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Objective. To explore the potential cardioprotective mechanism of Shenfu injection (SFI) against heart failure (HF) by attenuating
myocardial fibrosis and cardiac remodeling.Methods and Results. Four weeks after myocardial infarction (MI), adult male Sprague
Dawley rats were randomized for 4-week treatment with Valsartan, SFI, or vehicle. Echocardiography and hemodynamics were
applied to evaluate cardiac functions. Myocardia of coronary artery ligated (CAD) rats were observed to investigate changes in
cardiac structure and function. Our findings suggest that treatment with SFI could inhibit progression of myocardial fibrosis
and attenuate cardiac remodeling. In addition, SFI decreased expression of Smad2 and Smad3, while increasing the expression
of Smad7 through regulation of TGF-𝛽/Smads signaling pathway. Conclusion. Treatment with SFI in Sprague Dawley rats improves
ventricular structure and function and reduces cardiac fibrosis by ameliorating TGF-𝛽/Smads signaling pathway after ventricular
remodeling.

1. Introduction

Congestive heart failure (CHF) consists of a series of clinical
syndromes characterized by systolic or diastolic dysfunction.
CHF may result from a variety of pathogenic factors that
result in reduced cardiac pumping ability. This subsequently
leads to failure of the heart to meet the circulatory demands
for physiological metabolism [1, 2]. CHF could lead to
various clinical symptoms including dyspnea, fatigue, and
fluid retention. Available data from an epidemiological study
enrolling 15,518 adults aged 35–74 years suggest that the
incidence of heart failure in China is about 0.9%, with 0.7%
and 1.0% as the ratio of male to female patients respectively
[3]. However, in western countries, CHF remains one of
the top three leading causes of death in spite of contem-
porary therapeutic interventions. Thus, CHF with the high

morbidity and mortality rates remains a public healthcare
concern [4, 5].

Myocardial fibrosis (MF) is caused by various patholog-
ical factors which lead to the pathogenesis of heart disease
till apposite phase time and is also the main cause of
ventricular remodeling [6, 7]. Contemporary studies reveal
a close relationship between myocardial fibrosis and various
cardiovascular diseases, such as ischemic cardiomyopathy,
hypertrophic cardiomyopathy, hypertensive heart disease,
dilated cardiomyopathy, viral myocarditis, and diabetic car-
diomyopathy. In brief, MF is a frequent outcome of the
majority of heart diseases that eventually lead to CHF as
previously described [8].

MicroRNAs (miRNAs) are a class of over 5000 non-
coding RNAs that regulate more than half of the protein-
encoding genes by provoking their degradation or preventing
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their translation [9]. Therefore, miRNAs are essential reg-
ulators of complex biological processes underlying several
cardiovascular disorders, including left ventricular hyper-
trophy, ischemic heart disease, heart failure, hypertension,
and arrhythmias. Moreover, circulating miRNAs serve as
biomarkers in acute myocardial infarction and heart failure.
In the past several years, microRNAs (miRNAs) have been
shown to play critical roles in antiheart failure through cyto-
plasmandnucleotide binding to influence signaling pathways
[10].

Transforming growth factor-beta (TGF-𝛽) is a cellular
factor that contains numerous members and is synthesized
by a multiplicity of cells. TGF-𝛽 involves a number of
essential physiological activities such as embryonic develop-
ment, immune regulation, and angiogenesis. Human TGF-𝛽
superfamily contains at least 33 members, including TGF-𝛽
isoforms, activins, bone morphogenetic protein, and growth
differentiation factor [11]. However, TGF-𝛽1 is a cytokine
which is closely related to tissue fibrosis in the TGF-𝛽 iso-
forms and has been implicated in the development ofmyocar-
dial fibrosis [12]. In addition, TGF-𝛽1 exerts its biological
effect throughTGF-𝛽/Smads signaling pathway including the
following 3 steps: First, TGF-𝛽 binds to receptors on the cell
surface to constitute a heterotrimer. Second, the heterotrimer
generates signal transduction in the cytoplasm by activating
R-Smad protein. Finally, the transduction is transferred to the
cell nucleus, binding to the target gene and regulating protein
synthesis after a combination of R-Smad and Co-Smad [13–
15].

Shenfu injection (SFI) has been used in disease man-
agement since 1987. The SFI, which originated from “Ji
Sheng Fang,” has been used for nearly 30 years in China
and exerted therapeutic effects. The active components of
SFI are extracted from Radix Ginseng and Radix Aconiti
Carmichaeli, which exert effects on increasing coronary
blood flow to protect myocardium [16]. Recently, its use
in the management of CHF, ischemia-reperfusion injury,
arrhythmia, shock, myocardial infarction, coronary heart
disease, and other cardiovascular diseases has been reported
[17–21]. The present study was designed to identify TGF-
𝛽/Smads signaling pathway as a target for SFI to attenuate
myocardial fibrosis and cardiac remodeling during CHF.

