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ABSTRACT
Background: Sepsis is a syndrome characterized by a systemic 
inflammatory response. Arbutin  (Ar) is an active natural product known 
for its bactericidal and anti‑inflammatory effects. Many studies have 
reported the diverse pharmacological actions of Ar, but there is no 
relevant research on the effect of Ar on lipopolysaccharide (LPS)‑induced 
myocardial injury. Objective: The purpose of this study was to investigate 
the effect of Ar on LPS‑induced myocardial injury and its underlying 
mechanisms. Materials and Methods: The levels of tumor necrosis factor 
alpha, interleukin 6, cardiac troponin‑I, and procalcitonin were detected 
by ELISA. The levels of phosphorylated c‑Jun N‑terminal kinase  (p‑JNK), 
phosphorylated extracellular regulated protein kinase  (p‑ERK), and 
phosphorylated p38 (p‑p38) proteins were detected by flow cytometry using 
Cytometric Bead Array. Western blot was used to detect the expression of 
autophagy‑related and estrogen receptor (ER)‑associated proteins. Levels 
of the oxidative stress‑related markers were detected by the cuvette assay. 
Results: The levels of the inflammatory factors, LC3B, malondialdehyde, 
p‑JNK, and p‑p38 were increased in LPS‑treated rats, while the ERK, total 
superoxide dismutase, glutathione peroxidase, p62, and ER‑associated 
proteins were decreased. These effects could be effectively reversed by 
Ar, which could be blocked by ER antagonist ICI182780. Our previous study 
found Ar to possess an estrogen‑like activity. Conclusion: Ar inhibits the 
oxidative stress and autophagy and offers protection from the LPS‑induced 
myocardial injury via the ER pathway.
Key words: Arbutin, autophagy, estrogen receptor, lipopolysaccharide, 
oxidative stress, sepsis

SUMMARY
•  The purpose of this study was to investigate the effect of arbutin (Ar) on the 

lipopolysaccharide‑induced cardiomyopathy and its underlying mechanisms. 
It was found that Ar exhibited a protective effect in the rats with septic 
cardiomyopathy by inhibiting the oxidative stress and autophagy via estrogen 
receptor pathway.

Abbreviations used: Ar: Arbutin; LPS: lipopolysaccharide; Sf: Soybean 
isoflavone; TNFα: Tumor necrosis factor α; IL‑6: Interleukin 6; CTnI: Cardiac 
troponin‑I; PCT: Procalcitonin; p‑JNK: Phosphorylated c‑Jun N‑terminal 
kinase; p‑ERK: Phosphorylated exeracellular regulated protein kinase; 
p‑p38: Phosphorylated p38; ER: Estrogen receptor; MDA: Malondialdehyde; 

T‑SOD: Total superoxide dismutase; GSH‑Px: Glutathione peroxidase; 
LVEF: Left ventricular ejection fraction; LVFS: Left ventricular shortening 
rate; ROS: Reactive oxygen species; Con: Control; M: LPS  (10  mg/kg); 
Sf: Sf + LPS (Sf 30 mg/kg, LPS 10 mg/kg); LAr: Ar low + LPS (Ar 25 mg/
kg, LPS 10  mg/kg); MAr: Ar medium  +  LPS  (Ar 50  mg/kg, LPS 10  mg/
kg); HAr: Ar high  +  LPS  (Ar 100  mg/kg, LPS 10  mg/kg); Con  +  ICI: 
control  +  ICI182780  (0.5  mg/kg); Sf  +  ICI: Sf  +  LPS  +  ICI; MAr  +  ICI: 
MAr + LPS + ICI; CBA: Cytometric Bead Array; MAPK: Mitogen‑activated 
protein kinase.
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INTRODUCTION
Sepsis is a clinical syndrome characterized by a severe systemic 
inflammatory response. Severe sepsis induces multiple organ 
dysfunctions and has a very high mortality rate.[1‑3] Every year, more than 
19 million people develop sepsis, which is defined as a life‑threatening 
acute organ dysfunction that is secondary to an infection.[4] The 
underlying pathogenesis of sepsis is unclear and involves complex 
systemic inflammatory network effects, genetic polymorphisms, immune 
dysfunction, coagulopathy, tissue damage, and abnormal response to 
different infectious pathogenic microorganisms.[5‑7] Sepsis and related 
complications have a high morbidity and mortality, with mortality 

