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ABSTRACT: Aralia elata (Miq) Seem is widely used in folk medicine for treating various types 

of diseases, including diabetes, gastric ulcer, hepatitis and rheumatoid arthritis. The present study 

investigates the therapeutic effects and possible mechanisms of the total saponins of A. elata (Miq) 

Seem (TAS) against lipopolysaccharide (LPS)-induced septic cardiac dysfunction and 

inflammation in mice. Mice were intragastricly administrated with TAS (35, 70 and 140 mg/kg) 

for one week before LPS challenge (10 mg/kg, i.p.). Cardiac injury was evaluated 6 h after LPS 

induction. Six hours of LPS administration deteriorated cardiac function which was attenuated by 

TAS pretreatment. TAS attenuated LPS-induced the increase of LDH, CK, AST, and cTnI 

activities in mice. TAS also ameliorated the imbalance between iNOS and eNOS, as well as 

prevented NF-κB activation and the subsequent myocardial inflammatory responses in 

endotoxemic mice. TAS could significantly downregulate LPS-mediated NOX2 expression and 

ROS production, even though TAS had no effect on LPS-activated TLR-4. The effects of TAS 

were closely associated with PI3K/AKT and MAPK signaling pathways, as characterized by 

TAS-induced activation in phospho-Akt and inhibition in phospho-ERK1/2, phospho-JNK, and 

phospho-P38. Besides, TAS also extended the lifespan of the toxemic mice. These results showed 

that TAS significantly attenuated LPS-induced cardiac dysfunction and production of 

inflammatory mediators by inhibiting NF-κB activation, indicating TAS as a potential therapeutic 

agent for septic cardiac dysfunction. 
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KEYWORDS: Total saponins of Aralia elata (Miq) Seem, Lipopolysaccharide, Cardiac 

dysfunction, Inflammatory response, NF-κB, Akt, MAPK 

Abbreviations: Akt, protein kinase B; AST, aspartate transaminase; CK, creatine kinase; cTnI, 

cardiac troponin I; EF, ejection fraction; ERK1/2, extracellular signal-regulated kinase 1 and 2; FS, 

fractional shortening; I-κBα, inhibitory-κBα; IL, interleukin; iNOS, inducible nitric oxide synthase; 

JNK, c-Jun N-terminal kinases; LDH, lactate dehydrogenase; LPS, lipopolysaccharide; LVIDs, 

Left ventricula internal diameter in systole; LVIDd, Left ventricula internal diameter in diastole; 

LVPWs, Left ventricula posterior wall thickness in systole; LVPWd, Left ventricula posterior wall 

thickness in diastole; LVVd, Left ventricula end-diastolic volume; LVVs, Left ventricula 

end-systolic volume; MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor-κB; NOX2, 

NADPH oxidase 2; PI3K, phosphatidlyinositide 3-kinase; TAS, total saponins of A. elata (Miq) 

Seem; TLR, toll-like receptor; TNF, tumour necrosis factor. 

INTRODUCTION 

Sepsis is a complex pathophysiological state resulting from a harmful or devastating host response 

to infection,
1
 which is associated with a high degree of mortality in hospitalised patients 

2
. As a 

well-documented feature of endotoxemia, myocardial contractile dysfunction can exist in both 

experimental and human septic shock, which increases mortality in patients with sepsis.
2, 

3
.Although precise mechanisms of myocardial dysfunction in sepsis remain undefined, previous 

studies suggest that production of several inflammatory cytokines, including tumour necrosis 

factor (TNF)-α, interleukin (IL)-1β, IL-6 and cytokine-inducible nitric oxide synthase (iNOS), 

plays a key role in cardiac dysfunction.
2, 4

 

Lipopolysaccharide (LPS) is an important structural component of the outer membrane of 

gram-negative bacteria. As a major trigger of sepsis, LPS can stimulate multiple cells to release 

several pro-inflammatory mediators and other soluble factors which ultimately lead cells to a 

pro-inflammatory state.
2, 4

 Studies show that LPS can act on cardiomyocytes by binding to its 

receptor, toll-like receptor 4 (TLR4), which will activate several intracellular signalling pathways. 

