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Matrine pretreatment improves cardiac function in
rats with diabetic cardiomyopathy via suppressing
ROS/TLR-4 signaling pathway
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Aim: Matrine is an alkaloid from Sophora alopecuroides L, which has shown a variety of pharmacological activities and potential
therapeutic value in cardiovascular diseases. In this study we examined the protective effects of matrine against diabetic

cardiomyopathy (DCM) in rats.

Methods: Male SD rats were injected with streptozotocin (STZ) to induce DCM. One group of DCM rats was pretreated with matrine
(200 mgkgd™, po) for 10 consecutive days before STZ injection. Left ventricular function was evaluated using invasive hemodynamic
examination, and myocardiac apoptosis was assessed. Primary rat myocytes were used for in vitro experiments. Intracellular ROS
generation, MDA content and GPx activity were determined. Real-time PCR and Western blotting were performed to detect the

expression of relevant mRNAs and proteins.

Results: DCM rats exhibited abnormally elevated non-fasting blood glucose levels at 4 weeks after STZ injection, and LV function
impairment at 16 weeks. The cardiac tissues of DCM rats showed markedly increased apoptosis, excessive ROS production, and
activation of TLR-4/MyD-88/caspase-8/caspase-3 signaling. Pretreatment with matrine significantly decreased non-fasting blood
glucose levels and improved LV function in DCM rats, which were associated with reducing apoptosis and ROS production, and
suppressing TLR-4/MyD-88/caspase-8/caspase-3 signaling in cardiac tissues. Incubation in a high-glucose medium induced oxidative
stress and activation of TLR-4/MyD-88 signaling in cultured myocytes in vitro, which were significantly attenuated by pretreatment with

N-acetylcysteine.

Conclusion: Excessive ROS production in DCM activates the TLR-4/MyD-88 signaling, resulting in cardiomyocyte apoptosis, whereas
pretreatment with matrine improves cardiac function via suppressing ROS/TLR-4 signaling pathway.
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Introduction
Hyperglycemia is one of the underlying metabolic abnormali-

M The occurrence of

ties that characterizes diabetes mellitus
both sustained hyperglycemia and various accompanying
metabolic disorders may lead to the development of diabetic
cardiomyopathy (DCM), one of the most common causes of
231 Hypergly-
cemia-induced oxidative stress plays a pivotal role in both
the pathogenesis and the development of DCM"*!. Oxida-

tive stress induced by the excess formation of reactive oxygen

disability and death among diabetic patients

species (ROS) causes abnormal gene expression and abberant
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signal transduction, and induces the activation of pathways
that trigger cardiomyocyte apoptosis®. The resultant cardiac
cell death induces the loss of cardiac contractile units and sub-
sequently provokes cardiac remodeling, thereby playing an
important role in the pathophysiological processes of DCM®™ 7.,

The clinical application of the traditional Chinese herb,
Sophora alopecuroides L, has a long history in China of effec-
tively treating various diseases, including chronic liver dis-
ease, heart failure, and hypertension® ?. The herb’s clinical
effects were believed to be dependent on its active molecule,
C;5HuN,O, an alkaloid also known as matrine (Figure 1).
Matrine has many biological activities and exerts many bio-
logical effects, such as anti-inflammation, anti-fibrosis, and
(0121 Although they are rarely mentioned,
the anti-oxidant properties of matrine have been described in

immune regulation
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Figure 1. Chemical structure of matrine (C,5H,;N,0).

[13]

previous studies Matrine treatment exerted therapeutic

M and also

benefits in cardiac injury and cardiac dysfunction
induced cardiomyocyte apoptosis in hyperglycemia; although
the underlying mechanisms of matrine’s cytoprotective effects
remain poorly understood.

