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Abstract 

Purpose: To assess the protective effects of bitongling granules on H9C2 cells exposed to 
lipopolysaccharides (LPS) in the management of rheumatoid arthritis (RA)-induced myocardial 
inflammation.  
Methods: The effects of bitongling granule (BTLG) drug-containing serum were assessed in 
myocarditis models established in rat cardiac cells. MicroRNA-21 (miR-21) levels were evaluated by 
qRT-PCR while MTT assays were performed to assess cell viability. ELISA assay was used to evaluate 
tumor necrosis factor α (TNF-α), interleukin 17 (IL-17) and interleukin 6 (IL-6) levels in cell culture 
supernatants. Apoptosis was determined by flow cytometry (FCM). Quantitative mitogen-activated 
protein kinase (MAPK)/p38, toll-like receptor 4 (TLR4) and nuclear factor kappa B (NF-kB)/p65 levels 
were evaluated by western blot and immunofluorescence 
Results: BTLG increased cardiac cell activity and exhibited anti-inflammatory effect. It also inhibited 
LPS-induced H9C2 apoptosis and suppressed p65 NF-κB phosphorylation (p-p65 NF-κB), TLR4, and 
p38 MAPK phosphorylation (p-p38 MAPK). BTLG also reduced miR-21 expression, and the 
overexpression of the miR-21 inhibitor in H9C2 suppressed apoptosis. Moreover, p-p38 MAPK, TLR4 
and p-p65 NF-κB expression were down-regulated in miR-21 inhibitor transfected H9C2s. The inhibition 
of p38/TLR4/ NF-κB signaling might have occurred via the suppression of miR-21 by BTLG.  
Conclusion: The results show that BTLG inhibits the inflammatory reaction involved in p38 
MAPK/TLR4/ NF-κB signaling pathway and can prevent RA-induced cardiac disease, suggesting that 
BTLP treatment may be beneficial for the management of arthritic cardiomyopathy. 
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INTRODUCTION 
 
Rheumatoid arthritis (RA) is a chronic systemic 
autoimmune disease the main clinical 
manifestations and causative factors of which 
remain unknown. RA is associated with 
increased cardiovascular morbidity and mortality 
and a poorly understood pathophysiology [1,]. 
Clinical and experimental data highlight the 
diverse mechanisms involved in the development 
of myocardial dysfunction in RA, including 
oxidative damage, and cardiac inflammation [2]. 
Amongst these abnormal conditions, 
inflammatory responses play an important role 
during myocardial dysfunction during RA. 
Chronic inflammation directly and indirectly leads 
to cardiac tissue damage including necrosis and 
apoptosis [3]. Understanding the basis for 
inflammation during RA can contribute to 
improved disease management. 
 
MicroRNAs (miRNAs) are non-coding ssRNAs of 
19-25 nt in length that post-transcriptionally 
regulate gene expression [4]. Accumulating 
evidence suggests that miRNAs participate in the 
regulation of inflammatory processes and reduce 
the occurrence of inflammation [4]. The 
expression of miR-21 increases during 
inflammation in the CD4 + T cells of RA patients, 
which may be related to an increased risk of RA 
development [5]. Increased miR-21 expression 
has also been reported in other inflammatory 
responses such as allergic airway inflammation 
[4] and inflammatory bowel disease [6]. 
 
Recent studies have revealed the involvement of 
TLR4/NF-κB signaling with RAs 7]. TLR4-
mediated innate immune and inflammatory 
responses play a key role in RA, primarily 
through NF-κB signaling [8]. Studies have 
demonstrated that miR-21 prevents OGD-
induced neural stem cell death and apoptotic-
associated protein activity through inhibiting JNK 
and p38 pathways [9].  
 
