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Abstract. Chronic cardiac inflammation and fibrosis can prog-
ress into severe forms of cardiomyopathy. Sophora flavescens 
alkaloids (KuShen) have been previously reported to exert 
anti‑inflammatory effects, whereas Panax quinquefolium sapo-
nins (XiYangShen) has been shown to alleviate cardiac fibrosis. 
Therefore, the potential effects of their combination (KX) on 
different stages of autoimmune myocarditis were investigated 
in the present study. Mice were randomly divided into the 
following four groups: Control; experimental autoimmune 
myocarditis (EAM); KX‑High (275 mg/kg); and KX‑Low 
(138 mg/kg). A 21‑day and a 60‑day EAM model was estab-
lished through multi‑site subcutaneous injections of cardiac 
myosin mixed with complete Freund's adjuvant on days 0, 7, 21 
and 42. Mice in the High and Low KX groups were treated by 
gavage (10 ml/kg) daily from day 0 (1 day before treatment) until 
sacrifice (day 21 or 60). Mice in the control and EAM groups 
received an equivalent volume of distilled water. The levels 

of lactate dehydrogenase (LDH), creatine kinase‑myocardial 
band (CK‑MB), cardiac troponin I (cTn‑I), IL‑1β, IL‑6, TNF‑α, 
TGF‑β1, collagen type I (Col Ⅰ) and collagen type III (Col Ⅲ) 
were measured by ELISA in the mouse myocardial tissues 
or serum. Myocardial tissue structure and extent of fibrosis 
were visualized using H&E and Masson's staining. Western 
blotting and immunohistochemistry were used to measure the 
expression levels NF‑κB and TGF‑β1 pathway proteins in the 
myocardial tissues. The degree of inflammation in the 21‑day 
EAM model was found to be significantly higher compared 
with that in the 60‑day EAM model. KX significantly reduced 
the inflammatory response at 21 days by decreasing the expres-
sion levels of CK‑MB, LDH, cTn‑I, IL‑1β, IL‑6, TNF‑α and 
TGF‑β‑activated kinase 1‑binding protein 1/NF‑κB pathway 
proteins. Myocardial fibrosis in the 60‑day EAM model was 
also significantly worse compared with that in the 21‑day 
EAM model. However, fibrosis was significantly delayed by 
treatment with KX. In addition, KX significantly decreased the 
expression levels of TGF‑β1, Smad2, Smad4, Col I and Col III. 
Therefore, these data suggest that KX is beneficial for treating 
myocarditis by targeting multiple pathways.

Introduction

Myocarditis is cardiac inflammation that can be caused by 
viruses, bacteria or autoimmune diseases (1). The development 
of myocarditis can be divided into two stages. The first stage 
involves humoral immunity and pathogen‑mediated cellular 
immune activation, inflammatory cytokine production and 
pathway activation, leading to apparent cardiomyocyte necrosis. 
The second stage is characterized by chronic inflammation of 
the myocardium, which causes myocardial remodeling and 
fibrosis, ultimately progressing into dilated cardiomyopathy 
(DCM) (2). Autoimmunity one of the main pathological 
causes of the development of myocarditis. Myocardial inflam-
matory injury promotes myocardial fibrosis, which is critical 
to the progression of myocarditis into DCM (3,4). Since the 
different stages of myocarditis exhibit different pathological 
characteristics, distinct therapeutic approaches may be 
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required. Inhibiting the inflammatory response during the 
first stage of myocarditis and myocardial fibrosis during the 
second stage may serve important implications for disease 
outcomes (2). Experimental autoimmune myocarditis (EAM) 
mouse models have immunological features paralleling and 
resembling the myocarditis in humans, making it suitable for 
pursuing pathophysiological insights into myocarditis (5). In 
this model, autoimmune myocarditis can be induced by the 
subcutaneous inoculation of susceptible mice with cardiac 
myosin and complete Freund's adjuvant (6). The first 21 days 
after inoculation can be considered to correspond to the first 
stage of myocarditis in humans (6,7). At this stage, antibody 
deposition in cardiomyocytes leads to apoptosis, which in turn 
activates cellular and humoral immunity. A large number of 
natural killer, T and other immune cell types can infiltrate 
the myocardial tissue (7). This process leads to the release 
of large quantities of IL‑1β, TNF, IL‑6 and other inflam-
matory cytokines, exacerbating myocardial injury (7‑11). 
Subsequently, the inflammation would normally begin to 
subside, whilst the secretion of TGF‑β and collagen in the 
myocardium is also increased (12). This is a characteristic 
of the progressive accumulation of fibrotic tissues in the 
myocardium, which dilates the ventricles and impair cardiac 
function (12), in a manner that is equivalent to the second stage 
of myocarditis. This EAM mouse model is frequently used to 
study the different stages of myocarditis pathogenesis (13). 
Intervention at different stages of myocarditis development 
in animal models would be beneficial for studying the effects 
of potential therapeutic agents at different time points of 
administration.

