Exp. Anim. 68(4), 549-558, 2019

—Original—

Astragaloside IV reduces cardiomyocyte apoptosis
in a murine model of coxsackievirus B3-induced
viral myocarditis
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Abstract: Apoptosis plays a crucial role in regulating cardiomyopathy and injuries of coxsackievirus
B3 (CVB3)-induced viral myocarditis (VM). It has been reported that Astragaloside IV (AST-1V) from
Astragalus membranaceus could inhibit apoptosis under a variety of pathological conditions in vivo
or in vitro. However, the functional roles of AST-1V in CVB3-induced VM still remain unknown. Here,
we found that AST-1V significantly enhanced survival for CVB3-induced mice. AST-IV protected the
mice against CVB3-induced virus myocarditis characterized by the increased body weight, decreased
serum level of creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH), supressed expression
of Ifn-y, 11-6 in heart, enhanced systolic and diastolic function of left ventricle. At the pathological level,
AST-IV ameliorated the mice against CVB3-induced myocardial damage and myocardial fibrosis. In
vitro, the results from flow cytometry showed that AST-IV significantly suppressed CVB3-induced
cardiomyocytes apoptosis, which also were verified in vivo. Moreover, an increased expression of
pro-apoptotic genes including FAS, FASL, cleaved caspase-8 and cleaved caspase-3 was found in
CVB3-induced cardiomyocytes, while those was inhibited in cardiomyocytes treated with AST-IV.
Taken together, the data suggest that AST-IV protected against CVB3-induced myocardial damage
and fibrosis, which may partly attribute to supress activation of FAS/FASL signaling pathway.
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Introduction individuals [24]. Previous study showed that myocardi-

tis has been estimated to account for up to 12% of sudden

Viral myocarditis (VM) is an important cause of heart ~ cardiac deaths in patients, 40 years of age, and 10% of
failure and sudden death in young, previously healthy  biopsies from patients with unexplained heart failure had
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Signs of VM [7]. Myocarditis has a wide range of clini-
cal presentation, including asymptomatic electrocardio-
graphic, echocardiographic abnormalities, symptoms of
cardiac dysfunction, arrhythmias or heart failure and
hemodynamic collapse, which leads to difficulties in
diagnosis and classifications [5]. The pathogenesis of
VM is still unclear, so evidence-based therapies for VM
are currently lacking in clinic [6].

Many studies have revealed that apoptosis played a
crucial role in the pathogenesis of cardiac injury in myo-
carditis. Myocardial apoptosis was induced by either
host interferon responses or virus signaling to release
progeny at the end of the infectious cycle in acute phase
of VM (first 3—4 days after virus infection) [8]. Mean-
while, some cellular signaling pathway associated with
apoptosis were activated in heart of CVB3-induced mice,
such as FAS/FASL pathway [34], JAK-STAT pathway
[3], and mitochondria-dependent pathway[43].There-
fore, inhibiting apoptosis was considered a potential
therapeutic strategy for viral myocarditis.

Radix astragali as a crucial Chinese herb prescribed
for strengthening the constitutions of patients and elim-
inating toxins from their bodies [41]. Astragaloside IV
(AST-1V) as a cycloartane-type triterpene glycoside
isolated from Radix astragali has been reported to im-
prove cardiac function [32], inhibit compensatory car-
diac hypertrophy and suppress apoptosis [23, 26]. Be-
sides, previous work showed that AST-IV could
attenuate myocardial fibrosis by inhibiting TGF-p1
signalling in CVB3-induced cardiomyopathy [5], ex-
erted antiviral effects against CVB3 via up-regulating
expression of interferon (Ifn)-y mRNA[44] and modu-
lated inflammatory response via increasing A20 expres-
sion against CVB3-induced virus myocarditis [15].
However, it is not clear whether AST-IV could protect
heart form VM via inhibiting CVB3-induced apoptosis.

In the present study, we aimed to investigate the effects
of AST-1V from Astragalus membranaceus on CVB3-
induced myocardial apoptosis. Our study provided evi-
dence to support a novel role of AST-IV in protecting
mice against CVB3-induced VM by suppressing the
activation of FAS/FASL signal pathway.

