
March-April 2024 Indian Journal of Pharmaceutical Sciences 494

Research Paper

*Address for correspondence
E-mail: denglili0414@163.com

Sun et al.: Mechanism of Total Flavonoids from Eucommia ulmoides Oliver Leaves

To explore the protective mechanism of total flavonoids from Eucommia ulmoides Oliver leaves (thin-film 
electroluminescent) on lipopolysaccharide-induced cardiomyocyte H9C2 injury. Cardiomyocytes were 
divided into control, lipopolysaccharides, lipopolysaccharides+thin-film electroluminescent-low group, 
lipopolysaccharides+thin-film electroluminescent-middle, lipopolysaccharides+thin-film electroluminescent-
high, lipopolysaccharides+microRNA-negative control, lipopolysaccharides+microRNA-494, 
lipopolysaccharides+thin-film electroluminescent+anti-microRNA-negative control, and 
lipopolysaccharides+thin-film electroluminescent+anti-microRNA-494 groups. The commercial kits were 
used to evaluate superoxide dismutase and glutathione peroxidase activities, as well as malondialdehyde 
levels. Flow cytometry was utilized for the estimation of cell apoptosis. Western blotting was employed to 
detect cleaved caspase-3 and cleaved caspase-9 protein levels. Reverse transcription-quantitative polymerase 
chain reaction was selected to detect microRNA-494 expression. Lipopolysaccharides significantly decreased 
malondialdehyde levels, increased glutathione peroxidase and superoxide dismutase activities, induced 
cell apoptosis, and upregulated cleaved caspase-3 and cleaved caspase-9 protein levels in cardiomyocytes, 
suggesting that lipopolysaccharides facilitated cardiomyocyte oxidative stress and apoptosis. Thin-film 
electroluminescent overtly weakened lipopolysaccharides induced cardiomyocyte oxidative stress and 
apoptosis in a dose-dependent mode. Thin-film electroluminescent partly overturned lipopolysaccharides 
induced downregulation of microRNA-494 expression in cardiomyocytes. Furthermore, elevation of 
microRNA-494 impaired lipopolysaccharides-induced cardiomyocyte oxidative stress and apoptosis. In 
addition, microRNA-494 knockdown weakened thin-film electroluminescent mediated repressive effects on 
lipopolysaccharides induced cardiomyocyte oxidative stress and apoptosis. Thin-film electroluminescent 
could alleviate lipopolysaccharides induced cardiomyocyte oxidative stress and apoptosis, which was achieved 
by upregulating microRNA-494 expression.
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Sepsis is a syndrome involving multi-organ 
dysfunction and systemic inflammatory response 
that is attributed to infection. Cardiomyopathy 
injury is the most important feature of sepsis and 
it can significantly increase mortality in septic 
patients[1]. A clinical cohort study showed that 
63 % of sepsis patients experienced left heart 
dysfunction[2]. Sepsis-Induced Myocardial Injury 
(SIMI) can cause structural remodeling and 
electrical activity dysfunction of the heart, leading 
to cardiac pumping failure[3]. Currently, certain 
drugs have been identified to improve myocardial 