rates ranging from 30% to 50%.[8] More and more research is on sepsis 
because of its high morbidity and mortality. The cardiovascular system 
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is one of the important target organs for sepsis‑induced multiple organ 
dysfunction.[9] Myocardial dysfunction and impaired cardiac function, 
being the key features of sepsis, have a mortality rate of up to 70% in 
sepsis patients with myocardial dysfunction.[10,11] Studies have shown that 
myocardial dysfunction in patients with sepsis is mainly characterized 
by a left ventricular shortening (LVFS) rate and left ventricular ejection 
fraction (LVEF).[12] Sepsis is a complex pathophysiological state whose 
complications are caused due to the host’s strong reaction to an infection, 
leaving the body in an inflammatory state, releasing pro‑inflammatory 
cytokines and oxidative stress to release the active oxygen  (ROS).[8,13] 
There are many mechanisms involved in the pathogenesis of sepsis, such 
as activation of inflammation process, immune response, and bioenergy 
response. One of the key factors is increase of the causative substances 
accompanied with the failure of the antioxidant system, which leads 
to an irreversible oxidative stress.[14] The normal process of autophagy 
is very important in the smooth progress of the life activities of an 
organism, which is the pro‑survival pathway during cellular stress of the 
heart.[8] Recent evidence shows that autophagy has a protective effect 
in sepsis.[15] Studies have reported that downregulation of autophagy 
can lead to a systemic inflammation after sepsis and its recovery is a 
potential treatment strategy for sepsis.[16] However, excessive autophagy 
occurring in vivo can cause a serious damage to myocardial tissue.
Arbutin (Ar) is a naturally occurring phytochemical with anti‑irritant, 
antiseptic, anti‑inflammatory, and other pharmacological effects. In our 
earlier work, Ar was isolated from Yam and known to have estrogenic 
activity.[17] The present work envisaged to study the protective potential 
of Ar in sepsis‑mediated cardiomyopathy and whether this effect 
correlates with its estrogenic activity. Soybean isoflavones (Sfs), a class 
of soy plant estrogens, are known to possess anti‑cancer activity, whose 
effect is believed to be achieved by reducing the synthesis of estrogen and 
changing genotoxic metabolites toward inactive metabolites.[18] Hence, it 
was used as a control in our experiment.

MATERIALS AND METHODS
Materials
Ar and lipopolysaccharide  (LPS)  (Sigma, St Louis, MO, USA), Sf  (Zbd 
Pharmaceutical Co., Ltd. Heilongjiang, China), and ICI182780  (Tocris, 
Bristol, UK) were procured from their respective suppliers. Microplate 
reader and semi‑dry transfer film  (Bio‑Rad 680); high‑speed cryogenic 
centrifuge (Thermo Fisher Scientific), flow cytometry (FACSAria β, BD, USA); 
and ODYSSEY (Clx, Li‑COR, USA) were employed in the study.

Animals
The experiment was conducted in accordance with the regulations for 
the experimental animal management promulgated by the National 
Science and Technology Commission of the People’s Republic of China. 
Male Wistar rats  (200  ±  20  g, n  =  90) were purchased and procured 
from the Beijing Vital River Laboratory Animal Technology Co., 
Ltd.  (SCXK2016‑0011) and adapt to the environment for a week with 
provision of regular food and water every day. According to the principle 
of random distribution, they were divided into six groups: control (Con), 
LPS  (M, 10  mg/kg), Sf  +  LPS  (Sf, Sf 30  mg/kg, LPS 10  mg/kg), Ar 
low (LAr) + LPS (LAr, Ar 25 mg/kg, LPS 10 mg/kg), Ar medium (MAr) + 
LPS (MAr, Ar 50 mg/kg, LPS 10 mg/kg), and Ar high (HAr) + LPS (HAr, 
Ar 100 mg/kg, LPS 10 mg/kg). All rats were injected intraperitoneally with 
LPS, except for the normal group, which were injected intraperitoneally 
with normal saline. Three hours later, the Sf, LAr, Mar, and HAr groups 
were intragastrically administered with Sf solution, low, medium, and 
high concentrations of Ar solution, respectively; Con and M were 
administered distilled water at the same time by gavage, twice a day for 
3  days. Twenty‑four hours after the last administration, chloral hydrate 

was administered intraperitoneally for anesthesia. The cardiac function 
was measured, and organs were carefully immediately removed, weighed, 
and stored in liquid nitrogen. The blood obtained from the abdominal 
aorta was centrifuged at 3000 rpm for 10 min to obtain the supernatant 
and stored at − 80°C for inspection. The organ index is equal to the wet 
organ weight divided by body weight times 100%.
In another experiment, rats were divided into groups as follows: 
control, control + ICI182780 (Con + ICI, 0.5 mg/kg), LPS, LPS + ICI, 
Sf + LPS + ICI (Sf + ICI), and a group with MAr + LPS + ICI (MAr + ICI).

