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Schisandrin A protects against isoproterenol-induced
chronic heart failure via miR-155
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Abstract. Schisandrin A (Sch A) has a protective effect
on cardiomyocytes. Circulating miR-155 levels are related
to chronic heart failure (CHF). The present study aimed
to clarify the role and the molecular mechanism of Sch A
in CHF. C57BL/6JGpt mice were used for an isoproter-
enol (ISO)-induced CHF model to collect heart samples.
Echocardiography was employed to detect heartbeat indica-
tors. The degree of myocardial hypertrophy was evaluated
based on the measurement of heart weight (HW), body weight
(BW) and tibia length (TL) and the observation using hematox-
ylin-eosin staining. Sprague-Dawley rats were purchased for
the separation of neonatal rat ventricular myocytes (NRVMs),
which were treated with ISO for 24 h. Transfection regulated
the level of miR-155. The viability of NRVMs was detected
via MTT assay. The mRNA and protein levels were measured
via reverse transcription-quantitative PCR and western blot-
ting and immunofluorescence was used to detect the content
of a-smooth muscle actin (a-SMA). Treatment with ISO
resulted in rising left ventricular posterior wall thickness,
intra-ventricular septum diastole, left ventricular end diastolic
diameter, left ventricular end systolic diameter, HW/BW,
HW/TL and falling ejection fraction and fractional short-
ening, the trend of which could be reversed by Sch A. Sch A
ameliorated myocardial hypertrophy in CHF mice. In addi-
tion, Sch A inhibited ISO-induced upregulated expressions of
atrial natriuretic peptide, B-type natriuretic peptide, B-myosin
heavy chain and miR-155 in myocardial tissue. Based on the
results in vitro, Sch A had no significant effect on the viability
of NRVMs when its concentration was <24 ymol/l. Sch A
inhibited the levels of miR-155, a-SMA and the phosphoryla-
tion levels of AKT and cyclic AMP response-element binding
protein (CREB) in ISO-induced NRVMs, which was reversed
by the upregulation of miR-155. Schisandrin A mediated the
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AKT/CREB signaling pathway to prevent CHF by regulating
the expression of miR-155, which may shed light on a possible
therapeutic target for CHF.

Introduction

Chronic heart failure (CHF) is a clinical syndrome and heart
abnormality is usually observed at the structural and func-
tional levels (1). Cardiac output, cardiac contractility, filling
pressure, wall stress during systolic and diastolic function and
heart rhythm are the basis of the pathophysiology of CHF (2).
A variety of pathological conditions, such as myocardial
infarction, cardiomyopathy, hemodynamic overload and
development of inflammation, can lead to decompensation of
CHF (3,4). Once the heart is unable to maintain the peripheral
blood perfusion of the whole body, it may cause mortality in
patients (4). Due to the complexity of CHF, standardized and
evidence-based treatment is essential (5).

In recent years, due to its special etiology, diagnosis and
treatment systems, Traditional Chinese Medicine has received
extensive attention, especially in the research of the mecha-
nism of small molecule active ingredients (6,7). Magnoliaceae
schisandraceae has a high medicinal value (8). Shengmai Yin
(SMY), also known as pulse-activated decoction, is made of
Fructus schisandrae, Radix ginseng and Radix ophiopogonis
and is commonly used in the treatment of acute myocardial
infarction, cardiogenic shock and arrhythmia (9,10). It is
reported that SMY can alleviate the progression of adriam-
ycin-induced CHF by suppressing pathological changes (10).
Schisandrin A (Sch A) is one of the main active ingredients
of lignans in Schisandrin and is a recognized monomer with
pharmacological activity (11,12). A previous study noted
that Sch A serves roles in the inhibition of inflammation and
elimination of free radicals (13). In addition, Sch A suppresses
lipopolysaccharide-induced inflammation and oxidative stress
in macrophages in vitro (14). Moreover, Sch A can regulate
bone metabolism (15), prevent cerebral ischemia reperfusion
injury (16), attenuate acute liver injury (17) and acts against
cancer (18). The present study focused on investigating the role
and mechanism of Sch A in CHF.

