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Shenfuqiangxin effects on the expression of molecules related to TGF-beta/
Smads signaling pathway in rats with heart failure.
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Abstract

Objective: To investigate the effects of shenfugiangxin on the expression of factors related to TGF-beta/
Smads signaling pathway in cardiac tissue of rats with Heart Failure (HF) post myocardial infarction,
and explore its significance.

Methods: 45 Sprague-Dawley healthy male rats were divided randomly into Sham group, HF group and
shenfuqgiangxin group, 15 rats in each group. HF model was reproduced with myocardial infarction
which was created by ligating the left anterior descending coronary artery. In sham group, the coronary
artery was not ligated. 2 w after operation, sham group and HF group rats were administrated with
saline by intragastric administration for 8 w, while in shenfuqiangxin group, shenfuqiangxin (14 g/kg)
was used. Echocardiography was performed at 2 w after surgery (before gavage) and repeated at 8 w
post gavage to measure Left Ventricular End Systolic Volume (LVESD), Left Ventricular End Diastolic
Volume (LVEDD), Left Ventricular Ejection Fraction (LVEF) and Fractional Shortening (FS). After 8 w
of intragastric administration, Hematoxylin and Eosin (HE) staining was adopted to show the
morphology of myocardium, and Masson staining was used to determine the degree of myocardial
fibrosis. The mRNA expression of TGF-B1, Smad2, Smad3 and Smad7 were detected using real-time
PCR and the protein expression of TGF-1, Smad2, Smad3 and Smad7 were detected by Western blot.
Results: Before intragastric administration, LVEDD and LVESD in Shenfugiangxin group and HF
group were both increased compared with sham group, while EF and FS were decreased (P<0.05). 8 w
after intragastric administration, EF and FS in shenfuqiangxin group were higher than those in HF
group (P<0.05). HE staining showed that, in sham group, there were no degeneration, necrosis, atrophy
or hypertrophy in the myocardium and there were no mesenchymal inflammatory cell infiltration or
hyperplasia of fibrous tissue. Myocardial cells were homogeneously stained and had clear boundary with
intact membrane, and cross striation was arranged evenly. In HF group, myocardial cell swollen was
observed and some of the myocardial fibers were broken and dissolved. Striations disappeared, and
vacuolar degeneration of cytoplasm, interstitial edema, fibrous hyperplasia and inflammatory cell
infiltration were also observed. Shenfuqgiangxin group showed different degrees of myocardial cell
swelling, slightly blurred cross striation and slight inflammatory cell infiltration. Pathological changes of
myocardium in Shenfuqgiangxin group were mild and similar to that of sham group. Myocardium was
red, collagen fibers were blue and nuclei were black or blue in Masson trichrome staining. No obvious
left ventricular fibrosis was observed in sham group. In HF group, there was patchy or small focal
fibrosis in the left ventricle. Different degrees of focal necrosis or scattered fibrosis were found in
shenfuqiangxin group and were similar to that of Sham group. The mRNA and protein expression level
of TGF-B1, Smad2, Smad3 and Smad7 were highest in HF group followed by shenfugiangxin group and
sham group (P<0.05).

Conclusion: Application of shenfugiangxin could inhibit the expression of factors related to TG-beta/
Smads signaling pathway in myocardium of rats with heart failure after myocardial infarction, which
may be one of the important mechanisms to improve myocardial fibrosis.
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Introduction coronary artery blood supply. As a consequence, serious
myocardial ischemia and necrosis will happen [1,2]. Heart
Failure (HF) is one of the major complications of AMI [3.,4].
Due to the aging of the population and the improved survival