2, 4, 5
 Among these signalling pathways, NF-κB, one of the major LPS signalling targets, is an 
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important signal integrator that controls the production of many pro-inflammatory cytokines, such 

as TNF-α, IL-1β, IL-6 and MCP-1.
6
 Increasing evidence suggests that NF-κB activation 

contributes to the inflammation response and functional depression of myocardium; inhibition of 

myocyte NF-κB also benefits myocardial inflammation.
7-9

 Importantly, inhibition of NF-κB 

activation prevents LPS-induced cardiac dysfunction.
7
 Accordingly, NF-κB signalling pathway 

may play an important role in treating myocardial dysfunction in sepsis. Besides, activation of 

NF-κB is regulated by protein kinase B (AKT) and mitogen-activated protein kinase (MAPK) 

pathways which include p38 MAPK, extracellular-signal-regulated kinase (ERK), and c-Jun 

N-terminal kinases (JNK).
10, 11

 

Aralia elata (Miq) Seem, also named Longya Aralia chinensis L. in china, belongs to Araliaceae. 

This species is widely distributed in China and also found in Russia, Japan and South Korea.
12

 Its 

bark and root bark are traditionally used for treating diabetes, gastric ulcer, hepatitis and 

rheumatoid arthritis in Chinese folk medicine.
13

 Major components identified in A. elata (Miq) 

Seem include saponins, aetherolea, alkaloids, tannins, coumarins and other components, such as 

amino acids and mineral elements.
14

 The main active ingredients of A. elata are saponins,
12

 which 

have various pharmacological activities, such as anti-inflammatory,
15

 liver-protecting,
16

 

anti-oxidative,
17

 and hypolipidaemic functions.
18

 Previous studies also indicated that the total 

saponins of A. elata (Miq) Seem (TAS) have strong cardiac protective effects in various diseases. 

For example, TAS could strengthen heart activity
12, 19

 and prevent myocardial injury in ischemic 

cardiomyopathy.
20, 21

 Long Ya Guan Xin Kang Jiao Nang (Chinese name) is a Chinese 

pharmaceutical drug, and its main pharmacodynamic ingredient is TAS. Long Ya Guan Xin Kang 

Jiao Nang has shown a conspicuous effect on treating angina pectoris.
22

 However, whether TAS 

processed an anti-inflammatory property on cardiac inflammation and the possible molecular 

mechanisms remain unknown. In the present study, we evaluated the anti-inflammatory effects of 

TAS on LPS-induced acute cardiac inflammation in a mouse model. 

MATERIALS AND METHODS 

Material 
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Roots of A. elata (Miq) Seem were collected from Jilin Province of China in September 2010 and 

were identified by Professor Zhongkai Yan (Academy of Chinese Medical Sciences of Jilin 

Province). A voucher specimen (No. 20100920) was deposited in the same department. Extraction, 

purification and quality control of TAS have been described in our previous study.
19

 All antibodies 

were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). All chemicals were 

purchased from Sigma (St. Louis, MO, USA). 

Experimental Animals 

Male C57BL/6 mice (18 g to 20 g) were obtained from Beijing Vital River Laboratory Animal 

Technology Co., Ltd., Beijing, China. The mice were acclimatized one week before the 

experiment. Food and water were freely available, and environment was controlled at 24 ℃ to 

25℃ room temperature, 55% humidity and light conditions (12:12 h light: dark cycle). All the 

procedures were approved by the Laboratory Animal Ethics Committee of the Institute of 

Medicinal Plant Development, Peking Union Medical College with the (registration number: 

#IMPLAD2012112207).  

Experimental Design 

The mice were randomly divided into 5 groups, each group contained 15 mice, including Cont 

group, LPS group (10 mg/kg, normal saline dissolved), LPS + TAS groups (35, 70 and 140 mg/kg; 

distilled water dissolved with 0.5% Tween 80). Cont group, LPS group, and LPS + TAS groups 

were dosed intragastrically with distilled water or TAS (35, 70, and 140 mg/kg) for 7 days. At 1 h 

after the last administration, LPS group and LPS + TAS groups were intraperitoneally injected 

with LPS (10mg/kg; 200 μL/per mouse). The Cont group received sterile saline only. At 6 h after 

LPS administration, heart tissues were fixed in 4% buffered paraformaldehyde for histology and 

immunohistochemistry or were frozen at -80 ℃ for protein analyses. Another experiment was 

conducted and survival was monitored once every 2 hours for up to 24 h. 

