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ABSTRACT 
Arjunolic acid (AA) is a triterpenoid saponin majorly found in the Terminalia arjuna and is claimed to exert the 

cardiovascular protective effects as a phytomedicine. However, it is unclear how AA exerts the effects at the 

molecular level. Hence, this study used an in vitro model using lipopolysaccharide (LPS)-stimulated H9C2 and 

C2C12 myotubes to investigate the cardioprotective effects of arjunolic acid (AA) via MyD88-dependant TLR4 

downstream signaling markers expression. The myotubes were developed by differentiating rat H9C2 and mouse 

C2C12 myoblast cells. The MTT viability assay was used to assess the cytotoxicity of AA. LPS induced in vitro 

cardiovascular disease model was developed in H9C2 and C2C12 myotubes. The treatment groups were designed 

such as control (untreated), LPS control, positive control (LPS+ pyrrolidine dithiocarbamate (PDTC)-25 µM), and 

treatment groups were co-treated with LPS and three doses of AA (50, 75, and 100 µM). The changes in the 

expression of TLR4 downstream signaling markers were evaluated through High Content Screening (HCS) and 

Western Blot (WB) analysis. The outcomes demonstrated that the expression of MyD88, MAPK, JNK, and NFκB 

markers were significantly upregulated in the LPS-treated groups compared to the untreated control. Evidently, 

the HCS analysis revealed that MyD88, NF-κB, p38, and JNK were significantly downregulated in the H9C2 

myotube in the AA treated groups (50, 75, and 100 µM). For, the C2C12 myotube, the expression of NFκB was 

downregulated. TLR4 marker expression in H9C2 and C2C12 myotubes was subsequently decreased by AA 

treatment, suggesting possible cardioprotective effects of AA. 

Abbreviations: AA, Arjunolic Acid; ACE, Angiotensin-converting enzyme; BCA, Bicinchoninic acid; BSA, Bovine 

serum albumin; CVD, Cardiovascular disease; CDC, Disease Control and Prevention; CD14, Cluster of 

Differentiation 14; Cy3, Cyanine 3; Cy5, Cyanine 5; DAMPs, Damage Associated Molecular Patterns; DAPI, 4’,6-

diamidino-2-phenylindole; DMSO, Dimethyl sulfoxide; DMEM, Dulbecco’s Modified Eagle Medium; ECL, 

Enhanced Chemiluminescence; FBS, Fetal bovine serum; HRP, Horseradish Peroxidase; ICC, 

Immunocytochemistry; I/R, Ischemia/Reperfusion; IgG H&L, Immunoglobulin G (Heavy and light chain); IL, 

Interleukin; IRAK, Interleukin-1 receptor-associated kinases; LPS, Lipopolysaccharide; MAPK, Mitogen-activated 

protein kinase; MD-2, Myeloid Differentiation factor 2; MI, Myocardial infarction; MTT, 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl2H-tetrazolium bromide; MyD88, Myeloid differentiation primary response gene; NF-κB, 
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Nuclear factor kappa B; PAMPs, Pathogen Associated Molecular Patterns; PARP, Poly (ADP-ribose) polymerase; 

PI3K, Phosphatidylinositol 3-kinases; ROS, Reactive oxygen species; TAK1, TGF-β-activated kinase1; TGF-β, 

Transforming growth factor- β; TLR, Toll like receptor; TRAF6, TNF receptor associated factor 6; TIRAP, TIR 

domain-containing adaptor protein; TNF, Tumor necrosis factor; TRAM, TRIF-related adaptor molecule; TRIF, TIR-

domain-containing adapter inducing interferon- β; WB, Western Blot 
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1. Introduction 

Cardiovascular disease has become a global health issue especially due to the modern lifestyle. Various types of 
cardiovascular diseases include myocardial hypertrophy, myocardial ischemia, myocardial damage, atherosclerosis 
plaques, diabetic cardiomyopathy, myocarditis, and perimyocarditis. Current literature implicates the inflammatory 
signaling pathway Toll-like receptor 4 (TLR-4)-Myeloid differentiation primary response 88 (MyD88) signaling pathway 
as the major pathway responsible for cardiac dysfunction (Chao 2009). Various research suggested that suppressing the 
TLR-4 signaling markers reduces the production of nuclear factor kappa B (NF-κB) followed by proinflammatory 
cytokines such as Interleukins (Fan et al. 2015). 

Toll-like receptors (TLRs) (Fig. 1) are well-characterized as pattern recognition receptors in the innate immune system 
(Seneviratne et al. 2012). The mammalian TLRs can be categorized as cell membrane receptors (TLR1, TLR2, TLR4, TLR5, 
and TLR6) or intracellular receptors (TLR3, TLR7, TLR8, and TLR9). They are type 1 transmembrane proteins with an 
ectodomain consisting of leucine-rich repeats required to recognize exogenous (Pathogen Associated Molecular Patterns, 
PAMPs) or endogenous (Damage Associated Molecular Patterns, DAMPs) ligands; a transmembrane domain, which 
determines cellular localization; and an intracellular domain (TIR) needed for downstream signaling (Takeda and Akira 
2005). Downstream signaling starts upon the recognition of DAMPs or PAMPs by TLRs leading to the recruitment of 
adaptor proteins such as MyD88 and TRIF. 

The heart expresses at least two receptors involved in TLR signaling, i.e., TLR2 and TLR4 (Fig. 1) (Frantz et al. 1999; 
Knuefermann et al. 2004). Studies have suggested that these receptors are in part responsible for cardiac dysfunction in 
endotoxic shock (by TLR4) and in bacterial sepsis. For example, TLR4 is essential for endotoxin-induced left ventricular 
(LV) dysfunction, whereas TLR2 is involved in cardiac dysfunction induced by a bacterial infection (Knuefermann et al. 
2004). 

Accordingly, recent evidence has implicated TLR4 as a central mediator of inflammation and organ injury after 
ischemia/reperfusion (I/R). In particular, TLR4 has been shown to play a role in the models of hepatic, pulmonary, brain, 
and renal warm I/R injury (Shen et al. 2005; Wu et al. 2004; Shimamoto et al. 2006; Caso et al. 2007). Moreover, mice 
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deficient in TLR4 signaling demonstrated reduced infarct sizes and diminished inflammatory responses in models of 
regional warm myocardial ischemia/reperfusion mimicking myocardial infarction (Chong et al. 2004; Oyama et al. 2004). 