Supportive therapies and immunosuppression remain to be 
the main treatment methods for myocarditis (1). However, side 
effects, such as weight gain, reduced immunity and hyper-
tension, often occur after treatment (14‑16). Therefore, it is 
important to identify novel therapeutic agents that may be bene-
ficial for patients with myocarditis. According to the theory of 
traditional Chinese medicine (TCM), radix Sophora may treat 
inflammatory cardiomyopathy, while Panax quinquefolium 
is effective in Dilated cardiomyopathy (17). Pharmacological 
studies involving rheumatoid arthritis models have previously 
shown that Sophora flavescens alkaloids can inhibit NF‑κB 
signaling and reduce the levels of TNF‑α and IL‑6 (18). By 
contrast, Panax quinquefolium saponins have been shown to 
serve a protective role in cardiac injury by attenuating cardiac 
fibrosis and remodeling in rats with heart failure through the 
TGF‑β1/Smad pathway (19,20). In addition, Panax quinque-
folium saponins were found to ameliorate cardiac remodeling 
and myocardial fibrosis in rat models of chronic thromboem-
bolic pulmonary hypertension (17,21). However, to the best 
of our knowledge, all previous studies mainly assessed the 
efficacy of single drugs or compounds at a certain stage of 
myocarditis. Therefore, the previous findings aforementioned 
may not completely reflect the therapeutic characteristics and 
advantages of combined treatment with TCM (22,23).

Alkaloids and saponins are the main pharmacologi-
cally active components of Sophora flavescens and Panax 
quinquefolium, respectively (24,25). In the present study, an 
autoimmune myocarditis animal model was used to observe 
the effects of Sophora flavescens alkaloids (KuShen) and 
Panax quinquefolium saponins [XiYangShen; combination of 

KuShen and XiYangShen (KX)] at different stages of myocar-
ditis. The mechanisms of action of KX were also explored to 
provide an experimental basis for the future clinical application 
of this formulation. To the best of our knowledge, the present 
study is the first to investigate the effects of KX on different 
stages of autoimmune myocarditis.

Materials and methods

Animals. A total of 96 male BALB/c mice aged 6‑8 weeks 
(weight, 18‑20 g) were purchased from Changchun Changsheng 
Gene Pharmaceutical Co., Ltd. [license number: SCXK 
(Liao)‑2020‑0001; eligibility nos. 2107262101007676 and 
21072621030386012]. Mice were housed in a barrier system at 
a temperature of 23±2˚C, humidity of 60±10% and a 12/12‑h 
light/dark cycle. All animals had free access to food and 
water. The present study was approved by the animal Ethics 
Committee of the Jilin Academy of TCM (approval no. JLSZ
KYDWLL2021‑003; Changchun, China).

Composition, ratio and concentration selection of KX. The 
Sophora flavescens alkaloids were composed by mixing 
matrine (C15H24N2O) and oxymatrine (C15H24N2O2) in a 1:1 
ratio. The purity of the Panax quinquefolium saponins, 
consisting of ginsenoside Rg1 (C42H72O14), ginsenoside Re 
(C48H82O18) and ginsenoside rb1 (C54H92O23), was determined 
to be ≥70% through high‑performance liquid chromatography. 
All these compounds were provided by the New Drug Center 
of the Jilin Academy of TCM.

Optimization of the compound formula was performed 
using the uniform design model (a mathematical method) to 
reduce the experiment times, the uniform design and data 
analysis were performed using DPS v. 6.55 software. (26). 
Subsequently, EAM rat model was used to determine the 
optimal group ratio of Sophora flavescens alkaloids to Panax 
quinquefolium saponins, which was 1.1:1. At that ratio, it 
significantly alleviated myocardial injury (27).

EAM induction and KX treatment. After 1 week of adaptive 
feeding, BALB/c mice were randomly divided into the 
following groups based on body weight (24 animals per 
group): Control; EAM; KX‑High (KX dose, 275 mg/kg); and 
KX‑Low (KX dose, 138 mg/kg). All mice, except for those in 
the control group, received subcutaneous (back, inguinal on 
both sides) injections of 0.2 ml emulsion I on days 0, 7, 21 
and 42 at the beginning of the test. Porcine cardiac myosin 
(MilliporeSigma) was dissolved in potassium phosphate buffer 
(pH=6.8) and mixed thoroughly 1:1 with complete Freund's 
adjuvant (MilliporeSigma), yielding a solution with 200 µg 
porcine cardiac myosin in 0.2 ml of the emulsion (6).