The apoptosis involving miR-21 in 
hepatoblastoma cells is also mediated through 
ASPP2/p38 signaling both in vitro and in vivo 
[10], preventing MAPK signaling through targeted 
inhibition of MAP2K3 [11]. It is therefore 
considered that miR-21 regulates p38 MAPK and 
NF-κB signaling and the production of 
inflammatory cytokines [12]. Bitongling granules 
are a Traditional Chinese Medicine (TCM) known 
to improve the clinical symptoms of RA [13]. 
However, the effectiveness of bitongling granules 
when treating patients with myocardial 
inflammation induced by RA requires elucidation. 
 

The aim of this study is to reveal the relationship 
between bitongling granules, miR-21, p38 MAPK 
and NF-κB signaling during the downregulation 
of inflammatory responses in myocardial 
inflammation induced by RA. 
 
EXPERIMENTAL 
 
Animals and BTLG preparation  
 
Twenty adult male Sprague-Dawley (SD) rats 
weighing 180-220 g were purchased from 
Western Biotech. Co. Ltd. (Chongqing, China). 
All animal experiments were performed under 
protocols approved by the Animal Care and Use 
Committee (Ethics Committee) of the Anhui 
University of Chinese medicine (Hefei, China) 
and also followed international guidelines for 
animal studies. 
 
BTLG was produced using Radix aconiti 
preparata 3 g, Radix saposhnikoviae 10 g, nidus 
vespae 5 g, Ramulus cinnamomi 6 g, Caulis 
sinomenii 12 g and herba ephedrae 5 g. All were 
provided by the First Affiliated Hospital of Anhui 
University of Chinese Medicine. A total of 41 g of 
crude BTLG was dissolved in 10 ml of 
physiological saline, topped up to a volume of 
20.5 mL in saline and stored at 4 °C. 
 
Preparation of drug-containing serum 
 
After one week of environmental adaptation, all 
rats were randomly divided into blank controls 
(equal volume of 0.9 % saline) and those 
receiving BTLG suspensions. BTLG was 
administered once per day (0.7 mL/100 g body 
weight) through continuous administration via 
gavage for 3 d. On day 4, rats were administered 
the full-daily dose for 1 h and anaesthetized with 
ketamine. Blood samples were collected from the 
portal vein under aseptic conditions at 37 °C, and 
samples were centrifuged at 3000 rpm for 10 min 
at 4 °C. Animal serum in the same group was 
combined and separated serum was inactivated 
at 56 °C in a water bath for 30 min. Samples 
were filtered using a 0.22 μm filter and stored at -
80 °C prior to preservation. 
 
Cell culture and treatments 
 
The normal rat myoblast line, H9C2, was 
obtained from the cell bank of the Chinese 
academy of sciences (Shanghai, China) and 
maintained in DMEM/low glucose medium (5.5 
mmol/l; Life Technologies, Thermo Fisher 
Scientific, USA.) containing 10 % fetal bovine 
serum (FBS; Gibco, Thermo Fisher Scientific, 
Inc.) and 0.1 % penicillin/streptomycin (Life 
Technologies, Thermo Fisher Scientific, USA). 
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Lipopolysaccharides (LPS) was purchased from 
Sigma-Aldrich (Merck). According to previous 
studies [14], cells were pretreated with LPS (40 
mg/L) for 1 h with blank rat serum at a 
concentration of 10 % or BTLG drug-containing 
rat serum at a concentration of 10 % for 48 h. 
 
Quantitative real-time RT-PCR                                                                                                                                          
 
Quantitative real-time RT-PCR was performed to 
assess the transcript levels of miR-21. Total RNA 
was extracted using TRIzol (Invitrogen), and 
RNA concentration and integrity were 
determined. First-strand cDNA synthesis was 
performed and miR-21 was amplified using the 
CFX96 real-time PCR system (Bio-Rad, USA). 
The Real Time SYBR master mix kits were set 
as follows: 50 °C, 2 min, 95 °C, 10 min; 95 °C, 15 
s and 60 °C, 1 min (40 cycles). Fold changes in 
miR-21 PCR products were calculated after 
adjusting for GAPDH using the comparative -ΔΔ 
Ct method. Primers were obtained from Western 
Biotechnology Corp (Chongqing, China). The 
primer sequences used are shown in Table 1. 
 