Toll-like receptor-4 (TLR-4), a proximal signaling receptor
responsible for triggering innate immune and inflammatory
responses, is expressed in the heart; its activity correlates
strongly with cardiac stress reactions"”). Recent studies pre-
sented novel evidence that TLR-4 may contribute to myocar-
dial apoptosis related to various cardiomyopathies in inflam-
mation and oxidative stress, indicating that TLR-4 deficiency
provides potent anti-apoptotic protection in myocytes*?",
Additionally, the excessive intracellular ROS generation
induced by oxidative stress may activate the TLR-4 signaling
pathway™ >,

Therefore, sustained hyperglycemia-induced myocyte apop-
tosis, a potent inducer of excessive ROS formation, is most
likely related to the activation of the TLR-4 signaling pathway.
More importantly, it is logical to speculate that matrine treat-
ment alleviates cardiac cell apoptosis and cardiac dysfunction
in rats with DCM, and that matrine’s cytoprotective effect is
mediated by suppressing the ROS/TLR-4 signaling pathway
in vivo. In this study, we investigated the effects exerted by
matrine on both myocyte apoptosis and cardiac dysfunction,
as well as the underlying mechanisms involved in its cytopro-
tective effects, using an experimental DCM rat model. The
results provide a new insight into potential cardioprotective
therapies for DCM using matrine.

Materials and methods

Animals, grouping and treatment

Male Sprague-Dawley (SD) rats weighing 180-220 g were pro-
vided by the Experimental Animal Center of Xi’an Jiaotong
University. All experimental procedures were carried out in
accordance with the recommended guidelines for the care and
use of laboratory animals issued by the Chinese Council on
Animal Research. The protocol was approved by the ethics
committee of Xi’an Jiaotong University.

Diabetes was induced in the male SD rats, using two con-
secutive intraperitoneal (ip) injections of streptozotocin (STZ,
Sigma-Aldrich, St Louis, MO, USA, dissolved in 10 mmol/L
sodium citrate buffer, pH=4.5) at a dose of 60 mg/kg body
weight!*"
as an experimental model characterized by a non-fasting blood

. For the present study, a diabetic model is defined

glucose measurement of 16.7 mmol/L or higher, detected by
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two consecutive measurements, following the second STZ
injection® *,

Thirty-two animals were divided equally and evenly into
four groups: the control group (Ctrl), the matrine group (Mat),
the DCM group (DCM) and the treatment group (DCM+Mat).
In the Ctrl group, the rats received oral physiological saline (10
mL/kg) for 10 consecutive days; in the DCM group, the rats
received oral physiological saline (10 mL/kg) for 10 consecu-
tive days before receiving STZ injections; in the Mat group, the
rats received oral matrine (200 mg/kg, Sigma-Aldrich) for 10
consecutive days; in the DCM+Mat group, the rats received
oral matrine (200 mg/kg) for 10 consecutive days before
receiving STZ injections. Matrine was not sequentially admin-
istered before either STZ or the corresponding physiological
saline injections in the Mat and the DCM+Mat groups. All
rats had free access to water and food during the experimental
protocol.

Eight weeks after STZ or corresponding physiological
saline injections, hemodynamic parameters were measured
and blood samples were collected. The hearts were removed,
cleaned of fat, trimmed, and then immediately frozen in liquid
nitrogen. All samples were kept at -80 °C until needed.

Hemodynamic determination

Rats were anesthetized via ip injections of chloral hydrate
(10%, 0.03 mL/kg bodyweight). An invasive hemodynamic
determination was performed using methods described in
previous studies®. A Millar miniature catheter connected to
a Medlab data acquisition system (Nanjing MedEase, Nan-
jing, China) was inserted into the left ventricle from the right
carotid artery in order to record left ventricular systolic pres-
sure (LVSP), left ventricular end-diastolic pressure (LVEDP),
the maximal rate of increased pressure (+LVdP/dt,,,), and the
maximal rate of decreased pressure (-LVdP/dt,,,).

Cell culture and treatment
Primary myocytes were isolated from the hearts of 2-d-old
neonatal SD rats provided by the Experimental Animal Center
of Xi'an Jiaotong University. After the rats were sacrificed via
cervical dislocation, their hearts were harvested and cleaned
using cold physiological saline. The ventricular tissue was
minced into small pieces, which were subsequently digested
by Liberase (4.5 mg/mL, Roche, Basle, Switzerland). Follow-
ing digestion, the cells were placed into a medium containing
minimum essential medium (MEM, Gibco, New York, NY,
USA) supplemented with 5% bovine calf serum (Gibco), 1.8
mmol/L CaCl,, 2 mmol/L L-glutamine (Invitrogen, New York,
NY, USA), 10 mmol/L 2,3-butanedione monoxine (Invitrogen)
and 100 U/mL penicillin-streptomycin mix (Invitrogen), on
laminin-coated dishes, and incubated for 24 h. The medium
was replaced by fresh medium containing MEM, 0.1 mg/mL
myocyte bovine serum albumin (Sigma-Aldrich), 2 mmol/L
L-glutamine (Invitrogen) and 100 U/mL penicillin-strepto-
mycin mix (Invitrogen). The cells were incubated at 37°Cin a
humidified incubator containing 5% CO,.

