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Introduction

Myocarditis represents one of the most challenging

clinical problems in cardiology, and can cause mild

dyspnea, acute heart failure and sudden death [1]. Viral

myocarditis is a common form of myocarditis and is

characterized by cardiac inflammation. It is a triphasic

disease involving an initial viral infection, followed by an

autoimmune response, and results in the remodeling of the

cardiac structure and function [2]. Coxsackievirus B3

(CVB3) is a relatively common enterovirus that typically

leads to mild upper respiratory and gastrointestinal illness,

and it is the most frequent etiological agent to induce

myocarditis, which is life-threatening due to the risk of

heart failure, with a poor prognosis in cases of acute and

chronic myocarditis [3]. CVB3 proliferates rapidly within

human cardiomyocytes, activates the antimicrobial host-

defense pathways, and thus results in the production of

heart-reactive autoantibodies. In other words, CVB3 infection

induced damage to the heart and the host immune
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Scutellaria baicalensis Georgi has been widely used in China for treatment of various diseases.

This study investigated the effect of Scutellaria baicalensis Georgi extracts (SBE) against

Coxsackievirus B3 (CVB3)-induced myocarditis in vitro and in vivo. In vitro, Hela cells and

primary myocardial cells were infected with CVB3 and treated with SBE (50-800 µg/ml) and

ribavirin (200 µM) for 48 h and then determined by CCK8 assay. Real-time PCR and western

blotting assays were performed. In vivo, a myocarditis model was induced in male BALB/c

mice by injecting CVB3 suspension intraperitoneally for three times, followed by treatment

with SBE (400 and 200 mg/kg) and ribavirin (100 mg/kg) for 28 days. SBE ameliorated the

cytotoxicity of CVB3 in Hela cells, especially at 400 µg/ml (39.93% vs 65.67%, p < 0.05) without

influencing cell growth and also significantly reduced CVB3 replication in primary

myocardial cells. The levels of AKT, ERK, and p38 were increased after CVB3 infection. SBE

could downregulate the expressions of AKT and p38. In vivo, the mortality rate from CVB3

reached to 66.67%, while 10.00% and 23.33% of this came after 400 and 200 mg/kg SBE

treatment, respectively (p < 0.05). The CVB3 replication was obviously reduced after SBE

administration from day 5. Similarly, the levels of AKT, ERK, and p38 mRNAs and proteins

were increased, and SBE suppressed the expression of AKT and p38. Our study indicates that

SBE is a promising potent antiviral agent against CVB3-induced myocarditis by inhibition of

virus replication via depressing AKT and p38 expressions.
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response is a main process in the pathogenesis of CVB3-

related myocarditis [3, 4]. The pathogenesis of CVB3-

induced myocarditis may relate to the activation of

caspase-3, AMPK/MEK/ extracellular signal-regulated

kinase (ERK), protein kinase B/AKT (PKB/AKT), endoplasmic

reticulum (ER) stress, p38 and phosphatidylinositol 3-

kinase (PI3K)/AKT/ mammalian target of rapamycin

(mTOR) pathways [5-7]. These pathways can involve

autophagy or apoptosis in host cells after CVB3 infection.

Scutellaria baicalensis Georgi, a traditional Chinese medicinal

herb, has been widely used in China for thousands of years

and shows various activities in treating diarrhea, dysentery,

hypertension, cancer, influenza, bacterial pneumonia,

inflammation and respiratory infections [8-10]. In the

roots of Scutellaria baicalensis, flavones such as baicalin and

wogonoside and their aglycones baicalein and wogonin are

the major bioactive compounds, having been reported to

demonstrate various pharmacological functions, including

anticancer, hepatoprotection, antibacterial and antiviral,

antioxidant, anticonvulsant and neuroprotective effects.

Thus far, there are only a few studies that have investigated

the effects of the active components of Scutellaria baicalensis

such as oroxylin A [11]. The effect of Scutellaria baicalensis

on CVB3-induced myocarditis is not reported. Therefore,

our study was designed to determine whether it showed

the anti-CVB3 virus activity in vitro and in vivo. Some

reports found that Scutellaria baicalensis can influence the

PI3K/AKT/NF-κB, MAPK/ERK, and p38 signaling pathways

[9, 10].