Materials and Methods

Experimental animals and coxsackievirus B3
All animal protocols were approved by the Committee
of affiliated hospital of Inner Mongolia medical univer-

sity on Ethics of Animal Experiments (Ethic no. 2015-
0108). Animals were treated in accordance with Guide
for the Care and Use of Laboratory Animals (8th edition,
National Academies Press). Sixty males C57BL/6 mice
(8-9 weeks) were purchased from Model Animal Re-
search Center Of Nanjing University (Nanjing, China).
All mice were housed in GLP laboratory of Inner Mon-
golia medical university with a specific pathogen-free
environment under a 12 h/12 h light-dark cycle and fed
rodent diet ad libitum. CVB3 (Nancy strain) was main-
tained by passage through HeLa cells. HeLa cells was
used to perform virus titer assay according to previous
report [37]. Virus titer was determined prior to infection
by a 50% tissue culture infectious dose (TCIDs) assay
on HeLa cell monolayer. Mice was infected by an intra-
peritoneal injection with 0.1 ml of PBS containing 103
TCIDs, CVB3.

Inducting VM and experimental protocols

C57BL/6 mice were randomly divided into three
groups, namely Blank group (n=20), VM group (CVB3,
n=20) and AST-IV treated group (CVB3+ AST-1V,
n=20). Purified AST-IV was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Before CVB3 in-
jection, AST-IV treated mice received 100 mg/kg bw of
AST-IV (3 ml/30 g bw) per day by gavage to performed
a pretreatment [11]. Blank and CVB3-induced mice re-
ceived 300 ul of saline orally per day. After pretreatment
for 2 weeks, mice (CVB3-induced mice and AST-IV
treated mice) were induced VM by an intraperitoneal
injection with 0.1 ml of PBS containing 103 TCIDs,
CVB3[39]. After virus was injected, AST-IV treated mice
continuously received 100 mg/kg bw of AST-IV (3 ml/30
g bw) per day by gavage until the end of experiment.

Echocardiography assessment

Echocardiography was used to evaluate cardiac hy-
pertrophy, systolic and diastolic function after virus
injection for 3 weeks. A Visual sonics high-resolution
Vevo 2100 system (VisualSonics Inc., Toronto, Canada)
was used. In brief, mice were anesthetized with 3.0%
isoflurane (Airflow velocity: 1 1/min). After the pain
reflex disappears and the heart rate stabilized at 400 to
500 beats per min. Parasternal long-axis images were
acquired in B-mode with appropriate positioning of the
scan head and the maximum LV length identified. The
M-mode cursor was positioned perpendicular to the
maximum LV dimension in end-diastole and systole, and
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M-mode images were obtained for measuring wall thick-
ness and chamber dimensions. Apical four-chamber view
was acquired and the peak flow velocities during early
diastole (E wave) were measured across the mitral valve.
Early-diastolic peak velocity (E” wave) of mitral valve
ring was also measured in this view, then E/E’ which
reflected the left ventricle diastolic function were calcu-
lated.

Cell culture, CVB3 stimulation and AST-1V treatment

Primary cardiac myocytes from neonatal mice were
prepared as described previously [28]. In brief, the hearts
were removed, and the ventricles were minced in cal-
cium- and bicarbonate-free Hanks’ buffer with HEPES.
These tissue fragments were digested by 0.08% trypsin.
The dissociated cells were inoculated in a 10 cm dish
for 120 min to enrich the cells according to the differen-
tial adherence times of cardiac myocytes and fibroblasts.
After cell culture for 120 min, the adherent cells were
CFs, and they were cultured continuously in the 10 cm
dish with fresh Dulbecco’s Modified Eagle Medium
(DMEM)/high-glucose with 10% FBS. The cells in sus-
pension were CMs, and they were enriched by centrifu-
gation at 800 rpm for 5 min. After centrifugation, CMs
were re-suspended using DMEM/high-glucose with 10%
FBS and 0.1 mmol/l bromodeoxyuridine and then were
inoculated in a 12- or 6-well plate at 2,000 cells/cm?.
The cells were maintained in an incubator at 37°C in the
presence of 5% CO,.

CMs were randomly assigned to one of three experi-
mental groups as follows: (1) Blank; (2) CVB3: infection
with CVB3 at multiplicities of infection (MOI)=1[4];
(3) CVB3+ AST-1V: infection with CVB3 at MOI=1 and
treatment with 250 ug/ml AST-IV [38]. At the beginning
of the experiment, the CVB3+ AST-IV groups of myo-
cytes were pre-treated with 250 ug/ml AST-1V for 2 h,
while the Blank and OA groups were pretreated with
FBS-free DMEM/high-glucose for 2 h. After pretreated
with AST-1V, the CVB3 groups and CVB3+ AST-1V
groups were infection with CVB3 at MOI=1, and Blank
group was cultured with fresh DMEM/high-glucose me-
dium. The cells were exposed to those drugs throughout
the experimental period.