In the control group, each animal was injected with 0.2 ml 
emulsion II (potassium phosphate buffer with complete Freund's 
adjuvant at a 1:1 ratio) following the same protocol. High and 
Low KX solutions were prepared by dissolving 275 or 138 mg 
KX, respectively, in 10 ml distilled water. Mice in the KX‑high 
and KX‑low groups were intragastrically fed by oral gavage 
(10 ml/kg) with the experimental drug daily from day 0 until 
sacrifice (day 21 or 60). Mice in the control and EAM groups 
received an equivalent volume of distilled water. All animals 
were anesthetized by an intraperitoneal injection of sodium 
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pentobarbital (50 mg/kg) and then euthanized through cervical 
dislocation. In addition, mice were anesthetized and sacrificed 
before the experimental endpoints in case of persistent self‑ 
injurious behavior, non‑healing wounds and loss of appetite.

Histopathology. Mice were sacrificed after 21 or 60 days, 
before their bodyweight and heart weight were measured. 
The heart tissues were fixed in 15% formalin at a temperature 
of 23±2˚C for not less than 48 h, embedded in paraffin and 
sectioned into transverse sections (5‑µm thickness) for H&E 
staining (at a temperature of 23±2˚C for 5‑20 min). For the 
H&E staining, myocardial tissue was examined under a light 
microscope at a magnification of x400, the macroscopic score 
was determined using a five‑point scale: 0, no inflammation; 
1, limited discoloration; 2, numerous small lesions; 3, diffused 
discoloration not exceeding one‑third of the heart surface; 
and 4, diffused discoloration exceeding one‑third of the heart 
surface (28). After processing the myocardial tissues in the 
same manner, Masson's trichrome staining (at a temperature 
of 23±2˚C for 5‑10 min) was also performed. Myocardial 
tissue was examined under a light microscope at a magnifica-
tion of x400 and scored using ImageJ (version 1.5.1; National 
Institutes of Health).

Immunohistochemical analysis. After deparaffinization 
(the tissue sections were immersed in xylene for 10 min and 
re‑soaked in xylene for another 10 min at a temperature of 
23±2˚C) and rehydration (descending ethanol hydration 100, 
95, 90 and 80%) of the paraffin sections, tissues sections were 
immersed in citrate buffer (pH 6.0; Wuhan Boster Biological 
Technology, Ltd.; cat. no. AR0024) for 15 min at room temper-
ature for antigen retrieval. All sections were incubated in H2O2 

(3%)to block endogenous peroxidase activity. This step was 
followed by incubation in 5%BSA (Wuhan Boster Biological 
Technology, Ltd.; cat. no. AR0004) for 10 min at room temper-
ature to block nonspecific antigen‑binding sites. Subsequently, 
the sections were incubated with primary antibodies (Santa 
Cruz Biotechnology, Inc.) against NF‑κB (cat. no. sc‑8008; 
1:200 dilution) and TGF‑β1 (cat. no. sc‑130348; 1:200 
dilution) overnight at 4˚C, followed by incubation with 
HRP‑conjugated secondary antibodies (ProteinTech Group, 
Inc; cat. no. SA00001‑2; 1:2,000 dilution) for 60 min at 4˚C. 
Then, sections were counter‑stained with DAB and hematox-
ylin for 3‑10 min to distinguish between cytoplasm and nucleus 
at room temperature. After dehydration in ddH2O at room 
temperature, 90% ethanol for 5 min, 95% ethanol for 5 min, 
twice in 100% ethanol for 5 min and n‑butanol for 5 min, and 
permeabilization in xylene for 5 min, sections were mounted 
using neutral gum. Positive staining was observed under a 
light microscope (Olympus BX51; Olympus Corporation). A 
total of five fields of view were randomly selected for each 
tissue section and observed at a magnification of x100.

ELISA analysis. The serum levels of CK‑myocardial band 
(CK‑MB), LDH and the cardiac tissue levels of cardiac troponin 
I (cTn‑I), collagen type I (Col I), collagen type III (Col III) and 
the inflammatory markers IL‑1β, IL‑6, TNF‑α and TGF‑β1 
were detected using mouse ELISA kits (R&D Systems China 
Co., Ltd.: CK‑MB, cat. no. 202109; LDH, cat. no. 202108; cTn‑I, 
cat. no. 202108; Col I, cat. no. 202110; IL‑1β, cat. no. 202109; 
IL‑6, cat. no. 202108; TNF‑α cat. no. 202107 and TGF‑β1 

cat. no. 202109). Cardiac homogenate (10%) was prepared by 
grinding 100 mg of heart tissue in 1 ml of saline. In micro-
plates, standards (50 µl) were added into predefined wells, 
samples (10 µl serum or cardiac homogenate) and sample 
diluent (40 µl) were added into testing sample wells, while 
blank wells were left empty. In the wells for standards and 
samples, horseradish peroxidase‑labelled conjugates (100 µl) 
were added before sealing the plates for incubation at 37˚C for 
60 min. After washing the plates 5 times, substrates A (50 µl) 
and B (50 µl) were added into each well. After incubation at 
37˚C for 15 min, stop solution (50 µl) was added to each well, 
and the absorbance of each well was measured at 450 nm 
within 15 min (cat. no. ELx800; BioTek Instruments, Inc.).