 

Figure 1. MyD88-dependent TLR4 downstream signaling pathway stimulated upon the presence of LPS.(The figure 

adopted by Inkscape software) 

 

LPS/MD-2/TLR-4 is necessary for activating the TLR-4 signaling (Fig. 1). Firstly, the lipopolysaccharide part of LPS 
is recognized by the myeloid differentiation factor 2 (MD-2) which non-covalently binds with TLR-4 and activates 
heterodimer (LPS/MD-2/TLR4)2. This activates intracellular signaling of LPS induced TLR-4 signaling pathway (Park 
et al. 2009). 

Arjunolic acid (AA), (2,3,23-trihydroxyolean-12-en-28-oic acid) (Fig. 2), is a chiral pentacyclic triterpenoid saponin 
isolated from Terminalia arjuna (Roxb.) Wight & Arn., (Family: Combretaceae). AA has been claimed to be beneficial in 
cardioprotection, anticancer, antidiabetic, anti-fungal, anti-bacterial, antioxidant, and wound healing (Hemalatha et al. 
2010). AA has been reported to possess a cardioprotective effect through different mechanisms. According to Miriyala 
et al. (2015), arjunolic acid improved myocardial infarction (MI) by inhibiting reactive oxygen species (ROS) generation. 
The research observed decreased levels of p47(phox)-serine phosphorylation and mitochondrial dysfunction upon 
treatment of arjunolic acid (Miriyala et al. 2015). In a different study, cardiac fibrosis was reversed by AA by inhibiting 
non-canonical transforming growth factor (TGF)- β signaling. Inhibition of TGF-β -activated kinase 1 (TAK1) 
phosphorylation leads to the reduction of p38 MAPK and NF-κ B p65 activation (Bansal et al. 2017). To evaluate vascular 
inflammation and cardiac dysfunction associated with type 1 diabetes, Manna and Sil (2012) reported extended research 
covering hyperglycemia, membrane disintegration, oxidative stress, vascular inflammation, and the activation of 
oxidative stress-induced signaling cascades leading to cell death mechanisms. The molecular mechanisms were 
evaluated by measuring NF-κB and MAPKs (p38 and ERK1/2) activations, mitochondrial membrane depolarization, 
cytochrome C release, caspase 3 activation, and PARP cleavage in apoptotic cell death in the diabetic cardiac tissue. The 
results supported the cardioprotective effects of AA (Manna and Sil 2012). Oxidative myocardial injury was induced by 
arsenic where cardiac glutathione (GSH) and total thiol contents decreased whereas the levels of oxidized glutathione 
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(GSSG), lipid peroxidation end products, and protein carbonyl content increased. The cardioprotective effects of AA 
were further confirmed by histological analysis (Manna et al. 2008). 

Figure 2. Structure of arjunolic acid (2,3,23- trihydroxyolean-12-en-28-oic acid) (The figure adopted by 

ChemDraw) 

Arjunolic acid has been demonstrated to have potential pharmacological effects as a cardioprotective drug, although 
the molecular basis for this effect is not well known. Therefore, in order to create potential therapeutic agents, the study 
sought to better understand the molecular mechanisms of AA. As a result, the research could pave the way for the 
development of a novel therapeutic agent for cardiovascular disease research. 

 

2. Materials and methods 

2.1. Cell lines, chemicals, and reagents 
H9C2 and C2C12 myoblast cell lines were procured from ATCC (USA). List of chemicals, reagents and consumables: 
Dulbecco’s modified Eagle’s medium (DMEM) (Thermo Fisher Scientific, USA), Fetal Bovine Serum (Thermo Fisher 
Scientific, USA), Penicillin-streptomycin (Thermo Fisher Scientific, USA), Horse Serum (Thermo Fisher Scientific, USA), 
Bovine Serum Albumin (BSA) (Thermo Fisher Scientific, USA), Trypsin EDTA (Thermo Fisher Scientific, USA), 
Lipopolysaccharide (LPS) extracted from E. coli (Sigma, L3024) (Thermo Fisher Scientific, USA), 3-(4,5dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Thermo Fisher Scientific, USA), HCS Plate CellCarrier-96 ultra 
+ LID (6055302, Perkin Elmer), 4’,6-diamidino-2-phenylindole, DAPI (Thermo Fisher Scientific, USA), Triton X-100 
(Thermo Fisher Scientific, USA), Primary antibodies: TLR4 (1/250), MyD88 (1/500), p38 MAPK (1/1000), JNK (1/1000), 
NF-κB (1/1000) (Abcam, USA), Secondary antibodies for Western blot (Abcam, USA): Goat Anti-Mouse 
Immunoglobulin G (Heavy and light chain), IgG H&L (Horseradish Peroxidase, HRP) preadsorbed (ab97040) (1/1000) 
and Goat Anti-Rabbit IgG H&L (HRP) preadsorbed (ab7090) (1/1000), Secondary antibodies for HCS (Abcam, USA): 
Goat Anti-Rabbit IgG H&L (Cyanine, Cy3 labelled) preadsorbed (ab6939) (1/1000) and Goat Anti-Rabbit IgG H&L 
(Cyanine, Cy5 labelled) preadsorbed (ab6564) (1/1000), ECL, enhanced chemiluminescence gel, Cell counting slides with 
trypan blue dye for Bio-Rad cell counter TC-20 (Bio-Rad, USA). Arjunolic acid (AA) was procured from Sigma-Aldrich 
(SMB00119) with a purity of ⩾ 95% (LC/MS-ELSD). 1-Pyrrolidinecarbodithioic acid ammonium salt (PDTC) was 
procured from Sigma-Aldrich (P8765-5G) with a purity of ∼99 %. 
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2.2. Cell culture 
H9C2 myoblast cell lines and C2C12 myoblast were cultured according to the protocol described in (Morabito et al. 
2010). In short, the H9C2 myoblast and C2C12 myoblast cell lines were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM) supplement with 10% fetal bovine serum, 100 units/ml penicillin, and 100 µg/ml streptomycin at 37 °C 
in humidified atmosphere containing 5% CO2. For the C2C12 myoblast cell lines, the cell density was 5 x 103 cells/cm2 in 
a T-25 or T-75 cell culture flask. The H9C2 myoblast cell lines were cultured at a density of 5 x 103 cells/cm2 in a T-25 or 
T-75 cell culture flask. Both the cell lines were sub-cultured upon 70-80% confluency when the cells with lower passage 
were used for experiments. The cells were counted using Bio-Rad’s TC20TM cell counter. 