Primary cardiomyocytes apoptosis array by flow
cytometry

Apoptosis of Primary cardiomyocytes (CMs) was
examined by detecting phosphatidylserine exposure on

cell membrane with Annexin V as described. Briefly,
CMs were seeded into 6-well plates and stimulated ac-
cording to the methods mentioned above for 48 h. The
medium was collected, and CMs were digested by tryp-
sin. After mixing medium and digested CMs, the cell
suspension was centrifugated in 1,000 g for 5 min. The
cells were washed twice with cold phosphate-buffered
saline (pH 7.4) and were stained with Annexin V-FITC
(25 ng/ml; green fluorescence) and dye exclusion (PI,
red fluorescence) according to protocol provided by An-
nexin V-FITC Apoptosis Detection Kit I (BD bioscience,
San Diego, CA, USA). After staining, apoptosis of CMs
was analyzed with flow cytometry.

Histological analysis

After CVB3 infection for 3 weeks, mice were anes-
thetized with 3.0% isoflurane and heart was arrested with
a 10% potassium chloride solution at end-diastole and
then fixed in 4% paraformaldehyde. Fixed hearts were
embedded in paraffin and cut transversely into 5 um
sections. Serial heart sections were stained with hema-
toxylin and eosin (H&E) to measure cardiac damage [1].
The degree of collagen deposition was detected by pic-
rosirius red (PSR) staining, and images were analyzed
using a quantitative digital image analysis system (Im-
age-Pro Plus 6.0).

Western blotting and quantitative real-time PCR
Protein were extracted with radioimmunprecipitation
assay (RIPA) buffer (50 mM Tris-HCI pH 7.4, 150 mM
NaCl, ImM EDTA, 0.25% sodium deoxycholate, 0.1%
SDS and protease inhibitor cocktail). Homogenates were
sonicated and centrifuged at 4°C for 15 min, and the
supernatants were used for western blotting. 20-50 ug
of protein were separated by SDS-PAGE and transferred
to a NC membrane (Millipore, Bedford, MA, USA).
After being blocked with 5% non-fat milk, the mem-
branes were incubated with the following primary anti-
bodies overnight at 4°C: anti-mouse FAS, anti-mouse
FASL, anti-mouse caspase-8, anti-mouse caspase-3 and
anti-GAPDH (Cell Signaling Technology, Danvers, MA,
USA). Subsequently, the membrane was incubated with
a horseradish peroxidase-conjugated secondary antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), and
exposed to ECL reagent for detection of protein expres-
sion. Total RNA was extracted using TRIzol reagent
(Invitrogen, Grand Island, NY, USA), and first-stand
cDNA was synthesized using reverse transcriptase (Ta-
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kara, Kusatsu, Japan). Real-time PCR with SYBR Green
(Takara) was performed to examine the relative mRNA
levels of indicated genes. The primer was showed as
following, Ifn-y: Forward Primer: GCCACGGCA-
CAGTCATTGA, Reverse Primer: TGCTGATGGCCT-
GATTGTCTT; I1-6: Forward Primer: CTGCAAGAG-
ACTTCCATCCAG, Reverse Primer:
AGTGGTATAGACAGGTCTGTTGG. CVB3 copy
number in mouse heart was detected by RT-PCR, For-
ward Primer:5’-CCCTGAATGCGGCTAATCC-3’, Re-
verse Primer: 5’-ATTGTCACCATAAGC AGCCA-3’.

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining

The TUNEL assay was performed using the In Situ
Cell Death Detection kit (Roche, Basel, Switzerland) as
previously described [9].

Biochemical assay
After CVB3 infection for 3 weeks, mice were anes-
thetized with 3.0% isoflurane and collecting peripheral

T. LIU,

ET AL.

blood by retro-orbital blood collection. Peripheral blood
was centrifuged with 8,000 % g for 15 min to collecting
serum. Serum LDH and CK-MB level was detected with
LDH Assay Kit/ Lactate Dehydrogenase Assay Kit (Ab-
cam, Cambridge, MA, USA) and Mouse Creatine Kinase
MB isoenzyme, CK-MB ELISA Kit (Sangon Biotech,
Shanghai, China), respectively.