Cell transfection 
 
siRNA transfections were performed in H9C2 
cells cultured in 35 mm culture dishes for 1 day, 
followed by transfection with the miR-21 inhibitor 
(5’-UCAACAUCAGUCUGAUAAGCUA-3’; 
GenePharm, shanghai, China) or non-targeting 
NC-inhibitor (5’-CAGUACUUUUGUGUAGUA 
CAA-3’; GenePharm, shanghai, China) using 
Lipofectamine RNAIMAX (Thermo Fisher 
Scientific, USA) reagents according to the 
manufacturer's instructions. After 6 h of 
transfection, the medium was changed to normal 
medium supplemented with 10 % FBS. 
Transfected cells were harvested for proliferation 
and apoptosis assays, and protein expression 
was assessed 24 h post-transfection. 
 
MTT assays and morphological analysis 
 
Cells treated with LPS, or BTLG were incubated 
with 0.5 mg/mL MTT reagent (Beyotime 
Biotechnology, China). Cells were then washed 
and dimethyl sulfoxide (DMSO) was added. 
Absorbances were measured at 490 nm on a 
spectrometer (Varioskan LUX, Thermo Fisher, 
USA). Experiments were replicated three times 
and the average optical density (OD) values 

were obtained. Cell viability rates were calculated 
as the OD value of the experimental group/the 
OD value of control group × 100 %. 
Morphological analysis was performed on an 
inverted microscope (Olympus, Tokyo, Japan) at 
100× magnification. 
 
Flow cytometry 
 
Apoptotic cells were assessed using Annexin 
V/7-amino-actinomycin D (AV/7-AAD) staining 
kits according to the manufacturer’s instructions 
(Beyotime Biotechnology, China). H9C2 cells 
(1x106 per sample) were stained in 500 µl 
binding buffer containing 5 µl 7-AAD and 5µl 
AnnexinV-FITC for 10-15 mins. Binding of 
Annexin V and 7-AAD were analyzed on a BD 
FACS Calibur flow cytometer (BD Biosciences, 
San Jose, USA). The percentage of apoptotic 
cells (AnnexinV + 7-AAD+) were analyzed across 
experimental groups. 
 
Enzyme linked immunosorbent assay (ELISA)  
 
Cytokine concentrations were determined by 
ELISA according to the manufacturer’s protocols 
(Liankebioscience, Hangzhou, China). Firstly, 
protein standards and supernatants were added 
to 96-well ELISA plates and incubated at 37 °C 
for 1.5 h. ELISA plates were then washed 4-5 
times and antibodies (100 μL) were added to 
each well at 37 °C for 1 h. The supernatants of 
the samples were discarded and plates were 
labeled with HRP-conjugated secondary 
antibodies (100 μL) at 37 °C in a humidified 
incubator for 30 min. TMB substrate (100 μL) 
was added to each well and plates were 
incubated in the dark for 15 min. Stop solution 
(100 μL) was added to each well and OD values 
were read at 450 nm. Standard curves were 
obtained using two-fold dilutions for each 
individual experiment. Samples were assessed in 
triplicate. 
 
Western blot analysis  
 
Cells were lysed in RIPA lysis buffer (Beyotime 
Biotechnology, China) and protein content 
assessed via BCA assays (Beyotime 
Biotechnology, China). Proteins (50 μg) were 
resolved on 10 % (w/v) sodium dodecyl sulfate 
bis-tris gels and transferred to polyvinylidene 
fluoride (PVDF) membranes. 