2.3. H9C2 and C2C12 myoblast differentiation (Myoblast to Myotube) 
The differentiation of the rat heart H9C2 myoblast and C2C12 myoblast cells (ATCC, USA) into myotube cells was 
performed according to the protocol described by Mishra and Chatterjee (2014) and Gilde et al. (2003). Firstly, the H9C2 
and C2C12 myoblasts were maintained in a growth medium containing Dulbecco’s modified Eagle’s medium (DMEM) 
supplement with 10% fetal bovine serum, 100 units/ml penicillin, and 100 µg/ml streptomycin at 37 °C in humidified 
atmosphere containing 5% CO2. Cells were seeded in the T-25 flasks for western blot and 96 well-plate for HCS 
experiments at a density of 5 x 103 cells/ cm2. The grown medium was changed every two days. Upon reaching the 
confluence, the growth medium was changed to a differentiation medium by using DMEM supplemented with 2% 
horse serum. The differentiation medium was changed every two days and the cell differentiated by 4-5 times of 
medium switch. The cell differentiation was confirmed by observing the cell fusion through the inverted microscope. 

2.4. Cell grouping and treatments 
LPS and three different dosages of AA were co-treated with cultured H9C2 and C2C12 myotube cells for 24 h. The MTT 
assay was used to assess arjunolic acid’s cytotoxicity. Myotubes in the control group were left untreated, while those in 
the LPS control group received only LPS treatment. LPS and PDTC (25 µM) comprised the positive control group. LPS 
and AA were combined in the AA treatment groups (100 µM, 75 µM, 50 µM). Using H9C2 and C2C12 myotubes, the 
following treatment groups were created for this study: control (cells were cultured with DMEM), LPS control (cells 
were cultured with DMEM and 1 µg/ml LPS for 24 h), positive control (cells were cultured with DMEM, 1 µg/ml LPS, 
and 25 µM PDTC for 24 h), AA-100 µM treatment group (cells were cultured with DMEM, 1 µg/ml LPS, and 100 µM 
AA for 24 h), AA-75 µM treatment group (cells were cultured with DMEM, 1 µg/ml LPS, and 75 µM AA for 24 h), AA-
50 µM treatment group (cells were cultured with DMEM, 1 µg/ml LPS, and 50 µM AA for 24 h). 

2.5. Cell viability assay of AA by MTT assay 
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-lium bromide) assay was performed according to Bakar and 
Tan (2017). C2C12 myoblast cells and H9C2 myoblast cells were seeded at a cell count of 5.0 x 103 and 5 x 103 cells/well, 
respectively in a 96-well plate. Then the cells were incubated in 100 µL DMEM per well for 24 h in a humidified condition 
of 5% CO2. Different doses of arjunolic acid (3.12, 6.25, 12.5, 25, 50, 100, 200, 400 µM) were treated to each well. The first 
well was treated with the highest AA concentration 400 µM followed by serial dilution of the rest of the seven dose 
groups. The MTT solution 20 µL per well in the concentration of 5 mg/ml was introduced to the cells followed by an 
incubation for 4 h at 37 °C in the dark. The plate was then agitated to ensure the dissolution of the formazan crystal. 
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Absorbance was measured at the wavelength of 590 nm using a multi-well plate reader (Synergy HTX, Software Version 
2.09.1). 

The percentage of viable cells was interpreted by normalizing the log (Absorbance) from 0% (smallest mean) to 100% 
(largest mean). Then, a nonlinear regression model was used by selecting Log (inhibitor) vs. normalized response– 
variable slope in GraphPad Prism 8 to acquire the results for IC50. The mean of each group was compared with the 
untreated control group using one-way ANOVA followed by Dunnett’s test using IBM SPSS software. Significance 
levels were marked as *p< 0.05, **p< 0.01, ***p< 0.001. All the MTT experiments took place using n=3 when at least three 
independent studies were performed to validate the replicability of the results. 

2.6. LPS treatment protocol 
LPS was prepared according to the manufacturer’s protocol. In brief, LPS was dissolved in PBS (1 mg/ml) and sonicated 
for 2 min before treating the cells. The stock was sterilized with a 0.22 µm pore-size syringe filter (Beiter et al., 2018). 
The cells were treated with 1 µg/ml of LPS. 

2.7. High Content Screening (HCS) 
The H9C2 and C2C12 myoblasts were seeded in 96 well HCS Plate CellCarrier-96 ultra +LID (6055302, Perkin Elmer). 
Both the cell lines were differentiated according to the differentiation protocol to form myotubes. The HCS was 
performed according to the protocol described by Rahiman et al. (2017) and Proszynski et al. (2009) with some 
modifications. Cells were fixed by Image-iTTM Fixative Solution (High purity 4% formaldehyde in PBS, methanol-free) 
according to the manufacturer’s protocol using 15 µL of Image-iTTM Fixative Solution for 10-15 min at room 
temperature followed by washing with PBS. Cell permeabilization was done with 0.5% Triton X-100 (Procured from 
Thermofisher) for 15 min. Nonspecific staining was blocked with a blocking buffer (Starting block solution) for 1 h at 
room temperature. Primary antibodies were added to the cells and incubated overnight at 4 °C. The cells were incubated 
with secondary antibodies Goat Anti-Rabbit IgG H&L (Cy3) preadsorbed (AB6939, Abcam) or Goat Anti-Rabbit IgG 
H&L (Cy5) Preadsorbed (AB6564, Abcam) according to the host-antibody interaction pattern for 2 h. The nuclei were 
stained by DAPI Solution (Thermofisher, 62248) at 1 µg/ml for 15 min at room temperature under subdued lab lighting 
according to the manufacturer’s protocol. Cells were washed three times with PBS in between the incubations. 

The IN Cell Analyzer 2200 (GE Healthcare) was used to acquire the microscopic images. Ten fields from each well 
were scanned at two magnifications (10x and 60x). Using the appropriate excitation and emission filters on the IN Cell 
Analyzer 2200, three dyes—DAPI, Cy3, and Cy5—emitted fluorescence signals were detected. 