Statistical analysis

Data were presented as mean = SEM. Differences
among all groups were assessed using a one-way analy-
sis of variance (ANOVA) followed by the Newman-
Keuls post hoc test. A P-value less than 0.05 was con-
sidered statistically significant.

Results

AST-1V treatment ameliorated CVB3-induced virus
myocarditis

We firstly examined the effect of AST-IV on CVB3-
induced VM model in mice, the chemical structure of
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Fig. 1. Astragaloside IV (AST-1V) ameliorated coxsackievirus B

3 (CVB3)-induced virus myocarditis. (A) The chemical structure of

AST-1V. (B) Survival of mice was monitored within 3 weeks post infection (n=20 per group). (C) The body weight change of

mice was monitored within 3 weeks post infection (n=20 p

er group). The serum levels of creatine kinase-MB (CK-MB) (D, n=5

per group) and lactate dehydrogenase (LDH) (E, n=5 per group). (F) The mRNA level of [FN-y and I1-6 in heart (n=5 per group).
The data were calculated with GraphPad Prism and presented as mean = SEM, **P<0.05, **P<0.01 and ***P<0.001.
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AST-IV was showed in Fig. 1A. Survival curve showed
enhanced mortality in CVB3-induced mice (death: 8
mice, n=20) compared to Blanks mice (death: 0 mice,
n=20) from CVB3 injection to experimental end, while
mortality rate was significantly inhibited in AST-IV
treated mice (death: 4 mice, n=20, Fig. 1B). Compared
to Blank mice, VM mice a dramatic and continuous loss
of bodyweight as maximal to 23.1%, while AST-IV
treated mice had a little fluctuation in bodyweight (Fig.
1C). Furthermore, the increased level of CK-MB and
LDH in serum induced by CVB3 infection showed a
significant reduction in AST-1V treated mice (Figs. 1D
and E). In addition, a significantly increased expression
of Ifn-y and I1-6 was found in heart of CVB3-induced
mice compared to Blank mice, while those was signifi-
cantly supressed in heart of AST-IV treated mice com-
pared (Fig. 1F). These results indicate that AST-1V treat-
ment dramatically alleviated CVB3-induced
inflammation reaction and cardiac damage. Moreover,
no significant difference for CVB3 RNA copy number
was found in heart after CVB3 injection for 3 weeks
between CVB3-induced mice and AST-IV treated mice,
which indicated that the protective effect of AST-IV on
CVB3-induced VM was not associated with its anti-viral
effect (Supplementary Fig. 1).
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AST-1V treatment ameliorated CVB3-induced cardiac
systolic and diastolic function changes

To study the role of AST-IV on the cardiac systolic
and diastolic function, Cardiac function was measured
by echocardiography after virus injection for 3 weeks.
Ultrasonic results show the overall echo of the heart is
attenuated in heart of CVB3-induced mice, while car-
diac function was improved in heart of AST-IV treated
mice (Fig. 2A). Compared to Blank mice, we found that
a significantly impaired left ventricle (LV) function, as
indexed by increased Left ventricle end diastolic poste-
rior wall dimension (LVPWd, 1.30 £0.15 versus 0.77 +
0.049, P<0.001), decreased ejection fraction (EF%) (42.1
+7.06% versus 56.50 = 6.65, P<0.01) and increased E/E’
(42.50 £ 6.67 versus 19.10 £ 5.06, P<0.001) in heart of
CVB3-induced mice, while heart of AST-IV treated mice
exhibited a better cardiac function than CVB3-induced
heart (LVPWd, 1.033 +0.20 versus 1.30+0.15, P=0.026;
EF%, 48.30 + 4.39% versus 56.50 £ 6.65%, P=0.03,
E/E’; 48.30 + 4.39 versus 56.50 + 6.65, P=0.03; E/E’,
28.10 £ 7.98 versus 42.1 + 7.06%, P<0.001) (Figs.
2B-D). Together, these data show that AST-IV treatment
attenuated CVB3-induced cardiac dysfunction.
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Blank CVB3 CVB3+AST-IV O
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Fig. 2. Astragaloside IV (AST-IV) ameliorated coxsackievirus B3 (CVB3)-induced cardiac systolic and diastolic
function changes. (A) Representative M-mode echocardiographic tracings of different groups. (B—D) Car-
diac function was assessed by Left ventricle end diastolic posterior wall dimension (LVPWd) (B, n=10 per
group), EF% (n=10 per group) and E/E’ (n=10 per group). The data were calculated with GraphPad Prism
and presented as mean £ SEM, *P<0.05, **P<0.01 and ***P<0.001.
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AST-1V treatment protected mouse heart against CVB3-
induced cardiac damage and fibrosis