There are several host cells for CVB3 infection in vitro

experiments such as HeLa, Vero cells, and neonatal rat

cardiac fibroblasts. In the current study, we selected rat

primary myocardial cells as the host cells. It has been

reported that viral myocarditis mice models have been

established through intraperitoneally injecting mice with

CVB3. We also used the same myocarditis model to

determine the effect of Scutellaria baicalensis on CVB3-induced

damage in mice. Additionally, Scutellaria baicalensis extract

(SBE) contains the bioactive components of Scutellaria

baicalensis. Our study showed that SBE had significant

antiviral activities against CVB3 infection in vitro and in

vivo, which was associated with a reduced level of CVB3-

induced cytotoxicity. The expression of AKT, ERK, and p38

mRNAs and proteins were increased after CVB3 infection

in host cells and mice, but SBE treatment significantly

suppressed the elevation of AKT and p38 genes. The

results indicated that SBE has the potential to be an

antiviral agent against CVB3 infection.

Materials and Methods 

Animals

Male BALB/c mice (6-weeks-old) were obtained from the Sbef

Biotechnology Co., Ltd. (China). The animals were housed in

polycarbonate cages with white wood chips for bedding, and

given free access to food and drinking water, under controlled

temperature (23 ± 2°C), humidity (50-60%) and photoperiod (12 h

light and 12 h dark). All animal experiments were performed

according to the Guide for the Care and Use of Medical Laboratory

Animals (Ministry of Health, People’s Republic of China) and with

the ethical approval of the Animal Care and Use Committee of

Chinese Academy of Medical Sciences Institute of Radiation

Medicine.

Virus Strain, Cells and Plant Extract

Nancy strain coxsackievirus group B type 3 (CVB3) was

purchased from the Wuhan Institute of Virology, Chinese Academy

of Sciences (China). CVB3 was propagated in HeLa cells and it

was maintained and stored at -80°C. The amplified CVB3 titer

was determined by the plaque-forming assay in HeLa cells and a

50% tissue culture infectious dose (TCID50) was calculated. HeLa

cells were grown and maintained in RPMI-1640 supplemented

with 10% fetal bovine serum (FBS, Hyclone). Primary rat

myocardial cells were obtained from neonatal rat hearts and

cultured with α-MEM containing 10% (vol/vol) FBS. SBE was

obtained from Xi’an Ming Ze Biological Technology Co., Ltd.

(China), which contains 85% of baicalin.

Anti-CVB3 in Vitro Assays

Hela cells were seeded in a 12-well culture plate with the density

of 2.0 × 105 cells/well. When the cells reached a confluence of 80%,

the cells were infected with CVB3 (100 × TCID50) [12]. After

infection, various concentrations of SBE (final concentrations were

50, 100, 200, 400, and 800 μg/ml) and ribavirin (final concentrations

were 200 μM) were added to the medium. Hela cells and CVB3

infection cells were used as the normal group and model group,

respectively, and treated with physiological saline. The cells were

incubated at 37°C with 5% CO2 for 48 h. The cell viability on every

plate was detected using the Cell Counting Kit 8 (CCK8) (Dalian

Meilun Biotechnology Co., LTD., China) and the OD was

determined at 450 nm using an enzyme-linked immunosorbent

assay reader (Bio-Rad, USA). The proliferation rate was calculated

using the following equation: 

Cell viability rate = [(ODT-ODB)/(ODC-ODB)] × 100%,

where ODT, ODB, and ODC denote the absorbencies of the tested

compounds, blank, and solvent control, respectively. The cell

viability of the untreated cells was 100%. Three independent

replicates were performed in this experiment.