Image analysis was done by customizing the myotube analysis protocol of the IN Cell Developer Toolbox v1.9.2. 

Three phases of high content screening were carried out. The treated myotube cells were first stained with primary 
and secondary antibodies in the immunocytochemistry stage, which was followed by nuclear counterstaining (DAPI). 
The IN Cell Analyzer 2200 was used to acquire the image in the second stage. In the last step, IN Cell Developer Toolbox 
v1.9.2 analyzed the images. The goal of the study was to use HCS analysis to convert phenotypic signals from rat heart 
H9C2 myotubes and skeletal muscle cell C2C12 myotubes into quantitative data. The ability of HCS to acquire a large 
number of high-quality photos is a crucial characteristic. As a result, the image components could be distinguished with 
great accuracy. The HCS study incorporated 4’,6-diamidino-2-phenylindole (DAPI, Thermo Scientific) staining to 
identify the nucleus. Using primary (MyD88, NF-κB, JNK, and MAPK) and secondary (secondary antibody labeled with 
Cy3 and Cy5) antibodies, the expression of TLR4 signaling proteins was assessed. Consequently, the images labeled 
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both the counterstained nucleus and the intracellular proteins. The proteins stained with antibodies were located in the 
cytoplasm and nucleus. The myotube segmentation protocol from the context mode of the IN Cell Developer Toolbox 
software was used to segment the myotube and stain both the nucleus and myotube. The protocol for image analysis 
was modified in accordance with the microscopic images acquired by the IN Cell Analyzer 2200 during 
immunocytochemistry investigations. The phenotypic data from the segmented myotube images was converted into 
quantitative data when the image analysis procedure had finished. 

2.8. Western blot 
Western blot analysis was performed according to the previously reported protocol by Bakar and Tan (2017) with some 
modifications. In short, the H9C2 myotubes and C2C12 myotubes were lysed by RIPA lysis and extraction buffer by 
ThermoFisher. The protein concentration was measured by the BCA protein assay kit (23227 Pierce™). The protein 
sample was prepared by adding Lane Marker Reducing Sample Buffer (5x) (39000 PierceTM). Prior to loading into the 
gel, the samples were heated at 95 °C for 2 min and allowed to cool at room temperature. The SDS-PAGE separating gel 
(10%) and stacking gel (5%) were prepared according to the manufacturer’s protocol. To separate the proteins by 
electrophoresis on a Bio-Rad small gel tank, equal amounts of extracted proteins (20 µg) were loaded equally into each 
well of SDS-PAGE stacking gel. The separated proteins were transferred to a polyvinylidene difluoride (PVDF) 
membrane using an iBlot 2 Thermo-Fisher Scientific dry transfer device. The Starting Block T20 (TBS) Blocking Buffer 
was used as a blocking buffer for 1 h at room temperature with agitation that contains a proprietary protein formulation 
in Tris-buffered saline at pH 7.5 with 0.05% Tween-20 detergent. The PVDF membrane was incubated overnight at 4 °C 
on a belly dancer with the diluted primary antibodies of the selected markers (TLR-4 (1:250), MyD88 (1:500), IRAK-4 
(1:1000), p65 NF-κB (1:1000), JNK (1:1000), p38 (1:1000)). The membrane was washed 3 times by PBS-T for 5 min each 
time. According to the reactivity of the primary antibody’s species, the secondary antibodies were chosen as horseradish 
peroxidase (HRP) labeled goat anti-mouse IgG H&L or goat anti-rabbit secondary antibodies (1:2000, ab97040, or ab7090) 
and diluted in StartingBlock T20. The membranes were then incubated on the belly dancer for 2 h at room temperature 
before being thoroughly washed. ECL Plus Western Blotting Substrate (32134 PierceTM) was used for signal detection in 
accordance with the manufacturer’s instructions. Briefly, 2 ml of PierceTM ECL Plus Western Blotting Substrate Solution 
A and 50 ul of Solution B were combined, and the mixture was incubated for 5 min at room temperature. The result was 
visualized by chemiluminescence Gel Imager and analyzed by ChemiDoc as well as Image lab software (Bio-Rad). 

2.9. Statistical Analysis 
Statistical analysis was performed by IBM SPSS software, Version 22. The MTT dose groups were compared with the 
control group by one-way ANOVA followed by a Dunnett t-test. The HCS analysis data were analyzed by one-way 
ANOVA followed by Bonferroni post-hoc test. For Western Blot analysis, the treatment groups were compared using 
one-way ANOVA followed by a post-hoc Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 
0.001 for the area of myotube of untreated control, LPS (1 µg/ml) control +PDTC (25 µM), LPS (1 µg/ml) +AA (50, 75 and 
100 µM) vs LPS treated (1 µg/ml). 
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3. Results 

3.1. Cell Toxicity Studies 
The MTT assay was aimed to determine the safety and viability of rat myocardium cell H9C2 myoblast and mouse 
skeletal muscle cell C2C12 myoblast upon exposure to AA at different concentrations (3.12, 6.25, 12.5, 25, 50, 100, 200, 
400 µM). The cells were treated with AA for 24 h after the cell monolayer was determined to be 70-80% confluent. As 
shown in Fig. 3 (B and D), the absorbance (Mean) of the dissolved formazan was captured at 590 nm wavelength using 
a multi-well plate reader (Synergy HTX, Software Version 2.09.1). 

According to the findings, the absorbance (Mean) started to dramatically fall when compared to the untreated control. 
Less absorbance than the untreated control shows the existence of dead cells because the dead cell was unable to convert 
the MTT into formazan crystals. As a result, the considerable dose-dependent drop in absorbance with increasing doses 
shows that cell death occurs at greater concentrations. In this regard, our goal was to ascertain the IC50, or the 
concentration at which 50% of the cells were still viable. 

Fig. 3 shows the non-linear regression model that was used to calculate the IC50 of AA (A and C). The IC50 of AA for 
H9C2 and C2C12 myoblast was determined by the non-linear regression model to be 92.61 µM and 106.7 µM, 
respectively. 