To advanced illustrate the role of AST-IV on CVB3-
induced virus myocarditis, histological analysis of heart
sections was performed to examine degree of cardiac
damage and fibrosis. H&E staining of heart sections
showed that the area of cardiac necrosis was signifi-
cantly aggravated in heart of CVB3-induced mice com-
paring to Blank mice after CVB3 injection for 3 weeks,
while the degree of cardiac necrosis was significantly
attenuated in heart of AST-IV treated mice (Fig. 3A).
The degree of collagen deposition in heart was detected
by picrosirius red (PSR) staining. Compared with Blank
mice, a significantly increased cardiac fibrosis was found
in heart of VM mice, while cardiac fibrosis level was
ameliorated in heart of AST-IV treated mice (Fig. 3B).
These results demonstrated that AST-IV treatment had
significantly effect on CVB3-induced cardiac necrosis
and fibrosis.

AST-1V treatment inhibited CVB3-induced apoptosis
Apoptosis played an important role on occurrence of

dilated cardiomyopathy after VM [33]. We speculated
that the protective effect of AST-IV treatment on CMs
activity was associated with inhibiting myocardial apop-
tosis. To verify our hypothesis, TUNEL staining of heart
section in vivo was performed. An increased apoptosis
level was found in heart of CVB3-induced mice com-
pared to Blank mice, while apoptosis level was inhib-
ited in heart of AST-1V treated mice compared to CVB3-
induced mice (Fig. 4A). The same result was confirmed
by CMs apoptosis array by flow cytometry in vitro. The
result showed that 2.7% of early apoptosis, 40.2% of late
apoptosis and 4.9% of necrosis were found in CVB3-
induced CMs after CVB3 infection for 48 h, while those
were 1.3%, 1.4% and 0.6% in AST-IV treated CMs, re-
spectively (Fig. 4B).

Numerous studies have demonstrated that FAS/FASL
signal pathway had closely relationship with apoptosis
[36]. Therefore, we investigated the protein levels of
FAS, FASL, cleaved caspase-8 and cleaved caspase-3
level by western blotting in vitro. After CMs were in-
duced by CVB3 and treated with AST-IV for 48 h, a
significant increased expression of FAS, FASL, cleaved
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Fig. 3. Astragaloside IV (AST-IV) protected mice heart from coxsackievirus B3 (CVB3)-induced cardiac damage
and fibrosis. (A) H&E staining of heart sections and quantitative data (scale bars:100 xM, n=6 per group).
(B) Picrosirius red-stained transverse sections of the left ventricle from the indicated groups and quantita-
tive data (Scale bars:200 M, n=6 per group. Upper: image under bright field, lower: image under Polarized
light). The data were calculated with GraphPad Prism and presented as mean + SEM, *P<0.05, **P<0.01

and ***P<0.001.
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Fig. 4. Astragaloside IV (AST-1V) treatment attenuated coxsackievirus B3 (CVB3)-induced apoptosis in vivo and in vitro. (A) Terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining results of heart sections and quantitative data (n=6 per
group); (B) Cardiac myocytes apoptosis was detected by flow cytometer; (C) Expression level of FAS, FASL, caspase-8 and
caspase-3 in vitro was detected by western blot and quantitative data (n=3 per group). The data were calculated with GraphPad
Prism and presented as mean = SEM, *P<0.05, **P<0.01 and ***P<0.001.

caspase-8 and cleaved caspase-3 were found in CVB3-
induced CMs comparing to Blank CMs, while expression
level of those protein was significantly inhibited in AST-
IV treated CMs (Fig. 4C). In summary, our data impli-
cated that AST-IV treatment could protect heart from
CVB3-induced apoptosis via regulating FAS/FASL
signal pathway

Discussion

Our current study demonstrated, the beneficial effect
of AST-IV on CVB3-induced VM and protected mice
from CVB3-induced cardiac dysfunction, cardiac dam-
age and chronic fibrosis. Our results showed suppressing
the activation of FAS/FASL signal pathway as a protec-

tive mechanism of AST-IV to prevent CVB3-induced
apoptosis.