contractile function in sepsis, such as dobutamine, 
mitochondrial protectors, and inflammatory factor 
inhibitors[4], but the therapeutic effect is poor. 
Therefore, searching for a therapeutic approach to 
alleviate myocardial dysfunction during sepsis is 
vital. 
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In the context of sepsis, mitochondria generate 
overload of Reactive Oxygen Species (ROS), 
contributing to a cascade of events including 
oxidative damage and apoptosis in cardiomyocytes, 
ultimately bringing about cardiomyocyte death[5]. 
Accordingly, drugs with antioxidant and anti-
apoptotic properties may have a protective effect 
against SIMI[6,7]. Eucommia ulmoides Oliver 
(EUO) is a traditional Chinese medicine in China, 
with various active ingredients such as flavonoids 
and lignans[8]. Total flavonoids from EUO leaves 
(Thin-Film Electroluminescent (TFEL)) are 
potential natural antioxidants that can directly 
scavenge free radicals and hydroxyl radicals, as 
well as inhibit ROS production[9,10]. In addition, 
TFEL has a protective effect against hydrogen 
peroxide-induced injury in intestinal epithelial 
cells[11]. However, its effect on myocardial injury 
in sepsis is not well understood. 
MicroRNAs (miRNAs) are single-stranded 
Ribonucleic Acid (RNA) (approximately 22 nt), 
which are widely involved in cardiomyocyte 
essential activities by regulating their downstream 
target messenger RNA (mRNA) expression[12]. It 
was pointed out that miR-494 was downregulated 
in septic shock patients and had a negative 
correlation with myocardial injury, and miR-
494 overexpression was shown to restrain 
SIMI and protect cardiomyocyte function[13]. 
Lipopolysaccharide (LPS) is a major initiator of 
organ dysfunction in sepsis[14]. Our study used 
LPS-treated cardiomyocytes H9C2 to simulate 
cardiomyocyte injury models for investigating 
the protection of TFEL against LPS-induced 
cardiomyocyte injury. Furthermore, we also 
explored the potential mechanisms involved in its 
protective action by surrounding miR-494.

MATERIALS AND METHODS
Experimental materials:

Rat cardiomyocytes H9C2 were procured from 
the Cell Bank of the Typical Culture Preservation 
Committee of the Chinese Academy of Sciences; 
EUO leaves were offered by the Chinese Pharmacy 
of our hospital; the Dulbecco's Modified Eagle 
Medium (DMEM) was bought from Gibco 
(United States of America (USA)); Fetal Bovine 
Serum (FBS) from Hangzhou Sijiqing Biological 
Company (Hangzhou, China); LPS (with purity 
of 97 %, No: YY11156) from Shanghai Yuanye 
Biological Company (Shanghai, China). The 

miRNA mimics, miRNA inhibitors (anti-miRNA), 
anti-miR-NC, miR-NC, and miRNA fluorescence 
quantitative Polymerase Chain Reaction (qPCR) 
kit from Shanghai Sangon Biological Company; 
Malondialdehyde (MDA) content assay kit, as well as 
Glutathione Peroxidase (GSH-Px) and Superoxide 
Dismutase (SOD) activity assay kits from Nanjing 
Jiancheng Biological Research Institute; Annexin 
V-Fluorescein Isothiocyanate (FITC) apoptosis 
detection kit, Radioimmunoprecipitation Assay 
(RIPA) lysate and Trizol reagent from Shanghai 
Beyotime; goat anti-rabbit Immunoglobulin 
G (IgG) (ab205718) and anti-Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH) antibody 
(ab9485) from Abcam (Shanghai); anti-cleaved 
caspase-3 antibody (9661) from Shanghai 
Saixintong Biological Reagent Company; miRNA 
reverse transcription kit was acquired from Beijing 
BioLab Technology Company. 

Methods:

Preparation of TFEL: For the extraction of TFEL, 
an experimental method mentioned by Yanni Lei 
was used[8]. Briefly, EUO leaves were crushed 
and extracted by ultrasonic extraction according 
to the material-liquid ratio (g/ml) of 1:15 for 2 
h. The extraction was repeated three times at a 
power of 0.45 W/cm2, followed by purification by 
chromatographic column method. Using rutin as 
control, the content of TFEL was measured to be 
81.5 %. 

Culturing and transfection of cardiomyocytes 
H9C2: Cardiomyocytes H9C2 were cultured in 
DMEM medium containing 10 % FBS at 37° with 
5 % Carbon dioxide (CO2). Cardiomyocytes were 
trypsin-digested and passaged (1:4) at 80 % fusion, 
and cardiomyocytes cultured to a logarithmic 
phase were used for experiments. After 24 h of 
incubation with a complete medium containing 
0 (control), 25 (low), 50 (middle), or 100 μg/ml 
(high) of TFEL[11], cardiomyocytes were cultured 
for 6 h with a medium containing 10 mg/l of LPS, 
which were recorded as the LPS, LPS+TFEL-low, 
LPS+TFEL-middle, and LPS+TFEL-high groups 
sequentially. 

