role in the
development of DCM. The level of proinflammatory
cytokines (IL-1B, TNF-a, IL-18, IL-6, MCP-1 and IFN-y)
increased significantly in DCM, and reducing inflammation
can impede DCM development (19,20). Previous studies
have demonstrated that the NLRP3 inflammasome complex
participates in the progress of cardiovascular diseases,
including ischemic heart disease, atherosclerosis, and
DCM (19,21). Consistent with other studies, we found
that STZ induced higher expression of the NLRP, IL-18,
and IL-18 in heart tissues of diabetic mice. However,
Scu treatment significantly inhibited the activation of the
NLRP3 inflammasome and the release of proinflammatory
cytokines. We also revealed that STZ induced an increase
of the level of the nuclear translocation of NF-«xB, which
inhibited by Scu treatment. These results indicated that Scu
may reduce cardiac inflammation and activation of NLRP3
inflammasome by inhibiting nuclear NF-kB translocation.
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A lot of studies have shown that the level of ROS
increased in diabetes, and DCM is associated with oxidative
stress (22). Recent studies proved that Scu provide
antioxidant activities in various disease (9,23,24). In our
study, we found that Scu reduced oxidative stress in the
heart tissues by decreasing levels of ROS and MDA and
increasing activities of SOD, CAT and GSH-px. HO-1
is a rate-limiting enzyme that degrades heme (a potent
oxidant) to bilirubin (which has antioxidant properties) (25).
As an adaptive survival response, HO-1 up-regulated in
cells under oxidative stress. Previous studies showed that
the expression of HO-1 is regulated by the Nrf2 signaling
pathway (26). Nrf2 signaling has an important function in
protecting cardiomyocyte from oxidative stress injury (27).
Under normal conditions, Nrf2 is located in the cytoplasm
and binds with Keapl. Nrf2 can be activated by a range of
oxidative and electrophilic stimuli, including ROS, heavy
metals, and certain disease processes. The activated Nrf2
is released from Keapl and translocated to the nucleus,
where it activates the transcription of target genes, such as
HO-1 (28). In the present study, STZ exposure induced
moderate activity of the Nrf2 signaling pathway and caused
serious injury to cardiomyocyte. However, treatment with
Scu significantly increased Nrf2 translocation, as well as the
protein expression of Nrf2 target gene, HO-1, and their
enzymatic activity. These results suggested that Scu may
protect against DCM via triggering the activation of Nrf2/
HO-1 signaling.

PI3K/AKT signaling pathway plays an important role
in cell survival. AK'T activation could improve contractile
function of heart and prevent the develop of DCM (29).
Various studies found that PI3K/AKT could inhibit
oxidative stress and inflammatory response via regulating
Nrf2 and NF-xB (30,31). In our study, the decrease of
p-AKT in cardiomyocytes in diabetic mice can be prevented
by Scu treatment, indicating that PI3K/AKT may also
participate the protecting effect of Scu on DCM.

Conclusions

The results of this study demonstrated that Scu reduced
myocardial damage and exerted antifibrotic, anti-
inflammatory and antioxidant effects on diabetic mice. The
molecular mechanism may be related with activation of
AKT and Nrf2/HO-1 and inhibition of NF-xB/NLRP3
signaling pathway. The findings of our study elucidate the
potential of Scu for treating DCM.
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