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Sick sinus syndrome (SSS) is closely associated with cardiac syncope and sudden death, wherein sinoatrial node (SAN) fibrosis is
one of the main pathological changes that occur. Shenxian-Shengmai oral liquid (SXSM) has been clinically proven to significantly
improve the heart rate of SSS patients. In this study, we aimed to explore the mechanism of SXSM in reducing the SAN fibrosis by
combining in vitro and in vivo experiments. Accordingly, the SSS model was constructed by slowly pumping angiotensin II
(AngII) with a micro-osmotic pump. *e degree of fibrosis was evaluated by Masson’s trichrome staining and immunofluo-
rescence staining of the fibrosis marker protein. In addition, NIH-3T3 mouse fibroblasts were used to simulate SAN fibroblasts to
further explore the mechanism, with AngII used as the cellular fibrosis inducer. Monodansylcadaverine (MDC) staining and
transmission electron microscopy were employed to assay the autophagy content, whereas immunofluorescence staining and
Western blotting were employed to elucidate the related protein expression. Finally, fibroblasts were given the AKT phos-
phorylation agonist SC79 to reversely verify the effects of SXSM. *e results showed that SXSM could significantly increase the
heart rate of SSS mice by reducing the deposition of extracellular matrix (ECM) in SAN induced by AngII. According to in vivo
experiments, when compared with the model group, SSS mice treated with SXSM developed less fibrosis in the SAN area. In vitro
experiments revealed that AngII could restrain autophagy by activating the phosphorylation of the AKT/mTOR pathway, thereby
increasing the deposition of ECM.Moreover, SXSM pretreatment prevented this upregulation. After the intervention of SC79, the
protective effect of SXSM was weakened. In conclusion, SXSM activated autophagy through the AKT/mTOR pathway, which in
turn reduced the deposition of the ECM in SAN induced by AngII, attenuated the fibrosis of SAN, and improved the decreased
heart rate in the SSS mice.

1. Introduction

Sick sinus syndrome (SSS) is a clinical syndrome of various
arrhythmias caused by sinoatrial node (SAN) abnormal
pacing or conduction dysfunction. *e clinical spectrum of
the disorder includes chronotropic incompetence, periodic
sinus bradycardia, and paroxysmal sinus pause [1], which is
one of the common causes of cardiogenic syncope and
sudden death [2]. Although SSS is associated with a high
incidence rate and high harm, its effective treatment is

limited to artificial cardiac pacemaker implantation.
Moreover, no guideline and consensus recommendation has
so far been established for long-term tolerable drugs. In-
travenous atropine and β-adrenergic agonist have been
deemed effective for a short time, but long-term application
has been reported to result in cardiotoxicity and ventricular
arrhythmia [3]. Owing to technical, economical, and arti-
ficial factors, the application rate of artificial cardiac pace-
maker implantation that is effective for the treatment of SSS
is extremely low. Meanwhile, artificial cardiac pacemaker
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implantation offers the disadvantages of high cost and
several contraindications, which may be accompanied by
complications such as infection or bleeding in case of im-
plantation or replacement [4]. Biological pacing is still at its
basic research stage, and hence there is an urgent need for
effective and long-term tolerated drugs for SSS treatment.

Shenxian-Shengmai oral liquid (SXSM) was introduced
to the market in 2008. *is Chinese patent medicine has
been clinically validated over more than 10 years in sig-
nificantly improving the heart rate and is widely used for the
treatment of bradyarrhythmia [5]. *e main ingredients of
SXSM are ginseng, wolfberry, epimedium, psoralen, salvia,
ephedra, asarum, and leech. Owing to its remarkable cu-
rative effect and long-term tolerability, it offers a broad
application prospect in the field of SSS treatment.

*e pathogenesis of SSS may be related to the de-
struction of the connection between myocardial cells by
collagen fiber bundles in the process of SAN fibrosis, which
in turn leads to slow conduction or discontinuous con-
duction. Meanwhile, the change in the ion flow caused by the
coupling of fibroblasts with myocardial cells also has some
effect [6]. As one of the endogenous causes of SSS, the
process of fibrosis is closely related to an increase in the
angiotensin II (AngII) secretion caused by the activation of
the Renin-Angiotensin-Aldosterone System (RAAS) system.
AngII can mediate the fibrosis and apoptosis of SAN cells in
this process [7, 8]. Degenerative fibrosis of the SAN caused
by aging is a common cause of SSS [9]. *e pathological
changes of fibrosis mainly involve the activation of fibro-
blasts and the excessive secretion of extracellular matrix
(ECM), and the transformation of fibroblasts into myofi-
broblasts of their activated phenotype is the key event in this
process [10, 11]. *e activation of fibroblasts significantly
expresses alpha-smooth muscle (α-SMA) and produces
excessive ECM, including fibronectin and collagen-I [10].

