
Received: 2019.06.22
Accepted: 2019.10.08

Published: 2019.11.10

 3212   —   6   40

Alisol B 23-Acetate Ameliorates 
Lipopolysaccharide-Induced Cardiac Dysfunction 
by Suppressing Toll-Like Receptor 4 
(TLR4)/NADPH Oxidase 2 (NOX2) Signaling 
Pathway

 ACDEF 1 BinYan Wang
 CDE 2 Liang Chen
 CDE 3 LingHao Dai
 CDE 1 WenMing Fang
 ABCDEFG 1 Hui Wang

 Corresponding Author: Hui Wang, e-mail: wanghui10987@126.com
 Source of support: Departmental sources

 Background: Cardiac dysfunction during endotoxemia is a major cause of cardiovascular disease with high morbidity and 
mortality. Alisol B 23-acetate (AB23A) is a triterpenoid extracted from the Rhizoma Alismatis, a kind of tradi-
tional Chinese medicine, exhibits anti-inflammatory activity on endotoxemia. This investigation aimed to un-
cover the protective effects of AB23A against sepsis-induced cardiac dysfunction.

 Material/Methods: Adult male C57BL/6 mice received lipopolysaccharide (LPS) (20 mg/kg intravenous) stimulation, with or with-
out pre-treatment of AB23A (10 mg/kg, 20 mg/kg, or 40 mg/kg). Histopathological staining and cardiac func-
tion were performed 4 hours after LPS stimulation. Then the levels of interleukin (IL)-6, IL-1b, and tumor ne-
crosis factor (TNF)-a were monitored with enzyme-linked immunosorbent assay (ELISA). In addition, H9C2 cells 
were treated with LPS (5 μg/mL) with or without pre-treated with AB23A (0.1 μM, 1 μM, or 10 μM), and the 
production of reactive oxygen species (ROS) was detected by DCFH-DA combined with flow cytometry. The ex-
pression of Toll-like receptor 4 (TLR4), NADPH oxidase 2 (NOX2), NOX4, P38, p-P38, extracellular-signal-regu-
lated kinase (ERK), and p-ERK were assessed by western blotting.

 Results: AB23A improved the survival rate and ameliorated myocardial injury, decreased inflammatory infiltration and 
the level of IL-6, IL-1b, and TNF-a in the LPS-stimulated mouse model. Moreover, AB23A inhibited the ROS pro-
duction in LPS-treated H9C2 cells. In addition, AB23A suppressed the levels of TLR4 and NOX2 as well as the 
activation levels of P38 and ERK both in vivo and in vitro.

 Conclusions: AB23A reduced LPS-induced myocardial dysfunction by inhibiting inflammation and ROS production through 
the TLR4/NOX2 pathway.
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Background

Cardiovascular disease is one of the most common diseases 
and has high morbidity and is life-threatening [1,2]. Several 
mechanisms have been proposed to clarify the pathophysiol-
ogy ultimately leading to cardiac dysfunction, including endo-
toxins and inflammatory cytokines, hypoxia and acidosis, and 
increased production of reactive oxygen (ROS) [3–5]. Among 
these, accumulating evidence has indicated that endotoxemia 
and sepsis are the major causes of cardiac dysfunctions [6]. 
Significantly, sepsis-induced cardiac dysfunction is relevant 
to the survival rate of patients and can play a significant part 
in further complicating therapy [7]. The therapeutic schedule 
of this type of disease is still insufficiency. There is an urgent 
need for effective therapies to treat such diseases.

Lipopolysaccharide (LPS) is one of the most important causes 
of the pathogenesis of septic shock and endotoxemia. Toll-like 
receptors (TLRs) play a central role in inflammation stimulat-
ed by the various infectious pathogens as the primary recep-
tors of innate immunity, leading to the activation of the in-
flammation pathway [8,9]. TLRs are expressed in many cells, 
but mainly in immune cells, including cardiomyocytes, which 
express TLR2, TLR3, TLR4, and TLR6 [10]. TLR4 was the first 
TLR detected in humans where activation has been reported 
to be associated with LPS [11]. Interfering endotoxin-medi-
ated activation of TLR, blocking either TLR4 or its adapter pro-
tein MyD88, improved cardiovascular outcomes and improved 
survival rate in the LPS-induced sepsis model [12]. There are 
other reports that have indicated that LPS could stimulate the 
inflammatory process, accompanied by abundant reaction oxy-
gen species (ROS) production [13]. NADPH oxidases (NOXs) are 
the superoxide-generating enzymes that include NOX1, NOX3, 
NOX4, NOX5, DUOX1, and DUOX2. Among all these homologs, 

NOX2 and NOX4 are highly expressed in cardiomyocytes [5,14]. 
Thus, blocking the TLR4/NOX4 signaling might be a potential 
therapy for endotoxin-induced cardiac dysfunction.