When cell confluence exceeded 50%-60%, the primary myo-



cytes were incubated for 48 h with both a normal glucose (5.5
mmol/L) medium and a high-glucose (33 mmol/L) medium,
which were designated as NG and HG, respectively. The
high-glucose concentration was comparable to the serum
glucose levels of diabetic rats. The cells incubated with high-
glucose medium for 48 h following 24 h of pretreatment with
the ROS scavenger, N-acetylcysteine (NAC, 1 mmol/L, Sigma-
Aldrich), were designated as HG+NAC.

In situ apoptosis detection

A terminal transferase UTP nick end labeling (TUNEL) assay
was performed in order to detect the occurrence of apoptosis
in cardiac tissue®.
was sectioned at a thickness of 5 pm. The sections were sub-

Briefly, paraffin-embedded heart tissue

sequently deparaffinized and pre-treated with proteinase K
(20 pg/mL, Sigma-Aldrich). After being soaked in phosphate
buffer saline (PBS) for 15 minutes, the TUNEL assay was
performed on each of the processed sections using a TUNEL
assay kit (Roche), per the manufacturer’s instructions. The
samples were then observed under a microscope (BX51, Olym-
pus, Tokyo, Japan).

In situ ROS determination

Dihydroethidium staining (DHE, Beyotime, Shanghai, China)
was utilized in order to detect ROS generation in situ as previ-
ously described™!. Fresh cardiac tissue was immersed in opti-
mal cutting temperature (OCT) compound (Tissue-Tek, Tor-
rance, CA, USA) and frozen on dry ice. Several 10-pm thick
sections were obtained and placed on poly-lysine slides. The
slides were then incubated with 10 pmol/L DHE at 37°C for
45 min in a dark humidified chamber. For the in vitro evalu-
ation, intracellular ROS generation among the cultured myo-
cytes was determined via 2,7-dichlorofluorescein (DCFH-DA,
Molecular Probes, New York, NY, USA) staining. After being
washed by PBS, the myocytes were incubated with DCFH-DA
at 37°C for 30 min in a dark humidified chamber. Fluorescent
images were obtained using an inverted fluorescence micro-
scope (TE2000U, Nikon, Tokyo, Japan) and analyzed using
Image-Pro Plus 5.0 software.

Oxidative and anti-oxidative status evaluation

Heart homogenate (10%, w/v) was prepared with PBS (pH
7.4) and centrifuged at 12000xg for 15 min at 4°C. The super-
natant was collected and frozen at -80°C in aliquots until
needed for biochemical assays. Both the malondialdehyde
(MDA) level and glutathione peroxidase (GPx) activity were
measured according to instructions for their respective com-
mercial assay kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China), using spectrophotometry'®.,

Real-time polymerase chain reaction (PCR)

Real-time PCR was utilized in order to examine the expression
of TLR-4 and MyD-88 at the transcriptional level. According
to the manufacturer’s instructions, total RNA was extracted
from either cardiac tissue samples or cultured myocytes using
either an RNAfast 200 Kit (Fastagen, Shanghai, China) or
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TRI Reagent RNA Isolation Reagent (Sigma-Aldrich), before
being reversely transcribed into cDNA using PrimeScript RT
Master Mix (TaKaRa, Otsu, Japan). SYBR Premix Ex Taq™ II
(TaKaRa) was then used to perform real-time PCR. Primers
for TLR-4 and MyD-88"" were designed and synthesized by
TaKaRa as shown in Table 1. The relative levels of mRNA
were normalized to GADPH and calculated via the Acycle
threshold equation (ACt=Ctr,ge—Ctcappr), using Bio-Rad 1Q5
software (Version 1.0, Bio-Rad, hercules, CA, USA).

Table 1. Sequences of primers for real-time PCR.