Western blot analysis
Total protein from heart tissue was extracted according to the instructions 
of the mammalian protein extraction kit  (Beijing ComWin Biotech Co., 
Ltd., Beijing, China) and quantified by the Bradford protein assay kit 
(Wuhan Boster Biological Technology., Ltd., Wuhan, China). Protein (40 μg) 
was loaded per protein sample and separated by SDS‑PAGE gel. Then, 
nonfat milk was used to block the membrane for 1½ h, followed by 
addition of the primary antibody: estrogen receptor alpha (ERα) (ab75635, 
Abcam, Massachusetts, US), estrogen receptor beta  (ERβ)  (ab3576, 
Abcam, Massachusetts, US), p62  (ab56416, Abcam, Massachusetts, US), 
LC3B  (ab48394, Abcam, Massachusetts, US), and GAPDH  (AC033, 
ABclonal Biotechnology Co., Ltd.) overnight for incubation at 4°C 
and washed five times with PBST for 5 min each time. Then, secondary 
antibody (goat anti‑rabbit 925‑68071, goat anti‑mouse 925‑32210, Li‑COR, 
MO, USA) was added, incubated for 1 h in the dark, and washed four times 
with PBST for 5 min each time and finally with PBS. The expression of the 
proteins was quantified by ODYSSEY (Clx, Li‑COR, USA).

Cytometric bead array
The content of phosphorylated c‑Jun N‑terminal kinase (p‑JNK) (7170701, 
BD), phosphorylated extracellular regulated protein kinase  (p‑ERK) 
1/2 (7205548, BD), phosphorylated p38 (p‑p38) (7202572, BD) in rats was 
detected by the Cytometric Bead Array according to the manufacturer’s 
instructions. Initially, the different concentrations of standard products 
were formulated according to the respective preparation, and a standard 
curve was plotted. Subsequently, 50  mg of heart tissue was weighed 
and subjected to 10 times mixture of prechilled PBS, phosphoprotease 
inhibitor, and five times denaturation solution  (800:1:200). After 
crushing by a homogenizer and incubation with the lysate treatment 
reagent (6299995, BD Biosciences, New York, USA) on ice, the mixture 
was centrifuged and the supernatant was taken to complete the protein 
denaturation at 95°C for 5 min. Fifty microliters was taken as the sample 
to be tested, to which 50 μl microspheres were added and incubated at 
room temperature in the dark for 3 h. Then, 50 μl antibody was added 
and incubated for 1 h at room temperature in the dark; 1 ml washing 
solution was added and centrifuged followed by gently discarding the 
supernatant. The resulting suspension was re‑suspended in 500 μl buffer, 
and finally, protein content was measured by flow cytometry and the 
results were analyzed using the Cell Quest software (BD).

ELISA analysis
Plasma was collected and used to detect the levels of interleukin 
6  (IL‑6)  (R180109‑003a, NeoBioscience Co., Ltd., Shenzhen, China), 
tumor necrosis factor alpha  (TNF‑α)  (R180109‑102a, NeoBioscience 
Co., Ltd., Shenzhen, China), procalcitonin  (PCT, CSB‑E13419r, 
CUSABIO BIOTECH Co., Ltd, Wuhan, China), CRP  (3007961, EMD 
Millipore Corporation, Billerica, Massachusetts, USA), and cardiac 
troponin‑I  (CTnI, 2HSPA1018, Life Diagnostics, Inc., West Chester, 
PA, USA) according to the manufacturer’s instructions.
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Colorimetric method
Fifty milligrams of heart tissue was weighed and nine times precooled 
physiological saline was added to it. Subsequently, the tissue was cut into 
pieces and homogenized by the homogenizer. The tissue homogenate 
was centrifuged and supernatant was used to detect the levels of 
malondialdehyde  (MDA, A003‑1, Nanjing Jiancheng Bioengineering 
Institute, China), glutathione peroxidase  (GSH‑Px, A005, Nanjing 
Jiancheng Bioengineering Institute, China), and total superoxide 
dismutase  (T‑SOD)  (A001‑1, Nanjing Jiancheng Bioengineering 
Institute, China) according to the instructions of the colorimetric method.

Data processing analysis
Analyses were performed using SPSS 20.0 (IBM, New York, NY, USA). 
Statistical significance of differences between groups was evaluated by 
one‑way ANOVA with LSD’s multiple comparison test. P  <0.05 was 
accepted as statistically significant.

RESULTS
Effect of arbutin on cardiac function and organ 
index in lipopolysaccharide-induced myocardial 
injury
As shown in Table 1, the results of ultrasound scanner showed that LVEF 
and LVFS were significantly reduced in model rats. Results of the organ 
index experiment showed that the heart, kidney, and thymus index were 
significantly reduced in the LPS‑induced cardiomyopathy rats, while 
the spleen index was increased, which could be relieved by Ar and Sf 
to varying degrees. The effects of Sf and Ar could be effectively blocked 
by ICI182780 effectively. The results are shown in Table 2. As shown in 
Figure 1, there were no significant pathological changes in the normal 
group; however, muscle gap broadening, a number of red blood cell 
aggregates, partial myocardial bundle breakage, and even structurally 
blurring were observed in the model group. These symptoms were 
effectively alleviated by Ar and Sf. It was observed that the effect of Ar 
and Sf on myocardial tissue in model rats could be blocked by ICI182780 
effectively.