2. Materials and Methods

2.1. Animals. All animal experiments were performed in
accordance with the guidelines of Tianjin University of TCM
Animal Research Committee. Male Sprague Dawley (SD)
rats, 6–8-week-oldweighing 230∼250 g,were purchased from
Beijing Vital River Laboratories Co., Ltd., Beijing, China
(certificate number SCXK [Jing] 2012-0001). The SD rats
were raised in Tianjin University of TCM animal center at a
temperature of 24± 2∘Candhumidity 40% ± 5%and received
standard diet and water. Before the experiment began, the
rats were fasted for 12 hours but were permitted free access
to water.

2.2. Drug and Reagents. SFI (batch number: 141001010) was
obtained from Ya’an 999 Pharmaceutical Group Co. Ltd.

(Ya’an, Sichuan Province, China), which was extracted from
RadixGinseng rubra andmonkshood, preparedwater soluble
constituents into injection. Its manufacturing process was
in compliance with the guidelines of Good Manufacturing
Practice and Good Laboratory Practice, and the major com-
ponents of SFI were confirmed by the Chinese government
agency. Valsartan (batch number: X1711) was purchased
from Novartis Pharmaceutical Co. Ltd. (Beijing, China)
and prepared to aqueous solution with ultra-pure water.
Penicillin sodium for injection (batch number: 017140617)
was purchased from Shijiazhuang Pharmaceutical Co. Ltd.
(Shijiazhuang, Hebei Province, China), prepared to 0.4 mil-
lion U per milliliter solution with physiological saline before
experiment.

Chloral hydrate (batch number: Q/12HB 4218-2010) was
purchased from Tianjin Kermel Chemical Reagent Co.,
Ltd. (Tianjin, China), dissolved with physiological saline
at 5% concentration before experiment. The N-terminal
probrain natriuretic peptide (NT-proBNP) assay kit, matrix
metalloproteinase-9 (MMP-9) assay kit, connective tissue
growth factor (CTGF) assay kit, and transforming growth
factor-beta 1 (TGF-𝛽1) assay kit were purchased from
Uscn Life Science Inc. (Wuhan, Hubei Province, China).
Hematoxylin-eosin (HE) staining reagent was purchased
fromNanjing Senbeijia biological technology Co., Ltd. (Nan-
jing, Jiangsu Province, China). Masson trichrome staining
reagent was obtained from Sigma-Aldrich Co., LLC. (St.
Louis, MO, USA).

2.3. HF Model and Drug Administration. The SD rats were
randomly divided into five groups. For HF model prepara-
tion, rats were anesthetized with 6mL/kg chloral hydrate by
peritoneal injection and placed in a supine position. Surgery
of left thoracotomy was performed under stereomicroscope
at the surgical site, in order to observe the heart clearly. After
the heart was exposed adequately, the proximal left anterior
descending coronary artery was ligated with a 6/0 silk. Then
the chest was closed to allow spontaneous respiration and
recovery.The ratswere released and laid on an electric heating
blanket. The same procedure was performed in the rats
belonging to the sham group but without ligation of suture
silk [19]. All animals were reared in cages for 4 weeks after
surgery.

After 4 weeks, the rats except the sham group were
screened to determine left ventricular ejection fraction at
30%∼35% by echocardiographic detection and defined as HF
model. The rats in treatment groups were given Valsartan
aqueous solution or SFI via gavage or intramuscular injection
at the dose of 10mg/kg or 1.5mL/kg and 0.75mL/kg for
4 weeks, respectively. Besides, animals in the sham group
were given physiological saline through peritoneal injection
at 10mL/kg. The care and administrative procedure in this
current study were in accordance with the clinical guidelines
[22].

2.4. Echocardiographic Detection of Left Ventricular Function.
A Vevo2100 High Resolution Ultrasound System in real
time (VisualSonics Vevo 2100, Canada) with an MS-250
ultrasound scanning transducer (model C5) was used to
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measure left ventricular function of rats [23]. We used mask
with isoflurane at a concentration of 1.5% to anesthetize
animals. Moreover, the chest was shaved and placed in the
supine position on a 37∘ platform. We squeezed ultrasound
coupling agent from bottle and spread it evenly on the chest
of the animal using cotton swabs. M-mode and Doppler-
mode images were recorded from the long axis of the left
ventricles. Inherent measurement package of ultrasound sys-
tem was applied to measure the following parameters about
function and structure of left ventricles: left ventricle ejection
fraction percentage (EF%), left ventricle fractional shortening
percentage (FS%), left ventricular internal diameter diastole
(LVIDd), left ventricular posteriorwall diastole (LVPWd), left
ventricular internal diameter systole (LVIDs), and aortic flow
peak velocity (AVPeakV) [24]. Each datawasmeasured three
times and the mean value was calculated.

2.5. Hemodynamic Evaluation of Cardiac Function. Four
weeks after drug administration, the cannulation which was
connected with PowerLab 8 passages electrophysiolograph
(ADInstruments, PowerLab 8/30, New South Wales, Aus-
tralia) was prepared to access from right carotid artery to the
left ventricle after the rats were anesthetized with 5% chloral
hydrate (6mL/kg) by peritoneal injection. The following
parameters were measured as indicators of hemodynamics:
heart rate (HR), left ventricular pressure (LVP), left ven-
tricular systolic pressure (LVSP), left ventricular end dias-
tolic pressure (LVEDP), left ventricular maximum upstroke
velocity (+dp/d𝑡max), and left ventricular maximum descent
velocity (−dp/d𝑡min). All data were analyzed off-line with
LabChart7 at the end of the study on the personal computer
[25].