Research on the mechanism of microRNAs (miRNAs,
miRs) remains a popular and rewarding area of research. A
number of reports have shown that miRNAs are involved
in regulating the expression of specific genes and cellular
processes in the process of CHF. For example, miR-129-5p
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targets high mobility group box 1 to ameliorate heart function
in CHF rats (19), miR-30d regulates cardiac remodeling (20)
and miR-133a reduces cardiac hypertrophy by inhibiting
the expressions of serum response factor and cyclin D2 (21).
Upregulated miR-155 can be observed in a myocardial
ischemia-reperfusion induction model (22) and circulating
miR-155 levels may be a potential marker for the risk of
arrhythmia in patients with CHF (23). miR-155 is encoded
and co-expressed by the gene B-cell integration cluster and a
previous study has indicated that Sch A regulates the prolifera-
tion and invasion of breast cancer cells through miR-155 (24).

Isoproterenol (ISO) is widely used to induce CHF (25).
As such, it was hypothesized that the miR-155 may act as a
downstream regulator of Sch A and participate in the treat-
ment of CHF. An ISO-induced model was constructed and
Sch A linked with miR-155 to explore the specific molecular
mechanism of Sch A in the course of CHF for the first time, to
the best of the authors' knowledge.

Materials and methods

Animals. A total of 50 male C57BL/6JGpt mice (10 weeks,
22-25 g) were purchased from GemPharmatech Co., Ltd.,
(cat. no. NOOOO13) as the experimental subjects. All mice
were adaptively reared under the specific pathogen-free (SPF)
conditions of the animal facility (temperature, 23+2°C; relative
humidity, 45~70%; 12-h light/dark cycles) for 1 week. Mice
were given free access to sufficient food and water.

All animal experiments were approved by the Ethic
Committee of Experimental Animals of Changzhi Medical
College (approval nos. M20200109 and R20200115; Changzhi,
China).

Animal modeling. The mice were randomly divided into
five groups, with 10 mice for each group as follows: i) CHF
group, mice were slowly injected with ISO hydrochloride
(cat. no. 15627; Merck KGaA) at a dosage of 30 mg/kg/day
by the 2ML2 type ALZET osmotic pressure pump (DURECT
Corporation) for 2 weeks to establish the CHF model (26);
ii) control group, mice were injected with 0.9% normal saline
(cat. no. D123478; The resources platform of the National
standard material) including 0.002% ascorbic acid (cat.
no. A92902; Merck KGaA) for 2 weeks; iii) Sch A-H group,
mice were subjected to the procedures of the control group,
except they also received intraperitoneal injections of Sch A
(40 mg/kg/day; cat. no. HY-N0691; MedChemExpress) for
10 days (including modelling) in advance until the completion
of modeling; iv) CHF + Sch A-L or v) CHF + Sch A-H group,
mice were subjected to the procedures of the CHF group,
except they also received intraperitoneal injections of Sch A
(20 mg/kg/day or 40 mg/kg/day) for 10 days (including model-
ling) in advance until the modeling was completed (12).

Heartbeat index detection. After the completion of modeling,
the mice were anesthetized by isoflurane (0.41 ml/min, at
4 I/min fresh gas flow; cat. no. 1349003; Merck KGaA) and
fixed on the laboratory bench. The heartbeat indicators of each
group of mice were detected by an echocardiography imaging
system (VisualSonics, Inc.). Heartbeat indicators, including
left ventricular end systolic diameter (LVESD; mm), left

ventricular end diastolic diameter (LVEDD; mm), left ventric-
ular posterior wall thickness (LVPWD; mm), intra-ventricular
septum diastole (IVSD; mm), ejection fraction (EF; %) and
fractional shortening (FS; %), were recorded and analyzed.