Approximately 1×104 cardiomyocytes were 
inoculated into 24-well plates, and transfection 
of anti-miR-494, anti-miR-Negative Control 
(NC), miR-NC, and miR-494 mimics into 
cardiomyocytes with 40 % fusion was performed 
by referring to the instructions of Lipofectamine 
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2000, respectively. Transfection was performed for 
48 h. Cardiomyocytes were collected and miR-494 
expression was detected to verify the transfection 
efficiency. 

Detection of intracellular MDA levels, as well as 
SOD and GSH-Px activities: Cardiomyocytes that 
were transfected and/or treated with LPS and/or 
TFEL were collected, followed by the addition of 
500 μl of Phosphate Buffer Solution (PBS). Cells 
were broken by sonication and then centrifuged 
(1200 r/min, 4°, for 10 min). Supernatants were 
collected, and intracellular GSH-Px and SOD 
activities, as well as MDA production, were 
determined using the appropriate kits in line with 
the instructions. 

Apoptosis detection by flow cytometry: 

Specifically transfected and/or treated 
cardiomyocytes were collected and resuspended 
with 500 μl of 1×binding buffer (1×106 cells/
ml). Cardiomyocytes were incubated with 5 μl of 
Annexin V-FITC and propidium iodide for 15 min 
away from light. Apoptotic rate of cardiomyocytes 
was estimated by flow cytometry.

Western blotting: 

Lysis of cardiomyocytes with RIPA lysate was 
performed to extract total protein, and the protein 
concentration was established relying on the 
Bicinchoninic Acid (BCA) assay kit. Protein 
samples (50 μg/l) were resolved by Sodium Dodecyl 
Sulphate-Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) and transferred to a Polyvinylidene 
Difluoride (PVDF) membrane. Membranes were 
enclosed with a solution containing 5 % skimmed 
milk for 90 min, followed by incubation with 
specific primary antibodies at 4° overnight. 
Thereafter, the membranes were incubated with 
a secondary antibody at room temperature for 1 
h. Chemiluminescence was used to visualize the 
proteins. The optical density was determined using 
ImageJ software.

Reverse transcription-qPCR (RT-qPCR): 

The total RNA extracted using the Trizol 
reagent was measured, and the A260/A280 
values on qualified RNA samples were between 
1.8 and 2.0. Taking 2 ng of total RNA, miRNA 
reverse transcription kit was used to synthesize 
complementary Deoxyribonucleic Acid (cDNA). 

RT-qPCR was performed using cDNA as a template 
using the miRNA fluorescence quantitative PCR 
kit following the procedure described below. The 
reaction system was composed of cDNA template (2 
μl), reverse primer (0.5 μl, 10 μM), forward primer 
(0.5 μl, 10 μM), 2× miRNA qPCR master mix (10 
μl), ROX reference dye (1 μl), and double distilled 
Water (ddH2O) (6 μl). 2-ΔΔCt method was utilized 
for the calculation of miR-494 expression (forward 
5’-CGCTGAAACATACACACGGGAA-3’, reverse 
5’-CAGT GCAGGGTCCGAGGTAT-3’), with U6 
(forward 5’-CTCGCTTCGGCAGCACA-3’ and 
reverse 5’-AACGCTTC ACGAATTTGCGT-3’) as 
an internal reference.

Statistical analysis:

All data are presented as mean±standard deviation. 
Statistical differences between groups were 
assessed by analysis of variance. Data were 
statistically analyzed using Statistical Package 
for the Social Sciences (SPSS) 22.0 (IBM Japan, 
Tokyo, Japan). Variation was deemed statistically 
significant when p<0.05.