Primary myocardial cells were infected by CVB3 for 2 days and

then various concentrations of SBE (final concentrations were 50,

100, 200, 400, and 800 μg/ml) were added. The virus supernatants

were collected to calculated -log10TCID50. 
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Murine CVB3 Myocarditis Animal Model

According to the reported methods [12], male BALB/c mice

were inoculated intraperitoneally with 0.1 ml 1 × 103 TCID50 CVB3

suspension for three consecutive times (once a day). Mouse

survival was recorded upon 28 days post-infection at termination of

the experiment. The viral myocarditis mice were divided into four

groups of 30 mice per group: 1) Normal control group (Normal),

0.9% saline solution, 10 ml/kg/d once daily via intra-gastric

administration after injection 0.1 ml 0.9% saline solution; 2) viral

myocarditis group (Model), 0.9% saline solution, 10 ml/kg/d

once daily via intra-gastric administration after injection CVB3

suspension; 3) ribavirin group (Ribavirin), 100 mg/kg/d once daily

via intra-gastric administration after injection CVB3 suspension;

4) high-dose SBE group (SBE-H) consisting of 400 mg/kg/d once

daily via intra-gastric administration after injection CVB3

suspension; 5) low-dose SBE group (SBE-L), 200 mg/kg/d once

daily via an intra-gastric administration after injection CVB3

suspension. Treatment began 24 h after the final injection of CVB3

and was performed once per day for 28 days. On day 5, and 12

after the injection of CVB3, three mice per group were sacrificed

and heart tissue was weighed. TCID50 of CVB3 were determined

on day 5. The ratio of heart weight to body weight (heart index)

was calculated on day 5, 12, and 28. On d 28, heart tissue was

collected for histopathological analysis. Heart inflammation level

was observed by hematoxylin and eosin (H&E). The remaining

nine mice per group continued to be fed and monitored for weight

loss and mortality until the end of the experiment. 

Quantitative Real-Time PCR (qRT-PCR)

To evaluate the effect of treatments on mRNA levels of AKT,

ERK, and p38 in primary myocardial cells, the cells were collected

after 200 μM ribavirin, 100 μg/ml or 400 μg/ml SBE treatment

(SBE-L, SBE-H) for 48 h. In myocarditis mouse model, the myocardial

tissues of each group after treatment with ribavirin and SBE for

28 d were prepared. Total mRNAs from myocardial cells and

heart tissues were isolated using 1 ml TRIzol reagent according to

the protocol, followed by reverse transcription of total RNA to

cDNA. A Prime Script and RT Reagents Kit (perfect real time) was

purchased from ABI-Invitrogen (USA). cDNA subsequently

underwent quantitative real-time polymerase chain reaction (PCR).

All primer pairs produced a single PCR product as determined by

the dissociation curve and gel analysis. Three samples were

measured in each experimental group in quadruplicate, with a

minimum of two independent experiments. Reactions of the PCR

were carried out using the forward primer and reverse primer as

shown in Table 1. An individual reaction was performed using the

ABI 7900 Real-Time PCR System (Thermo Fisher Scientific, USA)

with reverse transcription at 42°C for 5 min, followed by

enzymatic activation at 95°C for 2 min, denaturation for 20 sec at

94°C, and elongation for up to 20 sec at 60°C. The relative amount

of target mRNA normalized to actin was calculated. The expression

rates of AKT, ERK, and p38 were counted using the formula:

2(−ΔΔCT), with ΔCT=PCR score of AKT, ERK, or p38 score actin.

ΔΔCT = ΔCT ofdruggroup - ΔCT of normalgroup.

Western Blot Analysis

Primary myocardial cells treated with 200 μM ribavirin, 100 μg/ml

or 400 μg/ml SBE treatment (SBE-L, SBE-H) for 48 h were collected.

The cardiac muscle tissues of each group were collected in

myocarditis mouse model at 28 d. The total cells and tissue

protein concentrations were detected by a BSA protein assay,

separated by SDS-PAGE gel and transferred onto a PVDF

membrane. Next, they were probed with specific primary

antibodies, followed by the appropriate HRP conjugated sheep

anti-mouse or anti-rabbit IgG antibodies (MDL Biotech, China).