 
         Table 1: Primer sequences used for PCR 
 

Item Forward Reverse
 5'CGGTAGCTTATCAGACTG3’ 5’GAGCAGGCTGGAGAA3’ 
GAPDH 5’CCCATCTATGAGGGTTACGC3’ 5’TTTAATGTCACGCACGATTTC3’ 
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Membranes were blocked in PBST containing 5 
% (w/v) skimmed milk powder for 2 h and probed 
with primary antibodies (TLR4, 1:500; p-p38 
MAPK, 1:1000; p38 MAPK, 1:1000; p-p65 NF-
κB, 1:1000; p65 NF-κB, 1:1000; GAPDH, 1:2000) 
(Santa Cruz Biotechnology, CA, USA) overnight 
at 4 °C. Membranes were washed four times in 
PBST and incubated with HRP-anti-rabbit or anti-
mouse secondary antibodies (1:5000; 
Proteintech, China) for 1 h. Protein bands were 
imaged using ECL western blotting substrate Kits 
(Thermo Scientific/Pierce, USA). Data were 
analyzed using Quantity One (Bio-Rad, USA) 
software. GAPDH was used as an internal 
reference. 
 
Immunofluorescence staining  
 
Treated H9C2 cells cultured on poly L-lysine (0.1 
mg/mL) coated coverslips were fixed in 4 % 
paraformaldehyde (PFA) and permeabilzed with 
0.1 % Triton X-100 for 20 min. Cells were 
blocked in PBS containing 2 % bovine serum 
albumin (BSA; Sigma-Aldrich) for 1 h and probed 
at 4 °C with anti-rat TLR4 (1:200, Abcam), anti-
rat p-p38 MAPK (1:100, Abcam, USA), and anti-
rat p-p65 NFκB antibodies (1:200, Abcam) 
overnight.  
 
Cells were then washed in PBS and stained with 
PE-labelled goat anti-rabbit IgG (1:200, 
Proteintech, China) for 2 h. Cell nuclei were 
DAPI stained for 5 min at 37 °C and imaged on a 
high speed and sensitive laser scanning 
microscope FV3000 (Olympus, Tokyo, Japan) at 
200× magnification. 
 
Statistical analysis 
 
Data analysis was performed using GraphPad 
Prism Version 8.0 (GraphPad Software, La Jolla, 
CA, USA). Data were expressed as the mean ± 
standard error (SE). All experiments were 
replicated three times. Data were analyzed using 
a one-way analysis of variance (ANOVA) 
followed by Student’s t-test. P < 0.05 was 
considered statistically significant. 
 
RESULTS 
 
Expression of miR-21  
 
To investigate the correlation between BTLG and 
miR-21, qRT-PCRs were performed (Figure 1). 
Compared to the control group, the expression of 
miRNA-21 significantly increased in the LPS-
treated group, while miR-21 expression 
significantly declined in the BTLG group 
compared to the LPS group. 
 

 
 
Figure 1: MiR-21 expression in H9C2 cells induced by 
LPS. qRT-PCR was used to analyze the expression of 
miR-21 in control, lipopolysaccharide (LPS, 40 mg/L), 
and bitongling granules drug-containing serum (BTLG, 
10%) groups. Cells were pretreated with LPS for 1 h or 
BTLG for 48 h. Data are the mean ± SE of three 
independent experiments; n = 6, *p < 0.05 vs control, 
#p < 0.05 vs LPS 
 
Morphological changes in H9C2 cells treated 
with BTLG 
 
To investigate the effect of BTLG on H9C2 
morphology, cells were imaged on an inverted 
microscope. BTLG treated H9C2 cells grew 
normally with comparable cell morphologies. In 
the LPS treatment group, H9C2 cells were small 
in size, had large refractive indexes and 
decreased cell densities. Cells treated with the 
miR-21 inhibitor had a dense, regular 
arrangement (Figure 2). 
 

 
 
Figure 2: Effects of BTLG and miR-21 inhibitors on 
the morphological changes of H9C2 cells following 
LPS stimulation. Cells were pretreated with LPS (40 
mg/L) for 1 h or BTLG for 48 h. Approximately 12 h 
post-transfection, miR-21 inhibitor cells were treated 
with LPS. Untreated cells served as the control group 
 
BTLG enhances cell viability 
 
To investigate the effect of BTLG on the viability 
of H9C2 cells, MTT assay was performed. The 
proliferation rates of each group were 
comparable at 24 h. However, compared to the 
LPS group, BTLG and miR-21 inhibitor groups 
showed increased cell viability at 48 and 72 h 
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(Figure 3). Compared to BTLG and miR-21 
inhibitor groups at 48 and 72 h, no significant 
differences were observed. 
 