Western blotting. Protein extracts from cardiac tissue were 
prepared in Radio‑Immunoprecipitation Assay (RIPA) 
lysis buffer (CoWin Biosciences; cat. no. 21821) containing 
protease and phosphatase inhibitors. Proteins were separated 
through 10% SDS‑PAGE and transferred onto nitrocellu-
lose membranes. After blocking in 5% non‑fat milk diluted 
in TBS‑Tween 20 (0.1% Tween; CoWin Biosciences) in 
the dark at 4˚C overnight, the membranes were incubated 
with primary antibodies (Santa Cruz Biotechnology, Inc.) 
against activated kinase 1 (TAK1)‑binding protein 1 (TAB1, 
cat. no. sc‑166138; 1:100 dilution), NF‑κB (cat. no. sc‑8008; 
1:200 dilution), phosphorylated (p)‑NF‑κB (cat. no. sc‑136548; 
1:200 dilution), IκB (cat. no. sc‑74451; 1:100 dilution), p‑IκB 
(cat. no. sc‑8404; 1:200 dilution), IKKα (cat. no. sc‑7606; 1:200 
dilution), TGF‑β1 (cat. no. sc‑130348; 1:200 dilution), Smad2 
(cat. no. sc‑101153; 1:200 dilution), Smad4(cat. no. sc‑7966; 
1:200 dilution), Col Ⅰ (cat. no. sc‑376350; 1:100 dilution) or 
GAPDH (cat. no. sc‑365062; 1:100 dilution) for 2 h at 37˚C. 
Subsequently, the membranes were washed by TBS‑Tween‑20 
and incubated with a secondary HRP‑conjugated antibody 
(m‑IgGκ, cat. no. sc‑516102; 1:1,000 dilution or m‑IgG Fc, 
cat. no. sc‑525409; 1:1,000 dilution; Santa Cruz Biotechnology, 
Inc.) for 1.5 h at 37˚C. Next, the incubated membranes were 
washed again and visualized using an enhanced chemilu-
minescence detection kit (CoWin Biosciences). The levels 
of target proteins were normalized to those of GAPDH with 
Gel imaging system (ChemiDoc‑It 510 Imager, Ultra‑Violet 
Products Ltd).

Statistical analysis. GraphPad Prism software (version 9.0; 
GraphPad Software Inc.) was used for all statistical analyses. 
Statistical analysis was performed using two‑way analysis of 
variance (ANOVA) with Bonferroni post hoc tests for compar-
isons between different time points and groups and one‑way 
ANOVA with Tukey's post hoc test or Kruskal‑Wallis followed 
by Dunn's post hoc test for the comparison among multiple 
groups. The macroscopic scores are presented as the median + 
interquartile range, whilst all other values are presented as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Effects of KX on the cardiac indices of mice. After 21 days, 
mice in the EAM group weighed significantly less compared 
with those in the control group (P<0.01; Fig. 1A), whilst 
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those in the KX‑high group gained weight significantly more 
efficiently compared with those in the EAM group (P<0.05; 
Fig. 1A). However, no significant changes in heart weight was 
observed (P>0.05; Fig. 1B). The HW/BW was significantly 
higher in the EAM group compared with that in the control 
group (P<0.01; Fig. 1C), whereas it was significantly decreased 
in the KX‑high group compared with that in the EAM group 
(P<0.05; Fig. 1C). However, there were no significant changes 
in KX‑low group (P>0.05; Fig. 1C).

After 60 days, the mice in the EAM group weighed signifi-
cantly less compared with those in the control group (P<0.01; 
Fig. 1A), whilst those in the KX group were significantly 
heavier compared with those recorded in the EAM group 
(P≤0.05; Fig. 1A). The heart weight was significantly higher 
in the EAM group compared with that in the control group, 
which was reduced following intervention with KX (P<0.01; 
Fig. 1B). The HW/BW was also significantly higher in the 
EAM group compared with that in the control group, which 
was in turn significantly reduced following intervention with 
KX (P<0.01; Fig. 1C).

In the control group, no changes were observed in the 
body weight of mice sacrificed after 21 and 60 days. In the 
EAM group, the HW/BW was significantly increased (P<0.01; 
Fig. 1) after 60 days compared with that after 21 days.

Effects of KX on myocardial injury in mice. After 21 days, 
the serum levels of CK‑MB, LDH and cTn‑I were significantly 
increased in the EAM group compared with those in the 
control group (P<0.01; Fig. 2A‑C). Compared with those in 
the EAM group, the aforementioned indices were significantly 
decreased after treatment with KX (P<0.01; Fig. 2A‑C).

