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Abstract

Purpose: To investigate the protective effect of trigonoside Il against sepsis-induced myocardial injury
in rats, and the mechanism involved.

Methods: Adult male Sprague Dawley rats (n = 30) weighing 200 - 230 g (mean weight = 215 + 15 g)
were used for this study. The rats were randomly assigned to 3 groups (10 rats/group): sham, cecal
ligation puncture (CLP), and trigonoside Il. Rats in the treatment group received trigonoside Il at a dose
of 2 mg/kg intraperitoneally (i.p.) at 3, 12 and 24 h post-surgery. Sepsis was induced using CLP
method. Lactate dehydrogenase (LDH) and creatine kinase (CK-MB) activities, and hemodynamic
functions were determined in the rats. The levels of interleukin (IL)-18 and IL-6, and tumor necrosis
factor a (TNF-a) were assayed in rat serum. Oxidative stress and myocardial cell apoptosis were
determined by measuring malondialdehyde (MDA) levels, while activities of glutathione peroxidase
(GPx), superoxide dismutase (SOD) and myeloperoxidase (MPQO), as well as levels of expression of
bax, bcl-2 and caspase-3 were also assessed.

Results: Treatment of myocardial injury rats with trigonoside Il led to significant reductions in the
activities of LDH, CK-MB and MPO, and decreases in levels of IL-18, IL-6 and TNF-a (p < 0.05). It also
significantly reversed the effects of sepsis on rat hemodynamic functions (p < 0.05). Trigonoside Il
treatment significantly reduced MDA levels in rat myocardial tissues, but significantly increased SOD
and GPx activities (p < 0.05). It significantly down-regulated protein expressions of NF-kB and TLR-4 in
myocardial tissues (p < 0.05). The number of apoptotic cells and activity of caspase-3 were significant
increased in myocardial tissues of rats in CLP group, when compared with sham group, but were
reduced significantly in myocardial tissues of trigonoside ll-treated rats (p < 0.05). Similarly, trigonoside
Il treatment down-regulated the protein expressions of caspase-3 and bax, but upregulated bcl-2 protein
expression in the rat myocardial tissues (p < 0.05).

Conclusion: The results of this study indicate that trigonoside Il confers protection on sepsis-induced
myocardial injury via reduction in oxidative stress and regulation of TLR-4/NF-kB inflammatory pathway.
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INTRODUCTION

Sepsis occurs when chemicals released in the
bloodstream to fight an infection trigger
inflammation. This causes a cascade of changes
that damage multiple organ systems, making
them to fail, sometimes even resulting in death
[1]. The resultant multiple organ dysfunction is
due to the release of inflammatory cytokines [2].
The symptoms include fever, difficulty breathing,
low blood pressure, fast heart beat and mental
confusion. Sepsis is usually treated with
antibiotics and intravenous fluids.

Apoptosis, reactive oxygen species (ROS) and
oxidative stress have been implicated in sepsis-
induced myocardial injury [3,4]. Heme
oxygenase-1 (HO-1), a heat-stable protein that
regulates oxidative stress, has been shown to
reduce myocardial injury [5]. It activates Nrf-2, a
basic leucine zipper (bZIP) protein that regulates
the expression of antioxidant proteins which
protect tissues against oxidative damage
triggered by injury and inflammation. Studies
have shown that the regulation of Nrf-2/HO-1
pathway protects myocardial tissues from
arrhythmia in acute myocardial
ischemia/reperfusion (I/R) injury [6]. The
strategies currently deployed for the treatment of
sepsis are ineffective, hence the search for novel
compounds with promising therapeutic potential
for the disease. Astragali radix, a herb used in
Traditional Chinese Medicine (TCM) possesses

antiviral, antitumor, antidiabetic, hepatopro-
tective, cardiotonic and immunomodulatory
effects [7]. Trigonoside |Il, a cycloartane

triterpene glycoside isolated from Astragali radix,
is reported to possess antibacterial and
anticancer properties [8,9]. The aim of this study
was to investigate the protective effect of
trigonoside |l against sepsis-induced myocardial
injury in rats, and the mechanism involved.

EXPERIMENTAL
Animals

Adult male Sprague Dawley rats (n = 30)
weighing 200 - 230 g (mean weight = 215 + 15 g)
were used for this study. They were housed in
metal cages under standard conditions, and were
allowed free access to standard feed and water.
The rats were exposed to 12-h light/12-h dark
cycle and maintained at a temperature 25 °C and
60 % humidity. The study protocol was approved
by the Institutional Animal Ethical Committee of
Heilongjiang University of Chinese Medicine,
China (approval no. IACE/HU-CM/2017/16), and
carried out according to the guidelines of
Association  for the  Assessment and

Accreditation of Laboratory Animal Care

International (AAALAC) [10].
Study design

Sepsis was induced using CLP method as
previously reported. The rats were anesthetized
via intraperitoneal injection of chloral hydrate at a
dose of 350 mg/kg bwt, and their ceca were
exposed by making a 2 - 3 cm incision on their
abdominal midlines. The midpiece of each
cecum was ligated using 4-0 silk. The point of
ligation was perforated twice with 18-gauge
needle, and the potency of puncture was
assessed by allowing stool to spill through the
incisions. The rat abdomen was thereafter closed
using suture after placing the cecum into the
intra-abdominal position. The rats were then
randomly assigned to three groups of ten rats
each: sham group, CLP group and trigonoside Il
group. Rats in the treatment group received
trigonoside Il at a dose of 2 mg/kg bwt i.p. at 3,
12 and 24 h post-surgery.