Autophagy is a highly conservative programmed deg-
radation mechanism that mostly occurs under the condition
of nutritional deficiency or cell stress. Not only is autophagy
extremely important for normal cell survival but it also plays
an important role in maintaining the homeostasis of the
intracellular environment and regulating cell differentiation
[12]. Autophagy is mainly manifested in the formation of
autophagosomes by double-membrane vesicles and cargo
proteins, followed by fusion with lysosomes to digest con-
tents so as to provide energy for cells and renew the cells.
*is process is regulated by autophagy-related (Atg) protein,
Beclin-1, and microtubule-associated protein light-chain 3B
(LC3B). In the process of autophagy, Benlin1 is the key
protein of autophagy initiation and it participates in the
construction of autophagosomes [13]. *e microtubule-
associated protein light-chain 3B is a marker protein
existing on the membrane surface of autophagosomes, in-
cluding LC3-I and LC3-II. *e transformation from LC3-I
to LC3-II is the key step in autophagosomes formation.
Simultaneously, p62 was used as a substrate to combine with
LC3-II, and the complex was finally degraded by lysosome
[14, 15]. *e occurrence of several heart diseases was related
to the change in the autophagy level, including myocardial
ischemia-reperfusion injury, myocardial infarction, heart

failure, and myocardial hypertrophy [16]. Some past studies
have demonstrated that excessive cardiac pressure load can
lead to increased myocardial protein synthesis, myocardial
fibrosis, and myocardial hypertrophy, accompanied by
a decrease in the autophagy activity of cardiomyocytes [17].
Several types of signaling pathways regulate autophagy to an
extent. It has been proven that the AKT/mTOR signal
pathway is an important regulatory mechanism of auto-
phagy and that it participates in the baseline regulation of
autophagy and the regulation during stress [18, 19]. mTOR
is a serine/threonine-protein kinase belonging to the
phosphatidylinositol kinase-related kinase (PIKK) family.
As the key factor of autophagy regulation, mTOR mainly
forms two complexes, rapamycin-sensitive complex 1
(mTORC1) and rapamycin-insensitive complex 2
(mTORC2), among which mTORC1 is most closely related
to autophagy regulation. mTORC1 participates in the reg-
ulation of transcription and the translation of autophagy-
related genes by regulating the downstream signaling factors
4E-binding protein 1 (4E-BP1) and ribosomal protein S6
kinase 1 (S6K1) [20, 21].

SXSM has been clinically demonstrated to exert a clear
heart rate-enhancing effect, including several Chinese
medicines such as ginseng, ephedra, epimedium, salvia, and
leech. Its effective components, ginsenoside Rh2, icariin,
tanshinone IIA, and leech extract possess anti-fibrosis
properties [22–26]. However, it is unclear whether it can
attenuate the SAN fibrosis of SSS. *erefore, the present
study aimed to explore whether it can attenuate the SAN
fibrosis of SSS and its mechanism so as to provide further
evidence supporting SXSM for its use in the treatment of
SSS. During this research, we used AngII to build a mice SSS
model and explore the intervention effects of SXSM. In the
cell experiments, NIH-3T3 mouse fibroblasts were used to
simulate SAN fibrosis toward further exploring the fibrosis-
improving mechanism of SXSM [27].