 
Figure 3. MTT viability assay of AA in H9C2 and C2C12 myoblast cells. The experiment was performed according to Bakar and Tan (2017). MTT viability 

assay result was analyzed by GraphPad Prism, Version 8. A nonlinear regression model was used to determine IC50. Finally, statistical analysis was performed in 

IBM SPSS, Version 22. In Fig. 3 (B and D) The treatment groups (3.12, 6.25, 12.5, 25, 50, 100, 200, 400 µM) were compared with the untreated control group by 

one-way ANOVA followed by a post hoc Dunnett t-test. Significance level were marked as* p< 0.05, **p< 0.01, ***p< 0.001. Three independent experiments took 

place where each experiment contained n=3 wells. Total absorbance (Mean) of n=9 is shown. In Fig. 3 (A and C), three independent experiment data were compiled 

and drawn in nonlinear regression to determine the IC50. The untreated cells were normalized to 100%. 

 

3.2. HCS immunocytochemistry analysis 
3.2.1. Effects of AA on LPS-stimulated H9C2 Myotubes 
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Effect of AA on the MyD88 expression in LPS-stimulated H9C2 Myotubes 
The effect of AA was evaluated on the expression of MyD88 in LPS-stimulated H9C2 myotubes. In this regard, we 
treated the differentiated H9C2 myotubes in six groups such as untreated control, LPS (1 µg/ml) control, LPS (1 µg/ml) 
+ PDTC (25 µM), LPS (1 µg/ml) + AA (50, 75 and 100 µM). 

The findings revealed that (Fig. 4), demonstrating the upregulation of MyD88 markers upon LPS stimulation, the 
LPS control group was significantly different (***p< 0.001) from all other groups. Additionally, there was no statistically 
significant difference between the LPS+AA-treated group and the untreated control groups, which indicates great hope 
for reversing the LPS-stimulated upregulations. 

 
Figure 4. A) Differentiated H9C2 myotubes stained with primary anti-MyD88 and secondary antibody labeled with Cy3 fluorescent dye along with 

DAPI counterstaining. B) Area of myotube (Mean±SEM) results of MyD88 in H9C2 Myotube. Fig. 4 A.1 column shows the MyD88 stained with Cy3, A.2 
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shows the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy3 and DAPI staining. The images of Fig. 4A were captured in 60x 

magnification by IN Cell Analyzer 2200. Whereas Fig. 4B shows the area of segmented myotubes. The dose groups were compared with control and LPS control 

groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube of untreated 

control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

Effect of AA on the NF-κB expression in LPS-stimulated H9C2 Myotubes 
NF-κB plays an important role in inflammation and the MyD88-dependent TLR4 signaling pathway. The study aimed 
to investigate the expression of NF-κB markers upon LPS stimulation of H9C2 myotubes. An NF-κB inhibitor PDTC 
was used as a drug control for the experiment. The experiment groups were of untreated control, LPS (1 µg/ml) control, 
LPS (1 µg/ml) +PDTC (25 µM), LPS (1 µg/ml) +AA (50, 75 and 100 µM) for 24 h. The untreated group was compared 
with other groups and there was a significant difference with LPS groups that provides evidence of NF-κB stimulations 
upon LPS treatment. Furthermore, the treatment groups were compared with LPS (1 µg/ml) treated groups when the 
results (Fig. 5) showed that the upregulation of NF-κB was significantly reduced (***p< 0.001) by cotreatment of LPS (1 
µg/ml) +PDTC (25 µM), LPS (1 µg/ml) +AA (50, 75 and 100 µM). Therefore, we could infer that the NF-κB stimulations 
were upregulated whereas the AA-treated groups reduced the protein expression level of NF-κB significantly. 
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Figure 5. A) Differentiated H9C2 myotubes stained with primary anti-NF-kB and secondary antibody labeled with Cy5 fluorescent dye along with 

DAPI counterstaining. B) Area of myotube (Mean±SEM) results of NFkB in H9C2 Myotube. Fig. 5 A.1 column shows the NF-κB stained with Cy5, A.2 

shows the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy5 and DAPI staining. The images of Fig. 5A were captured in 60x 

magnification by IN Cell Analyzer 2200. Whereas Fig. 5B shows the area of segmented myotubes. The dose groups were compared with control and LPS control 

groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube of untreated 

control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

Effect of AA on the p38 MAPK expression in LPS-stimulated H9C2 Myotubes 
Mitogen-activated protein kinases (MAPKs) are important markers in the TLR4 signaling pathway. It has been reported 
that the MAPKs work mediates the transportation of different extracellular stimuli to intracellular space consequently 
inflammatory responses or apoptosis occur in the cell. As our study includes the treatment of LPS to look closely into 
the TLR4 signaling pathway, it is important to observe how AA treatment influences p38 MAPK marker regulation. 
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The differentiated H9C2 myotubes were treated in six groups (untreated control, LPS (1 µg/ml) control, LPS (1 µg/ml) 
+PDTC (25 µM), LPS (1 µg/ml) +AA (50, 75 and 100 µM) when compared with untreated control, LPS control and drug 
control (PDTC). The results (Fig. 6) showed that the LPS control was significantly different (***p< 0.001) from the rest of 
the groups indicating the upregulation of p38 MAPK protein. As the PDTC (25 µM) and AA (50, 75, and 100 µM) treated 
groups were cotreated with LPS (1 µg/ml), the result suggests that the cardioprotective effects of PDTC and AA were 
mediated by downregulating the p38 MAPK expression when stimulated by LPS treatment. 