Effect of arbutin on inflammatory factors in 
lipopolysaccharide-induced myocardial injury
Table 3 indicates the significant increase in the inflammatory factors in 
the cardiomyopathic rats, which were reduced by Ar and Sf effectively. 
The effect of Ar on inflammatory cytokines was dose dependent, with 
middle and high doses of Ar exhibiting better alleviation effects. In 
addition, we found that the effects of Ar and Sf on CTnI, PCT, TNFα, 
and IL‑6 could be blocked by ICI182780 in different degrees. The results 
are shown in Table 4.

Effect of arbutin on oxidative stress indices in 
lipopolysaccharide-induced myocardial injury
As shown in Table 5, the MDA levels in LPS‑induced cardiomyopathy rats 
were significantly increased than the normal control group, while T‑SOD 
and GSH‑Px indicated an obvious decrease that could be significantly 
reversed by Ar and Sf. Moreover, the effects of Ar and Sf were significantly 
antagonized by ICI182780. The results are shown in Table 6.

Effect of arbutin on the levels of LC3B and p62 in 
lipopolysaccharide-induced myocardial injury
It was observed that the level of LC3B in model rats significantly 
increased, while p62 was significantly reduced compared with the 
normal group, which could be reversed by Ar and Sf. Moreover, the 
effects of LC3B and p62 could be blocked by ICI182780. The results are 
shown in Figure 2.

Effect of arbutin on mitogen-activated 
protein kinase signaling pathway in 
lipopolysaccharide-induced myocardial injury
The level of p‑ERK1/2 was significantly reduced, while the 
p‑JNK and p‑p38 were significantly increased in the LPS‑induced 
cardiomyopathy rats, which were notably reversed by Ar and Sf, but for 
p‑ERK 1/2. The results are shown in Tables 7 and 8.

Table 1: Effect of arbutin on cardiac function and organ index in lipopolysaccharide-induced myocardial injury

Heart Liver Kidney Spleen Thymus LVEF LVFS
Con 0.7238±0.0579* 7.362±0.365 1.802±0.159* 0.7012±0.0509** 0.4547±0.054** 81.14±3.65** 56.86±3.345**
M 0.6613±0.0250 7.413±0.459 1.757±0.134 1.1202±0.1428 0.1722±0.0406 69.01±7.81 40.77±2.06
Sf 0.7303±0.0567* 7.303±0.638 1.826±0.142* 0.8909±0.0723** 0.2357±0.0647** 78.46±7.64** 48.89±5.69**
LAr 0.7025±0.0272 6.956±0.596 1.757±0.142 0.8664±0.0276** 0.1652±0.0505 78.02±7.87** 52.91±2.78**
MAr 0.7142±0.0371 7.709±1.032 1.761±0.138 0.9457±0.1977** 0.1885±0.0221 80.72±4.09** 53.91±3.31**
HAr 0.7309±0.0392* 7.729±1.208 1.828±0.233* 1.0016±0.1579** 0.2021±0.0664* 82.84±4.73** 54.96±3.87**

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model group. LVFS: Left ventricular fractional shortening; LVEF: Left ventricular ejection fraction; 
Con: Control; M: LPS (10 mg/kg); Sf: Sf+LPS (Sf 30 mg/kg, LPS 10 mg/kg); LAr: Ar low+LPS (Ar 25 mg/kg, LPS 10 mg/kg); MAr: Ar medium+LPS (Ar 50 mg/kg, 
LPS 10 mg/kg); HAr: Ar high + LPS (Ar 100 mg/kg, LPS 10 mg/kg); LPS: Lipopolysaccharide; Ar: Arbutin; Sf: Soybean isoflavone; SD: Standard deviation

Table 2: Effect of arbutin on cardiac function and organ index in lipopolysaccharide-induced myocardial injury with addition of ICI182780

Heart Liver Kidney Spleen Thymus LVEF LVFS
Con 0.7342±0.0549* 7.147±0.641 1.827±0.442* 0.8543±0.0342** 0.4872±0.0561** 84.59±3.65** 62.41±4.12**
Con + ICI 0.7188±0.0678* 7.275±0.432 1.812±0.359* 0.8621±0.0601** 0.4492±0.064** 85.48±3.65** 61.62±6.03**
M 0.6778±0.0641 7.412±0.608 1.765±0.451 1.1201±0.1427 0.2031±0.0564 73.92±6.89 45.28±3.02
M + ICI 0.6504±0.02370 7.428±0.901 1.743±0.634 1.1292±0.1471 0.1822±0.0626 74.61±8.29 47.30±3.41
Sf + ICI 0.6613±0.0614 7.603±0.468 1.782±0.341 1.0891±0.0729 0.2057±0.0647 76.41±3.71 47.17±5.78
MAr + ICI 0.6908±0.0391 7.502±0.935 1.769±0.398 1.0721±0.3177 0.1817±0.0351 77.41±3.77 48.54±6.36