Echocardiographic Measurements 

As previously described, M-mode echocardiography was performed using Vevo 770™ High 
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Resolution Imaging System (VisualSonics Inc., Canada).
23

 About 6 h after LPS administration, the 

mice were anaesthetised and their chests were shaved. The mice were then placed in recumbent 

position. Left ventricular (LV) internal diameter in systole (LVIDs) and diastole (LVIDd), LV 

posterior wall thickness in systole (LVPWs) and diastole (LVPWd) were measured using M-mode 

echocardiography. LV end-diastolic volume (LVVd), LV end-systolic volume (LVVs), fractional 

shortening (FS), and ejection fraction (EF) were automatically calculated using an ultrasound 

machine. 

Serum analysis of LDH, CK, AST, and cTnI 

Activities of serum myocardial enzymes, including lactate dehydrogenase (LDH), creatine kinase 

(CK), and aspartate transaminase (AST), were measured with the corresponding detection kit 

according to the manufacturer’s instructions (Nanjing Jiancheng Bioengineering, China).Serum 

levels of cardiac troponin I (cTnI) was quantified by ELISA according to the manufacturer’s 

instructions (R&D Systems, Wiesbaden, Germany). 

Histological and Immunohistochemical Analysis 

Heart tissues were fixed in 4% buffered paraformaldehyde, dehydrated in graded ethanol and then 

embedded in paraffin max. The heart apex was sectioned and stained with hematoxylin and eosin. 

The structure was then examined under a light microscope (CKX41, 170 Olympus, Tokyo, Japan) 

by a pathologist blinded to the groups under study. 

For immunohistochemical analysis, Slides were deparaffinaged and hydrated, and endogenous 

peroxydase were blocked by hydrogen dioxide. Sections were incubated with goat anti CD 68 

monoclonal antibody and then stained using DAB kit. Finally, slides were re-stained with 

hematoxylin, mounted and observed by light microscopy. Samples were examined in a blind 

fashion. Briefly, myocardial CD68 -positive cells were counted on nine random fields on each 

slide with a magnification of 200×. The infiltration of myocardial leukocytes or CD 68-positive 

cells was expressed as the average number of leukocytes or CD 68-positive cells per field (n = 

15/group).
24
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Measurement of TNF-α, IL-1β, MCP-1, and IL-6 by ELISA 

Serum levels of TNF-α, IL-1β, IL-6 and MCP-1 were quantified by ELISA according to the 

manufacturer’s instructions (R&D Systems, Wiesbaden, Germany). 

Measurement of ROS level in heart tissue 

Heart tissues were added with saline at a ratio of 1:9 (mg/µL) to form homogenate. After 

centrifugation at 1000 rpm for 10 min, supernatant was used to measure the activity of ROS with 

the corresponding detection kit according to the manufacturer’s instructions (Nanjing Jiancheng 

Bioengineering, China). 

Western Blot Analysis 

Heart tissues were added with saline at a ratio of 1:9 (mg/µL) to form homogenate. After 

centrifugation at 7000 rpm for 5 min, precipitation was lysed on ice with tissue-protein extraction 

reagent containing 0.1 mM dithiothreitol and proteinase inhibitor cocktail. Protein concentration 

was determined using a BCA kit (Pierce Corporation, Rockford, USA). Equal amounts of protein 

fractions were separated by 12% SDS-PAGE and then transferred onto nitrocellulose membranes 

(Millipore Corporation, USA) in tris-glycine buffer at 100 V for 55 min. The membranes were 

blocked with 5% (w/v) non-fat milk powder in tris-buffer that containing 0.05% (v/v) Tween-20 

(TBST) for 2 h at room temperature. After overnight incubation with appropriate primary 

antibodies at 4 ℃, the membranes were washed thrice with TBST and incubated with secondary 

antibodies for 2 h at room temperature and then washed again with TBST thrice. The protein blots 

were developed using an enhanced chemiluminescence solution. Protein expression levels were 

visualised with Image Lab Software (Bio-Rad, USA). 