2.6. miRNA Expression Profiling. MiRNAs from rat heart
were isolated with the mirVana miRNA Isolation Kit
(AM1556, Applied Biosystems, Foster City, USA). Affymetrix
miRNA V4.0 gene chip technology was used to analyze
myocardial samples of heart failure rats. In this experi-
ment, we compared every experimental groups each other,
screening 29 miRNAs on common differential expression.
Picking out 7 miRNAs associated with heart failure and
taking statistical analysis.

2.7. Quantitative Real-Time PCR. Total RNA was extracted
with TRIzol reagent. Total RNA concentrations were mea-
sured using ND-1000 (NanoDrop Technologies), and cDNA
was synthesized with high-capacity cDNA reverse transcrip-
tion kits (Applied Biosystems, F. Hoffmann-La Roche Ltd.,
Switzerland), according to the protocol provided by the
manufacturer. PCR primers for TGF-𝛽1, Smad2, Smad3,
Smad7, and GAPDH were designed and synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). The sequences
of the forward and reverse primers used for amplification are
shown in Table 1. Real-time PCR was performed using a one-
step real-time PCR system (Applied Biosystems) with SYBR
green fluorophore. Each sample for reactions was run in at
least duplicates. Threshold cycle (Ct) data were collected by
an inherent system and posted on an Excel sheet. GAPDH

Table 1: Nucleotide sequences of primers used in real-time PCR.

Gene Primers Nucleotide sequences 5󸀠-3󸀠

TGF-𝛽1 Forward 5󸀠-CGCAACAACGCAATCTATG-3󸀠

Reverse 5󸀠-ACCAAGGTAACGCCAGGA-3󸀠

Smad2 Forward 5󸀠-ACTATACCCACTCCATTCCA-3󸀠

Reverse 5󸀠-CACTATCACTTAGGCACTCG-3󸀠

Smad3 Forward 5󸀠-CCAGTGCTACCTCCAGTGTT-3󸀠

Reverse 5󸀠-CTGGTGGTCGCTAGTTTCTC-3󸀠

Smad7 Forward 5󸀠-GGCTTTCAGATTCCCAACTTC-3󸀠

Reverse 5󸀠-GGCTTTCAGATTCCCAACTTC-3󸀠

GAPDH Forward 5󸀠-ATGATTCTACCCACGGCAAG-3󸀠

Reverse 5󸀠-CTGGAAGATGGTGATGGGTT -3󸀠

was performed as an internal control. 2−ΔΔCt was calculated
to evaluate mRNA fold change relative to GAPDH [26].

2.8. Detection of Serum Biochemical Indicators. Rats were
positioned in a supine position after anesthetized with
5% chloral hydrate (6mL/kg) by peritoneal injection. The
abdomen was split to isolate the abdominal aorta. Blood
was collected from the abdominal aorta by syringes then
centrifuged at 1500 rpm for 10 minutes. The content of NT-
proBNP, TGF-𝛽1, MMP-9, and CTGF of serum was detected
with an enzyme linked immunosorbent assay (ELISA) kit
according to the manufacturer’s instructions.

2.9. Histological Assessment of Cardiac Tissue. Animals were
euthanized in states of being anesthetized.The heart was then
removed from the thorax, infiltrated in 50mL centrifugal
tubes filledwith 4%paraformaldehyde solution formore than
48 hours. Paraffin-embedded left ventricular tissue sections
(4 𝜇m) were stained with hematoxylin-eosin and Masson
trichrome staining reagent, respectively. Light microscope
and micropolariscope were implemented to analyze the
sections.The images were captured using a camera connected
to an optical microscope (Digital Sight Lecica DM3000,
Leica Microsystems Wetzlar, Germany) and processed with
the Leica Application Suite (Leica Application Suite, Leica
Microsystems Wetzlar, Germany).

2.10. Statistical Analysis. All data were expressed as means ±
SD. SPSS 17.0 statistical softwarewas applied to treat statistical
analysis. One-way ANOVA and Tukey test for multiple
comparisons were used to identify statistical significance. A
value of 𝑃 < 0.05 was regarded as statistically significant.

3. Results

3.1. Echocardiography. The benefit of SFI treatment on car-
diac damage triggered by HF was estimated through quanti-
tative analysis of echocardiograms.The results of echocardio-
graphy assessment for various groups are shown in Figure 1,
and the HF group emerged significantly increased in LVIDs
and left ventricular systolic volume (LV Vols). The decreases
in EF%, FS% and AV Peak V for the HF group were improved
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Figure 1: Echocardiographic characterization of cardiac systolic function in rats subjected to HF. Notes. Quantitative assessment of dilation
and systolic function based on LVEF (a), LVFS (b), AV Peak V (c), LVIDs (d), LV systolic volume (LV Vols) (e), and LVPWs (f). Data are
expressed as mean ± SD from ten animals. ∗∗𝑃 < 0.01 compared with the sham group; #𝑃 < 0.05 and ##