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model group. Con: Control; M: LPS (10 mg/kg); Sf: Sf + LPS (Sf 30 mg/kg, LPS 10 mg/kg); 
MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 10 mg/kg); Con + ICI: control + ICI182780 (0.5 mg/kg); LPS: Lipopolysaccharide; Ar: Arbutin; Sf: Soybean isoflavone; 
SD: Standard deviation
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Effect of arbutin on the levels of estrogen 
receptor alpha and estrogen receptor beta in 
lipopolysaccharide-induced myocardial injury
To further explore the mechanism of Ar and Sf in the LPS‑induced 
cardiomyopathy rats, we detected the expression of ERα and ERβ 
by Western blot analysis. Results are shown in Figure  1. The levels 
of ERα and ERβ were reduced in the LPS‑induced cardiomyopathy 
rats significantly but were higher in the Ar and Sf‑treated cases. 

Furthermore, these effects of Ar and Sf could be effectively blocked by 
ICI182780 [Figure 3].

DISCUSSION
Sepsis is a systemic infection syndrome of the inflammatory response, 
leading to an organ dysfunction.[8] In this experiment, the results 
of the organ index showed that the heart, spleen, and kidney of 
LPS‑challenged rats were severely damaged, which were relieved by 

Table 5: Effects of arbutin on oxidative stress indices in 
lipopolysaccharide-induced myocardial injury

MDA (nmol/mgprot) T‑SOD (U/mgprot) GSH‑Px (U/mgprot)
Con 2.379±0.4392** 86.73±4.793** 250.59±61.04**
M 4.293±0.5756 61.03±4.311 157.01±13.56
Sf 2.262±0.4192** 80.88±2.618** 247.51±28.80**
LAr 2.155±0.6043** 71.71±3.110** 201.79±27.33**
MAr 2.115±0.3776** 75.11±5.294** 245.34±11.26**
HAr 2.024±0.4672** 91.06±6.645** 257.64±34.00**

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model 
group. MDA: Malondialdehyde; T‑SOD: Total superoxide dismutase; 
GSH‑Px: Glutathione peroxidase; Con: Control; M: LPS (10 mg/kg); 
Sf: Sf+LPS (Sf 30 mg/kg, LPS 10 mg/kg); LAr: Ar low + LPS (Ar 25 mg/kg, 
LPS 10 mg/kg); MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 10 mg/kg); 
HAr: Ar high + LPS (Ar 100 mg/kg, LPS 10 mg/kg); LPS: Lipopolysaccharide; 
Ar: Arbutin; Sf: Soybean isoflavone; SD: Standard deviation

Table 6: Effect of arbutin on oxidative stress indices in 
lipopolysaccharide-induced myocardial injury with addition of ICI182780

MDA (nmol/mgprot) T‑SOD (U/mgprot) GSH‑Px (U/mgprot)
Con 2.178±0.4535** 88.64±6.161** 243.12±29.06**
Con + ICI 2.833±0.4804** 85.67±2.378** 239.82±21.04**
M 4.916±0.7966 66.94±1.584 175.15±15.35
M + ICI 4.722±0.8439 64.07±1.714 156.95±20.58
Sf + ICI 4.219±0.9549 62.63±4.986 131.66±31.46
MAr + ICI 4.446±0.5841 61.86±2.719 144.50±10.23

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model 
group. MDA: Malondialdehyde; T‑SOD: Total superoxide dismutase; 
GSH‑Px: Glutathione peroxidase; Con: Control; M: LPS (10 mg/kg); Sf: Sf + 
LPS (Sf 30 mg/kg, LPS 10 mg/kg); MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 
10 mg/kg); Con + ICI: control+ICI182780 (0.5 mg/kg); LPS: Lipopolysaccharide; 
Ar: Arbutin; Sf: Soybean isoflavone; SD: Standard deviation

Table 3: Effects of arbutin on inflammatory factors in 
lipopolysaccharide-induced myocardial injury

TNFα (pg/ml) IL‑6 (pg/mL) CTnI (ng/ml) PCT (ng/ml)
Con 351.54±51.21** 381.23±59.53** 23.01±2.13** 746.12±81.43**
M 479.55±26.18 593.12±69.57 31.06±2.04 1200.13±94.14
Sf 379.46±43.39** 498.37±47.39* 26.52±1.66* 837.14±84.59**
LAr 427.19±40.76 552.31±76.21 29.12±1.69* 1160.45±107.76
MAr 401.25±33.34* 513.64±47.83* 26.21±1.66* 960.1±84.31*
HAr 364.25±43.28** 473.12±54.21** 24.23±1.65** 850.9±94.37**