After 60 days, the serum levels of CK‑MB, LDH and cTn‑I 
were significantly increased in the EAM group compared with 
those in the control group (P<0.01; Fig. 2A‑C). Compared 
with those in the EAM group, the aforementioned indices 
were significantly decreased in the KX‑high group (P<0.01 
or P<0.05), but in a dose‑dependent manner relationship 
(Fig. 2A‑C). H&E staining of the myocardial tissues showed 
that, compared with that in the control group, the EAM group 
exhibited inflammatory cell infiltration and myocardial tissue 

damage after both 21 and 60 days (P<0.01). However, this 
inflammatory damage was significantly alleviated following 
treatment with high‑dose KX (Fig. 2D; P<0.05).

In control mice, there were no changes observed between 
21 and 60 days. However, the levels of CK‑MB, LDH and cTn‑I 
were significantly lower after 60 days compared with those 
after 21 days (P<0.01; Fig. 2A‑C).

Effects of KX on inf lammatory factors in the mouse 
myocardium. After 21 days, the levels of IL‑6, IL‑1β and 
TNF‑α were significantly increased in the EAM group 
compared with those in the control group (P<0.01; Fig. 3A‑C). 
Compared with those in the EAM group, these levels were 
significantly reduced after intervention with KX (P<0.01; 
Fig. 3A‑C).

After 60 days, the levels of IL‑6, IL‑1β and TNF‑α were 
significantly higher in the EAM group compared with those in 
the control group (P<0.01; Fig. 3A‑C). Compared with those 
in the EAM group, these levels were significantly lower after 
treatment with high‑dose KX (P<0.01 or P<0.05; Fig. 3A‑C), 
but in a dose‑dependent manner.

There were no changes observed in terms of the inflam-
matory cytokines measured in the present study in the control 
mice between 21 and 60 days. However, in the EAM group the 
levels of IL‑6, IL‑1β and TNF‑α were significantly lower in 
the myocardium of mice after 60 days compared with those in 
mice after 21 days (P<0.01; Fig. 3).

Effects of KX on TAB1 and NF‑κB signaling in the mouse 
myocardium. After 21 days, the expression levels of TAB1, 
IKKα, p‑IκB/IκB, p‑NF‑κB/NF‑κB and TGF‑β1 were signifi-
cantly increased in EAM mice compared with those in the 
control group (P<0.01; Fig. 4A and B). These levels were 
significantly decreased (P<0.01 or P<0.05; Fig. 4A and B) after 
intervention with KX. TAB1 appeared as two bands, which 
may be a consequence of the expression of the TAB isoforms 
(Fig. 4A).

The expression of NF‑κB and TGF‑β1 in the myocardium 
was next examined using immunohistochemistry. The results 
showed that their levels were significantly increased (P<0.01) 

Figure 1. Effects of KX on the mouse cardiac indices after 21 and 60 days. (A) Body weight (n=12 per group). (B) Changes in heart weight (n=12 per group). 
(C) Changes in HW/BW (n=12 per group). **P<0.01 vs. Control; #P<0.05 and ##P<0.01 vs. EAM. ΔP<0.05 and ΔΔP<0.01. EAM, experimental autoimmune 
myocarditis; KX, combination of Sophora flavescens alkaloids (KuShen) and Panax quinquefolium saponins (XiYangShen); ns, not significant; HW, heart 
weight; BW, body weight.
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in the EAM group compared with those in the control group. 
However, these were significantly reversed (P<0.01 or P<0.05) 
after intervention with KX (Fig. 4C and D).

Effects of KX on cardiac fibrosis in mice. After 21 days, the 
levels of TGF‑β1 were significantly higher in the myocardium 

of mice in the EAM group compared with those in the control 
group (P<0.01). By contrast, the levels of TGF‑β1 was signifi-
cantly lower in the KX‑high group compared with those in the 
EAM group, in a dose‑dependent manner (Fig. 5A). However, 
no significant change was observed in the levels of Col I and 
Col III (Fig. 5B and C).

Figure 2. Effects of KX on myocardial injury in mice after 21 and 60 days. Changes in the levels of (A) LDH and (B) CK‑MB in mouse serum. (C) Changes in 
the levels of cTn‑I in the myocardium. (D) H&E staining of the myocardium. Scale bars, 100 µm. n=5 per group. Arrows indicate inflammatory cell infiltration 
(mainly lymphocytes) and myocardial injury. Quantified data plots are shown on the right. **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. EAM. ΔΔP<0.01. KX, 
combination of Sophora flavescens alkaloids (KuShen) and Panax quinquefolium saponins (XiYangShen); LDH, lactate dehydrogenase; CK‑MB, creatine 
kinase‑myocardial band; cTn‑I, cardiac troponin I; EAM, experimental autoimmune myocarditis; ns, not significant.