Statistical Analysis 

Results from at least three independent experiments were expressed as mean ± SE. Statistical 

comparisons between different groups were measured with Student’s t-test or ANOVA using Prism 

5.00 software. Statistical significance was considered at p < 0.05. 
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RESULTS 

Effects of TAS on Survival Rate in LPS-Treated Mice 

To understand the protective role of TAS in the inflammatory setting, we evaluated the effect of 

TAS in sepsis-induced mortality. The mice were pretreated with TAS (35, 70 or 140 mg/kg, i.g.) or 

vehicle and then challenged with lethal doses of LPS. Animal survival was monitored for up to 24 

h. As shown in Figure 1, the mice began to die at 8 h after the LPS-treatment. However, the mice 

treated with TAS exhibited significantly prolonged survival compared with the animals pretreated 

with the vehicle, and a larger protection was conveyed by TAS at the higher dose relative to the 

lower dose. No mouse died within 6 h. Therefore, the mice treated with LPS for 6 h were used in 

the next experiments. As shown in Figure 2, the mice in control group looked perfectly healthy 

with smooth hair and quick action. However, 6 h after LPS administration, the mice were keeping 

camponotus state with sparse hair and less dynamic. TAS pretreatment could improve the health 

status of mice in a dose-dependently manner. 

Effects of TAS on heart function in LPS-treated mice 

To investigate the effect of TAS on heart function of LPS-treated mice, M-mode echocardiography 

was used to measure cardiac parameters. LPS administration significantly decreased the cardiac 

function in mice as evidenced by the decrease in EF, FS, LVVd and the increase in LVVs 

compared with saline-treated controls. TAS pretreatment prevented the changes of EF, FS, and 

LVVs but had no effect on LVVd (Figure 3). 

Effects of TAS on LDH, CK, AST, and TnT activities in LPS-treated mice 

LDH, CK and AST are three important cardiac function indicators. As shown in Figure 4, LPS 

significantly increased activities of LDH, CK and AST in the serum of mice, which indicated a 

severe cardiac injury. Pretreatment with different doses of TAS could depress these elevations 

induced by LPS at varying degrees.  

cTnI is a protein that controls the interaction between actin and myosin, which mediated by 
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calcium. The release of cTnI in the blood positively correlates with myocardial damage.
25

 In order 

to further understand the protective effect of TAS on LPS-induced cardiac injury in mice, serum 

levels of cTnI were measured by ELISA. LPS treatment significantly increased the serum levels of 

cTnI compared with saline-treated control group, which was significantly attenuated by TAS 

pretreatment (Figure 5). 

Effects of TAS on LPS-induced heart damage 

As shown in Figure 6A, LPS administration significantly increased erythrocyte leakage and 

leukocyte infiltration into the cardiac interstitium, as observed by using H&E staining. Besides, 

CD68-positive cells, representing monocyte/macrophage in an activated state, were increased in 

the heart tissues after LPS challenge (Figure 6B). In contrast, TAS pretreatment obviously 

attenuated LPS-induced neutrophil/leukocyte infiltration. 

Effects of TAS on inflammatory cytokine production in LPS-treated mice 

The protein levels of TNF-α, IL-1β and IL-6 in heart tissues of mice significantly increased after 6 

h of LPS exposure compared with those of saline-treated controls (Figure 7A and 7B). This 

increase was significantly attenuated by TAS-pretreatment, suggesting that TAS pretreatment leads 

to the suppression of myocardial inflammatory responses during endotoxemia. 

ELISA was used to determine the inflammatory cytokine levels in response to LPS stimulation. 

Serum levels of IL-1β, IL-6, TNF-α, and MCP-1 in the LPS treated mice increased significantly 

compared with those in the control group. TAS pretreatment prevented the increase of these 

cytokines in a dose-dependent manner (Figure 7C, 7D, 7E, and 7F). 

Effects of TAS on the LPS-induced imbalance between eNOS and iNOS 

LPS administration induced a significant decrease in the eNOS levels and increase in the iNOS 

levels compared with saline-treated control group, which was significantly attenuated by TAS 

pretreatment (Figure 8A). 

Effects of TAS on NF-κB singling pathway 
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NF-κB singling pathway in myocardial is activated after cardiac dysfunction during sepsis/septic 

shock.
26

 The LPS group showed a significant increase in IκB-α degradation. Besides, NF-κB p65 

decreased in the cytoplasm protein extracts but increased in nuclear after LPS-treatment. By 

contrast, TAS significantly inhibited translocation of p65 from cytoplasm to nucleus and decreased 

IκB-α degradation as opposed to the LPS group (Figure 8B). 