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model 
group. TNFα: Tumor necrosis factor α; IL: Interleukin; CTnI: Cardiac 
troponin‑I; PCT: Procalcitonin; Con: Control; M: LPS (10 mg/kg); Sf: Sf + 
LPS (Sf 30 mg/kg, LPS 10 mg/kg); LAr: Ar low + LPS (Ar 25 mg/kg, LPS 
10 mg/kg); MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 10 mg/kg); HAr: Ar high 
+ LPS (Ar 100 mg/kg, LPS 10 mg/kg); LPS: Lipopolysaccharide; Ar: Arbutin; 
Sf: Soybean isoflavone; SD: Standard deviation

Table 4: Effect of arbutin on inflammatory factors in 
lipopolysaccharide-induced myocardial injury with addition of ICI182780

TNFα (pg/ml) IL‑6 (pg/mL) CTnI (ng/ml) PCT (ng/ml)
Con 348.49±69.69** 389.22±59.53** 22.32±5.58** 712.39±68.55**
Con + ICI 351.46±70.29** 381.23±52.25** 22.64±5.66** 729.89±98.42**
M 479.55±95.91 587.35±56.87 30.02±7.51 1106.1±50.93
M + ICI 481.34±96.26 598.81±38.21 30.34±7.58 1154.3±64.32
Sf + ICI 391.12±75.35* 486.17±74.31* 28.12±6.78 1037.3±64.32
MAr + ICI 386.42±77.28* 497.26±71.31* 28.86±6.96 1009.6±59.81

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model group. 
TNFα: Tumor necrosis factor α; IL: Interleukin; CTnI: Cardiac troponin‑I; 
PCT: Procalcitonin; Con: Control; M: LPS (10 mg/kg); Sf: Sf + LPS (Sf 30 mg/kg, 
LPS 10 mg/kg); MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 10 mg/kg); Con + 
ICI: control + ICI182780 (0.5 mg/kg); LPS: Lipopolysaccharide; Ar: Arbutin; 
Sf: Soybean isoflavone; SD: Standard deviation

Figure  1: Representative histomorphometric images of formalin-fixed myocardial tissues from each group  (H  and  E, ×400). Con: Control; M: 
Lipopolysaccharide  (10  mg/kg); Sf: Soybean isoflavone  +  lipopolysaccharide  (soybean isoflavone 30  mg/kg, lipopolysaccharide10  mg/kg), Con  +  ICI: 
control + ICI182780 (0.5 mg/kg); Sf + ICI: Soybean isoflavone + lipopolysaccharide + ICI182780
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Ar and Sf in varying degrees. Studies have shown that the cardiac 
dysfunction is an important mechanism for the pathogenesis of sepsis 
in rats.[19] Therefore, promoting the cardiac function plays a key role in 
improving the survival rate of sepsis rats. We found that the decrease 
of LVEF and LVFS in LPS‑induced cardiomyopathy rats could be 
significantly reversed by Ar and Sf, which in turn protects the heart 
function and other organs in the LPS‑challenged rats. By observing 
the pathological sections, we could clearly confirm the severity of 
the lesions and the site of myocardial injury induced by LPS. The 
results showed that severe histopathological changes occurred in the 
myocardial tissue of rats induced by LPS, which could be alleviated by 
Ar and Sf.