Acute Myocardial Infarction (AMI) refers to ruptured coronary
artery  atherosclerotic  plaques, which cause platelet
aggregation, thrombosis and a decreased or interrupted
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rate of patients suffering from MI, prevalence of HF increases
year by year. HF seriously affects the quality of life of patients.
Although various treatment strategies have been developed for
HF, the treatment effects of HF are still not satisfactory.
Shenfuqiangxin capsule is a Chinese medicine preparation
containing monkshood, ginseng, astragalus mongholicus,
polygonatum, radix ophiopogonis, rhizoma chuanxiong, radix
salviae miltiorrhizae, tinglizi and prepared radix glycyrrhizae
and has functions of tonifying Yin and Yang, promoting
coronary circulation and promoting diuresis and detumescence.
Monkshood, ginseng and astragalus mongholicus warm Yang
and supplement Qi and are monarch drugs. Combination of
these three drugs can nourish vitality and active main organs to
alleviate disease conditions. Polygonatum nourishes Yin and
heart, radix ophiopogoni nourishes Yin, promotes saliva and
relieves pain. Combination of these two drugs can sour and
sweet Yin. Rizoma chuanxiong and radix salviae miltiorrhizae
can activate blood to remove stasis while tinglizi can
strengthen heart and diuresis and are assistant drugs. Prepared
radix glycyrrhizae can strengthen heart to restore the pulse and
is a guide drug [5]. Thus, the combination of these drugs can
nourish Yin and Yang. Ventricular remodeling is the main
pathophysiological basis for the occurrence and development
of HF. TGF-beta/Smads signaling pathway plays an important
role in the development of myocardial remodeling [6]. At
present, effects of shenfuqiangxin on the expression of
molecules related to TGF-beta/Smads signaling pathway in
cardiac tissue of rats with HF post MI still haven’t been well
studied. In this study, animal experiments were carried out to
investigate the effects of shenfugiangxin on HF.

Materials and Methods

Preparation of shenfuqiangxin

Monkshood, ginseng, astragalus mongholicus, polygonatum,
radix ophiopogonis, rhizoma chuanxiong, radix salviae
miltiorrhizae, tinglizi and prepared radix glycyrrhizae were
sliced and mixed with 6X volume of water and was boiled for
0.5 h. Residue was boiled again with 8X volume of water for
25 min. Finally, filtered solutions were combined and
concentrated to make aqueous extract.

Grouping and model building

A total of 45 Sprague-Dawley healthy male rats (230 £+ 27 g),
aged 45 d, were randomly divided into Sham group, HF group
and Shenfuqiangxin group (n=15). HF model was reproduced
with MI which was created by ligating the left anterior
descending coronary artery according to the methods reported
by Pfeffer [7]. Rats were given penicillin (100,000 U/d) for 3
d. In sham group, coronary artery was not ligated. 2 w after
operation, sham group and HF group rats were administrated
with saline through intragastric administration for 8 w, while in
shenfuqgiangxin group, shenfuqiangxin (14 g/kg) was used.
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Indexes observed

Cardiac function evaluation: Echocardiography using two-
dimensional ultrasound was performed at 2 w after surgery
(before gavage) and repeated at 8 w post gavage to measure
Left Ventricular End Systolic Volume (LVESD), Left
Ventricular End Diastolic Volume (LVEDD), Left Ventricular
Ejection Fraction (LVEF) and Fractional Shortening (FS). All
parameters were measured and averaged values of 3
consecutive cardiac cycles were calculated.

HE staining: At 8 w after intragastric administration, rats were
sacrificed and hearts were collected. Myocardium samples
were fixed in 10% neutral formaldehyde and then embedded in
paraffin. Tissue sections were prepared and subjected to HE
stained for morphological observation under an optical
microscope.