 
Figure 6. A) Differentiated H9C2 myotubes stained with primary anti-p38 MAPK and secondary antibody labeled with Cy3 fluorescent dye along 

with DAPI counterstaining. B) Area of myotube (Mean±SEM) results of p38 MAPK in H9C2 Myotube. Fig. 6 A.1 column shows the p38 MAPK stained 

with Cy3, A.2 shows the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy3 and DAPI staining. The images of Fig. 6A were 

captured in 60x magnification by IN Cell Analyzer 2200. Whereas Fig. 6B shows the area of segmented myotubes. The dose groups were compared with control and 
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LPS control groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube 

of untreated control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

Effect of AA on the JNK expression in LPS-stimulated H9C2 Myotubes 
From the results (Fig. 7), we could see that there was no significant difference between the untreated control group 

with PDTC (25 µM) and AA (50, 75, and 100 µM) treated groups even though the PDTC (25 µM) and AA (50, 75 and 100 
µM) were cotreated with LPS (1 µg/ml). Secondly, the JNK marker expression in the LPS treated group was significantly 
increased (p< 0.001) from the rest of the groups. Thirdly, there was no significant difference between PDTC (25 µM) and 
AA (50, 75, and 100 µM) as well as the untreated control group. Therefore, the results suggest that AA and PDTC 
suppressed JNK protein expression in LPS stimulated H9C2 myotube. 
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Figure 7. A) Differentiated H9C2 myotubes stained with primary anti-JNK and secondary antibody labeled with Cy5 fluorescent dye along with DAPI 

counterstaining. B) Area of myotube (Mean±SEM) results of JNK in H9C2 Myotube. Fig. 7 A.1 column shows the JNK stained with Cy5, A.2 shows the 

counterstained picture of DAPI staining, and A.3 is the merged images of both Cy5 and DAPI staining. The images of Fig. 7A were captured in 60x magnification 

by IN Cell Analyzer 2200. Whereas Fig. 7B shows the area of segmented myotubes. The dose groups were compared with control and LPS control groups by one-

way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube of untreated control, LPS(1 

µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

3.2.2. Effects of AA on LPS-stimulated C2C12 Myotubes 

Effect of AA on the MyD88 expression in LPS-stimulated C2C12 Myotubes 
The results (Fig. 8) showed that MyD88 protein expression in the untreated control group was significantly different 
(***p< 0.001) from all other groups indicating the upregulation of MyD88 markers upon LPS stimulation. However, there 
were no significant differences between LPS control with LPS+PDTC and LPS+AA treated groups, which shows that 
AA at all concentrations tested and PDTC was not able to suppress the increased expression of MyD88 in LPS stimulated 
C2C12 myotube. 
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Figure 8. A) Differentiated C2C12 myotubes stained with primary anti-MyD88 and secondary antibody labeled with Cy3 fluorescent dye along with 

DAPI counterstaining. B) Area of myotube (Mean±SEM) results of MyD88 in C2C12 Myotube. Fig. 8 A.1 column shows the MyD88 stained with Cy3, A.2 

shows the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy3 and DAPI staining. The images of Fig. 8A were captured in 60x 

magnification by IN Cell Analyzer 2200. Whereas Fig. 8B shows the area of segmented myotubes. The dose groups were compared with control and LPS control 

groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube of untreated 

control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 
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Effect of AA on the NF-κB expression in LPS-stimulated C2C12 Myotubes 

The experiment groups (Fig. 9) were of untreated control, LPS(1 µg/ml) control, LPS (1 µg/ml) +PDTC (25 µM), LPS(1 
µg/ml) +AA (50, 75 and 100 µM) for 24 hours. The untreated group was compared with other groups and there was a 
significant difference with LPS groups that provides evidence of increased NF-κB protein expression upon LPS 
treatment. Furthermore, the treatment groups were compared with LPS (1 µg/ml) treated groups when the results 
showed that the upregulation of NF-κB was significantly reduced (***p< 0.001) by cotreatment of LPS (1 µg/ml) +PDTC 
(25 µM), LPS (1 µg/ml) +AA (50, 75 and 100 µM). Therefore, we could conclude that LPS increased NF-κB expression 
and that AA was able to dramatically lower NF-κB protein expression, although not to the level of the untreated control. 
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Figure 9. A) Differentiated C2C12 myotubes stained with primary anti-NF-κB and secondary antibody labeled with Cy5 fluorescent dye along with 

DAPI counterstaining. B) Area of myotube (Mean±SEM) results of NF-κB in C2C12 Myotube. Fig. 9 A.1 column shows the NF-κB stained with Cy5, A.2 

shows the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy5 and DAPI staining. The images of Fig. 9A were captured in 60x 

magnification by IN Cell Analyzer 2200. Whereas Fig. 9B shows the area of segmented myotubes. The dose groups were compared with control and LPS control 

groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p <0.05, **p <0.01, ***p<0.001 for the area of myotube of untreated 

control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50,75 and 100 µM) vs LPS treated (1 µg/ml). 

 

Effect of AA on the JNK expression in LPS-stimulated C2C12 Myotubes 

The results (Fig. 10) showed that, despite being co-treated with LPS (1 µg/ml), there was no discernible difference 
between the untreated control and LPS control groups, as well as between PDTC (25 µM) and AA (50, 75, and 100 µM) 
treated groups. The findings suggested that LPS treatment did not affect the C2C12 myotube’s ability to express more 
JNK protein. 
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Figure 10. A) Differentiated C2C12 myotubes stained with primary anti-JNK and secondary antibody labeled with Cy5 fluorescent dye along with 

DAPI counterstaining. B) Area of myotube (Mean±SEM) results of JNK in C2C12 Myotube. Fig. 10 A.1 column shows the JNK stained with Cy5, A.2 shows 

the counterstained picture of DAPI staining, and A.3 is the merged images of both Cy5 and DAPI staining. The images of Fig. 10A were captured in 60x 

magnification by IN Cell Analyzer 2200. Whereas Fig. 10B shows the area of segmented myotubes. The dose groups were compared with control and LPS control 

groups by one-way ANOVA followed by the Dunnett t-test. Significance level were marked as *p< 0.05, **p < 0.01, ***p< 0.001 for the area of myotube of untreated 

control, LPS(1 µg/ml) control +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

3.3. Western Blot analysis on H9C2 Myotube 
The toll-like receptor 4 (TLR4) signaling pathway is important for cardiac inflammation and other diseases.  

From the results (Fig. 11), LPS treated groups were significantly different from all of the other groups except AA (50 
µM) treated groups. Moreover, the expression of TLR4 was significantly reduced in LPS (1 µg/ml) +PDTC (25 µM) and 
LPS (1 µg/ml) +AA (50, 75, and 100 µM) treated groups. Additionally, there were no significant differences within 
untreated control, LPS (1 µg/ml) +PDTC (25 µM) and LPS (1 µg/ml) +AA (50, 75 and 100 µM). Therefore, it can be 
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postulated that the LPS stimulation increased the expression of TLR4 markers whereas the AA and positive control 
PDTC reduced the upregulation significantly. The effect of AA was dependent on the concentration used as 50 µM of 
AA resulted in a much lower decrease of TLR4 expression which was not significantly different compared to the LPS 
control group. 