2. Methods and Materials

2.1. Animal Study. All experimental mice in this research
were purchased from Liaoning Changsheng Biotechnology
[China, production license SCXK (Liao) 2018–0001] and
adaptively raised as per the guidelines of the Experimental
Animal Center of China Medical University for 1 week. A
total of 15 mice (male or female) were randomly assigned to
3 groups: sham-operation group (SHAM, n� 5), SSS model
group constructed by AngII (SSS, n� 5), and SXSM treat-
ment group (SXSM, n� 5). *e experiment was performed
as per the method described by Swaminathan et al. [28].
Briefly, the mice fasted for 24 h before modeling, and then
the SSS model was established through subcutaneously
pumping AngII (3mg/kg/day) with a micro-osmotic pump
(Alzet model 1004, 0.11 μ/h, 30 days). *e specific con-
struction method used was as follows: before the operation,
an Alzet osmotic capsule was placed at 37°C in normal saline
for 6 h for activation. After themouse neck-skin preparation,
1% pentobarbital sodium (45mg/kg) was injected in-
traperitoneally for anesthesia, and the mice were fixed on an
animal operating table in the prone position. *en,
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a 1–1.5 cm incision was created in the neck to prepare
a pouch and the activated micro-osmotic pump was loaded
with AngII. *e micro-osmotic pump loaded with normal
saline was placed in the CON group. *en, all the mice were
administered a small amount of gentamicin to prevent
postsuture infection. On the second day of operation, the
drug was administered via gavage. *e SXSM group was
provided with the SXSM (Buchang Pharma, China) (5mL/
kg/days), and the other experiment groups received the same
amount of pure water. After 30 days, the heart rates of the
mice were recorded and analyzed with an electrocardiogram.
After euthanasia with 1% pentobarbital sodium (150mg/kg),
the heart tissues of the mice were immediately collected and
fixed in 4% paraformaldehyde.

2.2. Masson’s Trichrome Staining. *e heart tissues were
sliced in 5-μm transverse sections after paraffin embedding.
*en, these paraffin sections were dewaxed and washed with
distilled water. *e nuclei were stained with Weigert’s iron
hematoxylin, rinsed with distilled water, and then stained in
Masson’s composite staining solution for 5min.*e sections
were soaked in 1% glacial acetic acid solution and then
differentiated with 1% phosphomolybdic acid buffer for
5min. Without washing, the slices were counterstained with
aniline blue for 5min and then washed with the 0.2% glacial
acetic acid solution. Finally, 95% ethanol and absolute
ethanol were used to dehydrate the slices, and the neutral
gum was sealed after cleaning in xylene. *e SAN area of the
slices was observed under an optical microscope, and the
collagen volume fraction in this area was statistically ana-
lyzed to evaluate the degree of SAN fibrosis.

2.3. Cell Culture. NIH-3T3 mouse fibroblasts were pur-
chased from ATCC (USA). *e cells were inoculated into
a cell culture dish and cultured in a medium composed of
89% DMEM/F12 (Hyclone, USA) supplemented with 10%
fetal bovine serum (Sijiqing, China) and 1% penicillin/
streptomycin (Procell, China). Cell culture was conducted in
an incubator containing 5% CO2 at 37°C.

*e cultured cells were categorized into four groups:
CON, AngII, SXSM, and SC79. CON was used as a blank
control group without any intervention measurements. *e
cells in the other groups were treated with AngII (Sigma-
Aldrich, USA) for 48 h after culturing for 12 h, while the
SXSM group was treated with SXSM, and the SC79 group
was treated with SXSM in combination with the AKT
phosphorylation agonist SC79 (Topscience, China). *e
concentration of AngII was 0.1 μM, and those of SXSM and
SC79 were 1mL/L and 8 μg/mL, respectively. *e optimal
concentration of SXSM was obtained by cell viability testing.

2.4. Cell Viability Assay. NIH-3T3 cells (100 μL) were in-
oculated into a 96-well plate at the density of 1× 104 cells/mL
and categorized into 6 groups. Meanwhile, each group was
assigned 5 additional wells. After 12 h of culturing, each
group received different concentrations of SXSM (0, 0.5, 1, 2,
5, and 10mL/L), and the medium was removed after 12, 24,

and 48 h. Finally, the cell count kit 8 (CCK-8) (Apex Bio-
technology, USA) was used to measure the cell viability.