Myocardial fibrosis: At 8 w after intragastric administration,
rats were sacrificed to harvest the hearts. Hearts were washed
with saline and the left ventricle was fixed in 10% neutral
formaldehyde and then embedded in paraffin. Tissue sections
were prepared and stained with Masson’s trichrome. Then the
results were observed under a microscope.

mRNA expression of TGF-f1, Smad2, Smad3 and Smad?7
in myocardial tissue: At 8 w after intragastric administration,
rats were sacrificed to harvest the hearts and Real-time PCR
was used to detect the mRNA expression of TGF-B1, Smad2,
Smad3 and Smad7 in myocardial tissue. The products of PCR
were subjected to 2% agarose gel electrophoresis, and data
were quantitatively analysed by Image Tools gel analysis
system, and relative expression level was normalized to
GAPDH. See Table 1 for primers used in PCR.

Protein expression of TGF-f1, Smad2, Smad3 and Smad?7
in myocardial tissue: At 8 w after intragastric administration,
rats were sacrificed to harvest the hearts and protein expression
of TGF-B1, Smad2, Smad3 and Smad7 in myocardial tissue
was detected by Western blot. Absorbance analysis was carried
out with Image tools image analysis system, and semi-
quantitative indexes were obtained.

Statistical methods

SPSS 21.0 statistical software was adopted for data processing.
Comparisons on measurement data between groups were
conducted using t-test. Comparisons of enumeration data were
conducted using the analysis of variance or the rank sum test.
P<0.05 means difference was statistically significant.

Results

Comparison of LVEDD, LVESD, EF and FS in each
group

Before intragastric administration, LVEDD and LVESD in
Shenfuqiangxin group and HF group were both increased
compared with Sham group, while EF and FS were decreased
(P<0.05). At 8 w after intragastric administration, EF and FS in
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Shenfuqiangxin group were higher than those in HF group
(P<0.05, Table 2).

Table 1. Primer sequence of TGF-f1, Smad2, Smad3, Smad7 and GAPDH.

Genes Upstream sequence Downstream sequence

TGF-B 5'-GCTGCTGACCCCCACTGAT-3' 5-TGCCGGACA ACTCCAGTGA-3'
Smad2 5-GTGTTTGCCGAGTGCCTAAGT-3' 5-TTACAGCCTGGTGGGATTTTG-3'
Smad3 5-GGACGCAGGCTCTCCAAAC-3' 5'-AGGAGATGGAGCACCAAAAGG-3'
Smad7 5'-TGTGGCATCCAGCTGACAAG-3' 5-GAGTCCGGGTTGTCCAGTGT-3'
GAPDH 5-TGGTCTACATGTTCCAGTATGACT-3' 5'-CCATTTGATGTTAGCGGG ATCTC-3'

Table 2. Comparison of LVEDD, LVESD, EF and FS in each group.

Groups n LVEDD (mm) LVESD (mm) EF (%) FS (%)
Before 8 w after Before 8 w after Before gavage 8 w  after Before gavage 8 w after
gavage gavage gavage gavage gavage gavage
Shenfugiangxin 15 6.57+£0.96 7.25+1.02 5.14 £ 0.87 5.58 £0.75 50.24 +6.58 50.81+7.02 22.05+3.26 22.91+3.78
group
HF group 15 6.45+1.37 8.92 +1.69 4.77+1.24 7.23 +0.66 50.69 +7.13 41.28 +5.16 22.11+4.85 17.74 +3.19
Sham group 15 5.13+0.55 6.01+1.34 3.02+0.35 4.03+0.36 78.15+5.77 67.33 £7.69 42.18 £5.95 35.65 +4.33
F 9.031 12.096 11.027 8.485
P <0.05 <0.05 <0.05 <0.05

Mpyocardial morphology in each group

HE staining showed that in sham group, there were no
degeneration, necrosis, atrophy or hypertrophy in the
myocardium and there were no mesenchymal inflammatory
cell infiltration or hyperplasia of fibrous tissue. Myocardial
cells were homogeneously stained and had clear boundary with
intact membrane, and cross striation was arranged evenly. In
HF group, myocardial cell swollen was observed, and some of
the myocardial fibers were broken and dissolved. Striations
disappeared, and vacuolar degeneration of cytoplasm, the
interstitial edema, fibrous hyperplasia and inflammatory cell
infiltration were observed. Shenfugiangxin group showed
different degrees of myocardial cell swelling, slightly blurred
cross striation and slight inflammatory cell infiltration.
Pathological changes of myocardium in Shenfuqgiangxin group
were mild and similar to those of sham group (Figure 1).