In recent years, molecules from natural sources with biological 
potential have been reported to be useful in the management 
of several diseases as alternative medicine. Alisol B 23-acetate 
(AB23A) (Figure 1A) is a natural triterpenoid extracted from 
the dried rhizomes of Alisma orientalis (Sam.) which is a plant 
with medicinal value in different traditional Chinese herbal [15]. 
The literature reveals that AB23A exhibits several pharmaco-
logical activities, including anti-hepatitis virus [16], antibacte-
rial [17], diuretic [18], hyperlipidemia [19], antitumoral [20], and 
hepatoprotective effects [21]. Furthermore, AB23A has been 
shown to have anti-inflammatory actions [22]. In the pres-
ent study, we demonstrated that AB23A can be used against 
LPS-induced cardiac dysfunction by inhibiting ROS production 
and inflammatory response by blocking the TLR4/NOX2 path-
way. Additionally, the study revealed potential pharmacologi-
cal effect of AB23A on cardiac dysfunction.

Material and Methods

Animal model

Adult male C57BL/6 mice (6–8 weeks old, weighing 20–25 g, 
n=68) of specific pathogen-free (SPF) grade, were purchased 
from Shanghai Slake Animal Laboratory Co., Ltd. (SCXK) and 
raised in the Animal Laboratory Research Center, Zhejiang 
University of Traditional Chinese Medicine (SYXK). All animals 
were housed under standard conditions (humidity: 60±5%; 
temperature: 24±3°C) with a 12-hour light/dark cycle and free 
access to standard diet and tap water and acclimatized for 
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Figure 1.  AB23A improves the survival rate in the lipopolysaccharide (LPS)-induced sepsis mouse model. (A) Chemical structure of 
Alisol B 23-acetate: C32H50O5, molecular weight =51.74. (B) In the 48 hours after LPS-injection, the survival rate in the control 
group was 100%, in the LPS-induced group it was 40% (6 out of 15), in the low-dose AB23A (10 mg/kg) pre-treatment group 
it was 46.667% (7 out of 15), in the medium-dose AB23A (20 mg/kg) pre-treatment group it was 53.333% (8 out of 15), and 
in the high-dose AB23A (20 mg/kg) pre-treatment group it was 80% (12 out of 15).
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7 days before the experiment. The mice were given humanis-
tic concern according to the animal laboratory guidelines. Mice 
were randomly divided into 5 groups. 1) The control group 
(n=8) had normal saline intraperitoneally injected. 2) The LPS 
group (n=15) were injected intraperitoneally with LPS (Sigma-
Aldrich Co., USA, 20 mg/kg). 3) the low-dose AB23A+LPS group 
(n=15) were pretreated with 1 mg/kg of AB23A (Hushi Medical 
Technology Co., Ltd., Shanghai, China) by gavage for 30 days. 
4) The medial-dose AB23A+LPS group (n=15) were pretreated 
with 20 mg/kg of AB23A by gavage for 30 days. 5) The high-
dose AB23A+LPS group (n=15) were pretreated with 40 mg/kg 
of AB23A by gavage for 30 days. LPS was intraperitoneal in-
jected 1 hour after the last gavage; Mice were sacrificed at 48 
hours after LPS injection for LPS-subjected animals. Dosages 
of AB23A were decided according to our pre-experiment and 
previous descriptions [23]. Cardiac apexes were harvested 
and kept at –80°C.