2.5. Immunofluorescence Staining. In vivo experiments, the
paraffin sections of the SAN tissues were dewaxed and
dehydrated and then sealed with 1% BSA for 1h. After sealing,
fibronectin and collagen-I antibodies were added, and the
sections were placed overnight in a wet box at 4°C. After
washing the sections with PBS, the second antibody labeled
with CoraLite488 fluorescein was added and incubated at 37°C
for 1h. After washing again, the antifluorescence quenching
solution containing DAPI was added. Finally, the sections were
observed under a fluorescence microscope. In in vitro exper-
iments, NIH-3T3 cells (1mL) were inoculated into a confocal
dish at the density of 1× 104 cells/mL. After the above-
mentioned culture and treatment, 4% paraformaldehyde was
added and the cells were fixed for 20min and then per-
meabilized with an immune permeabilization solution for
20min. After washing with PBS, the cells were blocked in 1%
BSA for 1h, followed by the addition of the primary antibody
and incubated in a damp box at 4°C overnight. After washing
with PBS, the second antibody labeled with the CoraLite488
fluorescein was added and incubated at 37°C for 1h. Finally,
after washing again with PBS, the cells were treated with an
antifluorescence quenching mounting tablet containing DAPI
and observed under a laser scanning confocal microscope. *e
collagen-I primary antibody, fibronectin primary antibody, and
CoraLite488-conjugated affinipure goat antirabbit IgG were
purchased from Proteintech (China).

2.6. Monodansylcadaverine Staining. *e autophagy rate of
cells was detected by MDC staining. NIH-3T3 cells were
suspended after digestion in the trypsin–EDTA solution,
washed with a wash buffer, and resuspended again, followed
by staining with the MDC staining solution at 37°C for
30min. After washing with the wash buffer, the cells were
resuspended in a collection buffer and then detected by flow
cytometry. *e MDC kit was purchased from Solarbio
Biotechnology (China).

2.7. Transmission Electron Microscopy. NIH/3T3 cells were
inoculated in dishes for the abovementioned culture and
treatment processes. After digesting with the trypsin–EDTA
solution, the cells were collected via centrifugation at
1200 rpm for 10min, and 2.5% glutaraldehyde was added for
fixation at 4°C for 2 h. After washing with phosphate buffer,
1% osmic acid was added for fixation at 4°C for 1 h and then
washed with phosphate buffer. *e cells were embedded
after dehydration with the gradient dehydration method and
then placed on an ultramicrotome to prepare ultrathin
sections of 50–70-nm thickness. Finally, the sections were
stained with uranus acetate and lead citrate and then ob-
served by transmission electron microscopy.

2.8. Western Blotting. NIH/3T3 cells were cultured and
treated as described above. After protein extraction, the
target protein was quantified by the BCA protein assay kit
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(Wanleibio, China), heated at 100°C for 5min to denature,
and stored at −20°C. *e protein was separated in 10%
sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE)
(Wanleibio, China) and then transferred onto a 0.45-μm
PVDF membrane via electrophoresis in Tris-glycine buffer
(Solarbio Biotechnology, China). *e PVDF membrane was
blocked in Tris-buffered saline containing 0.05% Tween-20
(TBST) with 5% skimmedmilk powder at room temperature
for 1 h, followed by incubation with AKT, p-AKT, mTOR, p-
mTOR, GAPDH, Beclin-1, p62, LC3-I, and LC3-II primary
antibodies for overnight at 4°C. *en, the PVDF membrane
was washed with TBST and incubated with a secondary
antibody at room temperature for 1 h. Finally, after washing
with TBST, the membrane was exposed and imaged using
the ECL chemiluminescence kit (Beyotime, China). HRP-
conjugated affinipure goat antirabbit IgG was sourced from
Wanleibio (China).

2.9. Statistical Analysis. *e experiment was repeated thrice,
and the experimental data at all three times were statistically
analyzed by SPSS 25 and expressed as the mean± SD. One-
way analysis of variance (ANOVA) was applied to conduct
comparison among the groups, with P< 0.05 considered to
indicate statistical significance.

3. Results

3.1. Shenxian-Shengmai can Improve the SinusNode Function
by Improving Angiotensin II-Induced Sinus Node Fibrosis.
*e heart rate and the ECG R-R interval of each group were
used to evaluate the function of the SAN in mice. Masson’s
trichrome staining and immunofluorescence staining of the