Gene Sequence Size (bp)

TLR-4 Forward 5-AGACATCCAAAGGAATACTGCAA-3' 180
Reverse 5-GCCTTCATGTCTATAGGTGATGC-3’

Myd-88 Forward 5'-CTCCATTCCTCCTCCAGACACT-3' 196
Reverse 5-AAGGAGAGGCAGTTTGGCTTC-3’

GAPDH Forward 5'-CATCACTGCCACTCAGAAGA-3’ 330

Reverse 5-TGAAGTCACAGGAGACAACC-3'

Western blotting assay

According to the manufacturer’s instructions, heart samples
and cultured myocytes were lysed and homogenized in
a RIPA lysis buffer system (Santa Cruz, Dallas, TX, USA)
with PMSF (Santa Cruz) for 30 min, on ice. Supernatants
were collected via centrifugation at 12500xg for 10 min at
4°C. The total protein concentration in the supernatants was
determined using a BCA protein assay kit (Santa Cruz). The
sample protein was treated with 1xSDS-PAGE loading buffer
before being separated by electrophoresis in 10% SDS-poly-
acrylamide gel and transferred onto a polyvinylidene fluoride
(PVDF) membrane. Antibodies to TLR-4 (CST, Beverly, MA,
USA), MyD-88 (CST), pro-caspase-8 (Abcam, Cambridge, MA,
USA), caspase-8 P18 (Santa Cruz), pro-caspase-3 (Abcam),
caspase-3 P17 (Santa Cruz), and GAPDH (Santa Cruz) were
used to detect the immunoblots at 4°C overnight. After being
washed, the membranes were incubated with horseradish per-
oxidase conjugated secondary antibodies (Santa Cruz). Mem-
branes were subsequently developed using Western Blotting
Luminal Reagent (Santa Cruz) for detection.

Statistical analysis

Data in this study were expressed as the mean+SD and ana-
lyzed by SPSS (Version 17.0) software. One-way ANOVA was
utilized to analyze the differences between means. A P-value
<0.05 was statistically significant.

Results

Diabetic and DCM animal model establishment

As shown in Figure 2B, all rats in the DCM and DCM+Mat
groups exhibited abnormally elevated non-fasting blood glu-
cose levels; non-fasting blood glucose concentrations increased
significantly in both the DCM and DCM+Mat groups, whereas
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Figure 2. Non-fasting blood glucose and hemodynamic parameters. Columns indicate values of Ctrl, Mat, DCM, and DCM+Mat in a (mean+SD) manner
respectively. (A) Non-fasting blood glucose concentration was examined after matrine pretreatment and before STZ injection. (B) Non-fasting blood
glucose concentration was examined 4 weeks after the second STZ injection. (C and D) LVEDP, LVSP, +LVdP/dt,.., and -LVdP/dt,.., in different groups
were detected by invasive hemodynamic determination 12 weeks after non-fasting blood glucose tests. °P<0.05, °P<0.01 vs Ctrl. °P<0.05, P<0.01 vs

Mat. "P<0.05 vs DCM.

no significant changes were noted in the non-fasting blood
glucose concentrations of the Ctrl and Mat groups. The results
of the evaluation of cardiac function based on hemodynamic
parameters are included in Figures 2C and 2D. A significantly
increased LVEDP was observed; however, decreases in LVSP,
+LVdP/dt,.., and -LVdP/d#t,,, were observed in the DCM
group compared with the Ctrl group and the Mat group.
However, in the DCM+Mat group, matrine administration
significantly decreased LVEDP and improved LVSP, +LVdP/
dt . and -LVdP/dt,,,, compared with the DCM group.

Effects of matrine administration on myocyte apoptosis in the
setting of DCM

Myocyte apoptotic death was measured via TUNEL staining
of formalin-fixed cardiac tissues. As demonstrated in Fig-
ure 3, the DCM group displayed more TUNEL-positive cells
compared with the Ctrl group and the Ctrl+Mat group. By
contrast, the administration of matrine attenuated myocyte
apoptosis significantly in the DCM+Mat group.

Effects of matrine administration on cardiac ROS generation,
MDA levels and GPx activity

As shown in Figure 4A, the intracellular ROS content of frozen
cardiac tissue sections from each group was examined using
an inverted fluorescence microscope. DHE fluorescence inten-
sity, a relatively specific indicator of ROS, was significantly
stronger in the DCM group than in both the Ctrl group and
the Mat group. However, DHE intensity was decreased in
the DCM+Mat group as a result of matrine treatment. Figure
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4B depicts the detected cardiac MDA levels of each group,
as MDA levels are considered direct markers of oxidative
stress. A significantly increased MDA level was noted in the
DCM group, a level that was substantially reduced by matrine
administration. Cardiac GPx activity is shown in Figure 4C.
Compared with the Ctrl and the Mat groups, cardiac GPx
activity was significantly decreased in the DCM group but was
increased by matrine treatment in the DCM+Mat group.