𝑃 < 0.01 compared with the HF
group.
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Table 2: Summary of the differences in the expression of seven miRNA related to heart failure.

miRNA name Model versus sham Valsartan versus model SFI versus model
rno-miR-30c-1-3p +2.098 −2.063 −2.268
rno-miR-125b-5p +1.185 −1.207 −1.156
rno-miR-133a-5p +2.588 −4.034 −2.119
rno-miR-199a-5p +4.231 −4.257 −2.851
rno-miR-221-3p +2.343 −2.758 −1.775
rno-miR-146a-5p +1.273 −1.330 −1.126
rno-miR-1-3p +1.126 −1.208 −1.134
Note. 𝑛 = 3, “+” means upregulation, “−” means downregulation, and number means differential multiple of miRNA.

remarkably 4 weeks of SFI treatments. Meanwhile, SFI at a
dose of 1.5mL/kg enhanced LVPWs in value of 𝑃 < 0.05. The
typical echocardiograms on M-mode of different groups are
demonstrated in Figure 2.

As shown in Figure 3, color Doppler ultrasonography
was used to acquire the images after 4 weeks of drug
administration. The white shadow on images of Figure 3
represents the aortic flow velocity. As it was presented, the
HF group had markedly lower maximum blood flow velocity
and velocity time integral than that in the sham group. On the
contrary, we observed significantly higher maximum blood
flow velocity and velocity time integral after SFI treatment
(1.5mL/kg and 0.75mL/kg). The result was quantified and
shown in Figure 1(c).

3.2. Hemodynamic Analysis. Hemodynamics of cardiac
organ for 5 groups were detected in order to confirm
whether HF could benefit from SFI. As shown in Figure 4,
compared with the sham group, HF caused a conspicuous
decline in heart rate, left ventricular pressure, and left
ventricular systolic pressure. In addition, left ventricular
development pressure, +dp/dtmax and −dp/dtmin, was de-
creased substantially in HF group, indicating a severe
damage to heart function. However, these impairments were
improved by treatment with SFI.

3.3. Different Expression miRNA of Three Groups. In this
experiment, we compared every experimental group with
each other, screening 29 miRNAs on common differential
expression (Figure 5(a)). Picking out 7 miRNAs associ-
ated with heart failure and taking statistical analysis, we
found that Shenfu injection could significantly downregu-
late the levels of rno-miR-30c-1-3p, rno-miR-125b-5p, rno-
miR-133a-5p, rno-miR-199a-5p, rno-miR-221-3p, rno-miR-
146a-5p, and rno-miR-1-3p (Figure 5(b)). Meanwhile, there
was statistical difference among them (Table 2, 𝑃 < 0.05
or 𝑃 < 0.01). GO analysis shows that the different
genes were linked to signal transduction, cytoplasm, and
nucleotide binding (Figures 5(c)–5(e)). Overall, Shenfu injec-
tion participated in downregulation of miRNAs associated
with CHF progress. Thus, Shenfu injection could play the
role of antiheart failure therapy through cytoplasm and
nucleotide binding to influence signaling transduction path-
ways.

3.4. Effects of SFI on Serum NT-proBNP, TGF-𝛽1, MMP-9,
and CTGF. To investigate the situation of heart function
and myocardial fibrosis, NT-proBNP, TGF-𝛽1, MMP-9, and
CTGF levelswere determined byELISA. In comparison to the
sham group, the model group expressed higher levels of NT-
proBNP, TGF-𝛽1, MMP-9, and CTGF in statistical difference.
However, both SFI 1.5mL/kg and SFI 0.75mL/kg recorded a
potential result in improving heart function and attenuating
myocardial fibrosis (Figure 6). Unfortunately, SFI with the
two doses studied possessed little significant effect on the
CTGF level.

3.5. Pathological Analysis of Cardiac Tissue

3.5.1. Hematoxylin-Eosin (HE) Staining. To further evaluate
whether SFI plays a paramount role in HF-induced struc-
tural modification and cardiac remodeling, we examined
left ventricle myocardial tissues of rats with pathological
section staining. The results of HE staining are shown in
Figure 7. Compared with the sham group (a), infarct areas
were observed in the HF group (b) where myocardial tissues
altered significantly, including myocardial interstitial edema,
infiltration of leukocytes, and rupture of myocardial fibers.
These lesions were attenuated by 4-week treatment with SFI
(c, SFI 1.5mL/kg +HF group; d, SFI 0.75mL/kg +HF group).

3.5.2. Masson Trichrome Staining. To explore myocardial
fibrosis and cardiac remodeling in left ventricle, we per-
formed Masson trichrome staining to confirm our supposi-
tion. The results of Masson trichrome staining are presented
in Figure 8. Compared with the sham group (a), remarkable
collagen accumulation occurred in the border area of infarc-
tion of the myocardial tissues of the HF group (b), indicating
that left ventricle remodeled severely. Fortunately, this condi-
tion was ameliorated through inhibiting myocardial fibrosis
by SFI (c, SFI 1.5mL/kg + HF group; d, SFI 0.75mL/kg + HF
group).