Welfare assessment

Animals were monitored for responses to LPS every 2 hours. 
All assessments were performed by the evaluators in a 
double-blind manner. Systematic evaluation of common symp-
toms of C57BL/6 mice diseases, including piloerection, orbital 
constriction, and somnolence, has been carried out according 
to previous reports. A systematic evaluation of all mice was 
completed within 48 hours. Animals that showed no signs of 
disease were excluded from the stimulation of LPS, while those 
showing signs of disease were excluded from the severe lim-
its of the project license.

Histopathology and cardiac function

C57BL/6J mice were anesthetized with sevoflurane 4 hours af-
ter LPS injected. Left ventricular ejection fraction (LVEF), left 
ventricular end-systolic diameter (LVESD), left ventricular end-
diastolic diameter (LVEED), and left ventricular fraction short-
ening (LVFS) were measured by echocardiography. Then all 
the animals were sacrificed, and their hearts were isolated. 
Isolated hearts were fixed in formalin (10%) for 3 days. Slices 
of cardiac apexes were seeded in the paraffin and a micro-
tome was used to make 3-μm sections. Hematoxylin and eo-
sin (H&E) was used to stain the heart tissue sections. The in-
flammatory cell infiltration was evaluated by the BX51 light 
microscope (OLYMPUS, Japan).

Enzyme-linked immunosorbent assay (ELISA)

Blood samples were taken from the main abdominal vein of 
mice 4 hours after LPS injection and kept at 4°C overnight. 
Among the different groups, the concentration changes of se-
rum TNF-a, IL-6, and IL-1b were evaluated by ELISA according 
to the ELISA kit instructions (Cat. No. ab208348, ab100712, 

and ab197742; Abcam). After coating samples, we used PBST 
buffer to wash the plates 3 times and then blocked samples 
with 1% BSA incubated for 1 hour at 37°C. Then, anti-TNF-alpha 
(Cat. No. ab1793, Abcam), anti-IL-6 (Cat. No. ab7737, Abcam), 
anti-IL-1-beta (Cat. No. ab9722, Abcam) and HRP-conjugated 
antibody were sequentially added and incubated for 1 hour at 
37°C. The detection was achieved by adding chromogenic sub-
strate, 3,3’,5,5’-tetramethylbenzidine (TMB). Signals were then 
detected at 450 nm with an EnSpire multimode plate reader 
(Perkin Elmer, Waltham, MA, USA).

Western blotting

Protein expression of TLR4, NOX2, P38, p-P38, extracellular-
signal-regulated kinase (ERK), and p-ERK in cardiac apexes tis-
sue and H9C2 cells were detected by western blotting. For pro-
tein extraction, cultured H9C2 cells and cardiac apexes tissue 
homogenates were first lysed in lysis buffer, and then the ly-
sate was centrifuged at 10 000g for 15 minutes at 4°C; then 
the clear supernatant was collected. Proteins were separated 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), then blotted onto polyvinylidene fluoride (PVDF) 
membranes. After blocking with TBST containing 5% non-fat 
milk powder for 1 hour at room temperature, the membrane 
was incubated with primary antibodies for TLR4 (1: 1000, Cat. 
No. #14358S, Cell Signaling Technology), NOX2 (1: 2000, Cat. 
No. MA5-18052, Invitrogen), P38 (1: 2000, Cat. No. #8690, 
Cell Signaling Technology), p-P38 (1: 500, Cat. No. #4092, 
Cell Signaling Technology), ERK (1: 1,000, Cat. No. #4695, 
Cell Signaling Technology), p-ERK (1: 500, Cat. No. #4370, 
Cell Signaling Technology), and GAPDH (1: 2000, Cat. No. #8884, 
Cell Signaling Technology) at 4°C overnight. Then membranes 
were incubated with a secondary antibody labeled with HRP 
at room temperature for 1 hour. Membranes were incubated 
with electrochemiluminescence (ECL, Bio-Rad) solution, and 
films were exposed in a dark room.