Cardiac physiological index test. The mice were sacrificed
by anesthesia (Pentobarbital solution; cat. no. P-010-1ML;
60 mg/kg; Merck KGaA). Death was confirmed by observing
whether the heartbeat had completely stopped and pupils
were dilated. Afterwards, their body weight (BW) and tibia
length (TL) were measured. Fresh hearts were quickly excised
in a sterile environment and the heart weight (HW) was
measured. Parts of the heart tissues were fixed at 4°C with
4% paraformaldehyde (PFA; cat. no. 158127; Merck KGaA)
for 2 h, dehydrated with alcohol (cat. no. PHR1070; Merck
KGaA) followed by xylene (cat. no. B83606; Merck KGaA)
and embedded in paraffin, and the remaining parts were ready
for the extraction of RNA.

Pathological analysis of cardiac tissue. The paraffin-embedded
heart tissue samples were sectioned (6 ym), deparaffinized and
rehydrated. A hematoxylin-eosin staining (HE) staining kit
(cat. no. AR1180; Boster Biological Technology) was used for
staining. According to the manufacturer's protocols, at room
temperature, the specimens were covered with hematoxylin
staining solution for 3 min, Scott blue liquid (cat. no. G1865;
Beijing Solarbio Science & Technology Co., Ltd.) for 1 min
and eosin staining solution for 40 sec, respectively. Finally, the
pathological abnormalities were observed under an inverted
microscope (IXplore Pro; Olympus Corporation).

Quantification of mRNA level. Reverse transcription-quanti-
tative (RT-q)PCR was performed to detect mRNA levels of
miR-155, atrial natriuretic peptide (ANP), B-type natriuretic
peptide (BNP) and B-myosin heavy chain (B-MHC). Primer3
Plus (http://www.primer3plus.com/cgi-bin/dev/primer3plus.
cgi) was used to design the primers. According to the manu-
facturer's protocol, mouse myocardial tissues or isolated
rat ventricular myocytes (NRVMs, 1x109) were treated
with TRIzol® (cat. no. 15596026; Thermo Fisher Scientific,
Inc.) to extract total RNA. According to the manufacturer's
protocol, reverse transcription of RNA was then performed
using a miRNA reverse transcription kit (cat. no. 4366597;
Thermo Fisher Scientific, Inc.) and PrimeScript RT-PCR kit
(cat. no. RRO14A; Takara Bio, Inc.). The cDNA was used
as a template and RT-qPCR was performed on QuantStudio
3D PCR system (Thermo Fisher Scientific, Inc.) with
QuantStudio 3D AnalysisSuite (Thermo Fisher Scientific,
Inc.). qPCR thermocycling conditions were as follows:
Denaturation at 94°C for 5 min, 37 cycles of 95°C for 15 sec,
60°C for 30 sec and 72°C for 30 sec. All reactions were
repeated three times. U6 and GAPDH were the internal
controls. The relative expressions of miR-155, ANP, BNP
and B-MHC were expressed as a function of cycle quanti-
fication (Cq) and analyzed by the 222 method (27). The
primers are listed in Table I.

Isolation and culture of ventricular myocytes. Sprague-Dawley
(SD) rat pups (~2-3 days, Kaixue Biotechnology Co., Ltd.)
were purchased to isolate NRVMs. After the rats were sacri-
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A, Gene (mouse)

Gene Forward primer (5'—3') Reverse primer (5'—3")
miR-155 UUAAUGCUAAUUGUGAUAGGGGU TGTGACCCGAAAGCTCTA

ANP AGGCAGTCGATTCTGCTT CGTGATAGATGAAGGCAGGAAG
BNP TAGCCAGTCTCCAGAGCAATTC TTGGTCCTTCAAGAGCTGTCTC
B-MHC TTGGATGAGCGACTCAAAAA GCTCCTTGAGCTTCTTCTGC
GAPDH TGCACCACCTGCTTAGC GGCATGGACTGTGGTCATGAG
u6 GCTTCGGCAGCACATATACTA CGAATTTGCGTGTCATCCTTG

B, Gene (rat)