ROS/TLR-4/MyD-88 signaling activation in high-glucose
incubated myocytes and the effects of matrine administration on
the TLR-4/MyD-88 signaling pathway

As demonstrated in Figure 5, compared with the NG group,
the intracellular ROS levels and the mRNA and protein
expression levels of both TLR-4 and MyD-88 increased signifi-
cantly in the HG group. Correspondingly, the expression lev-
els of cleaved caspase-8 and cleaved caspase-3 were elevated
in the HG group compared with the NG group. However, in
the HG+NAC group, NAC pretreatment significantly reduced
intracellular ROS levels, as well as the expression levels of
TLR-4, MyD-88, cleaved caspase-8, and cleaved caspase-3
in high-glucose incubated primary myocytes. As shown in
Figure 6, compared with the Ctrl and Mat groups, dramatic
increases in the levels of TLR-4 and MyD-88 were noted at
both the transcriptional and translational levels in the setting
of DCM. Additionally, the expression levels of both down-
stream cleaved caspase-8 and cleaved caspase-3 were also ele-
vated in the setting of DCM. Also demonstrated in Figure 6,
matrine treatment significantly reduced the expression levels
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Figure 3. Matrine administration attenuated myocytes apoptosis in cardiac tissue from rats with DCM. The upper panel represents TUNEL assay of
paraffin-embedded myocardial tissue slides in Ctrl, Mat, DCM, and DCM+Mat. Representative photomicrographs of TUNEL positive staining in myocytes
are indicated by black arrows. The lower panel shows the quantification of TUNEL-positive (yellow-brown stained) cardiomyocytes. Columns indicate
detected values of Ctrl, Mat, DCM, and DCM+Mat respectively in (mean+SD) manner. °P<0.01 vs Ctrl. ‘P<0.01 vs Mat. "P<0.05 vs DCM.

of TLR-4, MyD-88, cleaved caspase-8, and cleaved caspase-3 in
the DCM+Mat group compared with the DCM group.

Discussion

DCM, which is accompanied by disordered glucose metabo-
lism, is defined as ventricular dysfunction and structural
abnormalities independent of hypertensive heart disease,
valvular heart disease, coronary artery disease and other
Bl DCM is
usually characterized primarily by the presence of diastolic
dysfunction, which may precede the development of systolic
dysfunction® *. In our study, diabetes was induced in rats
via the ip injection of STZ, which exerts preferential toxicity

cardiovascular diseases in diabetic individuals

on the insulin-producing beta cells of the pancreas. DCM was
confirmed in diabetic rats based on evidence of decreased
LV systolic and diastolic myocardial performance, changes
that are associated with substantial TUNEL-positive staining
myocytes in cardiac tissue and are consistent with the results
of previous studies™ *".,
tained hyperglycemia include metabolic disorders, subcellular
defects, aberrant gene expression, and cell apoptosis™. A pre-
vious study also suggested that cardiac myocytes were more

Early responses of the heart to sus-

susceptible to diabetes-induced cell apoptosis or death® .
Cardiomyocyte apoptosis is one of hallmarks of DCM, in both
the pathogenesis and the development of impaired cardiac

2731 The loss of contractile units reduces cardiac

function!
function and triggers myocyte hypertrophy, which contributes
to both the development and subsequent progression of DCM.