Sham (200x)

HF (200x) Shenfuqgiangxin (200x)

Figure 1. HE staining observation in each group.

Observation of myocardial fibrosis in each group

Myocardium was red, collagen fibers were blue and nuclei
were black or blue in Masson trichrome staining. No obvious
left ventricular fibrosis was observed in sham group. In HF
group, there was patchy or small focal fibrosis in the left
ventricle. Different degrees of focal necrosis or scattered
fibrosis were found in shenfuqiangxin group and were similar
to those of sham group (Figure 2).

Sham (200x)

Figure 2. Masson staining observation in each group.

Comparison of the mRNA and protein expression of
TGF-f 1, Smad2, Smad3 and Smad?7 in each group

The mRNA and protein expression levels of TGF-1, Smad2,
Smad3 and Smad7 were highest in HF group, followed by
shenfuqiangxin group and sham group (P<0.05, Table 3 and
Figure 3).

Table 3. Comparison of the mRNA and protein expression of TGF-B1, Smad2, Smad3 and Smad7 in each group.
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Groups n TGF-B1 Smad2 Smad3 Smad7
mRNA Protein mRNA Protein mRNA Protein mRNA Protein
Shenfugiangxin 15 0.24+0.05 0.29 £ 0.02 0.17 £0.03 0.76 + 021 0.26 £ 0.06 0.59 £ 0.08 0.45 £ 0.08 0.48£0.13
group
HF group 15 0.83+0.07 0.36 £ 0.07 0.39 £ 0.06 1.04 £ 0.45 1.220.24 0.77 £0.15 2.18£0.36 0.75£0.14
Sham group 15 0.15+0.03 0.22 £0.03 0.110.02 0.61£0.17 0.19 £ 0.02 0.45 £ 0.09 0.27 £ 0.04 0.55+0.13
F 7.168 10.491 9.172 11.051
P <0.05 <0.05 <0.05 <0.05
and other biological components. Monkshood decoction and
water soluble part both had obvious cardiotonic effects on the
TGF-B1 TS R — hearts of frog, toad and warm blooded animals, no matter the
hearts were normal or in the state of exhaustion. Tinglizi
Smad?2 e A — relieves asthma, promotes diuresis and makes Lung Qi clean.
Polygonatum nourishes heart Yin. Previous study showed that
Smad 3 — o [12] tinglizi has cardiac and diuretic effects and help to
increase the output and reduce venous pressure in HF hearts.
Smad7 i — Alcohol extract of polygonatum can enhance immunity and
polygonatum decoction has effects of expanding blood vessels,
—— and  inhibiting  myocardial  ischemia,  hypertension,
| — | — . .
GAPDH atherosclerosis and tumor. Effective components of

1 2 3

Figure 3. Expression of TGF-f1, Smad2, Smad3 and Smad7 proteins.
1. Sham group 2. HF group 3. Shenfugiangxin group GAPDH was
used as the reference for TGF-f1, Smad2 Smad3 and Smad7.