Effects of TAS on NOX2 and ROS formation 

Here, we investigated the effect of LPS on endothelial ROS production. Results showed that LPS 

treatment induced significant increase in ROS formation, which could be inhibited by TAS (Figure 

9A). NOX2, an important member of NADPH oxidase isoforms, has been shown to play a key 

role in ROS production in cardomyocytes.
27

 In LPS-treated mice, NOX2 protein expression was 

increased dramatically. However, pretreatment with TAS markedly reduced LPS-induced NOX1 

expression (Figure 9B). 

Effects of TAS on AKT, TLR-4 and MAPK signaling pathway 

AKT and MAPK signaling play an important role in modulating the NF-κB signaling pathway.
10

 

As shown in Figure 10, LPS stimulation significantly increased protein expression of TLR-4 and 

phosphorylation of JNK, ERK, p38 MAPK, and AKT in comparison to the control group. TAS 

pretreatment dramatically inhibited the phosphorylation of JNK, ERK, p38 MAPK, and AKT. 

These results demonstrated that TAS inhibited the activity of MAPK and AKT pathways in 

LPS-induced endotoxemia. On the other hand, TAS had no obvious effect on the LPS-induced 

up-regulation of TLR-4. 

DISCUSSION 

Aralia elata (Miq) Seem is one of the main anti-rheumatics of Chinese herbs, which has been 

commonly used for expelling wind and removing dampness for thousands of years. Saponins are 

the main components of these herbal extracts, which possess various pharmacological properties, 

such as anti-inflammatory, liver-protecting, anti-oxidative and hypolipidaemic functions.
15-17, 28-30

 

Our previous study revealed the positive inotropic effect of TAS on canine myocardium and 
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isolated rat cardiomyocytes.
19

 However, no information exists regarding the effects of TAS on 

LPS-induced heart inflammation. To expand the application of this agent further, 

anti-inflammatory effects of TAS have been investigated in the current study using LPS-induced 

sepsis model. The results indicated that TAS prolonged the survival rate and improved the health 

status of mice in a dose-dependent manner. Further study revealed that TAS prevented 

LPS-induced heart dysfunction and suppressed secretion of pro-inflammatory mediators by 

inhibiting of NF-κB pathways. 

LPS derived from gram-negative bacteria is the most important pathogen leading to sepsis 

development and has been used as a common experimental model of sepsis. As an important organ 

system frequently affected by sepsis, the cardiovascular system and its dysfunction during sepsis 

are associated with a significantly increased mortality rate compared with septic patients without 

cardiovascular impairment,
31

 which has been intensively studied. We found that mice exposure 

with LPS showed poor health status and high mortality compared with the control group. LPS 

exposure for 6 h also decreased myocardial contraction function, which is consistent with another 

study.
32

 The cardiac dysfunction was evoked shortly after mice exposure to LPS. Therefore, TAS 

treatment should be preventive or administered as early as possible before LPS administration. 

The dose of TAS was chosen based on the results of previous studies.
19, 33

 TAS in 35, 70, 140 

mg/kg could significantly improve the survival rate and myocardial function of mice in a dose 

dependent manner. To investigate the LPS injury on cardiomyocytes further, myocardial enzyme 

activities were measured. LPS increased LDH, CK, AST, and cTnI levels in the myocardium 

tissues, which was attenuated by TAS pretreatment. Our study firstly proved the protective effects 

of TAS on LPS-induced cardiac depression. 

Neutrophil/leukocyte infiltration serves an important function in cardiac dysfunction during 

sepsis/septic shock. Our study indicated that LPS administration significantly increased 

neutrophil/leukocyte infiltration in the myocardium, which was accompanied by the elevated 

myocardial expression of a series of pro-inflammatory mediators such as TNF-α, IL-1β, IL-6, and 

MCP-1. Pro-inflammatory mediators are major contributors to the development of myocardial 

dysfunction in sepsis.
4
 TNF-α is an important early mediator of endotoxin-induced shock.

34
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Studies have shown that TNF-α is also secreted by cardiac myocytes in response to sepsis. 