Cell culture

H9C2 cells were purchased from the American Type Culture 
Collection (ATCC, Manassas, VA, USA), and were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco) with 
10% fetal bovine serum (FBS, Gibco) medium at 37°C in a hu-
midified atmosphere of 5% CO2. H9C2 cells were pre-treated 
with AB23A in concentrations of 0 μM, 0.1 μM, 1 μM, and 
10 μM (LPS group, LPS+AB23A-L group, LPS+AB23A-M group, 
LPS+AB23A-H group respectively) at 6 hours before treatment 
with LPS (5 μg/mL). Dosages of AB23A were decided accord-
ing to our pre-experiment and previous descriptions [24]. Cells 
were harvested for further analysis 4 hours later.
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Cell Counting Kit-8 assay

H9C2 was inoculated into a 96-well culture plate and treat-
ed with different drug concentrations. 10 µL of Cell Counting 
Kit-8 solution was added to each well at 1/10 dilution. After 
incubation for 2 hours at 37°C, the absorbance was measured 
at 450 nm using a microtitration reader (Spectra May 190, 
Molecular Device, USA). The cell viability was calculated by 
dividing the optical density of the sample by the optical den-
sity of the control group.

ROS production or measurement in H9C2 cells

The ROS production or measurement in H9C2 cells was evalu-
ated by dichloro-dihydro-fluorescein diacetate (DCFH-DA, Cat. 
No. S0033-1, Beyotime, Shanghai, China) method according 
to the ROS assay kit instructions (Cat. No. S0033, Beyotime, 
Shanghai, China). DCFH-DA is a non-polar fluorescence probe 
that can penetrate cell membranes, where it is converted into 
DCFH then detected by flow cytometry. Cells were incubat-
ed with 10 μM DCFH-DA at 37°C for 30 minutes in the dark. 
Analysis was performed using a quantitative method via flow 
cytometry (FCM, Becton Dickinson, Franklin Lakes, NJ, USA).

Statistical analysis

Each in vivo and in vitro experiment was repeated at least 3 
times. Statistical analyses were performed with SPSS software 
(version 16.0) or GraphPad Prism 8.1 (GraphPad Software Inc., 
CA, USA). Differences between variables were assessed by 
2-tailed Student’s t-test and one-way ANOVA, where appro-
priate. Data were expressed as mean±standard error of the 
mean (SEM). P values less than 0.05 were considered statisti-
cally significant (* P<0.05, ** P<0.01, *** P<0.001).

Results

AB23A improved the survival rate in LPS-induced sepsis 
mouse model

To investigate the role of ABA23 in the LPS-induced mouse 
model, the survival curves were plotted at 48 hours after 
LPS injection. The survival rate significantly decreased in 
LPS-induced septic mice compared with the control group. 
However, the AB23A treatment dramatically increased the sur-
vival rate of mice that received the LPS procedure. The 48-hour 
survival rate of LPS-induced mice was decreased to 40%; 
the low-dose AB23A group and medium-dose AB23A group 
did not show a significant difference from the model group, 
but the high-dose AB23A group dramatically enhanced the 
survival rate to 80% (Figure 1B), implying that AB23A might 
attenuate injury in these LPS-induced sepsis mice.

AB23A ameliorated cardiac dysfunctions in vitro and in 
vivo

We next performed experiments in the LPS-induced sep-
sis mouse model and the LPS-stimulated H9C2 cell mod-
el to analyze the function of AB23A in cardiac dysfunctions. 
Echocardiographic results showed that AB23A could effective-
ly prevent the myocardial dysfunction caused by LPS. The re-
sults of LVEF, LVFS, and LVESDs in the LPS group changed sig-
nificantly compared with those of the control group. And the 
myocardial function of mice induced by LPS decreased signif-
icantly (P<0.05). Compared with the results of the LPS group, 
LVEF, LVFS, and LVESD in the AB23A group (10 mg/kg, 20 mg/kg, 
40 mg/kg) recovered significantly (Figure 2A, 2B). In order to 
investigate whether AB23A had a protective effect against car-
diac injury in vitro, the present study determined the effect of 
AB23A on the survival of LPS-treated H9C2 cells. Cell viabili-
ty was determined by CCK-8. The result shows no significant 
cell viability changes in the control group (Figure 2C, P>0.05); 
LPS-treatment significantly decreased the cell viability while 
AB23A-treatment significantly increased the cell viability in a 
dose-dependent manner (Figure 2D, P<0.05, compared with 
the control group). As a consequence, AB23A reduced the car-
diac dysfunctions in vivo and in vitro.