Gene Forward primer (5'—3'") Reverse primer (5'—3")
miR-155 AATGCTAATTGTGATAGGGG GAACATGTCTGCGTATCTC
ANP-rat GAGCAAATCCCGTATACAGTGC ATCTTCTACCGGCATCTTCTCC
BNP-rat GCTGCTGGAGCTGATAAGAGAA GTTCTTTTGTAGGGCCTTGGTC
B-MHC GAGGAGAGGGCGGACATT ACTCTTCATTCAGGCCCTTG
GAPDH GCAAGAGAGAGGCCCTCAG TGTGAGGGAGATGCTCAGTG

U6 GGAACGATACAGAGAAGATTAGC GGAACGATACAGAGAAGATTAGC

For single-stranded RNA miR-1535, its forward primer was based on the sequences of stem-loop and miR-155 using Primer3 Plus (http:/www.
primer3plus.com/cgi-bin/ dev/primer3plus.cgi) and its reverse primer was designed in Primer3 Plus based on the stem-loop sequence and the
complementary sequence of miR-155 sequence. miR, microRNA; ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; B-MHC,

B-myosin heavy chain.

ficed by anesthesia (pentobarbital solution, 50 mg/kg), fresh
hearts were quickly excised in a sterile environment, followed
by being minced and then lysed with 0.25% trypsin (cat.
no. 25200056; Thermo Fisher Scientific, Inc.) until the tissue
almost dissolved. Then, the cell suspension was centrifuged
by a centrifuge (cat. no. TDL5M; Spring Instrument. Co.,
Ltd.) at 4,840 x g at room temperature for 5 min and the pellet
was collected. The NRVMs were resuspended in DMEM/F12
(cat. no. A4192001; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS; AlphaCell)
and streptomycin (100 U/ml; cat. no. 85886; Merck KGaA)
and incubated in a humid incubator at 37°C with 5% CO,
(Heracell 150i CO, Incubator; cat. no. 51032719; Thermo
Fisher Scientific, Inc.) (28).

Cell viability assay. NRVMs (4x10* cells) in logarithmic
growth phase were seeded in each well of a 96-well plate
(cat. no. HY-E0076, MedChemExpress) with culture medium
containing 10% FBS and different concentrations of Sch A
0,1, 2,4, 8,12 and 24 uM) and incubated at 37°C with
5% CO, for 30 min. A total of three sets of parallel experi-
ments were performed in each group in total. Next, MTT
solution (cat. no. HY-15924, MedChemExpress) was added
to each well and incubated with the cells at 37°C for 4 h,
followed by the addition of SDS (cat. no. 2-270-9; Qiguang
Technology Trade). The OD value at an absorbance of
570 nm was measured in a microplate reader (SpectraMax
iD5; Molecular Devices, LLC).

Cell grouping. The NRVMs in the ISO group were incubated
with ISO (10 M) only for 24 h at 37°C. For the Sch A-4 group,
the NRVMs were pretreated with Sch A (4 pM) for 30 min
and then incubated with ISO (10 M) for 24 h at 37°C. For
the Sch A-12 group, the NRVMs were pretreated with Sch A
(12 uM) for 30 min and then incubated with ISO (10 M) for
24 h at 37°C (29).

Cell transfection. The transfection of miR-155 mimic [M;
Sangon Biotech (Shanghai) Co., Ltd.] or miR-155 inhibitor [I;
Sangon Biotech (Shanghai) Co., Ltd.] regulated the expression
of miR-155, with the establishment of their corresponding
control groups (transfection with non-sense sequence)
[M control (MC) and I control (IC)]. miR-155 M or I was
mixed with X-tremeGENE 9 DNA Transfection Reagent (cat.
no. 6365787001; Merck KGaA) to configure the transfection
complex, which was incubated at 25°C for 15 min and added
into the cell suspension (1x10°) dropwise and continued to
incubate at 37°C for 48 h. The sequences were as follows: M,
5'-UUCCAAUGCUAAUUGUGAUAGGGGU-3'; 1, 5'-ACC
CCTATCACAATTAGCATTAA-3"; MC, 5'-AAGAAACCA
TGCAAAGTAAGGTT-3"; and IC, 5-CCTAGGCTCACG
TGACGCG-3'.