Application of anti-TNF-α antibodies improved LV function in patients with septic shock.
35, 36

 

Mice with cardiac targeted expression of MCP-1 show inflammatory cell infiltration, iNOS 

expression, LV hypertrophy, dilation, fibrosis and contractile dysfunction.
37

 IL-1 plays a crucial 

role in the systemic immune response and depresses cardiac contractility by stimulating NO 

synthase.
38

 Similar to a previous report, our data confirmed the role of myocardial inflammatory 

activation in myocardial dysfunction after LPS challenge.
32

 However, TAS pretreatment 

effectively decreased the neutrophil/leukocyte infiltration in the myocardium and the serum levels 

of pro-inflammatory mediators. Theses results implied that the anti-inflammatory effect of TAS 

may be associated with its cardioprotective effects. 

As reported in the literature, NO is responsible for direct effects on vascular tone, inhibition of 

mitochondrial respiration and further release of pro-inflammatory cytokines.
39

 LPS and 

pro-inflammatory cytokines consequently up-regulate iNOS activity in cardiomyocytes.
40

 The 

expression of iNOS increased in the myocardium during sepsis, thereby producing high-level NO, 

which importantly contributes to myocardial dysfunction.
41

 Our study also showed that LPS 

administration caused an imbalance between eNOS and iNOS in the myocardium, which was 

significantly inhibited by TAS pretreatment. 

TLRs expressed in the heart may trigger immune response and promote functional depression of 

the heart during sepsis.
26

 Substantial evidence indicates that LPS induced myocardial 

inflammation and dysfunction by interacting with its ligand TLR4 on cardiomyocytes, thus 

activating multiple signalling pathways, such as NF-κB.
5
 NF-κB significantly controls the 

production of many pro-inflammatory cytokines 
26

. In our current study, after stimulated with LPS, 

NF-κB was activated and translocated into the nucleus as a result of phosphorylation-mediated 

degradation of IκB proteins in the heart of sepsis mice. However, pre-treatment with TAS 

decreased the degradation of IκB-α and nuclear translocation of p65 NF-κB. These results 

demonstrated that TAS specifically attenuated LPS-induced activation of NF-κB and downstream 

TNF-α, IL-1β, IL-6 and MCP-1 production, even though TAS could not attenuate the activation of 

TLR-4. 
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It is well documented that MAPKs family serves an important function in LPS-induced 

inflammatory reaction that contributes to the development of septic cardiac dysfunction.
42

 MAPKs 

activation initiate the induction of downstream transcription factors like NF-κB.
43

 A previous 

study suggests that the activation of ERK1/2, JNK, and p38 is required for LPS-induced TNFα 

expression.
42

 Western blot assays showed that the nuclear translocation of p65 was accompanied 

by phosphorylation of JNK, ERK, and P38-MAPK in LPS-treated mice. TAS pretreatment 

strongly suppressed MAPKs family activation. These results suggested that TAS might suppress 

LPS-induced acute inflammatory responses by inhibiting MAPKs signaling pathway in mice. 

MAPK is sensitive to oxidative stress. NAD(P)H oxidase has been shown to be a major source of 

oxidative stress in the myocardium. A previous study showed that NOX2/NADPH oxidase was 

documented in LPS-induced activation of MAPKs and corresponding TNF-α expression in 

cardiomyocytes.
44

 NOX2/NADPH oxidase may be the downstream of toll-like receptors and 

upstream of MAPKs in cardiomyocytes. Our study found that LPS treatment increased the 

expression of NOX2 and ROS formation in heart tissue of mice, which inhibited by TAS 

pretreatment. Further study is needed to evaluate whether TAS inhibits NOX2 directly or through 

other signaling pathway. 

PI3K/Akt signaling pathway plays a crucial role in negatively regulating LPS-induced acute 

inflammatory responses in vitro and in vivo.
45

 Recent studies have demonstrated that the 

activation of PI3K/Akt will negatively regulate the NF-κB activation pathway and improve 

survival and cardiac function in septic mice.
46

 We found that TAS-pretreatment significantly 

attenuated the decrease of the phosphorylation of Akt in LPS-treated mice, indicating that TAS 

might inhibit LPS-induced acute inflammatory responses through PI3K/Akt activation. Previous 

study showed that PI3-K/Akt activation attenuated proinflammatory cytokines production in 

response to LPS in H9c2 cardiomyocytes by inhibiting the transcription of NF-κB and the 

phosphorylation of MAPKs family.
47

 Besides, PI3K/Akt activation can also inhibit activation of 

NOX2 and ROS formation.
48

 However, the main downstream targets of PI3K/Akt activation 

involved in mediating the protective effects remain to be identified. The mechanism of TAS 

protect against LPS-induced cardiac dysfunction needs further study. 
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In summary, our results firstly showed that pretreatment with TAS significantly attenuated 