Discussion

CHF is a very complex clinical syndrome and affected by
many factors, such as neuroendocrine system, autonomic
nervous system, cytokine and so on, which leads to myocardial
structure, function and phenotype changes through a series of
complex molecular and cellular mechanisms and finally results
in ventricular remodeling [8]. HF is an end stage of various
cardiovascular diseases and is becoming an important public
health problem in the field of cardiovascular diseases in china.
There is no disease named “HF” in traditional Chinese medical
science, however, according to clinical manifestations, this
disease is related to "edema with the heart involved",
"syndrome characterized by dyspnea "and "edema" category
[9]. In the theory of Chinese medicine, HF means sick in the
five internal organs, imbalance between Yin and Yang and qi
and blood blocking. In conclusion, the internal Qi and Yang
deficiency is the main cause and the treatment should be based
on invigorating Qi and warming Yang [10]. Under the
guidance of this rule, we adopted shenfuqiangxin capsule in the
treatment of patients with CHF, and achieved satisfactory
clinical effects. Shenfugiangxin capsule is composed of
monkshood, ginseng, astragalus mongholicus, polygonatum,
radix ophiopogonis, rhizoma chuanxiong, radix salviae
miltiorrhizae, tinglizi and prepared radix glycyrrhizae. From
the modern pharmacological analysis [11], monkshood
contains aconitine, isodelphinine, neoline, hignamine, uracil
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polygonatum significantly improve cardiac function as well as
heart rate and enhance myocardial contractility. All these drugs
used together achieve a role of tonifying qi and warming yang.
Clinical application of shenfuqiangxin capsule obviously
improves the clinical symptoms of patients with HF. What’s
more, in the case of ineffective using Western medicine,
combined with shenfuqgiangxin capsule has good curative
effect and can reduce the dosage of Western medicine [13].

However, the mechanism of shenfuqiangxin capsule in the
treatment of HF is not clear. TGF-B signaling pathway can
regulate the degradation of fibrous tissue and the deposition of
extracellular matrix, so it is considered to be an important
molecular pathway for the development of ventricular
remodeling. In the early stage of MI injury repair, TGF-
serves as anti-inflammatory factor and can affect the synthesis
and release of macrophages and endothelial cell chemotactic
factor. In the late stage of MI injury repair, TGF-B/Smads
signaling pathway promotes myocardial extracellular matrix
deposition in the infarcted area and myocardium hypertrophy,
fibrosis and left ventricular remodeling in the non-infarcted
area. Among the patients with dilated cardiomyopathy, study of
endomyocardial biopsy revealed a significant increase in
myocardial collagen content in patients with severe HF,
accompanied by a significantly increased mRNA expression of
TGF-B1 in myocardium [14]. Other studies showed that TGF-
B1 promoted the proliferation and transformation of cardiac
fibroblasts into myoblasts and produced extracellular matrix
such as collagen fibrils and fibronectin [15]. Smad7, a negative
regulator of the TGF-B/Smads signaling pathway, inhibits
TGF-B/Smads signaling pathway by interfering with the
activation of the receptor activated Smads molecule (R-
Smads). However, in HF hearts, expression of inhibitory
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Smad7 is still unclear. Whether shenfuqiangxin improves
myocardial fibrosis by increasing expression of inhibitory
Smad7 molecules is one aspect of our study.

In this study, a rat model of heart failure after Myocardial
Infarction (MI) was established and treated with
shenfuqgiangxin. We found that 2 w after operation, LVEDD
and LVESD in shenfuqiangxin group and HF group were both
increased compared with Sham group, while EF and FS were
decreased. The mRNA and protein expression levels of TGF-
B1, Smad2, Smad3 and Smad7 in myocardium were higher
than those in sham group, which was in line with the changes
in myocardial tissue of rats with HF after MI. 8§ w after
intragastric administration, EF and FS in Shenfuqiangxin group
were higher than those in HF group, indicating that
shenfugiangxin can effectively improve the heart function in
rats with HF after MI. Moreover, compared with HF group,
Shenfuqiangxin group could reduce the deposition of collagen
fibers in rat hearts and inhibit the protein expression of TGF-
B1, Smad2, Smad3 and Smad7. In conclusion, shenfugiangxin
could inhibit the expression of factors related to TGF-B/Smads
signaling pathway in rats with HF post MI, which may be one
of the most important mechanisms of shenfugiangxin in
improving myocardial fibrosis.
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