Immunofluorescence. The NRVMs were fixed at room
temperature with 4% PFA on the glass slide for 15 min and
then immersed in 0.5% Triton X-100 (cat. no. T8200; Beijing
Solarbio Science & Technology Co., Ltd.) to permeate at room
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temperature for 20 min. Normal goat serum (cat. no. ab7481;
Abcam) was added to block cells at room temperature for
30 min. Then the antibody against a-smooth muscle actin
(a-SMA; cat. no. 19245, Cell Signaling Technology, Inc.;
1:500) was added and incubated at 4°C overnight. On the
second day, Goat Anti-Rabbit IgG H&L (HRP; cat. no. 4412;
Cell Signaling Technology, Inc.; 1:2,000) was added and incu-
bated at 37°C for 1 h. The subsequent steps were performed
in the dark. DAPI (cat. no. 4083; Cell Signaling Technology,
Inc.) was used to incubate at room temperature for 5 min for
nuclear counterstaining. The collected images were captured
under a fluorescence microscope (Dmi8; Leica Microsystems
GmbH) and the results were expressed as average cell surface
area (um?).

Western blotting. The NRVMs (1x10° cells) were mixed with
the RIPA Lysis buffer (cat. no. 89901; Thermo Fisher Scientific,
Inc.) to lyse protein for 10 min, followed by a centrifugation
(3,000 x g) at 4°C for 5 min. A bicinchoninic acid (BCA) kit
(cat. no. POO11; Beyotime Institute of Biotechnology) was
used to measure protein concentration. Denatured protein was
mixed with 1X protein loading buffer [cat. no. C508320-0001;
Sangon Biotech (Shanghai) Co., Ltd.]. The protein samples
(30 pug/lane) were separated on 15% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (Bio-Rad Laboratories,
Inc.) and then transferred to nitrocellulose membranes (cat.
no. 1620090; Bio-Rad Laboratories, Inc.). Membranes were
then blocked with 5% skimmed milk at room temperature for
2 h. The membranes were incubated with the diluted solution
of primary antibodies, including protein kinase B (AKT; cat.
no. ab8805; Abcam; 1:500; 60 kDa), phosphorylated (p)-AKT
(cat. no. ab38449; Abcam; 1:1,000; 56 kDa), Cyclic AMP
response-element binding protein (CREB; cat. no. ab32515;
Abcam; 1:1,000; 40 kDa), p-CREB (ab32096; cat. no. Abcam;
1:5,00; 37 kDa), GAPDH (cat. no. ab181602; Abcam; 1:10,000;
36 kDa) at 4°C overnight. The next day, the secondary
antibody Goat Anti-Rabbit IgG H&L (cat. no. ab205718;
Abcam; 1:50,000) was added for further 2 h incubation at
room temperature. GAPDH was used as an internal control.
Chromogenic liquid (cat. no. 34577; Thermo Fisher Scientific,
Inc.) was used for the visualization in the dark, followed by the
detection in an imaging system (Chemi Doc Touch; Bio-Rad
Laboratories, Inc.), and the results were semi-quantified using
Image] software (v1.8.0; National Institutes of Health).

Statistical analysis. Statistical analysis was performed by
SPSS 20.0 (IBM Corp.). All experiments were repeated at least
three times and the data are presented as the mean + standard
deviation. One-way analysis of variance was used for the
comparison between multiple groups followed by Tukey's
post hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Sch A can ameliorate the gravimetric parameters of
1SO-induced CHF mice. Following ISO treatment, echocar-
diography was used to assess the cardiac function of mice.
Compared with normal mice, the indexes (LVPWD, IVSD,
LVEDD and LVESD) of ISO-induced CHF mice were larger,

while EF and FS were reduced (P<0.01; Fig. 1 A-F). Meanwhile,
it was found that Sch A treatment had no significant effect on
normal mice, but it could partially reverse these indicators
in CHF mice (P<0.05; Fig. 1A-F). Moreover, Sch A partially
reversed the CHF-induced increased ratios of HW/BW and
HW/TL (P<0.05; Fig. 1G and H). Pathologically, it could be
observed that Sch A treatment alleviated the myocardial hyper-
trophy caused by CHF (Fig. 1I) and significantly reduced these
adverse changes, with improved results represented following
the treatment of higher concentration, suggesting that the
therapeutic effect of Sch A was concentration-dependent
(Fig. 1A-D).