The antibodies used in this study were anti-AKT, anti-p-AKT,

anti-ERK, anti-p-ERK, anti-p38, anti-p-p38, and β-actin served as

the protein loading control. All the antibodies were purchased

from MDL (China). Image J software was used to calculate the

densitometric analysis of protein bands.

Statistics

The data are expressed as the mean ± standard deviation (SD).

Student’s t-test was used to compare differences between two

groups and one-way ANOVA analysis with post hoc tests was

used to compare differences between group comparisons. The

survival rates of CVB3-infected mice were compared and analyzed

with a Kaplan-Meier plot. A value of p < 0.05 was considered to

indicate a statistically significant difference.

Results

SBE Attenuated CVB3-Induced Cytotoxicity

We evaluated the toxicity of SBE to Hela cells and found

that SBE even at 800 μg/ml did not affect the cell growth

Table 1. The forward and reverse primers of the target gene.

Symbol Forward primer Reverse primer

β-actin GCCCTGAGGCTCTCTTCCA GCGGATGTCGACGTCACA

CAR CTCTTCTCCCCTGGTTTCTGTA CGGCGTCATAGCAGACAGTT

NF-κB GAGGTCTCTGGGGGTACCAT AAGGCTGCCTGGATCACTTC

AKT CCGCCTGATCAAGTTCTCCT TTCAGATGATCCATGCGGGG

ERK GCTGAAGCGCCATTCAAGTT ACTTACACCATCTCTCCCTTGC

p38 GCATCATGGCTGAGCTGTTG GAGATAAGCAGGGGGTGTCC
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with the cell viability over 90% (p > 0.05) (Fig. 1A). CVB3

infection decreased the Hela cell viability. To investigate

whether SBE could ameliorate CVB3-induced cytotoxicity,

Hela cells infected with CVB3 were determined by CCK8

assay. Ribavirin was used as the positive control group.

CVB3 infection significantly induced about 60.07% cell

death in Hela cells at 48 h after virus infection compared

with normal group (p < 0.05), whereas ribavirin and SBE

treatment (50-800 μg/ml) attenuated the cell viability of

CVB3-induced cytotoxicity in a dose-dependent manner,

especially at 400 and 800 μg/ml with 65.67% and 61.67%

cell survival rate (p < 0.05) (Fig. 1A). This result suggested

that SBE showed antiviral effects. Then we determined the

virus infection in the primary myocardial cells by detecting

the TCID50. As shown in Fig. 1B, SBE (400 and 800 μg/ml)

obviously decreased the virus titer (p < 0.05), which indicated

that SBE could inhibit virus replication in primary myocardial

cells infected by CVB3.

Effects of SBE on AKT, ERK, and p38 mRNAs and

Protein Levels in Myocardial Cells

From the above results, we found the effective dose of

SBE on CVB3 infection in myocardial cells is 400 μg/ml.

Fig. 2. Effects of SBE on mRNA levels of AKT, ERK, and p38

in primary myocardial cells after CVB3 infection. 

The data shown are the RT-PCR results of relative mRNA levels of

(A) AKT, (B) ERK, and (C) p38 to normal cells (without virus

infection) treated with ribavirin (200 μM) and SBE (400 and 100 μg/ml)

for 48 h, respectively. Normal: without virus; Model: virus only.

Different letters represent significant differences between two groups

(p < 0.05).

Fig. 1. The antiviral effect of SBE. 

The cell viability was tested by CCK8 assay in Hela cells after CVB3

infection (A). Cytotoxicity assay of SBE on Hela cells was used to

determine its toxicity. The viability of cells infected by CVB3 was

significantly reduced (Model group). SBE treatment improved primary

myocardial cell survival after CVB3 infection. Normal: without virus;

Model: virus only. The 50% tissue culture infective dose (TCID50)

value of CVB3 in primary myocardial cells (B). Different letters

represent significant differences between two groups (p < 0.05). 
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Therefore, we selected 400 and 100 μg/ml of SBE (SBE-H,