 
 
Figure 3: Effects of BTLG and miR-21 inhibitors on 
the viability of cells stimulated with LPS for 24, 48 or 
72 h. Data are the means ± SEM of three independent 
experiments; n = 10, *p < 0.05 vs control, #p < 0.05 vs 
LPS 
 
BTLG ameliorates LPS-induced apoptosis of 
H9C2 cells 
 
To investigate the effect of BTLG on H9C2 
apoptosis, Annexin V/7-AAD staining was 
performed. As shown in Figure 4, apoptotic rates 
(early and late apoptosis) increased in the LPS 
groups compared to the control group. However, 
compared to the LPS group, BTLG and mir-21 
inhibitor groups decreased. No differences in the 
rates of apoptotic cells between BTLG and miR-
21 inhibitor groups were observed. 
 

 
 
Figure 4: Analysis of the effects of BTLG and miR-21 
inhibition on apoptosis following LPS stimulation for 24 
h in H9C2 cells. (A) Apoptosis was measured by flow 
cytometry. (B) Percentage of apoptotic H9C2 cells 
(Q1-UR and Q1-LR) post-treatment. Data are the 
mean ± SE of three independent experiments; n = 4, ** 
p < 0.01 vs control, # p < 0.05 vs LPS 
 
Effect of BTLG on proinflammatory cytokines  
 
TNF-α, IL-6 and IL-17 are well-characterized 
proinflammatory markers due to their increased 

expression in a number of inflammatory disease 
states, including RA. To evaluate the effects of 
BTLG on LPS-induced inflammatory responses, 
we assessed the production of proinflammatory 
cytokines by ELISA. Figure 5 A - C shows a 
significant increase in TNF-α, IL-6 and IL-17 
levels after LPS treatment compared to control 
group. Importantly, BTLG and miR-21 inhibition 
significantly reduced TNF-α, IL-6 and IL-17 
levels. 
 

 
 
Figure 5: Levels of proinflammatory cytokines were 
evaluated by ELISA. H9C2 cells were treated with LPS 
(40 mg/L) or LPS (40 mg/L) plus BTLG or miR-21 
inhibitor for 48 h. Statistical analysis of (A) TNF-α, (B) 
IL-6, (C) IL-17 levels; n = 6, *p < 0.05, **p < 0.01 vs 
control, #p < 0.05, # #p < 0.01 vs LPS 
 
Effect of BTLG on LPS-induced p38/TLR4/NF-
κB signaling 
 
TLR4 plays a key role in the development and 
progression of inflammatory responses and 
adaptive immunity [15]. Compared to the control 
group (Figure 6A-6B, and 8), LPS stimulation 
significantly upregulated TLR4 and p-p65 levels 
as determined by western blot and 
immunofluorescence. In contrast, BTLG 
treatment effectively inhibited TLR4 and p-p65 
expression, while the miR-21 inhibitor reduced 
the expression of TLR4 and p-p65 compared to 
the LPS group. 
 

 
 
Figure 6: Effects of BTLG and miR-21 inhibition on 
LPS-induced TLR4/ NF-kB signaling in H9C2. Levels 
of TLR4 (A), and p-p65 (B) were measured by 
immunofluorescent analysis 
 
p38 is closely related to the inflammatory 
responses induced by LPS [16] and mediates 
NF-κΒ signaling. As shown in Figure 7 and 8, 
LPS stimulation enhanced the phosphorylation of 
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p38 compared to the control group. However, 
BTLG and miR-21 inhibitor treatments decreased 
the expression of p-p38 MAPK. Taken together, 
these data suggest that BTLG inhibits the LPS-
induced Mactivation of miR-21/p38 /TLR4/NF-κB 
pathways in H9C2 cells in vitro. 
 