Sch A can inhibit the expression of myocardial hypertrophy
markers and miR-155. In the CHF mouse model, the expres-
sion levels of ANP, BNP and B-MHC were all increased, while
Sch A treatment partially reduced the expression levels of
these genes (P<0.01; Fig. 2A). Notably, Sch A could inhibit the
upregulation of miR-155 in the CHF group (P<0.01; Fig. 2B).
Similarly, high concentration of Sch A led to more obvious
effects (P<0.001; Fig. 2A and B).

Interaction between Sch A and miR-155 in vitro. To determine
the interaction between Sch A and miR-155, NRVMs were
isolated from SD rat pups for cell experiments. The results
of MTT test suggested that under the treatment of different
gradients, Sch A significantly inhibited the cell viability of
NRVMs when the concentration reached 24 uM (P<0.05;
Fig. 3A). Therefore, the concentrations of 4 and 12 uM were
chosen for follow-up experiments. Upregulation of miR-155
was also observed in ISO-treated cells, the trend of which
was reversed by Sch A (P<0.001; Fig. 3B). As the inhibi-
tory effect of the SchA-12 group was stronger than that of
the SchA-4 group, the cells were subsequently treated with
12 uM SchA.

miR-155 M and I were designed to further investigate
the role of miR-155 in CHF and its corresponding mecha-
nism. The transfection of miR-155 M notably upregulated
the expression level of miR-155, while miR-155 1 led to a
downregulation (P<0.001; Fig. 4A). The transfection of I also
effectively attenuated the ISO-induced increase of miR-155
expression, the effects of which were similar to those of Sch A
(P<0.001; Fig. 4B). The expression of miR-155 was promoted
in the ISO + Sch A + M group when compared with the
ISO + Sch A + MC group (P<0.001; Fig. 4B). Furthermore, it
was demonstrated in the results of immunofluorescence that
Sch A attenuated the promotive effects of ISO on the level of
a-SMA (P<0.001; Fig. 4C and D). Downregulation of miR-155
also could inhibit ISO-induced increase of a-SMA content in
NRVMs, while miR-155 M attenuated the inhibitory effect
of Sch A on the level of a-SMA (P<0.001; Fig. 4C and D),
suggesting that Sch A might regulate myocardial hypertrophy
by inhibiting miR-155.

As for ANP, BNP, B-MHC, p-AKT and p-CREB, the
transfection of miR-155 T attenuated the promotion of
ISO, the effect of which was similar to that of Sch A and
upregulating miR-155 expression attenuated the therapeutic
effect of Sch A (P<0.001; Fig. 5A-D), suggesting that
higher-expressed miR-155 could promote both the expres-
sions of ANP, BNP, B-MHC and the phosphorylation of
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Figure 1. Sch A reverses the pathological changes induced by CHF. The levels of (A) LVESD, (B) LVEDD, (C) LVPWD, (D) IVSD, (E) EF and (F) FS were
detected by echocardiography. (G) The ratio of HW to BW. (H) The ratio of HW to TL. (I) Pathological hematoxylin-eosin staining stained sections of heart
tissue. Scale bar, 10 mm; magnification, x0.6. “P<0.01, ““P<0.001 vs. Control; “P<0.05, #”P<0.01 vs. CHF. Sch A, Schisandrin A; CHF, chronic heart failure;
LVESD, left ventricular end systolic diameter; LVEDD, left ventricular end diastolic diameter; LVPWD, left ventricular posterior wall thickness; IVSD,
intra-ventricular septum diastole; EF, ejection fraction; FS, fractional shortening; HW, heart weight; BW, body weight; TL, tibia length; Sch A-H, injected
intraperitoneally with 40 mg/kg/day Sch A; Sch A-L, injected intraperitoneally with 20 mg/kg/day Sch A.
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Figure 2. Sch A downregulates the expression levels of ANP, BNP, B-MHC and miR-155 induced by CHF. (A) mRNA expression levels of ANP, BNP and
B-MHC in myocardial tissue were quantified by RT-qPCR. GAPDH was used as a control. (B) The expression of miR-155 in myocardial tissue was measured
via RT-qPCR. U6 was used as a control. ““P<0.001 vs. Control; “P<0.01, ##P<0.001 vs. CHF. Sch A, Schisandrin A; CHF, chronic heart failure; ANP, atrial
natriuretic peptide; BNP, B-type natriuretic peptide; B-MHC, B-myosin heavy chain; miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR;
Sch A-H, injected intraperitoneally with 40 mg/kg/day Sch A; Sch A-L, injected intraperitoneally with 20 mg/kg/day Sch A.