Oxidative stress has been linked to both the onset of dia-

betes and to its complications”. Regarding the destructive

aspects of oxidative stress, excess ROS formation has been
linked to the activation of apoptotic cascades in different
cell types™ %1, Moreover, accumulating evidence suggests
that hyperglycemia causes apoptosis in cardiomyocytes by
stimulating ROS production™*!. Therefore, excessive ROS
represent critical and central mediators of the complicated cas-
cades associated with myocardial cell apoptosis in the setting
of DCM. It is believed that hyperglycemia either directly or
indirectly participates in ROS production via glucose autoxi-
dation, alterations in the sorbitol (polyol) pathway, the for-
mation of advanced glycation end products (AGEs), and the
activation of both protein kinase C (PKC) and nicotinamide
adenine dinucleotide phosphate (NADPH)-oxidase!>*l. More
importantly, a previous in vitro study demonstrated that high
glucose concentrations induce TLR-4 expression via PKC by
stimulating NADPH oxidase*. Unregulated TLR-4 activa-
tion was also observed in the monocytes, the endothelial cells,
and the islets of both diabetic patients and mice**"\. Indeed,
the results of the in vitro experiments performed in this work
were consistent with this hypothesis. Oxidative stress was
stimulated by high-glucose incubation, as demonstrated by
the elevated intracellular ROS levels noted during the study.
Meanwhile, the activation of TLR-4/MyD-88/caspase-8/
caspase-3 signaling was also found in high-glucose incubated
myocytes. NAC exhibited its anti-oxidant effect by eliminat-
ing intracellular ROS in high-glucose incubated myocytes. As
a result, the TLR-4/MyD-88/caspase-8/caspase-3 signaling
pathway was also inhibited, indicating that TLR-4/MyD-88/
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Figure 4. Matrine administration improved redox balance in cardiac tissue from DCM rats. (A) Intracellular ROS detection by DHE staining. The upper
part shows fluorescence microscopic images of cardiac frozen sections in Ctrl, Mat, DCM, and DCM+Mat. The lower part demonstrates the values of
mean fluorescence intensity which stands for the level of intracellular ROS. (B) Determination of MDA content in cardiac tissue by spectrophotometric
method in each group. (C) Determination of GPx activity in cardiac tissue by spectrophotometric method in each group. Values indicated by columns in
graph are presented as the mean+SD. °P<0.01 vs Ctrl. 'P<0.01 vs Mat. 'P<0.01 vs DCM.

caspase-8/caspase-3 signaling was activated in the setting of
intensified oxidative stress. During the in vivo study, follow-
ing STZ treatment, the serum MDA level, which is a direct
marker of oxidative stress, was significantly increased in the
cardiac tissues of the rats with DCM. As shown using DHE
staining, higher intracellular ROS production in cardiac tis-
sue, as well as a higher TLR-4/MyD-88 expression level and
a larger amount of TUNEL-positive myocytes, was observed
following exposure to sustained hyperglycemia, a finding that
was not noted among the non-diabetic hearts.

TLR-4 is a key member of TLR family, which binds to
components of pathogens and participates in innate immune
responses in mammals. TLR-4 is expressed in multiple types
of cardiac cells, including endothelial cells, smooth muscle
cells and cardiomyocytes. Emerging evidence indicates that
TLR-4 is not only an important part of the innate immune sys-
tem but is also involved in cardiac dysfunction and damage in
the setting of inflammation and oxidative stress™. Increased
TLR-4 expression was noted in myocytes isolated from both
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humans and experimental animals with various types of car-
diomyopathies. In a mouse model of myocardial infarction
(MI), TLR-4 controlled signaling pathways were activated as
a result of the cardiac stress caused by ischemia. Addition-
ally, TLR-4 deficiency led to both increased cell survival and
to improved LV function, changes accompanied by the alle-
viation of apoptosis in the heart®. In a doxorubicin-induced
cardiomyopathy mouse model, TLR4-deficiency improved left
ventricular function due to the suppression of oxidative and
inflammatory stress responses and to reduced myocyte apop-
tosis™. Similar findings were observed in a trastuzumab-
induced cardiomyopathy model in mice™. MyD-88 is a key
adaptor protein involved in TLR-4 signal transduction and
triggers both the nuclear translocation and the activation of
nuclear factor kappa B (NF-«B), as well as the transcription of
inflammatory cytokine genes and the activation of mitogen-
activated protein kinases (MAPKSs), leading to cell apopto-
sis®™. The blockade of MyD-88, an important component of
the TLR-4 signaling pathway, significantly improved cardiac
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Figure 5A. Oxidative stress-induced TLR-4/MyD-88 signaling activation in high-glucose incubated primary myocytes. (A) The upper part shows the
fluorescence microscopic images of ROS detection by DCFH-DA staining in NG, HG, and HG+NAC respectively. The lower part demonstrated the

quantification of intracellular ROS by analyzing mean fluorescent intensity.

function, reduced cardiac myocyte apoptosis and ultimately
attenuated cardiac hypertrophy in vivoP'!. In the current
study, we found that the TLR-4/MyD-88 pathway was sig-
nificantly up-regulated in cardiac tissue exposed to sustained
hyperglycemia in rats with DCM. Meanwhile, molecules such
as caspase-3 and caspase-8 were also activated as part of the
caspase cascade. Although the specific mechanism under-
lying how TLR-4 signaling triggers apoptosis is relatively
compley, it is believed to be the result of an interaction with
the Fas-associated death domain protein (FADD) through
MyD—88[52’ 53 TLR-4 recruits and activates caspase-8, the initia-

tor of the apoptotic cascade®™!.