 
 
Figure 7: Effects of BTLG and miR-21 inhibition on 
LPS-induced p-p38 signaling in H9C2. Levels of p-p38 
were measured by immunofluorescent analysis 
 

 
 
Figure 8: Western blot analysis of TLR4, p-p65 and p-
p38. After treatment with BTLG for 48 h in LPS-
induced inflammatory cells, the expression of TLR4, p-
p65, p-p38 were assessed. *p < 0.05 vs control, #p < 
0.05 vs LPS. Quantification of the relative expression 
levels. Data are mean ± SEM of three independent 
experiments 
 

DISCUSSION 
 
Patients suffering from rheumatoid arthritis (RA) 
face an increased risk of cardiovascular disease 
(CVD), including myocardial infarction (MI) [17]. 
Emerging evidence suggests that the increased 
risk is associated with an overall burden of RA 
inflammatory disease [18]. In this study, we 
focused on the effect of BTLG on myocardial 
inflammation induced by LPS in vitro. Moreover, 
the associated mechanisms for the protective 
effect of BTLG were investigated. 
 
MiR-21 plays an important role in RA [5] and 
participates in the development of a variety of 
inflammatory diseases. In this study, the 
expression of miR-21 in cardiomyocyte 
inflammation models induced by LPS was initially 

investigated in vitro. As expected, a significant 
increase in miR-21 expression was observed in 
the LPS group compared to control. miRNA-21 
levels in BTLG or other drug treatment groups 
were significantly lower than the LPS group. The 
increase in miR-21 may be a result of decreased 
cardiomyocyte inflammation in RA. However, 
Toldo and colleagues reported that miR-21 has 
an indispensable role in mediating 
cardioprotection in response to H2S [4]. Whether 
these differences are due to different sampling 
and testing methods, or the progression and 
stage of the disease requires clarification in 
future studies. 
 
Toll-like receptors (TLRs) belong to a class of 
transmembrane pattern-recognition receptors 
that play crucial roles in the regulation of immune 
and inflammatory responses [7]. TLR4 is a 
pattern recognition receptor expressed in a 
variety of cells that regulates inflammatory 
stimuli. The MYD88 signaling intermediate is a 
downstream transduction pathway of TLR4 [5], 
which leads to the activation of NF-κB and the 
upregulation of IL-6, TNF-α and IL17. The p38 
MAPK subfamily is closely related to LPS 
induced inflammatory response [16]. NF-κB and 
p38 MAPK signaling play a key role in 
inflammatory and stress responses, in addition to 
cell proliferation and apoptosis [8]. In this study, 
we investigated the role of BTLG and p38 
MAPK/TLR4/NF-κB signaling in cell proliferation, 
apoptosis and the production of pro-inflammatory 
cytokines of H9C2 cells. 
 
The results of this study demonstrate that BTLG 
can reverse the inhibition of proliferation, 
apoptosis and reduce pro-inflammatory cytokine 
production by inhibiting p38 MAPK/TLR4/NF-κB 
signaling. Similar effects were observed for miR-
21 inhibition. The levels of p-p38 MAPK, TLR4 
and p-p65 NF-κB increased in response to LPS, 
which was consistent with previous findings. The 
secretion of IL-17, IL-6 and TNF-α also increased 
following LPS induction. Upon comparison to the 
BTLG and miR-21 inhibitor groups, BTLG 
showed more effective inhibition than the miR-21 
inhibitor. Other mechanisms may regulate these 
pathways which warrants investigation in future 
studies. 
 
CONCLUSION 
 
The results demonstrate that BTLG increases 
H9C2 cell proliferation and apoptosis, but inhibits 
pro-inflammatory cytokine production through the 
inhibition of miR-21/p38 MAPK/TLR4/NF-κB 
signaling, thereby suppressing RA-induced 
cardiac disease. Therefore, BTLG is a potential 
therapeutic agent for the management of RA-
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induced cardiac disease. Future studies should 
focus on the mechanisms by which BTLG 
regulates miR-21 expression. The results 
presented in this study contribute to our 
knowledge of the mechanisms involved in the 
cardioprotection of BTLG. 
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