3.6. Study on TGF-𝛽/Smads Signaling Pathway through RT-
PCR. TGF-𝛽/Smads signaling pathway is reported as a prin-
cipal mechanism of myocardial fibrosis and cardiac remod-
eling. Therefore, study on SFI activity against HF via TGF-
𝛽/Smads signaling pathway is imperative. Reverse transcrip-
tion polymerase chain reaction (RT-PCR) experiment was
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Figure 2: Representative echocardiographic images (M-mode) in different groups. Notes. (a) Sham group, (b) HF group, (c) Valsartan + HF
group, (d) SFI 1.5mL/kg + HF group, and (e) SFI 0.75mL/kg + HF group. HF, heart failure; SFI, Shenfu injection.
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Figure 3: Representative transmitral valvular flow profiles and the color images acquired by color Doppler ultrasonography after 4-week
drug administration, where the white shadow represents the aortic flow velocity. Notes. (a) Sham group, (b) HF group, (c) Valsartan + HF
group, (d) SFI 1.5mL/kg + HF group, and (e) SFI 0.75mL/kg + HF group. HF, heart failure; SFI, Shenfu injection.
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Figure 4: Hemodynamic assessment was performed to the left ventricle through right carotid artery to evaluate the role of SFI treatment in
the management of HF.Notes. Quantitative assessment of hemodynamic on cardiac function based onHR (a), LVP (b), LVSP (c), LVEDP (d),
+dp/dtmax (e), and −dp/dtmin (f). Data are expressed as mean ± SD from eight animals. ∗∗𝑃 < 0.01 compared with the sham group; #𝑃 < 0.05
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𝑃 < 0.01 compared with the HF group.
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Figure 5:The experimental study of expression for Shenfu injection on myocardial miRNAs in rats with chronic congestive heart failure. (a)
The intersection diagram of differentially expressed miRNA in three experiment groups. (b) Statistical analysis of seven miRNA expression
differences in heart failure (𝑛 = 3). (c–e) GO analysis of differential genes.Notes. Compared with the sham group, ∗∗𝑃 < 0.01; compared with
model group, #𝑃 < 0.05 and ##

𝑃 < 0.01.

performed to quantify TGF-𝛽1, Smad2, Smad3, and Smad7
mRNA at the end of SFI treatment (Figure 9). The TGF-
𝛽1, Smad2, and Smad3 mRNA levels (Figures 9(a) to 9(c))
were significantly increased in the HF group (𝑃 < 0.01)
as compared to the sham group, while those in SFI groups
were dramatically lower than the HF group (𝑃 < 0.05, 𝑃 <
0.01). However, Smad7 mRNA level was in opposite trend
with the above-mentioned three mRNAs. Briefly, there was
an observed significant decrease in Smad7mRNA expression
in the HF group, but the levels were elevated in SFI groups
(Figure 9(d)). In conclusion, treatment with SFI targets TGF-
𝛽/Smads signaling pathway by upregulating the levels of
TGF-𝛽1, Smad2, and Smad3 while downregulating Smad7
level.

4. Discussion

In China, TCM plays an integral role in the clinical manage-
ment of ailments. SFI which is based onTCM theory has been
widely used in treating cardiovascular diseases especially,
CHF [20]. Since SFI is approved by China Food and Drugs
Board (CFDA) and applied in many hospitals and clinics,
it has obtained significant curative effects from patients
and medical practitioners [27]. In this study, we found that
treatment with SFI through intramuscular injection could
protect myocardium against MF via TGF-𝛽/Smads signaling
pathway during CHF process.

The data obtained from ultrasonic imaging and the stud-
ied hemodynamics parameters including the enhancement
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Figure 6: The effect of SFI on the content of NT-proBNP, TGF-𝛽1, MMP-9, and CTGF of rat serum. Notes. Statistical results from ELISA
for NT-proBNP (a), TGF-𝛽1 (b), MMP-9 (c), and CTGF (d). Data are expressed as mean ± SD from ten animals. ∗∗𝑃 < 0.01 compared with
the sham group; #𝑃 < 0.05 and ##

𝑃 < 0.01 compared with the HF group. NT-proBNP, N-terminal probrain natriuretic peptide; TGF-𝛽1,
transforming growth factor-beta 1; MMP-9, matrix metalloproteinase-9; CTGF, connective tissue growth factor; SD, standard deviation; HF,
heart failure; SFI, Shenfu injection.

of LVEF, FS, AV Peak V, LVP, and LVSP suggest that SFI
could improve cardiac function in a rat model of CHF.
These experimental results imply that SFI treatment could
significantly ameliorate left ventricular contractility, increase
coronary blood flow, and relieve symptoms of heart failure in
a rat model of CHF.

MiRNAs are key regulators of complex biological pro-
cesses underlying several cardiovascular disorders, including
left ventricular remodeling and myocardial fibrosis. In our
study, we screened 29 miRNAs on common differential
expression by Affymetrix miRNA V4.0 microarray experi-
ments. Picking out 7 miRNAs associated with heart failure
and taking statistical analysis, our data reveal that Shenfu
injection could significantly downregulate the levels of rno-
miR-30c-1-3p, rno-miR-125b-5p, rno-miR-133a-5p, rno-miR-
199a-5p, rno-miR-221-3p,rno-miR-146a-5p, and rno-miR-1-
3p. There was statistical difference between the groups.