However, the inflammatory response is an important factor, leading to 
heart dysfunction. Studies have shown that acute heart failure caused 
by the inflammatory reactions is one of the main causes of death in 
patients with sepsis.[20] TNFα is a key factor that triggers the initiation of 
many cytokines and even systemic inflammatory response, which could 
directly induce the release of IL‑6 and numerous other inflammatory 
factors, triggering an inflammatory cascade. PCT reflects the degree of 
systemic inflammatory response. Increased PCT levels occur in severe 
shock, systemic inflammatory response syndrome, and multiple organ 
dysfunction syndromes. When the body’s myocardial tissue is damaged, 
CTnI is released into the blood circulation. Our results showed that the 
production of TNFα, IL‑6, PCT, and CTnI in the myocardial tissue of 
rats injected by LPS was significantly reduced by Ar and Sf. The levels of 
inflammatory cytokines in LPS‑challenged rats’ serum were significantly 
higher than those in normal group, which were significantly inhibited 
by Ar and Sf, which means that the LPS‑induced myocardial injury rats 
produced a severe inflammatory response and that Ar and Sf exhibited 
significant anti‑inflammatory effects. Thus, we speculate Ar and Sf to play 
a protective role in the heart function and other organs in LPS‑induced 
cardiomyopathy rats, which may be attributed to its anti‑inflammatory 
effect.
There are many factors that cause the increase of inflammatory 
parameters; however, a number of studies have shown that the 
inflammatory response is accompanied by different degrees of oxidative 
stress reaction in the body.[21‑23] The production of inflammatory factors 
could be reduced by reducing the oxidative stress response.[24] The 
early stages of sepsis are characterized by production of large amounts 
of reactive oxygen species.[25] Oxidative stress reaction is a kind of 
response when the body is stimulated by external factors. MDA is 
cytotoxic and is one of the most important products of membrane lipid 
peroxidation, which reflects the degree of membrane lipid peroxidation. 
SOD is an important antioxidant enzyme in organisms and the primary 
substance in the body to scavenge free radicals. GSH‑Px is an important 
peroxide‑degrading enzyme widely found in the body. The levels of SOD 
and GSH‑Px reflect the ability of the body to resist the oxidation levels. 
Interestingly, we found that the level of MDA was significantly increased 
in the LPS‑induced rats’ myocardial tissue, while SOD and GSH‑Px were 
significantly reduced, which were effectively reversed by Ar and Sf. This 
indicated that excessive oxidative stress occurred in model rats could 
be inhibited by Ar and Sf. Therefore, we could conclude that a number 
of oxidative stress products are produced in LPS‑induced myocardial 
injury rats, which might be closely related to inflammatory response.
Studies in the recent years have shown that autophagy and inflammation 
are inextricably linked[26,27] and the occurrence of autophagy could inhibit 
the inflammatory response under normal circumstances.[28] However, 
neurogenic inflammation might cause autophagic damage.[29] There is 
evidence showing that the autophagic activity in cardiomyocytes changes 
during sepsis, but the results were unclear.[30] Autophagy is a dynamic 
process, in which the damaged organelles and long‑lived proteins are 
delivered to the lysosome for degradation and recycling.[31] During 
this dynamic process, the outer membrane of the autophagosomes  (a 
double‑membrane vesicle) fuses with the lysosomal membrane 
forming an autolysosome. LC3 is a main mediator in autophagy and 
functions at an early stage of phagophore expansion. The level of 
LC3 increases as the number of autophagosome increases. There are 
three types of LC3 in mammals, including LC3A, LC3B, and LC3C. 
LC3B is an autophagy‑specific cargo that is a notable marker of the 
autophagosomes.[32] When the autophagosomes bind to the lysosomes 
to form autophagosomes, p62 is an essential reaction substrate and the 
level of p62 decreases as the number of autophagosomes increases. In 
our study, the level of p62 decreased and LC3B increased in the model 

Table 7: Effect of arbutin on protein content in mitogen-activated protein 
kinase pathway in lipopolysaccharide-induced myocardial injury

p‑ERK1/2 (Unit/ml) p‑JNK (Unit/ml) p‑p38 (Unit/ml)
Con 8.09±1.04** 46.36±4.53** 140.83±6.13**
M 3.36±0.51 92.13±10.02 318.02±78.54
Sf 5.64±1.01** 69.84±7.36** 242.11±81.06**
LAr 3.06±0.43 68.04±5.12** 239.78±64.19**
MAr 3.18±0.56 61.08±6.48** 234.69±56.99**
HAr 3.20±0.67 59.62±5.21** 229.78±75.16**

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model group. Con: 
Control; M: LPS (10 mg/kg); Sf: Sf + LPS (Sf 30 mg/kg, LPS 10 mg/kg); LAr: Ar low 
+ LPS (Ar 25 mg/kg, LPS 10 mg/kg); MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 
10 mg/kg); HAr: Ar high + LPS (Ar 100 mg/kg, LPS 10 mg/kg); LPS: Lipopolysaccharide; 
Ar: Arbutin; Sf: Soybean isoflavone; SD: Standard deviation

Table 8: Effect of arbutin on protein content in mitogen-activated protein 
kinase pathway in lipopolysaccharide-induced myocardial injury with 
addition of ICI182780

p‑ERK1/2 (Unit/ml) p‑JNK (Unit/ml) p‑p38 (Unit/ml)
Con 14.99±1.81** 39.81±6.72** 136.5±28.4**
Con + ICI 13.29±1.23** 42.74±3.14** 145.1±20.3**
M 4.58±1.03 62.56±2.46 359.1±77.6
M + ICI 4.89±0.46 61.74±4.12 367.1±84.5
Sf + ICI 7.77±1.70 60.27±4.91 372.5±70.4
MAr + ICI 5.19±1.42 61.81±3.25 357.2±71.6

Mean±SD, n=8 rats per group. *P<0.05, **P<0.01 compared with model group. 
Con: Control; M: LPS (10 mg/kg); Sf: Sf + LPS (Sf 30 mg/kg, LPS 10 mg/kg); 
MAr: Ar medium + LPS (Ar 50 mg/kg, LPS 10 mg/kg); Con + ICI: control + 
ICI182780 (0.5 mg/kg); LPS: Lipopolysaccharide; Ar: Arbutin; Sf: Soybean 
isoflavone; SD: Standard deviation