Figure 3. Effects of KX on the production of inflammatory cytokines in the mouse myocardium. Changes in the levels of (A) IL‑6, (B) IL‑1β and (C) TNF‑α 
in the mouse myocardium (n=12 per group). **P<0.01 vs. Control; #P<0.05 and ##P<0.01 vs. EAM. ΔΔP<0.01. KX, combination of Sophora flavescens alkaloids 
(KuShen) and Panax quinquefolium saponins (XiYangShen); EAM, experimental autoimmune myocarditis; ns, not significant.
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Figure 4. Effects of KX on TAB1 and NF‑κB signaling in the mouse myocardium. (A) Western blot analysis of TAB1, IKKα, IκB, p‑IκB, NF‑κB, p‑NF‑κB and 
TGF‑β1 protein expression in EAM mice after 21 days. (B) Western blot quantification analysis (n=4 per group). (C) Immunohistochemistry analysis of NF‑κB 
and TGF‑β1 expression in EAM mice after 21 days. Scale bar, 100 µm. Arrows indicate positive expression of NF‑κB or TGF‑β1. (D) Immunohistochemical 
quantification of NF‑κB and TGF‑β1 expression in EAM mice after 21 days. n=10 per group. **P<0.01 vs. Control. #P<0.05 and ##P<0.01 vs. EAM. TAB1, 
TGF‑β activated kinase 1‑binding protein 1; EAM, experimental autoimmune myocarditis; KX, combination of Sophora flavescens alkaloids (KuShen) and 
Panax quinquefolium saponins (XiYangShen).
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After 60 days, the levels of TGF‑β1, Col I and Col III 
were significantly increased in the myocardium of mice in 
the EAM group compared with those in the control group 
(P<0.01). Compared with those in the EAM group, these 
levels were significantly lower in mice after intervention with 
KX (P<0.01 or P<0.05; Fig. 5A‑C). The results of cardiac 
Masson's Trichrome staining revealed that myocardial fibrosis 
was significantly worse in EAM mice compared with that in 
the control group (P<0.01). Compared with that in the EAM 
group, myocardial fibrosis was significantly ameliorated after 
intervention with KX (P<0.01; Fig. 5D). In the EAM group, the 
levels of TGF‑β1, Col I and Col III were significantly increased 
in the myocardium of mice after 60 days compared with those 
after 21 days (P<0.01; Fig. 5A‑C).

Effects of KX on TGF‑β1 and Smad2 expression in the mouse 
myocardium. After 60 days, the levels of TGF‑β1, Smad2, 
Smad4, Col I and NF‑κB in the myocardium were significantly 
increased in EAM mice compared with those in the control 
group (P<0.01). These increases were significantly reversed in 
mice after treatment with KX (P<0.01 or P<0.05; Fig. 6A and B).

NF‑κB and TGF‑β1 expression in mouse myocardium was 
subsequently assessed using immunohistochemistry. These 
results showed that the expression of NF‑κB and TGF‑β1 was 
significantly increased in EAM mice compared with that in 
the control group (P<0.01), which was in turn significantly 
reversed after treatment with KX (P<0.01; Fig. 6C and D).

Discussion

Myocarditis can manifest with a variety of symptoms, such 
as palpitations, chest pain and arrhythmia (29). Based on the 

dialectical treatments described in TCM, Radix Sophorae 
flavescentis and Panax quinquefolium can be combined to treat 
myocarditis, thereby providing the superior synergistic effects 
of these Chinese herbs (30). In our unpublished studies, in vitro 
tissue culture and in vivo viral myocarditis animal models were 
used to perform antiviral pharmacodynamic experiments using 
different concentrations of KX. The results of these studies 
showed that at 0.781 and 0.391 g/l, KX was efficient against 
HeLa cell cytopathy induced by various enteroviruses, such 
as coxsackievirus B3 (CVB3), CVB4, CVA16 and enterovirus 
E71. In addition, the results of these studies showed that at 
275 and 138 mg/kg, KX exerted significant therapeutic effects 
on BALB/c mice with viral myocarditis by reducing aspartate 
aminotransferase, creatine kinase (CK) and lactate dehydroge-
nase (LDH) levels in serum. Based on results from a previous 
study (27), the main active components of Sophora flavescens 
and Panax quinquefolium, namely Sophora flavescens alka-
loids and Panax quinquefolium saponins, respectively, were 
extracted and applied in EAM mouse models. The purpose of 
this approach was to identify the effective components of these 
compounds and control their quality and quantity.