Assay of activities of LDH and CK-MB

Venous blood was drawn from each rat and
centrifuged at 3500 rpm for 30 min to obtain
serum. The activities of LDH and CK-MB were
determined in the serum using their respective
assay kits.

Determination of hemodynamic functions

The hemodynamic parameters i.e. maximum
increase/decrease in left ventricular pressure
(xdP/dtmax), left ventricular end diastolic pressure
(LVEDP), left ventricular systolic pressure
(LVSP) and heart rate were determined in each
rat by inserting a pressure transducer and
catheter into the left ventricle from right carotid
artery.

Determination of expression levels of
inflammatory cytokines

The levels of IL-1B, IL-6 and TNF-a were
determined in sera of I/R injured rats using their
respective enzyme-linked immunosorbent assay
(ELISA) Kits.

Assessment of apoptosis

Cardiac cell apoptosis was determined using
terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay. The TUNEL-
positive cells were identified under a trinuclear
microscope using Apop Tag plus peroxidase in
situ apoptosis detection kit.
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Assay of caspase-3 activity

The activity of caspase-3 was determined using
Caspase-Glo® 3 assay kits (Promega, USA)
system.as per manufacturer’s instructions.

Evaluation of MPO activity

The activity of MPO was assayed using MPO
assay kits in line with the manufacturer’s
instructions.

Determination of levels of oxidative stress
markers

The level of MDA, and activities of GPx and SOD
were determined using their respective ELISA
kits as per manufacturer’s instructions.

Western blotting

Myocardial tissues were trypsinized with 10 %
trypsin and the resultant cell suspension was
washed twice with phosphate-buffered saline
(PBS) and lysed with 250 pL of ice-cold radio-
immunoprecipitation assay (RIPA) buffer
containing protease and phosphatase inhibitors.
The resultant lysate was centrifuged at 14,000
rom for 20 min at 4 °C, and the protein
concentration of the supernatant was determined
using BCA method. A portion of total cell protein
(10 pg) from each sample was separated on 10
% sodium dodecyl sulphate (SDS)-
polyacrylamide gel electrophoresis and
transferred to a fixed polyvinylidene fluoride
membrane at 110 V and 90 °C for 120 min.
Subsequently, non-fat milk powder (5 %) in Tris-
buffered saline containing 0.2 % Tween-20 (TBS-
T) was added with gentle shaking at 37 °C and
incubated to block non-specific binding of the
blot. Incubation of the blots was performed
overnight at 4 °C with rabbit primary polyclonal
antibodies against TLR-4, NF-kB, bax, bcl-2,
caspase-3, and [3 actin, each at a dilution of 1 to
1000. Then, the membrane was washed thrice
with PBS and further incubated with horseradish
peroxidase-conjugated goat anti-rabbit 1gG
secondary antibody for 1 h at room temperature.
The blot was developed using an X-ray film.
Grayscale analysis of the bands was performed
using enhanced chemiluminescence (ECL). The
respective protein expression levels were
normalized to that of B-actin which was used as
a standard.

Statistical analysis
Data are expressed as mean + SEM. Statistical

analysis was performed using GraphPad Prism
(6.1). Groups were compared using Dunnett's

post hoc test. Statistical
assumed at p < 0.05.

significance was

RESULTS

Effect of trigonoside Il on the activities of
myocardial LDH and CK-MB

Treatment of myocardial injury rats with
trigonoside 1l led to significant reductions in the
activities of LDH and CK-MB (p < 0.05; Figure 1).
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Figure 1: Effect of trigonoside Il on activities of
myocardial LDFH and CK-MB; # p < 0.05, compared
with sham group; ** p < 0.05, compared with CLP
group

Effect of trigonoside Il on hemodynamic
functions

As shown in Figure 2, LVEDP was significantly
increased, while LVSP, LV+dP/dtmax and LV-
dP/dtmax decreased significantly in CLP group,
relative to sham group (p < 0.05). However,
trigonoside |l treatment significantly reversed the
effects of sepsis on the rat hemodynamic
functions (p < 0.05).
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Figure 2: Effect of trigonoside Il on rat hemodynamic
functions; * p < 0.05, compared with sham group; ** p
< 0.05, compared with CLP group
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Effect of trigonoside Il on the levels of
inflammatory cytokines

Trigonoside Il treatment significantly reduced the
levels of IL-1B3, IL-6 and TNF-a in myocardial
injury rats (p < 0.05). These results are shown in
Figure 3.
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Figure 3: Effect of trigonoside Il on serum levels of
inflammatory cytokines; # p < 0.05, when compared
with sham group; ** p < 0.05, when compared with
CLP group