RESULTS AND DISCUSSION
Stimulation with LPS caused a remarkable increase 
in MDA levels, as well as an obvious reduction 
in SOD and GSH-Px activities in cardiomyocytes 
H9C2. Strikingly, TFEL treatment eroded LPS-
mediated effects on Oxidative Stress (OxS) 
markers MDA levels, as well as GSH-Px and SOD 
activities in a dose-dependent model (Table 1). 
A counteracting effect of TFEL on LPS-induced 
OxS in cardiomyocytes was demonstrated by these 
results.

For apoptosis, we noted a significant increase 
in apoptosis, as well as cleaved caspase-3 and 
cleaved caspase-9 protein levels in cardiomyocytes 
H9C2 upon LPS stimulation. The above changes 
in cardiomyocytes evoked by LPS were abrogated 
following TFEL treatment (fig. 1A and fig. 1B, 
and Table 2).

MiR-494 expression was significantly lower in 
cardiomyocytes H9C2 in the LPS group, but TFEL 
dose-dependently overrode the LPS-mediated 
influence on miR-494 expression as shown in 
Table 3. 

When compared with the LPS+miR-NC group, 
miR-494 expression, as well as SOD and GSH-
Px activities of cardiomyocytes H9C2 in the 
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We observed that miR-494 expression, as well as 
GSH-Px and SOD activities, were markedly reduced 
in cardiomyocytes H9C2 in the LPS+TFEL+anti-
miR-494 group relative to the specified control 
group, while MDA levels, apoptotic rate, as well 
as, cleaved caspase-3 and cleaved caspase-9 
protein levels were significantly elevated (fig. 3A, 
fig. 3B and Table 6).

LPS+miR-494 group were solidly higher, but 
MDA levels were strongly lower (Table 4). 
On the contrary, the apoptotic rate, as well as 
cleaved caspase-3 and cleaved caspase-9 protein 
expression were significantly lower in H9C2 cells 
in the LPS+miR-494 group vs. the LPS+miR-NC 
group (fig. 2A, fig. 2B and Table 5).

Group MDA (μmol/g) SOD (U/mg) GSH-Px (U/g)

Control 4.13±0.42 72.77±6.88 226.60±18.69

LPS 50.31±4.51* 18.54±1.17* 50.37±4.22*

LPS+TFEL-low 38.01±3.09# 33.12±3.24# 81.25±6.87#

LPS+TFEL-middle 22.86±2.09#& 49.36±4.89#& 127.62±11.53#&

LPS+TFEL-high 11.96±1.07#&$ 64.03±5.39#&$ 196.31±14.71#&$

F 448.703 196.657 327.712

p 0.000 0.000 0.000

Note: *p<0.05 vs. control, #p<0.05 vs. LPS, &p<0.05 vs. LPS+TFEL-low, and $p<0.05 vs. LPS+TFEL-middle

TABLE 1: TFEL DECREASED LPS-INDUCED OxS IN CARDIOMYOCYTES

Fig. 1: Protein levels of cleaved caspase-3 and cleaved caspase-9, as well as apoptosis, in cardiomyocytes H9C2 of control, LPS, 
LPS+TFEL-low, LPS+TFEL-middle, and LPS+TFEL-high groups



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 498March-April 2024

Group Apoptotic rate (%) Cleaved caspase-3 protein Cleaved caspase-9 protein

Control 7.14±0.59 0.23±0.02 0.11±0.02

LPS 35.73±3.02* 0.77±0.05* 0.66±0.04*

LPS+TFEL-low 26.73±2.03# 0.62±0.05# 0.51±0.04#

LPS+TFEL-middle 17.91±1.59#& 0.47±0.04#& 0.38±0.03#&

LPS+TFEL-high 10.75±0.99#&$ 0.31±0.03#&$ 0.22±0.02#&$

F 360.202 277.975 444.765

p 0.000 0.000 0.000

Note: *p<0.05 vs. control, #p<0.05 vs. LPS, &p<0.05 vs. LPS+TFEL-low, and $p<0.05 vs. LPS+TFEL-middle