AB23A decreased inflammatory cells infiltration and 
attenuated inflammatory mediator expression of septic 
mice

To validate the notion that AB23A reduces cardiac dysfunction 
through its anti-inflammation effect. H&E staining was used 
to evaluate the histological changes in cardiac apex tissues. 
Inflammatory cell infiltration was present in the LPS-induced 
septic mice and AB23A reduced myocardial injury in LPS-induced 
sepsis mice (Figure 3A). Blood samples were collected for each 
group from the main abdominal vein 4 hours after LPS in-
jected. The concentrations of TNF-a, IL-6, and IL-1b in the se-
rum were detected by ELISA. LPS injection-induced produc-
tion of TNF-a, IL-6, and IL-1b compared with the control group, 
whereas AB23A treatment attenuated the increase in a dose-
dependent manner (Figure 3B).

AB23A regulated TLR4, NOX2, p-P38 and p-ERK protein 
expression in myocardial tissue of LPS-induced mouse 
sepsis model

As shown in Figure 3, AB23A suppressed the inflammation pro-
cess in the sepsis model. In addition, after the activation of 
TLR4, signal transduction of downstream pathway was close-
ly related to an inflammatory response. Thus, we measured 
the protein levels of p-P38 and p-ERK, to evaluate whether 
AB23A could regulate the TLR signaling to attenuate the car-
diac dysfunction. As shown in Figure 4, AB23A regulated TLR4, 
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NOX2, p-P38, and p-ERK protein expression in myocardial tis-
sue of the LPS-induced mouse sepsis model. Expression lev-
els of TLR4 and NOX2, as well as the phosphorylation level 
of ERK and P38, were elevated significantly in myocardial tis-
sue from mice that received LPS. However, the AB23A treat-
ment could obviously downregulate the expression levels of 
TLR4, NOX2, p-P38, and p-ERK expression in a dose-depen-
dent manner (Figure 4).

AB23A decreased the level of reactive oxygen species 
(ROS) in H9C2 cell with LPS stimulation

ROS production is an important marker of intracellular reac-
tive oxygen species (ROS). The changes of ROS can be deter-
mined by dichloro-dihydro-fluorescein diacetate (DCFH-DA) 
staining combined with flow cytometry analysis. DCFH-DA 
is free to enter the cell and is oxidized by ROS in the cell to 
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Figure 2.  (A–D) AB23A ameliorates cardiac dysfunctions in lipopolysaccharide (LPS)-induced mouse sepsis model (A) Echocardiography 
of the heart of LPS-induced sepsis animal model and (B) hemodynamic parameter containing LVESD, LVEED, LVEF, and LVFS 
(n=8). (A) P<0.05 versus model group. (B) P<0.01 versus model group. (C) P<0.001 versus model group. The effect of AB23A 
treatment on cell viability in the H9C2 cell was detected by Cell Counting Kit-8. (C) AB23A increased the level of cell viability 
in LPS-treated H9C2 cells. ** P<0.01 versus control group. # P<0.05 versus model group. ## P<0.01 versus model group. 
LVESD – left ventricular end-systolic diameter; LVEED – left ventricular end-diastolic diameter; LVEF – left ventricular ejection 
fraction; LVFS – left ventricular fraction shortening.
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Figure 3.  AB23A decreases inflammatory cells infiltration in myocardial tissue and attenuates inflammatory mediator expression in 
serum of lipopolysaccharide (LPS)-induced mouse sepsis model (A) Inflammatory cells infiltration in myocardial tissue by 
hematoxylin and eosin (H&E) staining. (B) Concentrations of tumor necrosis factor (TNF)-a, interleukin (IL)-6, and IL-1b were 
increased by LPS stimulation and reduced by AB23A treatment (10 mg/kg, 20 mg/kg, 40 mg/kg). *** P<0.001 versus control 
group. # P<0.05 versus model group. ## P<0.01 versus model group. ### P<0.001 versus model group.
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Figure 4.  (A, B) AB23A attenuates the lipopolysaccharide (LPS)-induced alteration in TLR4/NOX2 signaling. The western blotting 
assay showed the pre-treatment of AB23A to reduce the increasing expressions of TLR4, NOX2, p-P38, and p-ERK protein in 
LPS-induced septic mice (n=3).