fibrosis marker protein were performed to evaluate the
degree of SAN fibrosis in mice. Electrocardiogram revealed
that the heart rate of the SSS group mice decreased sig-
nificantly, while the R-R interval was prolonged, suggesting
that AngII could successfully induce SSS. Meanwhile, the
heart rate and the R-R interval of the mice in the SXSM
group were significantly improved (Figures 1(a)–1(c)).
Masson’s trichrome staining and immunofluorescence
staining results revealed that, when compared with the
SHAM group, the degree of fibrosis in the SSS group in-
creased significantly under the induction of AngII, ac-
companied by a significant expression of fibrotic proteins,
such as fibronectin and collagen-I. When compared with the
SSS group, the degree of fibrosis and the expression of the
fibrotic protein in the SXSM group were significantly im-
proved (Figures 2(a) and 2(b)). Statistical analysis of the
collagen volume fraction and average optical density in the
SAN area of mice from each group indicated that SXSM
significantly resisted the fibrosis of the SAN area induced by
AngII (Figures 2(c) and 2(d)). In summary, SXSM could
significantly attenuate SAN fibrosis induced by AngII,
thereby improving the function of the SAN.

3.2. Optimum Concentration Screening of SXSM. No cyto-
toxicity was observed in Shenxian-Shengmai treatment at
a concentration of 0–10ml/L for 12–48 h. *e activity of
NIH-3T3 cell line under the action of different concentra-
tions of SXSM was analyzed by CCK-8. *e cell viability was
considered to be 100% when pretreated with SXSM at the
concentration of 0mL/L. No cytotoxicity was recorded in
the NIH-3T3 cell lines treated with different concentrations
of SXSM for 12, 24, and 48 h, with the maximum effect

CON

SSS

SXSM

(a)

SHAM SSS SXSM
0

200

400

600

H
ea

rt
 ra

te
 (m

in
) **

(b)

SHAM SSS SXSM
0

50

100

150

200

R-
R 

in
te

rv
al

 (m
s)

**

(c)

Figure 1: SXSM improved the function of the SAN as well as increased the heart rate of the SSS mice. (a)*e resting heart rate of each group
of mice (125ms/Div). (b)*e statistical analysis of the heart rate in each mice group. (c)*e statistical analysis of the R-R interval of the
electrocardiogram in each group of mice. ∗∗P< 0.01 vs. SSS. SHAM: Sham-operation group. SSS: sick sinus syndrome model group. SXSM:
Shenxian-Shengmai oral liquid treatment group.
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recorded at 1mL/L (Figure 3). *e following experiments
were performed under the condition of 1mL/L of SXSM
treatment for 48 h. We noted that the viability of NIH-3T3
cells was the best under these conditions.

3.3. SXSM Reduced Fibrosis of NIH-3T3 Cell Line. *e ex-
pression of α-SMA, fibronectin, and collagen-I in the
NIH-3T3 cell line was detected by immunofluorescence

staining to evaluate the degree of cell fibrosis. *e results
indicated that, when compared with the CON group, the
fluorescence intensity of α-SMA, fibronectin, and collagen-I
in NIH-3T3 cells treated with AngII increased significantly.
Meanwhile, when compared with the AngII group, SXSM
improved the overexpression of α-SMA, fibronectin, and
collagen-I in NIH-3T3 cells induced by AngII; however, this
improvement of SXSM could be blocked by AKT phos-
phorylation agonist SC79 (Figures 4(a)–4(d)). *us, we
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Figure 2: SXSM attenuates SAN fibrosis in SSS mice. (a)Masson’s trichrome staining of the SAN area of mice in each group. (b)Im-
munofluorescence staining of fibronectin and collagen-I in the SAN area of mice in each group. (c)Statistical analysis of the collagen volume
fraction in the SAN area of mice in each group. (d)*e results of the statistical analysis of the average optical density of fibronectin and
collagen-I in the SAN area of mice in each group. ∗∗P< 0.01 vs. SSS. SHAM: sham-operation group. SSS: sick sinus syndrome model group.
SXSM: Shenxian-Shengmai oral liquid treatment group.
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concluded that SXSM can resist NIH-3T3 fibroblast fibrosis
by attenuating AKT phosphorylation.