Effect of trigonoside on activity of MPO in
myocardial injury rats

As shown in Figure 4, the activity of MPO was
significantly increased in myocardial tissues of
rats in CLP group, when compared with sham
group, but was significantly reduced in
myocardial tissues of trigonoside II-treated rats
(p < 0.05).
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Figure 4: Effect of trigonoside Il on the level of
inflammation in myocardial tissues of rats; # p < 0.05,
when compared with sham group; ** p < 0.05, when
compared with CLP group

Effect of trigonoside Il on oxidative status of
myocardial injury rats

As shown in Figure 5, treatment of myocardial
injury rats with trigonoside Il significantly reduced
the level of MDA in their myocardial tissues, but
significantly increased the activities of SOD and
GPx (p < 0.05).
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Figure 5: Effect of trigonoside Il on markers of
oxidative stress in myocardial tissues of rats; # p <
0.05, compared with sham group; ** p < 0.05,
compared with CLP group

Effect of trigonoside Il on protein expression
levels of TLR-4 and NF-kB

Trigonoside Il treatment significantly down-
regulated the protein expressions of NF-kB and
TLR-4 in myocardial tissues of myocardial injury
rats (p < 0.05). These results are shown in
Figure 6.
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Figure 6: Effect of trigonoside 1l on protein
expressions of TLR-4 and NF-kB in myocardial tissues
of rats; # p < 0.05, compared with sham group; ** p <
0.05, compared with CLP group

Effect of trigonoside Il on expression levels
of markers of apoptosis in myocardial tissues
of rats

The number of apoptotic cells and activity of
caspase-3 were significantly increased in
myocardial tissues of rats in CLP group, when
compared with sham group, but were reduced
significantly in myocardial tissues of trigonoside
lI-treated rats (p < 0.05; Figures 7A and 7B).
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Similarly, trigonoside Il treatment significantly
down-regulated the protein expressions of
caspase-3 and bax, but significantly upregulated
bcl-2 protein expression in myocardial tissues of
myocardial injury rats (p < 0.05; Figure 7C).
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Figure 7: Effect of trigonoside Il on myocardial cell
apoptosis. (A) Apoptosis as measured using TUNEL
assay; (B): Activity of caspase-3; and (C): Relative
expressions of caspase-3, bax and bcl-2 in rat
myocardial tissues; # p < 0.05, compared with sham
group; ** p < 0.05, compared with CLP group

DISCUSSION

Sepsis, a serious medical condition
characterized by  dysregulated systemic
inflammatory  responses and  immunosu-

ppression, remains a major health challenge. It
causes multiple organ dysfunctions, including
injury to myocardial tissue. This study
investigated the protective effect of trigonoside Il
against sepsis-induced myocardial injury in rats,
and the mechanism involved. The activities of
myocardial enzymes and hemodynamic functions
are altered in sepsis-induced myocardial injury
[11]. Sepsis damages myocardial tissues,
thereby altering the activities of LDH and CK-MB,
as well as hemodynamic functions [12]. In this
study, ftrigonoside Il treatment significantly
reversed the effects of sepsis on rat
hemodynamic functions, as well as its effects on
the activities of LDH and CK-MB. These results
suggest that trigonoside Il may confer some
protection on the myocardium, and they are in
agreement with those of previous studies [11,12].

Sepsis-induced myocardial injury is
characterized by neutrophil infiltration which
triggers inflammatory response and edema [13].
The protein expressions of toll-like receptor 4
(TLR-4) and nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-kB) have been
shown to be upregulated in myocardial tissues of
myocardial injury rats [14]. The results of this
study suggest that inflammation in myocardial
injury rats may have been due to increased
release of inflammatory cytokines. It is likely that
the ameliorative effect of trigonoside Il on sepsis-
induced inflammation may occur via the TLR-
4/NF-kB pathway. Inflammatory mediators which
activate MPO and promote oxidative stress, will
always cause injury to organs including
myocardial tissues [15]. Oxidative stress
reduction decreases/prevents myocardial injury
[16]. In this study, treatment of myocardial injury
rats with trigonoside Il significantly reduced
sepsis-induced oxidative stress.

Sepsis-induced myocardial injury triggers
apoptosis in myocardiocytes  via the
mitochondrial pathway [17]. Apoptotic markers
such as bax, bcl-2 and caspase-3 are central to
mitochondrial function and any alteration in their
expression levels will always result in apoptosis.
It has been reported that proper expression of
these proteins regulated mitochondrial function
and reduced cell apoptosis [18]. The results of
this study suggest that trigonoside Il slows down
myocardial cell apoptosis via regulation of bax,
bcl-2 and caspase-3 protein expressions.

CONCLUSION

The results of this study indicate that trigonoside
Il confers protection against sepsis-induced
myocardial injury via reduction in oxidative stress
and regulation of the TLR-4/NF-kB inflammatory
pathway. Thus, this compound can potentially be
used for the clinical management cardiac
damage.
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