300

200

100

0

Co
un

t

101

Gate: P1

102 103 104

FL1-A

Control

105

M
46.9%

106 107.2

300

200

100

0

Co
un

t

101

Gate: P1

102 103 104

FL1-A

LPS

105

M
79.2%

106 107.2

300

200

100

0

Co
un

t

101

Gate: P1

102 103 104

FL1-A

LPS+AB23A-M

105

M
65.0%

106 107.2

300

200

100

0

Co
un

t

101

Gate: P1

102 103 104

LPS+AB23A-H

FL1-A
105

M
60.5%

106 107.2

300

200

100

0

Co
un

t

101

Gate: P1

102 103 104

FL1-A

LPS+AB23A-L

105

M
68.3%

106 107.2

Contro
ls LPS

100

80

60

40

20

0

RO
S (

%
)

##
#

**

LPS+AB23A-L

LPS+AB23A-M

LPS+AB23A-H
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become DCF that produces green fluorescence signals. To fur-
ther explore whether AB23A has an effect on ROS levels in the 
LPS-stimulated model, ROS production was measured in the 
H9C2 cell. The results show that ROS production significantly 
increased in the LPS-subjected group and AB23A attenuated 
the changes in a dose-dependent manner (Figure 5).

AB23A regulated TLR4, NOX2, p-P38, and p-ERK protein 
expression in H9C2 cell with LPS stimulation

AB23A showed significant inhibition to both TLR4 and NOX2 
during LPS stress in vivo. To investigate the inhibition of AB23A 
with the TLR4/NOX2 pathway in vitro, the effects of AB23A 
on the expression of TLR4, NOX2, p-P38, and p-ERK protein in 
H9C2 cell were determined by western blot assay (Figure 6). 
There was a significant (P<0.01) increase in the expression 
of TLR4, NOX2, p-P38, and p-ERK in H9C2 cell with LPS stim-
ulation compared to control group, whereas treatment with 
AB23A significantly attenuated the altered expression of TLR4, 
NOX2, p-P38, and p-ERK. Consequently, AB23A ameliorates 
LPS-induced cardiac dysfunction by blocking the TLR4/NOX2 
signaling pathway.

Discussion

Bacterial endotoxin-induced systemic inflammatory response 
syndrome sepsis is the main cause of heart failure and myo-
cardial cell damage. Over the past 30 years, the number of sep-
sis patients has been increasing year by year, with high mor-
bidity and mortality [25]. The mechanism of myocardial injury 
in sepsis is presently believed to be closely related to inflam-
matory factors [26]. LPS is the most important component of 

endotoxin and LPS has been shown to aggravate cardiac dys-
function by increasing the expression of TNF-a, IL-6, and IL-1b 
in myocardial tissue [27]. This study performed investigations 
in the LPS-stimulated H9C2 cell model and in the LPS-induced 
mouse sepsis model to reveal the role of AB23A in cardiac dys-
function of endotoxin sepsis. AB23A adjunctive treatment de-
creased LPS-induced TNF-a, IL-6, and IL-1b levels in the mouse 
model, attenuated LPS-simulated cardiac injure.