LPS-induced myocardial inflammatory cytokine production, imbalance between iNOS and eNOS, 

and NF-κB activation, and improved myocardial dysfunction in septic mice. The mechanisms by 

which TAS attenuated cardiac dysfunction involve the preserved activation of the PI3K/Akt 

signaling pathway and inhibition of MAPKs family. These findings demonstrate the potential of 

TAS for treating endotoxin-induced cardiac dysfunction. 
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Figure legends 

Fig.1. Effects of TAS on mice survival rate. 

Fig.2. Effects of TAS on health status of mice at 6 h after LPS treatment. 

Fig.3. Effects of TAS on left ventricular functions in mice. (A) Representative images of M-mode echocardiogram. 

Echocardiography values are expressed as mean ± SD. (B) EF, ejection fraction; (C) FS, fractional shortening; (D) 

LVVd, Left ventricular end-diastolic volume; (E) LVVs, Left ventricular end-systolic volume. Each bar was 

represented as mean ± SD (n=10); * P < 0.05 vs control group; # P < 0.05 vs LPS group. 

Fig.4. Effects of TAS on myocardial enzyme activities. (A) The effect of TAS on LDH level. (B) The effect of TAS 

on AST level. (C) The effect of TAS on CK level. Each bar was represented as mean ± SD (n=10); * P < 0.05 vs 

control group; # P < 0.05 vs LPS group. 

Fig.5. Effects of TAS on serum level of cTnI. Each bar was represented as mean ± SD (n=10); * P < 0.05 vs control 

group; # P < 0.05 vs LPS group. 

Fig.6. Effects of TAS on neutrophil/leukocyte infiltration. After 6 h LPS administration, hearts were harvested and 

sectioned for HE counterstaining (A) or immunohistochemistry (B). Infiltrated leukocytes or CD68-positive cells 
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were calculated.  Arrowheads in A indicate infiltrated leukocytes; Arrowheads in B indicate 68-positive cells. 

Each bar was represented as mean ± SD (n=10); * P < 0.05 vs control group; # P < 0.05 vs LPS group. 

Fig.7. Effects of TAS on the levels of inflammatory cytokines in LPS treated mice. (A) Myocardial TNFα, IL-1β, 

and IL-6 expression was assayed by western blot analysis. (B) Quantification of protein expression. (C, D, E, F) 

The serum levels of TNF-α, IL-1β, IL-6, and MCP-1 were measured by ELISA. Each bar was represented as mean 

± SD (n=10); * P < 0.05 vs control group; # P < 0.05 vs LPS group. 

Fig.8. Effects of TAS on the levels of eNOS, iNOS and NF-κB activation. (A) Protein levels of eNOS and iNOS in 

the myocardium examined by Western blot analysis. (B) Protein levels of IκB and NF-κB in the myocardium 

examined by western blot analysis. Each bar was represented as mean ± SD from three independent experiments; * 

P < 0.05 vs control group; # P< 0.05 vs LPS group. 

Fig.9. Effects of TAS on the expression of NOX1 and ROS level in heart tissue of mice. (A) Protein level of 

NOX1 in the myocardium examined by Western blot analysis. (B) ROS levels in heart tissues of mice. Each bar 

was represented as mean ± SD from three independent experiments; * P < 0.05 vs control group; # P< 0.05 vs LPS 

group. 

Fig.10. Effects of TAS on the expression of TLR-4 and phosphorylation of ERK1/2, JNK, P38, and AKT. The 

Protein levels of phospho-ERK, phospho-JNK, phospho-P38, phospho-Akt, and TLR4 in the myocardium were 

examined by western blot analysis. Each bar was represented as mean ± SD from three independent experiments; * 

P < 0.05 vs control group; # P < 0.05 vs LPS group. 
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Figure 1 
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Figure 3 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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