Our analysis shows that SFI elicits antiheart failure by
downregulating miRNAs that have been implicated in heart
failure pathology. Among these antiheart failure-associated
miRNAs, we explicitly focused on miR-146a, which was
predicted to influence myocardial fibrosis through TGF-beta
1/Smad signal transduction pathway during CHF [28, 29].
At the same time, miR-125b and miR-199a were implicated
in myocardial signaling networks triggering fibrosis [30].
And, TGF-𝛽1 is a cytokine which is closely related to tissue
fibrosis in the TGF-𝛽 isoforms and has been implicated in
the development of myocardial fibrosis. Therefore, based on
themiRNA expression profile, we focus on the TGF-𝛽/Smads
signaling pathway.

TGF-𝛽/Smads is known to be a classical cell signaling
pathway during disease progression. Recent studies suggest
that TGF-𝛽/Smads signaling pathway plays a crucial role
in the pathogenesis of MF. Data from previous studies
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Figure 7: The effect of SFI treatment on myocardial pathology in rats with HE staining after 4 weeks. Notes. (a) Sham group, (b) HF model
group, (c) Valsartan +HF group, (d) SFI 1.5mL/kg +HF group, and (e) SFI 0.75mL/kg +HF group. Bar, 100𝜇m.HF, heart failure; SFI, Shenfu
injection; HE, hematoxylin-eosin.

suggest that receptor regulated Smads; Smad2 and Smad3
are phosphorylated by activated transforming growth factor-
𝛽 receptor I. The phosphorylated Smads then form a Smad
compound through the combination with Smad4 (common-
partner Smads). Moreover, the compound is transferred
into the nucleus immediately and interacts with various
transcription factors to regulate the gene transfer and exert
biological effects. However, inhibitory Smads (Smad6 and
Smad7) and receptor regulated Smads could interact through
competitive binding to prevent phosphorylation of receptor

regulated Smads thereby, blocking the action of TGF-𝛽 [13–
15]. That is to say, this study detected four TGF-𝛽/Smads
signaling pathway genes, such as TGF-𝛽1, Smad2, Smad3,
and Smad7 by RT-PCR in order to confirm the effect of
SFI for the signaling pathway and to further support our
hypothesis. As aforementioned, it is apparent that expression
of TGF-𝛽1, Smad2, and Smad3 was substantially increased in
myocardial tissue with CHF preconditioning. However, after
treatmentwith SFI, levels of these three genes expressionwere
markedly reduced. On the contrary, Smad7 expression level
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Figure 8: The effect of SFI treatment on left ventricular myocardial fibrosis in rats with Masson trichrome staining after 4 weeks. Notes. (a)
Sham group, (b) HFmodel group, (c) Valsartan + HF group, (d) SFI 1.5mL/kg + HF group, and (e) SFI 0.75mL/kg + HF group. Myocardium
was stained red and collagens were stained blue. Bar, 100𝜇m. HF, heart failure; SFI, Shenfu injection.

increased remarkably [31–33]. Thus, the cardioprotection of
SFI treatment inCHF formyocardial fibrosismay be achieved
by upregulation of Smad7 and downregulation of TGF-
𝛽1, Smad2, and Smad3 gene expression via TGF-𝛽/Smads
signaling pathway.

Ventricular remodeling is a series of cardiac dysfunction
characterized by morphological changes in myocardial cells,
collagen lattices, and blood vessel bed and is critical in CHF
development [33]. Furthermore, ventricular remodeling has
close relationshipwithMF,which is demonstrated by cell pro-
liferation and excessive accumulation of extracellular matrix,

while the most important regulatory cytokines remain TGF-
𝛽1, MMP-9, and CTGF. The present study found significant
increased TGF-𝛽1, MMP-9, and CTGF levels in serum of
model rats. Conversely, we observed decreased levels of TGF-
𝛽1, MMP-9, and CTGF in the sham, Valsartan, and SFI
administration group. This suggests that treatment with SFI
could attenuateMF aswell as left ventricular remodeling [34].

To further provide evidence to support our findings, we
performed two additionally relative experiments including
HE staining andMasson trichrome staining. Results obtained
suggest that SFI could inhibit cardiac fibrosis and reduce
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Figure 9: SFI regulates expression of TGF-𝛽1, Smad2, Smad3, and Smad7 mRNA in rat hearts. Notes. The relative levels of cardiac TGF-𝛽1
(a), Smad2 (b), Smad3 (c), and Smad7 (d) mRNA were assessed by real-time PCR. Results were normalized to GAPDH. Data are expressed
as mean ± SD (each group, 𝑛 = 3). ∗∗𝑃 < 0.01 compared with the sham group; #𝑃 < 0.05 and ##

𝑃 < 0.01 compared with the HF model
group. SFI, Shenfu injection;HF, heart failure; SD, standard deviation; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; TGF-𝛽1, transforming growth factor-beta 1.

collagen accumulation. Data from biochemical indicators
in serum and histological sections support the evidence
obtained through echocardiography and hemodynamics
studies.