AKT and CREB. The above evidence indicated that Sch A inhibited the expressions of ANP, BNP, B-MHC, p-AKT and
ameliorated ISO-induced hypertrophy in cardiomyocyte and  p-CREB via regulation of miR-155.
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Schisandrin A; NRVMs, neonatal rat ventricular myocytes; miR, microRNA; ISO, isoproterenol.
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Figure 4. Sch A relieves fibrosis of neonatal rat ventricular myocytes via miR-155. (A) The transfection efficiency of miR-155 mimic or miR-155 inhibitor was
evaluated by RT-qPCR. (B) The expression of miR-155 was determined via RT-qPCR. U6 was used as a control (C and D) The level of a-SMA was observed
by immunofluorescence. Scale bar, 50 xm; magnification, x200. ¥4¢P<0.001 vs. MC; 224P<0.001 vs. IC; *"P<0.001 vs. Blank; 444P<0.001 vs. ISO + IC;
"P<0.001 vs. ISO; *"P<0.001 vs. ISO + Sch A + MC. Sch A, Schisandrin A; miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR; a-SMA,
a-smooth muscle actin; M, miR-155 mimic; MC, miR-155 mimic control; I, miR-155 inhibitor; IC, miR-155 inhibitor control; ISO, isoproterenol.

Discussion Echocardiography is the most useful and reliable non-invasive

method for the diagnosis of cardiac insufficiency (3). Decreased
Epidemiological data suggests that the prevalence of CHF isstill  myocardial contractility, abnormal hemodynamics and neuro-
rising, with high mortality and frequent hospitalizations (1).  endocrine activation are the distinctive features of CHF. In the
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Figure 5. Sch A regulates ANP, BNP, B-MHC, pAKT/AKT and p-CREB/CREB via miR-155. (A) mRNA expression levels of ANP, BNP and B-MHC were
measured using reverse transcription-quantitative PCR. GAPDH was used as a control. (B) The protein expression of AKT, p-AKT, CREB and p-CREB was
semi-quantified by western blotting; GAPDH was used as a control. (C) The ratio of p-AKT to AKT. (D) The ratio of p-CREB to CREB. ““P<0.001 vs. Blank;
444P<0.001 vs. ISO + IC; P<0.001 vs. ISO; **"P<0.001 vs.ISO + Sch A + MC. Sch A, Schisandrin A; miR, microRNA; ANP, atrial natriuretic peptide; BNP,
B-type natriuretic peptide; B-MHC, B-myosin heavy chain; p-, phosphorylated; CREB, cyclic AMP response-element binding protein; M, miR-155 mimic;
MC, miR-155 mimic control; I, miR-155 inhibitor; IC, miR-155 inhibitor control; ISO, isoproterenol.