Studies have shown that endotoxin can aggravate myocardial 
injury through TNF-a, IL-6, and IL-1b progression, which might 
be related to TLRs, but the mechanism is unclear [28]. TLRs are 
important proteins involved in non-specific immunity (innate im-
munity) and connect with specific immunity. TLR4 is a member 
of the TLR family which is expressed in a variety of cells, such 
as macrophages, fibroblasts, endothelial cells, and cardiomy-
ocytes. It is also a pattern recognition receptor closely related 
to immune or inflammatory diseases. The ligands identified by 
TLR4 are mainly LPS from gram-negative bacteria [11]. Previous 
studies have shown that TLR can activate NOX2 to produce 
ROS and regulate inflammation by influencing the expression 
of NOX2 [29]. Studies have shown that NOX2 can be activat-
ed in pulmonary vascular endothelial cells and cardiac fibro-
blasts stimulated by LPS, leading to myocardial fibrosis [30,31]. 
The depletion of NOX2 in macrophages can reduce the expres-
sion of cytokines and chemokines, and thus significantly inhibit 
their antimicrobial activity [32]. P38MAPK is a significant mem-
ber of the MAPK family, which is activated by external stimu-
lation. P38MAPK can promote the aggregation and activation 
of leukocytes, regulate the activity of transcription factors and 
the synthesis of cytokines, and play a key role in the regula-
tion of inflammatory response [33]. ERK is a member of the 
mammalian mitogen-activated protein kinase (MAPK) family. 
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Figure 6.  (A, B) AB23A regulates TLR4, NOX2, p-P38, and p-ERK protein expression in the H9C2 cell line with LPS stimulation. 
The western blotting assay showed the pre-treatment of AB23A to reduce the increasing expressions of TLR4, NOX2, 
p-P38, and p-ERK protein in H9C2 cells (n=3).
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In the intracellular phosphorylation cascade, as a sensor of 
extracellular stimuli, it plays a key role, leading to cell differ-
entiation, proliferation, survival, and death [34,35]. In order 
to investigate the mechanism of AB23A in suppressing cardi-
ac dysfunction, we detected the inflammatory progression in 
the mouse model. On the other hand, we detect ROS produc-
tion in the cell model. The results showed that AB23A could 
significantly reduce the infiltration of inflammatory cells in 
myocardial tissue and the release of important inflammatory 
factors in serum. At the same time, AB23A could reduce the 
production of ROS in the cell model. These results indicate that 
AB23A alleviates myocardial damage caused by sepsis by re-
ducing the inflammatory response and oxidative damage in 
the LPS-induced model. For further molecular mechanisms, we 
explored the downstream molecular pathway of AB23A. We 
found that AB23A can reduce the expression of TLR4, NOX2, 
p-ERK, and p-P38 induced by LPS. This suggests that AB23A 
alleviates the inflammatory response and oxidative damage 
in sepsis-induced myocardial injury through the TLR4/NOX2 
pathway, thereby reducing myocardial injury.

Rhizoma Alismatis was wildly used for the treatment of can-
cer, pyelonephritis, inflammatory, enteritis diarrhea, dysuria, 
hyperlipidemia, and diabetes. Alisol B 23-acetate were iden-
tified as novel inducers of autophagy, with Alisol B being the 
most potent natural component in Rhizoma Alismatis [36]. It has 
been reported that Alisol B acetate can inhibit the production 
of endothelin-1 in nephritic rats, elicited an antinephritic ac-
tion resulting from the inhibition of endothelin-1 production 
in nephritic rats [37]. Two other in vivo studies showed that 
the hemolysis and allergic reactions induced by complement 
in rats were significantly alleviated after oral administration of 
AB23A [38,39]. However, even heart failure is a serious health 

hazard, the important functions affecting myocardial injury 
induced by sepsis of AB23A has not been characterized [40].

In this study, we found that the better cardiac function can be 
explained in AB23A pre-treatment LPS-induced model by the 
decrease of inflammatory cells infiltration in heart tissue. AB23A 
could suppress the expression of IL-6, IL-1b, and TNF-a in serum 
and reduced oxidative injury in a cell model, which may promote 
enhanced survival rate and protect against sepsis-induced car-
diac dysfunction. Furthermore, AB23A elevated the expression 
of TLR4, NOX2, as well as the phosphorylation levels of ERK 
and P38 in the LPS injection model, however, AB23A adminis-
tration dramatically inhibited the activation of the TLR4/NOX2 
signaling pathway in vivo and in vitro. Our current study re-
vealed for the first time that AB23A was protective against sep-
tic cardiac dysfunction by suppressing inflammatory cytokine 
production and oxidative injury through inhibiting TLR4/NOX2 
signal transduction.

Conclusions

The investigations of AB23A in the LPS-induced mouse sep-
sis model and LPS-simulated H9C2 cells revealed that AB23A 
protected against cardiac dysfunction during bacterial endo-
toxemia by attenuating the TLR4/NOX2 pathway. AB23A sup-
pressed the release of inflammatory medium, ameliorated the 
heart damage, enhanced the survival rate of the LPS-induced 
sepsis model, and inhibited ROS-oxidative stress, and reduced 
the levels of inflammatory mediators in this in vitro study. These 
results suggest a potential clinical management for heart inju-
ry in sepsis and suggest future research needed to explore the 
critical role of AB23A in the pathogenesis of sepsis.
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