3.4. SXSM Activates Autophagy of NIH-3T3 Fibroblasts.
*e autophagy level of NIH-3T3 fibroblasts was evaluated by
MDC staining, and the number of autophagosomes was
determined by transmission electron microscopy. *e re-
sults of MDC staining revealed that the autophagy level of
NIH-3T3 cells treated with AngII decreased significantly.
When compared with NIH-3T3 cells induced by AngII, the
autophagy rate of NIH-3T3 cells induced by AngII treated
with SXSM increased significantly. Notably, the activation of
SXSM on autophagy could be blocked by AKT phosphor-
ylation agonist SC79 (Figures 5(a) and 5(c)). *e results of
transmission electron microscopy revealed that the number
of autophagosomes in NIH-3T3 cells induced with AngII
decreased significantly. On the other hand, the number of
autophagosomes in NIH-3T3 cells induced with AngII in-
creased significantly in the presence of SXSM; this trend was
reversed after the addition of SC79 (Figures 5(b) and 5(d)).
*is result was consistent with the results of MDC staining.
In summary, we concluded that the activation of SXSM on
autophagy of NIH-3T3 fibroblasts may have been caused
through the activation of AKT phosphorylation.

3.5. Protein Assay of the Akt/mTOR Signaling Pathway and
Autophagy. Beclin-1, p62, LC3-I, and LC3-II are the sig-
nature proteins of autophagy, and their expressions are
closely related to the phosphorylation level of the AKT/
mTOR signaling pathway. *erefore, we employed Western
blotting to detect the protein expression levels of AKT, p-
AKT, mTOR, p-mTOR, Beclin-1, p62, LC3-I, and LC3-II to
evaluate the influence of SXSM on autophagy and its
mechanism. *ese results demonstrated that, when com-
pared with the CON group, the expression levels of p-AKT
and p-mTOR in the AngII group were significantly in-
creased. Meanwhile, the expression of Beclin-1 and LC3-II/

LC3-I decreased significantly, accompanied by the con-
sumption decrease of the autophagy substrate p62, sug-
gesting that AKT/mTOR phosphorylation of NIH-3T3 cell
line was activated while the autophagy activity was inhibited.
However, SXSM could significantly reduce the over-
expression of p-AKT and p-mTOR induced by AngII, and
the increased expression of Beclin-1 and LC3-II/LC3-I was
accompanied by the increased consumption of the auto-
phagy substrate p62. *erefore, SXSM could enhance the
autophagy activity by inhibiting the phosphorylation of the
AKT/mTOR signaling pathway, and AKT phosphorylation
agonist SC79 reversed the effect of SXSM (Figure 6(a)).
Quantitative analysis revealed statistical significance among
the CON, AngII, SXSM, and SC79 groups (Figure 6(b)).
*ese results demonstrated that the hyperphosphorylation
of the Akt/mTOR signaling pathway inhibited the level of
autophagy and that SXSM inhibited the phosphorylation of
the Akt/mTOR signaling pathway induced by AngII so as to
activate autophagy, thereby exerting a protective effect.

4. Discussion

Sinoatrial node fibrosis is an important endogenous factor
leading to the development of SSS, which can be mainly
related to the increased secretion of AngII caused by the
activation of the RAAS system. AngII promoted the oc-
currence and development of SSS by mediating the fibrosis
and apoptosis of SAN cells [7, 8]. In addition, the de-
generative fibrosis of SAN caused by aging is an important
reason for SSS development [29].*erefore, in order to build
a reasonable SSS model, we employed the method of slowly
pumping AngII with a micro-osmotic pump. In vivo studies
revealed that AngII could successfully induce the heart rate
decrease and SAN fibrosis in mice. Meanwhile, the re-
markable deposition of ECM indicated that AngII could
successfully induce the transformation of fibroblasts into
myofibroblasts with its activated phenotype. *ese results
support that our experimental method is feasible and that
our mouse model could successfully simulate SSS in
humans. We found that SXSM treatment could significantly
improve the heart rate decline and SAN fibrosis in mice,
while significantly inhibiting the activation and trans-
formation of fibroblasts. It is therefore suggested that SXSM
improved the function of SAN by attenuating SAN fibrosis
in SSS mice.