Valsartan, which is an angiotensin type II receptor antag-
onist, was used as a positive control drug in our present
study since it is widely documented to improve ventricular
remodeling and prevents blood vessel damage [35–37].

In conclusion, the current study has demonstrated that
treatment with SFI could lead to cardioprotection against
MF and heart failure by targeting TGF-𝛽/Smads signaling
pathway and down regulation ofmiRNAs.Our results suggest
that SFI confers protection against CHF through multitar-
get and multisignaling pathways. Thus, we have provided
evidence to suggest that the cardioprotection against heart
failure by SFI is at least in part through the regulation of
TGF-𝛽/Smads signaling pathway. Therefore, we have set the

stage for future research focus on a causal link between the
observed downregulation of miRNAs and the changes in the
expression of TGF-𝛽1, Smad2, Smad3, and Smad7 mRNA,
involved in cardiac fibrosis and remodeling.

Conflicts of Interest

The authors report no conflicts of interest in this work.

Authors’ Contributions

Jingyu Ni and Yang Shi contributed equally to this study.

Acknowledgments

This work was supported by grant from the National
Key Basic Research Program of China (973 Program)



Evidence-Based Complementary and Alternative Medicine 15

(no. 2012CB518404), the Ministry of Education of People’s
Republic of China “Program for Innovative Research Team
inUniversity” (IRT-16R54), and the National Natural Science
Foundation of China (81273891).

References

[1] J. J. V. McMurray, S. Adamopoulos, S. D. Anker et al., “ESC
guidelines for the diagnosis and treatment of acute and chronic
heart failure 2012: the task force for the diagnosis and treatment
of acute and chronic heart failure 2012 of the european society
of cardiology. Developed in collaboration with the heart Failure
Association (HFA) of the esc,” European Heart Journal, vol. 33,
no. 14, pp. 1787–1847, 2012.

[2] W. C. Yancy, M. Jessup, B. Bozkurt et al., “2013 ACCF/AHA
Guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines,”Circulation, vol.
128, pp. e240–e327, 2013.

[3] D. Gu, G. Huang, J. He et al., “Investigation of prevalence and
distributing feature of chronic heart failure in Chinese adult
population,” Chinese Journal Cardiology, vol. 31, no. 1, pp. 3–6,
2003.

[4] M. J. Radford, J. M. O. Arnold, S. J. Bennett et al., “ACC/AHA
key data elements and definitions for measuring the clinical
management and outcomes of patients with chronic heart fail-
ure: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Data Standards
(Writing Committee to Develop Heart Failure Clinical Data
Standards),” Circulation, vol. 112, no. 12, pp. 1888–1916, 2005.

[5] A. S. Go, D. Mozaffarian, V. L. Roger et al., “Heart disease
and stroke statistics—2014 update: a report from the American
Heart Association,” Circulation, vol. 129, pp. e28–e292, 2014.

[6] S. W. M. Van Den Borne, J. Diez, W. M. Blankesteijn, J.
Verjans, L. Hofstra, and J. Narula, “Myocardial remodeling
after infarction: the role of myofibroblasts,” Nature Reviews
Cardiology, vol. 7, no. 1, pp. 30–37, 2010.

[7] M. G. Sutton and N. Sharpe, “Left ventricular remodeling after
myocardial infarction: pathophysiology and therapy,” Circula-
tion, vol. 101, no. 25, pp. 2981–2988, 2000.

[8] G. Distefano and P. Sciacca, “Molecular pathogenesis of
myocardial remodeling and new potential therapeutic targets
in chronic heart failure,” Italian Journal of Pediatrics, vol. 38, no.
1, article 41, 2012.

[9] C. Oury, L. Servais, N. Bouznad, A. Hego, A. Nchimi, and P.
Lancellotti, “MicroRNAs in valvular heart diseases: potential
role as markers and actors of valvular and cardiac remodeling,”
International Journal of Molecular Sciences, vol. 17, no. 7, article
1120, 2016.

[10] H. Zhong, H. Wang, S. Yang et al., “Targeting Smad4 links
microRNA-146a to the TGF-𝛽 pathway during retinoid acid
induction in acute promyelocytic leukemia cell line,” Interna-
tional Journal of Hematology, vol. 92, no. 1, pp. 129–135, 2010.

[11] A. Vaidya and V. P. Kale, “TGF-𝛽 signaling and its role in the
regulation of hematopoietic stem cells,” Systems and Synthetic
Biology, vol. 9, no. 1, pp. 1–10, 2015.

[12] Y. M. Pinto, S.-J. Pinto-Sietsma, T. Philipp et al., “Reduction
in left ventricular messenger RNA for transforming growth
factor 𝛽1 attenuates left ventricular fibrosis and improves
survival without lowering blood pressure in the hypertensive
TGR(mRen2) 27 rat,” Hypertension, vol. 36, no. 5, pp. 747–754,
2000.

[13] K. Miyazawa, M. Shinozaki, T. Hara, T. Furuya, and K.
Miyazono, “Two major Smad pathways in TGF-𝛽 superfamily
signalling,” Genes to Cells, vol. 7, no. 12, pp. 1191–1204, 2002.