The results (Fig. 11) showed that the MyD88 upregulation was highest in the LPS (1 µg/ml) treated group followed 
by the LPS (1 µg/ml) +PDTC (25 µM) treated group. Additionally, the LPS (1 µg/ml) +AA (75 and 100 µM) treated groups 
inhibited the LPS stimulation and it was similar to the untreated control. However, the statistical analysis did not show 
any significance even though the clear differences were visible. But all three independent studies showed a trend of AA-
treated groups to downregulate MyD88 marker expression. Therefore, the result showed possible cardioprotective 
effects by AA reducing My88 protein upregulations in individual experiments. 

The results (Fig. 11) showed an increase in JNK protein expression in the groups LPS (1 µg/ml) +PDTC (25 µM) and 
LPS (1 µg/ml) +AA (50, 75 and 100 µM) treated groups whereas the AA managed to reduce the upregulation at different 
doses. Therefore, the results suggest the probable activity of AA to inhibit JNK protein expression in LPS stimulated 
H9C2 myotube. 

According to the findings (Fig. 11), LPS treatment resulted in an upregulation of NF-κB, which was decreased in the 
LPS (1 µg/ml) +PDTC (25 µM), LPS (1 µg/ml) +AA (75 and 100 µM), but this difference was not statistically significant. 
As a result, the finding raises the possibility that AA has cardioprotective properties. 
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Figure 11. Changes in TLR4, MyD88, JNK, and NF-κB protein expressions in C2C12 myotube upon stimulation of LPS (1 µg/ml). Representative western 

blot analysis showed the expression levels of TLR4(a), MyD88 (b), JNK(c), and NF-κB (d). The results were analyzed in densitometric analysis by ImageLab software 

(BioRad). The data was normalized by β-actin when the absorbance was expressed as mean ± SD. The n=3 for each group where three independent experiments were 

performed. The untreated control was considered as 1 and the rest of the groups were normalized likewise. The dose groups were compared with control and LPS 

control groups by one-way ANOVA followed by a Dunnett t-test. Significance level were marked as *p< 0.05, **p<0.01, ***p< 0.001 for the area of myotube of 

untreated control, LPS(1 µg/ml) +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

3.4. Western Blot analysis on C2C12 Myotube 
In this study, we treated the C2C12 myotubes in vitro to investigate the effect of AA upon LPS stimulation in the western 
blot of protein extract.  

The results for TLR4 marker expression (Fig. 12(a)), LPS treated groups were significantly (*p< 0.01) different from 
the rest of the groups except AA (50 µM) treated groups. Additionally, the expression of TLR4 was significantly reduced 
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in LPS (1 µg/ml) +PDTC (25 µM) and LPS (1 µg/ml) +AA (50, 75 and 100 µM) treated groups. Moreover, there were no 
significant differences within untreated control, LPS (1 µg/ml) +PDTC (25 µM) and LPS (1 µg/ml) +AA (50, 75 and 100 
µM). Therefore, it can be postulated that the LPS stimulation increased the expression of TLR4 markers whereas the AA 
and positive control PDTC reduced the upregulation significantly. 

The results (Fig. 12(b)) for MyD88 marker expression revealed that the MyD88 upregulation was highest in the LPS 
(1 µg/ml) followed by LPS (1 µg/ml) +PDTC (25 µM) treated group. Moreover, the LPS (1 µg/ml) +AA (50, 75, and 100 
µM) treated groups inhibited the upregulation of MyD88 upon LPS stimulation and it was very close to untreated 
control. However, the statistical analysis did not show any significant differences even though the mean differences 
between the groups were visible. 

The results (Fig. 12(c)) showed that the LPS control was significantly different (*p< 0.05) from the rest of the untreated 
group which indicates the upregulation of p38 MAPK protein upon LPS stimulation. Moreover, the LPS (1 µg/ml) 
+PDTC (25 µM) and LPS (1 µg/ml) +AA (100 µM) showed a significant decrease in the p38 which was upregulated by 
LPS stimulation when they were compared with LPS (1 µg/ml) treated group. As the PDTC (25 µM) and AA (100 µM) 
treated groups were cotreated with LPS (1 µg/ml), the result suggests the significant cardioprotective effects of AA by 
downregulating the p38 MAPK expression upon treatment of LPS. 

The results from NF-κB marker expression (Fig. 12 (d)), the NF-κB was upregulated upon LPS treatment where LPS 
(1 µg/ml) +PDTC (25 µM), LPS (1 µg/ml) +AA (75 and 100 µM) treated groups showed a decrease in mean differences 
in NF-κB upregulation even though it is not statistically significant. This might suggest a possible cardioprotective effect 
of AA. 
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Figure 12. Changes in TLR4, MyD88, p38, and NF-κB protein expressions in C2C12 myotube upon stimulation of LPS (1 µg/ml). Representative western 

blot analysis showed the expression levels of TLR4(a), MyD88 (b), p38(c), and NF-κB (d). The results were analyzed in densitometric analysis by ImageLab software 

(BioRad). The data was normalized by β-actin when the absorbance was expressed as mean ± SD. The n=3 for each group where three independent experiments were 

performed. The untreated control was considered as 1 and the rest of the groups were normalized likewise. The dose groups were compared with control and LPS 

control groups by one-way ANOVA followed by a Dunnett t-test. Significance level were marked as *p< 0.05, **p< 0.01, ***p< 0.001 for the area of myotube of 

untreated control, LPS(1 µg/ml) +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) vs LPS treated (1 µg/ml). 

 

4. Discussions 

The present study investigated the effects of AA on the H9C2 myotube and C2C12 myotube upon activation of TLR4 
signaling pathway markers by LPS stimulation. 