TABLE 2: TFEL REDUCED LPS-INDUCED CARDIOMYOCYTE APOPTOSIS

Group miR-494

Control 1.00±0.00

LPS 0.29±0.03*

LPS+TFEL-low 0.41±0.03#

LPS+TFEL-middle 0.58±0.05#&

LPS+TFEL-high 0.75±0.05#&$

F 521.007

p 0.000

Note: *p<0.05 vs. control, #p<0.05 vs. LPS, &p<0.05 vs. LPS+TFEL-low, and $p<0.05 vs. LPS+TFEL-middle

TABLE 3: TFEL DOSE-DEPENDENTLY REVERSED LPS-MEDIATED INFLUENCE ON miR-494 EXPRESSION 
IN CARDIOMYOCYTES

Group miR-494 MDA (μmol/g) SOD (U/mg) GSH-Px (U/g)

LPS+miR-NC 1.00±0.00 51.12±4.93 17.05±1.57 46.61±4.16

LPS+miR-494 3.29±0.27* 19.03±1.69* 55.31±4.71* 150.78±12.52*

t 25.444 18.472 23.119 23.688

p 0.000 0.000 0.000 0.000

Note: *p<0.05 vs. LPS+miR-NC

TABLE 4: miR-494 OVEREXPRESSION REVERSED LPS-FORCED CARDIOMYOCYTE OxS

Fig. 2: Protein levels of cleaved caspase-3 and cleaved caspase-9, (A): As well as apoptosis and (B): In cardiomyocytes H9C2 from 
LPS+miR-NC and LPS+miR-494 groups
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Group Apoptotic rate (%) Cleaved caspase-3 protein Cleaved caspase-9 protein

LPS+miR-NC 36.61±3.12 0.79±0.06 0.67±0.05

LPS+miR-494 13.96±1.07* 0.39±0.03* 0.28±0.03*

t 20.601 17.889 20.065

p 0.000 0.000 0.000

Note: *p<0.05 vs. LPS+miR-NC

TABLE 5: LPS-FORCED CARDIOMYOCYTE APOPTOSIS WAS WEAKENED BY miR-494 OVEREXPRESSION

Fig. 3: Protein levels of cleaved caspase-3 and cleaved caspase-9; (A): As well as apoptosis and (B): In cardiomyocytes H9C2 from 
LPS+TFEL+anti-miR-NC and LPS+TFEL+anti-miR-494 groups

Group miR-494 MDA (μmol/g) SOD (U/mg) GSH-Px (U/g) Apoptotic 
rate (%)

Cleaved 
caspase-3 
protein

Cleaved 
caspase-9 
protein

LPS+TFEL+anti-
miR-NC 1.00±0.00 10.69±1.18 67.47±5.34 201.87±16.13 9.76±0.90 0.29±0.03 0.20±0.02

LPS+TFEL+anti-
miR-494 0.41±0.04* 39.66±3.14* 29.26±2.47* 62.51±5.86* 23.22±2.22* 0.67±0.05* 0.54±0.05*

t 44.25 25.909 19.483 24.362 16.857 19.551 18.941

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: *p<0.05 vs. LPS+TFEL+anti-miR-NC

TABLE 6: REPRESSION OF miR-494 WEAKENED TFEL-MEDIATED INFLUENCE ON LPS-INDUCED 
CARDIOMYOCYTE DAMAGE

study exhibited that TFEL was able to curb LPS-
induced elevation of MDA levels, as well as 
enhancement of GSH-Px and SOD activities in a 
dose-dependent effect, implying that TFEL could 
restrain LPS-induced OxS in cardiomyocytes. 
Apart from OxS, apoptosis is another important 
event in LPS-induced myocardial injury[18]. Our 
findings demonstrated that TFEL repressed LPS-
induced apoptosis and decreased the pro-apoptotic 
proteins cleaved caspase-3 and cleaved caspase-9 
in cardiomyocytes H9C2, suggesting a protective 
effect of TFEL against LPS-induced apoptosis 
in cardiomyocytes. TFEL has been disclosed to 
improve sex hormone secretion, regulate disorders 