Some past studies have reported that autophagy plays an
important role in the process of cardiac fibrosis and that it
may be involved in anti-fibrosis to play a cardioprotective
role [30–32]. *e literature revealed that autophagy is an
indispensable defense mechanism involved in the patho-
genesis of myocardial fibrosis [33]. In order to explore
whether the mechanism of SXSM attenuating SAN fibrosis
was related to autophagy, we used NIH-3T3 mouse fibro-
blasts to simulate SAN fibroblasts in vitro experiments.
MDC staining and Western blotting results showed that the
autophagy activity of NIH-3T3 cells administered by AngII
decreased significantly, accompanied by a decrease in the
number of autophagosomes. Meanwhile, the expression of
α-SMA and the deposition of ECM were detected by
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Figure 3: Experimental results of CCK-8 assay. *e control group
cell viability was set to 100%. *is analysis showed that SXSM did
not induce cytotoxicity at the 10mL/L concentration treatment for
48 h and demonstrated the most obvious effect on the NIH-3T3 cell
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immunofluorescence staining, indicating that AngII may
promote the activation and transformation of fibroblasts by
inhibiting the autophagy level of NIH-3T3 cells. *erefore,
activating autophagy may be an important approach to resist
fibrosis. We thus speculated that SXSM may attenuate fi-
brosis by activating the cell autophagy level. To prove this
conjecture, we added SXSM when treating NIH-3T3 cells
with AngII and found that, after SXSM treatment, the
autophagy level of NIH-3T3 cells increased while the ex-
pression of α-SMA and ECM protein decreased significantly.
*is part of the experiment thus proves that SXSM could

regulate the expression of fibrotic proteins such as α-SMA
and ECM (including fibronectin and collagen-I) by acti-
vating autophagy at the cellular level, thereby inhibiting the
transformation of fibroblasts into myofibroblasts with their
activated phenotype.

Several past studies have reported that a variety of
signaling pathways are involved in the regulation of auto-
phagy, among which the Akt/mTOR signaling pathway
plays an important role, mainly in the baseline regulation
and stress regulation of autophagy [18, 19]. Western blotting
results also showed that AngII could upregulate the
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Figure 4: SXSM improved the fibrosis of NIH-3T3 cells induced by AngII, and this effect could be blocked by SC79. (a)Immunofluorescence
staining of NIH-3T3 cell fibrosis marker protein. (b)Statistical analysis of collagen-I average optical density. (c)Statistical analysis of fi-
bronectin average optical density. (d)Statistical analysis of the α-SMA average optical density. ##P< 0.01 vs. AngII; ∗∗P< 0.01 vs. SXSM.
CON: control group cells. Ang II: cells treated with AngII. SXSM: cells treated with AngII and SXSM. SC79: cells treated with AngII, SXSM,
and SC79. AngII: angiotensin II; SXSM: Shenxian-Shengmai oral liquid; SC79: AKT phosphorylation agonist.
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phosphorylation level of the AKT/mTOR signaling pathway
in NIH-3T3 cells while simultaneously decreasing the
autophagy activity, thereby indicating that AngII possibly
inhibits autophagy by activating the phosphorylation of the
AKT/mTOR signaling pathway. In order to explore whether
SXSM could activate autophagy by inhibiting the phos-
phorylation level of the AKT/mTOR signaling pathway, we
added SXSM when treating NIH-3T3 cells with AngII. We
found that the phosphorylation level of the AKT/mTOR

signaling pathway was inhibited and that the autophagy
activity was enhanced after SXSM treatment. For further
demonstration, we provided AKT phosphorylation agonist
SC79 on the basis of SXSM treatment and found that the
therapeutic effect of SXSM was blocked by SC79 through
MDC staining, immunofluorescence staining, and Western
blotting. *is part of the experiment proved that SXSM
could regulate autophagy by regulating the phosphorylation
level of the AKT/mTOR signaling pathway.
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Figure 5: SXSM attenuated the autophagy inhibition of AngII on NIH-3T3 cells; this effect could be blocked by SC79. (a)MDC staining of
NIH-3T3 cells. (b)Transmission electron microscopy observation of autophagosomes of NIH-3T3 cells. Scale bar: 5 μm, 2 μm. (c)Statistical
analysis of MDC staining of NIH-3T3 cells.(d)Statistical analysis the of number of autophagosomes. #P< 0.05 vs. AngII, ##P< 0.01 vs.
AngII; and ∗∗P< 0.01 vs. SXSM. CON: control group cells. Ang II: cells treated with AngII. SXSM: cells treated with AngII and SXSM. SC79:
cells treated with AngII, SXSM, and SC79. AngII: angiotensin II; SXSM: Shenxian-Shengmai oral liquid; SC79: AKT phosphorylation
agonist.
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5. Conclusion

SXSM may activate autophagy by inhibiting the phos-
phorylation of the AKT/mTOR signaling pathway, which is
followed by the inhibition of the activation of fibroblasts and
excessive secretion of ECM induced by AngII, thereby
improving SAN fibrosis and protecting the SAN.