Apoptosis played an important role on CVB3-induced
VM. In the acute phase of VM (virus infection for 3—4
days), direct proteolytic damage was induced for virus
replication and interaction with myocyte signaling, and
recognition of viral pathogen motifs through cardiac
Toll-like receptors [2, 25]. Meanwhile, cardiac resident
cells released a lot of proinflammation cytokines, includ-
ing g interleukin-1f (IL1p), 11-6, IL-18, tumor necrosis
factor-o (TNF-a), and type I and type II interferons
(IFNs) [14]. Among cytokines, Type I interferons (IFN-a
and IFN-PB) had a range of effects on infected cells, in-
cluding inducing cardiomyocyte apoptosis via stimulat-
ing p53-mediated apoptosis signal [12]. Besides, in
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chronic phase of VM (>14 days after virus infection),
regulatory T cells and alternatively activated (M2) mac-
rophages released a range of anti-inflammation cytokines
to resolute the immune response and replace dead tissue
with a fibrotic scar, including TGF-B and IL-10 [31].
Those anti-inflammation cytokines also could induce
cardiomyocyte apoptosis via FAS/FASL pathway [13,
30]. In our study, AST-IV treatment could significantly
inhabit CVB3-induced cardiomyocyte apoptosis, which
interpreted the mechanism of the protective effect of
AST-IV on CVB3-induced VM.

The FAS/FASL system played a significant role in
multiple causes-induced cardiomyocyte apoptosis. A
significantly up-regulated FAS expression was found in
pathological process of CVB3 [18], ischemia-reperfusion
injury [22] and transplant rejection [27] -induced car-
diomyocyte apoptosis, which was consistent with our
findings. Different from our results, Zhang et al. found
that the expression level of FASL was not enhanced in
heart of CVB3-induced mice [45]. The reason for this
difference could be attributed to inconsistency between
cardiomyocytes and myocardial tissue. The mechanism
of CVB3-induced FASL expression in cardiomyocytes
was unclear. However, Dai ef al. found that CVB3 rep-
lication could activate c-Jun N-Terminal Kinase (JNK)
and p38 MAPK in vitro [10], while activation of JNK
could enhance FAS/FASL expression via c-Jun [17].
Meanwhile, a significantly up-regulated FASL expres-
sion was also found in ischemia/reperfusion-induced
cardiomyocytes apoptosis in vitro [20].

The previous study showed that caspase-3 had critical
role in multiple pathological factors-induced cardiomyo-
cyte apoptosis [29]. There are at least 2 pathways were
involved in capase-3 activation of human heart, mito-
chondria disruption mediated apoptosis pathway and
FAS receptor-mediated death receptor pathway. Different
from the mitochondria disruption mediated apoptosis
pathway, FAS receptor-mediated death receptor pathway
involved activation of caspase-8 [35]. Activated cas-
pase-8 led to caspase-3 activation. Activated caspase-3
then cleaves a substrate such as poly-(ADP-ribose) poly-
merase, leading to DNA fragmentation and apoptosis.
In our study, after CMs was induced by CVB3 for 48h,
a significant increased expression of FAS, FASL, cas-
pase-3 and caspase-8 was found comparing to Blank
CMs, while those were inhibited in CMs of AST-IV treat-
ment. Therefore, our results demonstrated that AST-IV
could inhabit CVB3-induced apoptosis via supressed

activation of FAS/FASL pathway.

Astragalus membranaceus was widely used in tradi-
tional Chinese medicine as an antiperspirant, anti-
hypertensive, diuretic, and tonic treatments [40]. Previ-
ous study showed that Astragalus membranaceus and its
extracts could protect heart from Ischemia/reperfusion
injury [21], oxidative stress [19, 26], and modulate im-
mune reaction and cardiac energy metabolism [16]. It
had been reported that AST-IV could protect heart from
CVB3-induced VM via modulating inflammatory re-
sponse [15]. Besides, AST-IV could inhibit multiple
pathological factors-induced cardiomyocytes apoptosis,
such as oxidative stress [26], ischemia/reperfusion in-
jury [42]. However, it was not been reported whether
AST-IV could protect heart from VM via inhibiting
CVB3-induced cardiomyocytes apoptosis. In our study,
a significantly protective effect of AST-IV on VM was
found, which had close association with inhibiting myo-
cardial apoptosis via supressing activation of FAS/FASL
pathway.
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