SBE-L) in the following experiments. To evaluate the

mechanism of the inhibitory effect of SBE against CVB3

infection, we analyzed the mRNA and protein levels of

MAPK signal pathways (Figs. 2 and 3). After 48 h of

treatment, the expression of AKT and p38 mRNA levels

was significantly enhanced in myocardial cells treated with

CVB3 infection (p < 0.05), whereas the expressions of AKT

and p38 genes were downregulated after ribavirin and SBE

treatment (p < 0.05) (Figs. 2A and 2C). ERK mRNA was also

improved when CVB3 infection in myocardial cells (p <

0.05) was reversed by ribavirin. However, SBE at 400 μg/

ml further stimulated ERK expression based on CVB3

infection cells (p < 0.05), while SBE at 100 μg/ml did not

influence the level of ERK mRNA (p > 0.05) (Fig. 2B).

We analyzed the proteins of AKT, ERK, and p38 upon

CVB3 infection by western blot assay (Fig. 3). CVB3

infection led to increasing phosphorylation levels of AKT

and p38 in myocardial cells (Figs. 3B and 3D) but failed to

activate the p-ERK (Fig. 3C). However, the activation of

AKT and p38 induced by CVB3 infection was significantly

suppressed after ribavirin and SBE treatments compared to

model group (p < 0.05).

SBE Ameliorated the CVB3-Induced Myocarditis in Mice

Model

As shown in Fig. 4A, there is no death in the normal

group. Twenty out of 30 mice died in the model group

Fig. 3. SBE affected the CVB3-induced activation of AKT, ERK and p38. 

(A) Representative picture of total and phosphorylated AKT, ERK and p38 protein expression. Quantitative data of AKT (B), ERK (C), and p38 (D)

protein expressions. Data are expressed as fold over control (n = 3 per condition). Primary myocardial cells infected with CVB3 were treated with

ribavirin (200 μM) and SBE (400, 100 μg/ml) for 48 h. The levels of AKT, p-AKT, ERK, p-ERK, p38, and p-p38 proteins in cells were analyzed by

western blot. Normal: without virus; Model: virus only. β-actin was used as a loading control. Different letters represent significant differences

between two groups (p < 0.05).
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(mortality rate: 66.67%); two mice out of 30 mice died in the

ribavirin-treated group (mortality rate: 6.67%); three mice

out of 30 mice died in the 400 mg/kg SBE-treated group

(mortality rate: 10.00%); seven mice out of 30 mice died in

the 200 mg/kg SBE-treated group (mortality rate: 23.33%).

In the experiment, the weight of model mice after CVB3

infection was lower than the normal group, whereas SBE

treatment slightly improved the index (Fig. 4B). On day 5,

12, and 28 post infection, the severity of myocarditis was

assessed using the heart index. The heart index of the

model group was higher than that of normal group, while

SBE groups inhibited the increasing heart index of mice

induced by CVB infection (Fig. 4C). Three mice per group

were sacrificed on day 5 to detect the TCID50 of CVB3 in the

heart tissues. As shown in Fig. 4D, all of the SBE treatment

groups and the ribavirin group showed significantly

reduced the TCID50. A histopathological evaluation was

performed to detect the presence and severity of myocarditis

in the heart tissues of the different groups. Infected hearts

revealed typical lesions of mononuclear cellular infiltration

and necrosis. In contrast, no inflammatory reaction was

observed in the normal mice. On day 5 and 10, the tissue

damage in the SBE groups was significantly reduced

compared with the model group (Fig. 5).

The Regulation of AKT, ERK, and p38 in CVB3 Myocarditis

Mice Model

To identify whether the activity of SBE on the

improvement of CVB3-induced myocarditis is associated

with MAPK signal pathways, we evaluated the expression

of AKT, ERK, and p38 mRNAs and proteins in myocardial

tissues (Figs. 6 and 7). Consistent with the in vitro test, the

model group obviously had elevated levels of AKT, ERK,

and p38 mRNAs compared to normal group (p < 0.05).

Ribavirin and SBE (400 mg/kg) suppressed the expressions

of AKT and p38 mRNA (p < 0.05, Figs. 6A and 6C) when

compared with the model group, but not ERK mRNA

(Fig. 6B).