An animal model of EAM was previously produced through 
the injection of cardiac myosin into susceptible rodents, which 
lack the immune tolerance mechanisms, to recreate the inflam-
matory and fibrotic stages of myocarditis (31). Inflammation 
and fibrosis of the myocardium are two important etiological 
causes of myocarditis (32). Following an autoimmune attack, 
a large number of immune cells infiltrate the myocardium, 
leading to myocardial damage, myocardial structural disin-
tegration and the production of proinflammatory cytokines, 
such as IL‑6, IL‑1β and TNF‑α (33). This process further 
exacerbates myocardial damage. After ~21 days, myocarditis 

Figure 5. Effects of KX on cardiac fibrosis in mice. Levels of (A) TGF‑β1, (B) Col III and (C) Col I after 21 and 60 days (n=12 per group). (D) Masson's 
trichrome staining of EAM mice after 60 days and corresponding quantification. Scale bar, 100 µm. n=5 per group. Arrows indicate the cardiac muscle 
fiber. **P<0.01 vs. Control; #P<0.05 and ##P<0.01 vs. EAM. ΔΔP<0.01. EAM, experimental autoimmune myocarditis; KX, combination of Sophora flavescens 
alkaloids (KuShen) and Panax quinquefolium saponins (XiYangShen); ns, not significant; Col I, collagen type I; Col III, collagen type III.
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advances into the fibrotic stage, where the levels of proinflam-
matory cytokines decrease but those of profibrotic factors 
(such as TGF‑β1) increase (34). These changes interfere with 
the regulation of the extracellular matrix architecture and 

promote the development of fibrosis, thereby replacing necrotic 
myocardial tissues with collagen protein (35).

In the present study, histopathological analysis of the 
myocardium revealed marked inflammatory cell infiltration 

Figure 6. Effects of KX on TGF‑β1 and Smad2 expression in the mouse myocardium. (A) TGF‑β1, Smad2, Smad4, Col I and NF‑κB expression in EAM mice 
after 60 days. (B) Western blot quantification analysis (n=4 per group). (C) NF‑κB and TGF‑β1 expression in EAM mice after 60 days. Scale bar, 100 µm. 
Arrows indicate positive expression of NF‑κB or TGF‑β1. (D) Quantitative results of immunohistochemical analysis (n=10 per group). **P<0.01 vs. Control; 
#P<0.05 and ##P<0.01 vs. the EAM. EAM, experimental autoimmune myocarditis; KX, combination of Sophora flavescens alkaloids (KuShen) and Panax 
quinquefolium saponins (XiYangShen); Col I, collagen type I.
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and the presence of edematous and necrotic tissues in EAM 
mice sacrificed after 21 days. These observations may be 
attributed to the activation of the TAB1/NF‑κB pathway and 
the promotion of inflammatory factor expression (IL‑6, IL‑1β 
and TNF‑α). There were no changes observed in the control 
group between 21 and 60 days. However, the EAM mice 
showed reduced inflammatory cell infiltration after 60 days. 
In addition, increased myocardial tissue damage and fibrosis 
was observed after 60 days compared with those after 21 days. 
This may be due to reduced secretion of inflammatory factors 
in the myocardium, increased activation of the TGF‑β1/Smad2 
pathway and an increase in the expression of the profibrotic 
factors TGF‑β1, Col I and Col III. These findings suggest that 
damage may have changed from excessive inflammation at 
21 days to myocardial fibrotic damage at 60 days. These are 
consistent with the results reported in previous studies (36,37).

TNF‑α is mainly secreted by mononuclear macrophages and 
is an important inflammatory and immunomodulatory factor. It 
is responsible for the immunopathological damage of myocardial 
cells (38). By contrast, IL‑6 is mainly secreted by macrophages 
and dendritic cells, which contributes to host defenses against 
infection and tissue injury (39). However, excessive IL‑6 
synthesis exacerbates the pathological response and promotes 
collagen production by cardiac fibroblasts to exacerbate 
myocardial fibrosis (40). This finding was previously confirmed 
by the limited development of autoimmune myocarditis in IL‑6 
knockout mice (41). IL‑1β is a potent proinflammatory cytokine 
that activates T cells and induces cytokine production (39). 
TAB1 is a protein activator of TAK1. The TAB1‑TAK1 complex 
is involved in NF‑κB activation (32,42). Overexpression of 
IL‑1β, TNF‑α and IL‑6 can all activate NF‑κB through the 
TAB1 pathway (43). This activated NF‑κB then translocates to 
the nucleus as a transcription factor to activate the expression 
of inflammatory cytokines (44). This process leads to a cascade 
amplification response mediated among inflammatory cyto-
kines to sustain chronic cardiomyocyte necrosis and infiltration 
of inflammatory cells (45). It is the activation of this vicious 
cycle that exacerbates myocardial injury (45). Therefore, TAB1 
serves a key role in the regulation of the immune‑inflammatory 
response. Importantly, inhibition of TAB1/NF‑κB signaling 
and secretion of TNF‑α, IL‑6 and IL‑1β can effectively prevent 
myocardial inflammation and remodeling (46‑49).