Figure  2: Effect of arbutin on the levels of LC3B and p62 in 
lipopolysaccharide-induced myocardial injury. Mean  ±  standard 
deviation, n  =  8 rats per group, *P  <  0.05, **P  <  0.01 compared with 
model group. Con: Control; M: Lipopolysaccharide  (10  mg/kg); Sf: 
Soybean isoflavone + lipopolysaccharide (soybean isoflavone 30 mg/kg, 
lipopolysaccharide10 mg/kg); Ar: Arbutin
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rats, which means that the expression of autophagy increased and the 
autophagy process was complete in LPS‑induced cardiomyopathy rats. 
Our results indicate that Ar and Sf could reduce the level of LC3B protein 
in the myocardial tissue and blocked the formation of barrier membrane. 
However, the level of p62 protein in rat myocardial tissue treated with Ar 
and Sf was significantly increased when compared with the model group, 
which indicates that the production of autophagosomes is reduced, 
indicating that Ar and Sf could block the occurrence of autophagy. This 
may be an interesting finding that Ar and Sf could prevent autophagy 
from different stages.
Mitogen‑activated protein kinase (MAPK) signaling pathway is one of 
the important signal transduction systems in  vivo. The p38 and JNK 
are the two critical pathways in the MAPK, both of which play an 
important role in different stress responses. The activation of JNK and 
p38 on the signaling pathway promotes the inflammatory response. 
Previous studies have confirmed that MAPK signaling pathway has 
a profound impact on the development of the inflammation‑related 
cancers.[33] Studies have shown that β‑amyloid‑induced inflammatory 
response could be inhibited by the MAPK signaling pathway.[34] We 
found that p‑JNK and p‑p38 were significantly elevated in LPS‑induced 
cardiomyopathy rats when compared with normal group and this effect 
was significantly reversed by Ar and Sf. However, it is strange that we 
detected no significant changes in the level of p‑ERK1/2 in LPS‑induced 
cardiomyopathy rats. To clearly understand the mechanism of action of 
Ar and Sf, further studies are needed.
It is well known that Sf is a fine phytoestrogen, and it was found that 
Ar has a significant estrogenic activity in our previous study. In 
this experiment, Ar and Sf showed protection against LPS‑induced 
cardiomyopathy rats through anti‑inflammatory effects. Studies have 
shown that phytoestrogens to possess a variety of pharmacological 
activities. Similarly, substances with estrogen‑like activity might also 
have phytoestrogen‑like pharmacological activities. Compounds with 
estrogenic potency will bind to the ER in vivo and show estrogen‑like 
activity. When Ar binds to the ER, it is possible to show significant 
pharmacological changes and the effect on sepsis might be exerted 
through ER. Therefore, we hypothesize that the anti‑inflammatory effect 
of Ar has a certain relationship with estrogenic activity. Moreover, the 
anti‑inflammatory activity of Ar might be exerted via the ER pathway, 
and it is hence necessary to detect the levels of ERα and ERβ in the 

LPS‑treated rats’ heart. Interestingly, we found that the levels of ERα and 
ERβ were significantly decreased in the LPS‑induced cardiomyopathy 
rats. Ar and Sf significantly increased the expression of ERα and ERβ. 
Downregulation of ERα expression in the MCF‑7  cells could induce 
autophagy and produce large amounts of ROS. Autophagy is considered 
to be the main driver of the anti‑estrogen resistance.[35] Studies have 
shown that the ER‑specific antagonists could block the activation of 
MAPK.[36] The ER‑specific antagonist ICI182780 reduced the ERα 
expression to induce excessive autophagy and oxidative stress and 
enhanced the inflammation in vivo to induce myocardial injury in rats. 
To further confirm the effects of Ar on LPS‑induced cardiomyopathy 
rats through ER pathway, we used ICI182780 to block the effects of Ar. 
The results showed that Ar and Sf inhibited the excessive autophagy 
and oxidative stress and their actions could be blocked by ICI182780 
effectively.

CONCLUSION
We could conclude that Ar could protect the rats from LPS‑induced 
myocardial injury via ER pathway. Our study reflects that Ar could be 
used as a potential drug for the treatment of sepsis cardiomyopathy.
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Figure  3: Effect of arbutin on estrogen receptor related proteins content in lipopolysaccharide-induced myocardial injury. Mean  ±  standard 
deviation, n  =  8 rats per group, *P  <  0.05, **P  <  0.01 compared with model group. Con: Control; M: Lipopolysaccharide  (10  mg/kg); Sf: Soybean 
isoflavone +  lipopolysaccharide (soybean isoflavone 30 mg/kg, lipopolysaccharide10 mg/kg); Ar: Arbutin, Ar was isolated from Yam and known to have 
estrogenic activity[17]
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