Western blot results showed that the total and

phosphorylation levels of AKT, ERK and p38 were

significantly increased in cardiac muscle tissues in the

model group (p < 0.05) (Fig. 7). Similarly, the positive drug

Fig. 4. (A) SBE prevents death in mice with CVB3-induced myocarditis. On day 28, animal survival rate was significantly

improved in the SBE group compared with the model group (90.0% vs. 33.33%). (B) The body weight of different groups in the

experiment. (C) The heart index of the experimental mice. (D) The 50% tissue culture infective dose (TCID50) value of CVB3 in the

heart tissue on day 5. Different letters represent significant differences between two groups (p < 0.05).



1236 Fu et al.

J. Microbiol. Biotechnol.

ribavirin and SBE treatment (400 mg/kg) down-regulated

the expressions of AKT and p38 in cardiac muscle tissues (p

< 0.05, Figs. 7B and 7D). The levels of ERK were slightly

suppressed by the SBE treatment (p > 0.05, Fig. 7C). The

results suggested that SBE caused the inhibition of the

CVB3-induced myocarditis and was related to the

suppression of AKT and p38 expressions.

Fig. 5. SBE demonstrated protective effects on the pathological changes induced by CVB3 infection. 

Representative images of HE staining on day 5 and 10.

Fig. 6. Effects of SBE on mRNA levels of AKT, ERK, and p38 in CVB3 myocarditis mice model. 

The data shown are the RT-PCR results of relative mRNA levels of (A) AKT, (B) ERK, and (C) p38 to Normal group treated with ribavirin

(100 mg/kg) and SBE (400 and 200 mg/kg) for 28 d, respectively. Different letters represent significant differences between two groups (p < 0.05).
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Discussion

Scutellaria baicalensis has been used for treating colds,

cancer, inflammation, infectious disease, and respiratory

infections in China [8]. It was reported that Scutellaria

baicalensis extracts (SBE) exhibited anti-dengue virus, anti-

H1N1 virus, and anti-EV71 virus activity [13-15]. It is an

important part of multi-herb formulations such as Xiaochai

Hutang, San Wu Huangqin Decoction, and Shuang-Huang-

Lian Injectable Powder, which can be used as antiviral

agents against influenza virus and human adenovirus III

[16, 17]. The present study investigated the therapeutic

effect of Scutellaria baicalensis extracts (SBE) on CVB3-

induced myocarditis. We first found that SBE possessed

anti-CVB3 activity both in vitro and in vivo. 

Viral myocarditis is a common illness in infants, children

and young adults and can induce cardiomyocyte necrosis

and degeneration. CVB3 is the most common viral cause of

heart failure, which results in irreversible cytopathic effects

at the cellular level and cardiac injury at the tissue level.

Pathogenic mechanisms include direct CVB3-induced

damage to the heart tissue, host-cell inflammatory

responses to the viral infection or a mixture of these two,

which may synergistically promote cardiac toxicity [18].

Several signaling pathways may be involved in the process

of CVB3 infection along with activation of caspase-3,

activation of ERK1/2, activation of PKB/AKT, ER stress, p38

MAPK and PI3K/AKT/mTOR [5-7]. To identify the

mechanisms of the effect of SBE on CVB3-induced viral

myocarditis, we determined the expression of AKT, ERK,

and p38 genes and proteins by RT-PCR and western blot

methods. 

Fig. 7. SBE inhibited CVB3-induced activation of AKT, ERK and p38 in myocarditis mice model. 

(A) Representative picture of total and phosphorylated AKT, ERK and p38 protein expression. Quantitative data of AKT (B), ERK (C), and p38 (D)

protein expressions. Data are expressed as fold over control (n = 3 per condition). Myocarditis mice were treated with ribavirin (100 mg/kg) and

SBE (400 and 200 mg/kg) for 28 d. The levels of AKT, p-AKT, ERK, p-ERK, p38, and p-p38 proteins in heart tissues were analyzed by western blot.

β-actin was used as a loading control. Different letters represent significant differences between two groups (p < 0.05).