The present study showed that treatment of EAM mice 
with KX ameliorated myocardial injury in a dose‑dependent 
manner, in addition to inhibiting the secretion of TNF‑α, 
IL‑6, IL‑1β and NF‑κB signaling proteins. Therefore, KX may 
reduce inflammation through the TAB1/NF‑κB pathway to 
reduce myocardial injury. Numerous modern pharmacological 
studies have previously shown that the Sophora flavescens 
family of TCM can reduce the levels of TNF‑α and IL‑1β in 
ethanol‑induced acute gastric ulcer rat model and lipopolysac-
charide‑induced inflammation in zebrafish through the NF‑κB 
signaling pathway (18,50,51). Combined with the findings of 
the present study, it was therefore hypothesized that Sophora 
flavescens alkaloids in KX may serve a therapeutic role in 
the first stage of EAM by inhibiting inflammatory responses. 
Nevertheless, further investigation is warranted to validate 
this finding.

TGF‑β1 is an anti‑inflammatory cytokine secreted by 
macrophages that are activated by regulatory T‑cells (52). 

Members of the TGF‑β family bind to type II receptors and 
recruit type I receptors, leading to the phosphorylation and 
activation of type I receptors (53). In turn, type I receptors 
phosphorylate the Smad downstream effector molecules, 
including Smad1, Smad2, Smad3, Smad5 and Smad8, which 
translocate to the nucleus to promote the expression of fibrotic 
genes, such as effector connective tissue growth factor (CTGF), 
Col I and Col III (54). TGF‑β1 can also convert fibroblasts 
into myofibroblasts, which synthesize and secrete fibrillar 
Col I and Col III to promote the development of myocardial 
fibrosis (55). Previous studies have shown that inhibition of 
TGF‑β1 can reduce the production of Col I and Col III to 
prevent myocardial fibrosis (56,57). Hao et al (58) reported 
that the mRNA expression and promotion of Col I synthesis 
by TGF‑β1 was eliminated by blocking Smad expression in 
the myocardial infarct rat model, suggesting that TGF‑β1 and 
Smad are involved in collagen synthesis. Therefore, inhibition 
of the TGF‑β1 pathway may be key to the treatment of myocar-
dial fibrosis (12). In the present study, the levels of TGF‑β1, Col 
I and Col III, in addition to the degree of myocardial fibrosis, 
were all significantly reduced in EAM mice treated with KX 
after 60 days in a dose‑dependent manner. This treatment also 
significantly reduced the expression of TGF‑β1/Smad2 pathway 
signaling components in the myocardial tissue. It is suggested 
that KX may delay the development of myocardial fibrosis and 
irreversible pathological changes to the myocardium through 
the TGF‑β1/Smad2 pathway in mice with inflammatory 
myocardial injury. A number of pharmacological studies 
have shown that treatment with American ginseng (Panax 
quinquefolium) can delay myocardial fibrosis and cardiac 
remodeling in animal models through the TGF‑β1/Smad 
signaling pathway (17,19‑21). Collectively, the previous and 
present results indicate that Panax quinquefolium saponins 
contained in KX can exert a therapeutic effect on the second 
stage of EAM by delaying the development of myocardial 
fibrosis.

Based on the present findings, KX may be efficacious for 
the clinical treatment of myocarditis by attenuating the inflam-
matory response whilst alleviating the clinical symptoms in 
acute myocarditis. KX may be effective in delaying progres-
sion even in patients in which the treatment of myocarditis is 
delayed. This provides an important reference value for the 
clinical application of KX.

However, the present study remain associated with a 
number of limitations. There was lack of a positive control 
group. Astragalus membranaceus would be the ideal positive 
control group for this study. However, the present study was 
rather focused on the effects of KX on different stages of auto-
immune myocarditis and made comparisons among different 
stages. The present study also did not measure oxidative stress 
parameters, which can provide evidence of cell damage. There 
was a lack of echocardiography test results, which are critical 
for cardiac function assessment in mice. Analysis of cardiac 
function by echocardiography, along with the effect of KX 
on the differentiation of CD4+ T cells, would be of potential 
interest for future studies.

Results of the present study suggested that KX may reduce 
the inflammatory response to autoimmune myocarditis and 
attenuate pathological injury during the first stage of EAM 
through the TAB1/NF‑κB pathway. Subsequently, KX may 
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also delay the progression of autoimmune myocarditis onto 
myocardial fibrosis through the TGF‑β1/Smad2 pathway 
during the second stage of EAM. This reflects the multi-
faceted, multi‑target and multi‑pathway action of KX in the 
treatment of myocarditis, in addition to the synergy among 
Chinese herbal therapies. However, in the present study, there 
is insufficient evidence to state that Sophora flavescens alka-
loids and Panax quinquefolium saponins inhibit the first and 
second phases of EAM, respectively.
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