[14] X.-M. Meng, P. M.-K. Tang, J. Li, and H. Y. Lan, “TGF-𝛽/Smad
signaling in renal fibrosis,” Frontiers in Physiology, vol. 6, article
82, 2015.

[15] F. Verrecchia and A. Mauviel, “Transforming growth factor-
beta signaling through the Smad pathway: role in extracellular
matrix gene expression and regulation,” Journal of Investigative
Dermatology, vol. 118, no. 2, pp. 211–215, 2002.

[16] Y. H. Li, B. Yu, Z. Z. Duan et al., “The coronary dilation effect of
Shen Fu injection was mediated through NO,” PLoS ONE, vol.
9, no. 3, Article ID e92415, 2014.

[17] Y.-L. Wang, C.-Y. Wang, B.-J. Zhang, and Z.-Z. Zhang, “Shenfu
injection suppresses apoptosis by regulation of Bcl-2 and
caspase-3 during hypoxia/reoxygenation in neonatal rat car-
diomyocytes in vitro,”Molecular Biology Reports, vol. 36, no. 2,
pp. 365–370, 2009.

[18] X.-Y. Luo, F.-R. Zhang, and R.-M. He, “Efficacy of shenfu
injection as adjuvant therapy in treating patients of ischemic
cardiomyopathy with heart insufficiency,” Chinese Journal of
Integrated Traditional and Western Medicine, vol. 29, no. 8, pp.
685–687, 2009.

[19] C.-D. Zheng and S. Min, “Cardioprotection of Shenfu Injection
against myocardial ischemia/reperfusion injury in open heart
surgery,” Chinese Journal of Integrative Medicine, vol. 14, no. 1,
pp. 10–16, 2008.

[20] W.-T. Song, F.-F. Cheng, L. Xu, C.-R. Lin, and J.-X. Liu, “Chinese
medicine shenfu injection for heart failure: a systematic review
and meta-analysis,” Evidence-Based Complementary and Alter-
native Medicine, vol. 2012, Article ID 713149, 25 pages, 2012.

[21] T. Maki, Y. Nasa, K. Tanonaka, M. Takahashi, and S.
Takeo, “Beneficial effects of sampatrilat, a novel vasopeptidase
inhibitor, on cardiac remodeling and function of rats with
chronic heart failure following left coronary artery ligation,”
Journal of Pharmacology and Experimental Therapeutics, vol.
305, no. 1, pp. 97–105, 2003.

[22] B. L. Zhang, Y. Su, X. M. Gao, Z. L. Dong, Z. P. Xu, and X.
H. Wang, “Clinical and experimental research of compound
huangqi danshen granule on treating angina pectoris,” Tianjin
Journal of Traditional Chinese Medicine, vol. 4, no. 19, pp. 12–15,
2002.

[23] D. Ai, W. Pang, N. Li et al., “Soluble epoxide hydrolase plays
an essential role in angiotensin II-induced cardiac hypertrophy,”
Proceedings of the National Academy of Sciences, vol. 106, no. 2,
pp. 564–569, 2009.

[24] Y. C. Li, Y. Y. Liu, B. H. Hu et al., “Attenuating effect of post-
treatment with QiShenYiQi Pills on myocardial fibrosis in rat
cardiac hypertrophy,” Clinical Hemorheology & Microcircula-
tion, vol. 51, no. 3, pp. 177–191, 2012.

[25] S.-Q. Lin, X.-H. Wei, P. Huang et al., “Qi Shen Yi Qi Pills
prevents cardiac ischemia-reperfusion injury via energy mod-
ulation,” International Journal of Cardiology, vol. 168, no. 2, pp.
967–974, 2013.

[26] X. Yan, J. Xue, H. Wu et al., “Ginsenoside-Rb1 protects
hypoxic- and ischemic-damaged cardiomyocytes by regulating
expression of miRNAs,” Evidence-based Complementary and
Alternative Medicine, vol. 2015, Article ID 171306, 2015.

[27] J. Zhu, L. Kang, Q. Ye et al., “Effects of Shenfu injection and
its main components on the contraction of isolated rat thoracic
aortic rings,” PloS one, vol. 8, no. 10, Article ID e78026, 2013.



16 Evidence-Based Complementary and Alternative Medicine

[28] K. S. C. Cheung, N. Sposito, P. S. Stumpf, D. I. Wilson, T.
Sanchez-Elsner, and R. O. C. Oreffo, “MicroRNA-146a regulates
human foetal femur derived skeletal stem cell differentiation by
down-regulating SMAD2 and SMAD3,” PLoS ONE, vol. 9, no.
6, Article ID e98063, 2014.

[29] Y. He, C. Huang, X. Sun, X.-R. Long, X.-W. Lv, and J. Li,
“MicroRNA-146a modulates TGF-beta1-induced hepatic stel-
late cell proliferation by targeting SMAD4,” Cellular Signalling,
vol. 24, no. 10, pp. 1923–1930, 2012.

[30] S. Costantino, F. Paneni, T. F. Lüscher, and F. Cosentino,
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