OxS has a major function in SIMI, which is 
reflected mainly in the overproduction of ROS 
and the consumption of antioxidants in the cardiac 
defense system, giving rise to an imbalance 
between oxidative and antioxidant activities[15]. 
SOD and GSH-Px activities, as well as MDA 
levels are the main parameters for evaluating the 
metabolism of free radicals[16]. GSH-Px and SOD 
are important myocardial antioxidant enzymes that 
scavenge oxygen radicals and convert superoxide 
radicals into oxygen and water ones[17]. Levels 
of MDA are routinely employed to estimate 
the extent of lipid peroxidation, which is a key 
indicator for cellular damage[17]. Findings of our 
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of glycolipid metabolism and inhibit ovarian 
hyperplasia by regulating Phosphoinositide 
3-Kinase (PI3K)/Protein Kinase B (AKT) 
signaling[19]. Wang et al.[20] discovered that TFEL 
can activate the endogenous apoptotic pathway 
and make human glioblastoma cells re-sensitize to 
radiotherapy. Qiu et al.[21] exhibited that aucubin 
extracted from EUO resists acute lung injury in 
mouse models. Alsharif et al.[22] established that 
EUO-derived from protocatechuic acid reduces 
septic lung injury in mouse models, which may 
exert its effects by inhibiting OxS, inflammation 
and apoptosis. The above outcomes revealed that 
TFEL resisted LPS-induced cardiomyocyte injury.
Available studies have shown that miRNAs are 
important regulators of myocardial injury in 
sepsis[23]. A study published that miR-192-5p was 
significantly heightened in a sepsis-associated 
myocardial injury model, and miR-192-5p 
inhibited cardiomyocyte viability and induced 
apoptosis by targeting XIAP[24]. Moreover, miR-
146a may ameliorate sepsis-induced myocardial 
inflammatory response and cardiac dysfunction 
by mediating the Toll-Like Receptor 4 (TLR4) 
signaling[25]. Also, miR-99a overexpression 
alleviated LPS-induced OxS and apoptosis in 
cardiomyocytes[26]. MiR-494 is a miRNA with 
protective effects against myocardial injury. It was 
reported that miR-494 has the ability to ameliorate 
ischemia-reperfusion-induced myocardial injury 
by targeting apoptosis-associated proteins[27]. 
Furthermore, miR-494 can inhibit hypoxia/
reoxygenation-induced cardiomyocyte autophagy 
and apoptosis by targeting SIRT1[28]. In addition, 
miR-494 upregulation also mediates the protective 
effect of estrogen on cardiomyocytes against 
OxS[29]. Our study found that miR-494 expression 
in cardiomyocytes H9C2 was decreased after LPS 
treatment, and TFEL could counteract the LPS-
induced downregulation of miR-494, implying 
that miR-494 may mediate the protective effect of 
TFEL against LPS-induced cardiomyocyte injury. 
Functional analysis showed that overexpression 
of miR-494 distinctly enhanced SOD and GSH-Px 
activities, as well as inhibited LPS-induced MDA 
production and apoptosis, which was in line with the 
protective effects of TFEL. Response experiments 
displayed that downregulation of miR-494 
abrogated TFEL-mediated effects on LPS-induced 
apoptosis and oxidative damage in cardiomyocytes 
H9C2, which further confirmed that TFEL 

counteracted LPS-induced cardiomyocyte injury 
through upregulation of miR-494. 
In conclusion, TFEL could alleviate cardiomyocyte 
oxidative damage and apoptosis caused by LPS, 
which was achieved by elevating miR-494 
expression. This study preliminarily uncovered 
the possible mechanism of the protective effect 
of TFEL on cardiomyocyte injury, providing a 
theoretical basis for SIMI therapy.
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