Our findings provide molecular evidence that LPS stimulation increases the expression of downstream signaling 
markers for TLR4 that are mediated by MyD88. When combined with LPS, AA reduces the expression of TLR4 signaling 
markers, which is important in cardioprotection.  
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Previous reports suggested that AA possesses a cardioprotective effect through different mechanisms. According to 
Miriyala et al. (2015), AA improved myocardial infarction (MI) by inhibiting the generation of reactive oxygen species 
(ROS). The research observed decreased levels of p47(phox)-serine phosphorylation and mitochondrial dysfunction 
upon treatment with AA (Miriyala et al., 2015). In a different study, cardiac fibrosis was reversed by arjunolic acid by 
inhibiting non-canonical transforming growth factor (TGF)-β signaling. Inhibition of TGF-β-activated kinase 1 (TAK1) 
phosphorylation leads to the reduction of p38 MAPK and NF-κB p65 activation (Bansal et al. 2017). To evaluate vascular 
inflammation and cardiac dysfunction associated with type 1 diabetes, Manna and Sil (2012) evaluated the molecular 
mechanisms by measuring NF-κB and MAPKs (p38 and ERK1/2) activations, mitochondrial membrane depolarization, 
cytochrome C release, caspase 3 activation, and PARP cleavage in apoptotic cell death in the diabetic cardiac tissue. 
Their results supported the cardioprotective effects of AA. Oxidative myocardial injury was induced by arsenic where 
cardiac glutathione (GSH) and total thiol contents decreased whereas the levels of oxidized glutathione (GSSG), lipid 
peroxidation end products, and protein carbonyl content increased. Therefore, the present study is envisaged to 
evaluate the potential of AA in cardio metabolic dysfunction by HCS image analysis and WB analysis of extracted 
proteins. 

The toll-like receptor 4 (TLR4) signaling pathway is important for cardiac inflammation and other diseases. Skeletal 
muscle cell C2C12 has been extensively used to evaluate the expression of TLR4 signaling markers in different research. 
Moreover, the C2C12 myoblast and differentiated C2C12 myotubes showed upregulation of TLR4 upon LPS stimulation 
(Frost et al., 2004). Myeloid differentiation primary response gene 88 (MyD88), an adaptor receptor of the TLR4 signaling 
pathway has been reported to be accountable for sensitivity upon lipopolysaccharide (LPS) stimulation. According to 
(Kawai et al., 1999), the MyD88 knockout mice have failed to show sensitivity to LPS treatment in various experiments 
like shock response, B cell proliferative response, or macrophage stimulated cytokine secretions. That supported the 
hypothesis that MyD88 is important for LPS response (Kawai et al. 1999). Evidence implicates that mitogen-activated 
protein kinases (MAPKs) are important markers in the TLR4 signaling pathway. It has been reported that the MAPKs 
mediate the transportation of different extracellular stimuli to intracellular space consequently inflammatory responses 
or apoptosis occur in the cell. Additionally, the LPS stimulation has been observed to increase p38 MAPK (Meng et al., 
2013). As our study includes the treatment of LPS to look closely into the TLR4 signaling pathway, it is important to 
observe how AA treatment influences p38 MAPK marker regulation. c-Jun N-terminal kinases (JNKs) belong to larger 
mitogen-activated protein kinases (MAPKs) which are also important markers of the TLR4/JNK/MAPK signaling 
pathway. The MAPK plays a key role in making a bridge between membrane proteins (TLR4) and intracellular targets. 
The JNK markers are derived from three genes JNK1, JNK2, and JNK3 with at least 10 isoforms. The researchers have 
revealed that JNK1 and JNK2 are present in all cells and tissues. However, the JNK3 marker could be traced in the brain 
(in abundance) and heart (lesser abundance) (Bode and Dong 2007). When analyzing the LPS-stimulated epithelial-
mesenchymal transition (EMT) experiment, Li et al. (2014) found that the JNK/MAPK was situated in the downstream 
signaling of TLR4. Inflammation and the MyD88-dependent TLR4 signaling pathway depend heavily on NF-κB. 
According to research, NF-κB markers are activated by LPS stimulation, which promotes the growth of cancer or 
inflammation (Ikebe et al., 2009). Therefore, in order to comprehend the TLR4 signaling pathway, our study examined 
the expressions of the specific target markers TLR4, MyD88, JNK, p38, and NF-κB. 

According to the findings (Fig. 13 and 14), we could see that MyD88, NK-κB, p38, and JNK regulators were 
significantly upregulated in response to LPS stimulation. Additionally, the expression of the protein was downregulated 
considerably in the groups treated with PDTC (25 µM) and AA (50, 75, and 100 µM). Only TLR4 expression, however, 
significantly increased in response to LPS stimulation and significantly decreased in response to AA (75 and 100 µM) 
treatment. When exposed to AA, MyD88 (AA-50, 75, and 100 µM), NF-κB (AA-75, and 100 µM), and JNK (AA-50, 75, 
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and 100 µM) all exhibited a tendency of downregulation. Therefore, it can be said that when administered to the H9C2 
myotube, AA has a cardioprotective effect on the My88-dependent TLR4 signaling pathway. 

 

Figure 13. The diagram shows the effects of AA on the LPS-induced MyD88-dependent TLR4 signaling pathway in H9C2 myotubes (HCS and WB). 

The overall effect of AA on the LPS-stimulated MyD88-dependent TLR4 signaling pathway is shown in the figure. The relevant diagram shows how TLR4-

downstream signaling was monitored in H2C9 in response to LPS stimulation using both HCS and WB analysis. HCS was applied to MyD88, NF-κB, p38, and 

JNK (Immunocytochemistry). NF-κB, JNK, TLR4, MyD88, and NF-κB were all exposed to WB (Immunoblotting). Starting from the left, the groups are LPS (1 

µg/ml), LPS(1 µg/ml) +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM). 

 

 
Figure 14. The figure depicts the overall effect of AA on C2C12 myotubes in the LPS-stimulated MyD88dependent TLR4 signaling pathway. The 

relevant diagram shows how TLR4-downstream signaling was monitored in C2C12 in response to LPS stimulation using both HCS and WB analysis. HCS was 

applied to MyD88, NF-κB, and JNK (Immunocytochemistry). TLR4, MyD88, NF-κB, and p38 were all exposed to WB (Immunoblotting). Starting from the left, 

the groups are LPS (1 µg/ml), LPS(1 µg/ml) +PDTC (25 µM), LPS(1 µg/ml) +AA (50, 75 and 100 µM) 
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5. Conclusion 
The current study suggests potential cardioprotective effects of AA and it could be a potential therapeutic agent for 
cardiovascular dysfunction. However, the focus of our study was on cellular experimentation, further in vivo and clinical 
studies would be necessary to develop AA as a new therapeutic agent for cardiovascular diseases. 
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