The activated caspase-8 both
cleaves and directly activates pro-caspase-3, which ultimately
leads to cell death™.

ROS generation plays a critical role in the upregulation
of the TLR-4 signaling pathway; intracellular ROS produc-
tion up-regulates TLR-2/4 expression, leading to the release
of pro-inflammatory cytokines[%]; the inhibition of oxida-
tive stress-induced ROS production significantly suppresses
the translocation of TLR-4 into lipid rafts, as well as the up-
regulation of TLR-4 expression and TLR-4 mediated cytokine
production™ *), findings that indicate that ROS production
may play a vital role in modulating the TLR-4 signaling path-
way. Furthermore, it is likely that excessive ROS formation
and TLR-4/MyD-88 pathway activation cooperatively induce
apoptotic events in cardiomyocytes under both hyperglyce-
mic conditions and following high-glucose incubation* >,
In the present study, we found that the increased levels of
TLR-4 induced myocyte apoptosis were associated with the
accumulation of intracellular ROS in the cardiac tissue of rats
with DCM. Therefore, it may be that sustained hyperglycemia
induced ROS production was initially recognized as a harmful

signal by TLR-4. The activation of TLR-4 and its down-stream
mediators triggered a subsequent caspase cascade that eventu-
ally led to cardiomyocyte apoptosis in diabetic rats.

The results of this study also indicate matrine’s protective
effect against myocyte apoptosis, which was responsible for
the impaired cardiac function noted in the setting of DCM.
The administration of matrine exerted distinct positive effects
on LV function, as evidenced by an overall increase in LVSP,
+LVdP/dt . and ~-LVdP/dt,,, changes accompanied by an
overall decrease in LVEDP; mechanically, the activity of the
TLR-4 pathway and the number of TUNEL positive myocytes
decreased dramatically. ROS are important contributors to
the pathogenesis and the development of DCM; ROS scaveng-
ing by antioxidants prevented hyperglycemia-induced cardiac
cell death and the subsequent development of compensa-
tory hypertrophy”!
administration resulted in an apparent increase in GPx activ-

. In this study, we observed that matrine

ity and a decrease in ROS formation in diabetic hearts. More
importantly, matrine treatment also decreased the expression
of both TLR-4 and MyD-88, and down-regulated the activity
levels of both caspase-8 and caspase-3, as well. These findings
are illustrative of matrine’s cardioprotective effect, which it
exerts by reducing myocyte apoptosis in the setting of DCM.
This anti-apoptotic effect correlated strongly with the deactiva-
tion of the TLR-4/MyD-88/ caspase signaling pathway. These
changes contributed to the cytoprotective effects of matrine
against both the development and the progression of DCM;
however, more specific information regarding the mechanisms
underlying these effects still needs to be uncovered.

Conclusion
Excessive ROS production induces the activation of the
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Figure 5B. (B) The upper part demonstrated the results of Western blotting assay in primary myocytes. Immunoblots of TLR-4, MyD-88, pro-caspase-3,
cleaved caspase-3, pro-caspase-8, cleaved caspase-8, and GAPDH in NG, HG, and HG+NAC are shown respectively. Columns at the lower part of (B)
represents the quantification of relative expression levels of TLR-4, MyD-88, pro-caspase-8, cleaved caspase-8, pro-caspase-3, and cleaved caspase-3
in NG, HG, and HG+NAC respectively. Values are presented as the mean+SD. °P<0.01 vs NG. ‘P<0.01 vs HG.

TLR-4/MyD-88 signaling pathway, leading to cardiomyocyte
apoptosis in the setting of DCM.

Matrine exerts its anti-apoptotic effects by modulating ROS-
induced TLR-4/MyD-88 signaling activation and may repre-
sent a promising cardioprotective therapy for DCM.
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