1238 Fu et al.

J. Microbiol. Biotechnol.

Some reports showed that the upregulation of AKT,

ERK, and p38 signaling pathways in CVB3-infected host

cells such as HeLa cells and rat cardiac fibroblasts [6, 19,

20]. AKT is associated with apoptosis and autophagy

processes in CVB3-infected cells [5, 19]. Both ERK and p38

are types of MAPKs, which play a major role in myocarditis.

CVB3 can up-regulate the ERK pathway in myocardial

microvascular endothelial cells [6] but not in HeLa cells

[20]. p38 is the downstream kinase of AMPK in CVB3-

infected neonatal rat cardiac fibroblasts, which influences

the inflammatory cardiomyopathy and myocardial fibrosis

induced by CVB3 [7]. The activation of p38 is also found in

HeLa cells and primary myocardial cells after CVB3

infection [20]. In the present study, rat primary myocardial

cells were selected as the host cells of CVB3. Consistent

with the reported results, the levels of AKT, ERK, and p38

mRNA in primary myocardial cells were enhanced after

CVB3 infection, as well as the p-AKT, p-ERK and p-p38

proteins. SBE ameliorated CVB3-induced cytotoxicity in

myocardial cells by suppression of AKT and p38 activation

without influencing normal cell proliferation (Figs. 1-3). In

the animal model of CVB3 viral myocarditis, the model

was confirmed by the rate of mortality and pathologic

changes in the myocardial tissue. Heart tissues were

significantly increased in CVB3 viral myocarditis model

group. SBE treatment resulted in a marked reduction in the

mortality and severity of myocarditis (Fig. 4). We found

that SBE can reduce the AKT and p38 genes expression in

cardiac muscle tissue (Fig. 5). Consistently, the expression

of AKT and p38 proteins were down-regulated when

treated with SBE compared to the viral myocarditis model

(Fig. 6). Although the therapeutic effect of Scutellaria

baicalensis or SBE on CVB3-induced myocarditis has not

been studied, it is reported that Scutellaria baicalensis or SBE

can inhibit inflammation by PI3K/AKT or ERK pathway in

other diseases [9, 10]. Our results indicate that anti-CVB3

viral myocarditis activity of SBE is likely achieved by

modulating AKT and p38 pathways.

SBE as recorded in Chinese pharmacopeia is the aqueous

extracts of Scutellaria baicalensis, which mostly contains

baicalin (85%). Baicalin as a bioactive compound showed

various activities including anti-virus, anti-cancer, anti-

inflammatory, anti-atherosclerosis and so on [21-26]. The

effects of baicalin on the disease are relative with the

activating AMPK, p38, AKT, and ERK signaling pathways.

However, the anti-CVB3 activity of baicalin has not been

reported. In addition to baicalin, baicalein, wogonin, and

oroxylin A are also main elements of Scutellaria baicalensis,

which also exhibit similar activities. With respect to the

anti-CVB3 activity, only oroxylin A was reported to protect

Vero cells against CVB3-induced cell death. As for anti-

viral activity, wogonin has anti-influenza viral activity by

AMPK pathway, and baicalein inhibits the growth of

Epstein-Barr virus positive nasopharyngeal carcinoma [11,

27, 28]. Therefore, we hypothesized that all the compounds

of baicalin, baicalein, wogonin, and oroxylin A of SBE can

interact with each other and play a role in anti-CVB3 virus

activity from different signaling pathways, which needs

further investigation. To the best of our knowledge, this is

the first demonstration that SBE has an inhibitory effect on

CVB3 viral-induced myocarditis, and it may downregulate

the expression of AKT and p38 in viral infected primary

myocardial cells and viral myocarditis animal model.

In the current study, we have demonstrated that SBE has

anti-CVB3 properties both in vitro and in vivo. Additionally,

SBE can repair tissue injury and prolong survival in mice

with viral myocarditis. However, the exact compounds and

the molecular mechanisms by which SBE mediates these

antiviral effects against CVB3 remain to be elucidated.

Therefore, our findings indicate that SBE is a promising

potent antiviral agent with a substantial impact on the

survival and pathological changes in CVB3-induced

myocarditis.
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