current study, to obtain more evidence to further transform
the application of Sch A in clinical patient management, mice
were used to construct CHF models for in vivo and NRVMs
isolated from rat pups for in vitro. Rat and mouse experi-
ments are involved in the previous studies and, by contrast,
the mouse CHF model is more mature, while the rat cell
extraction is easier (30-32). The present study demonstrated
the protective effects of Sch A in CHF via the administration
of Sch A. The results of echocardiography showed that Sch A
treatment alleviated ISO-induced heart damage, which was
characterized by the reversal of LVPWD, IVSD, LVEDD,
LVESD, EF and FS. In addition, it was found that Sch A
ameliorated myocardial hypertrophy and reduced HW/BW,
HW/TL in CHF mice. Myocardial hypertrophy, specifically
referring to the increase in volume and weight of myocardial
cells, rather than an increase in number (33), is an important
compensation method for CHF in order to maintain the body's
demand for cardiac output (33,34). The in vivo experiments of
the present study supported the hypothesis that Sch A could
prevent the ISO-induced deterioration in heart function and
structure. CHF is the terminal stage of a number of diseases
and neurohumoral activation is important for its diagnosis
and prognosis (35). ANP and BNP belong to the family of
natriuretic peptides and can be secreted by NRVMs (36,37).
ANP can promote relaxation of vascular smooth muscles to

stretch the heart wall and reduce blood pressure, which delays
progress of CHF (38,39), while BNP has the effect of regu-
lating the homeostasis of blood pressure and blood volume,
which is used as a biochemical indicator as its concentration in
plasma is directly proportional to the severity of CHF (40,41).
In addition, B-MHC is specifically expressed in the heart
of mammals and is closely related to cardiac function and
myocardial hypertrophy (42,43). The present study observed
that Sch A downregulated the mRNA levels of ANP, BNP and
B-MHC in both CHF mouse model and cell model.
MicroRNA can be used as a biomarker and prognostic
indicator of CHF in clinical applications (44). miR-155 is a
conservative and multifunctional miRNA, which serves
a non-negligible role in cancer (45), fibrotic diseases (46),
lymphocyte homeostasis (47) and cardiovascular diseases (48).
A study reports that the overexpression of miR-155 in human
cardiomyocyte progenitor cells is associated with protection
from necrotic cell death (49). Another report pointed out that
inhibiting endogenous miR-155 may have a clinical poten-
tial to inhibit cardiac hypertrophy and CHF (50). The data
from the present study demonstrated that Sch A specifically
inhibited the ISO-induced upregulation of miR-155 in vitro
and in vivo. a-SMA is known as a feature that distinguishes
myofibroblasts (MF) from fibroblasts, which indicates the
differentiation and maturity of MF (51). Based on the results
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of immunofluorescence, it was shown that following SchA
treatment, the intracellular level of a-SMA in ISO-treated
NRVMs was downregulated, which was restored by inhib-
iting miR-155. The occurrence of fibrosis is one of the main
factors of physiological cardiac hypertrophy and pathological
cardiac hypertrophy (52,53). The present study revealed that
Sch A could target miR-155 to alleviate pathological cardiac
hypertrophy. In addition, it was found that miR-155 was not
only associated with ANP, BNP and B-MHC, but was also
involved in the activation of AKT and CREB signaling path-
ways. AKT is essential for the development of the heart and
the insulin-like growth factor 1/PI3K/AKT pathway serves a
key role in regulating exercise-induced physiological cardiac
hypertrophy and cardioprotection (54). CREB is an important
protein that regulates gene transcription, the transcription of
which is regarded as a necessary regulator of the hypertrophic
response (55,56). The present study demonstrated that blocking
the activation of AKT/CREB counteracted the ISO-induced
hypertrophy and Sch A inhibited the expression of miR-155,
which thereby suppressed the phosphorylation of AKT and
CREB.

Targeted therapy is a trend for precision medicine. In conclu-
sion, the results of the present study provided evidence of the
protective effect of Sch A on cardiac insufficiency and CHF
remodeling, in addition to the revelation that Sch A-mediated
downregulation of miR-155 was an essential mechanism impli-
cated in the Sch A-mediated improvement of cardiac function,
cardiac hypertrophy and fibrosis. Furthermore, in vitro experi-
ments also demonstrated that Sch A inhibited the expression
levels of ANP, BNP and B-MHC and blocked AKT/CREB
activation via miR-155. This article provided a preliminary
scientific basis for the clinical application of Sch A in CHF in
the future.
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