Data Availability

*e data used to support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

*e authors declare no conflicts of interest.

Acknowledgments

*is work was supported by grants from the National
Natural Science Foundation (81874403) and Foundation of
Liaoning “Xingliaoyingcai Plan” (XLYC1802099).

References

[1] M. Choudhury, N. Black, A. Alghamdi et al., “TBX18 over-
expression enhances pacemaker function in a rat subsidiary
atrial pacemaker model of sick sinus syndrome,” ?e Journal
of Physiology, vol. 596, no. 24, pp. 6141–6155, 2018.

[2] R. De Ponti, J. Marazzato, G. Bagliani, F. M. Leonelli, and
L. Padeletti, “Sick sinus syndrome,” Cardiac Electrophysiology
Clinics, vol. 10, no. 2, pp. 183–195, 2018.

[3] R. W. Neumar, C. W. Otto, M. S. Link et al., “Part 8: adult
advanced cardiovascular life support: 2010 American Heart
Association guidelines for cardiopulmonary resuscitation and

emergency cardiovascular care,” Circulation, vol. 122, no. 18,
pp. S729–S767, 2010.

[4] J. E. Poole, M. J. Gleva, T. Mela et al., “Complication rates
associated with pacemaker or implantable cardioverter-
defibrillator generator replacements and upgrade pro-
cedures: results from the replace registry,” Circulation,
vol. 122, no. 16, pp. 1553–1561, 2010.

[5] H. Zhang, M. Hao, L. K. Li et al., “Shenxian-Shengmai oral
liquid improves sinoatrial node dysfunction through the
PKC/NOX-2 signaling pathway,” Evidence-Based Comple-
mentary and Alternative Medicine, vol. 2021, Article ID
5572140, 2021.

[6] J. Jalife, “Mutual entrainment and electrical coupling as
mechanisms for synchronous firing of rabbit sinoatrial pace-
maker cells,” ?e Journal of Physiology, vol. 356, no. 1,
pp. 221–243, 1984.

[7] T. A. Csepe, A. Kalyanasundaram, B. J. Hansen, J. Zhao, and
V. V. Fedorov, “Fibrosis: a structural modulator of sinoatrial
node physiology and dysfunction,” Frontiers in Physiology,
vol. 6, no. 2, p. 37, 2015.

[8] O. Monfredi and M. R. Boyett, “Sick sinus syndrome and
atrial fibrillation in older persons-a view from the sinoatrial
nodal myocyte,” Journal of Molecular and Cellular Cardiology,
vol. 83, pp. 88–100, 2015.

[9] J. Weirich, “Remodeling of the aging heart: sinus node dys-
function and atrial fibrillation,” Herzschrittmachertherapie &
Elektrophysiologie, vol. 28, no. 1, pp. 29–38, 2017.

[10] G. Gabbiani, “*e myofibroblast in wound healing and
fibrocontractive diseases,” ?e Journal of Pathology, vol. 200,
no. 4, pp. 500–503, 2003.

[11] K. T. Weber, “Cardiac interstitium in health and disease: the
fibrillar collagen network,” Journal of the American College of
Cardiology, vol. 13, no. 7, pp. 1637–1652, 1989.

[12] Z. F. Yang and D. J. Klionsky, “Mammalian autophagy: core
molecular machinery and signaling regulation,” Current
Opinion in Cell Biology, vol. 22, no. 2, pp. 124–131, 2010.

p-AKT

AKT

p-mTOR

mTOR

Beclin1

LC3-I

p62

60 kDa

60 kDa

289kDa

289kDa

60 kDa

14 kDa

16 kDa

55 kDa

LC3-II

GAPDH 37 kDa

CON AngII SXSM SC79

(a)

0.0

0.5

1.0

1.5

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
l o

f 
pr

ot
ei

n 
pr

ot
ei

n/
G

A
PD

H
)

p-AKT
p-mTOR

Beclin-1
p62

##
##

##
**

*
*

**

CON AngII SXSM SC79

(b)

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
l o

f 
pr

ot
ei

n 
LC

3-
II

/L
C3

-I
)

0.0

0.5

1.0

1.5

2.0

*

#

CON AngII SXSM SC79

(c)

Figure 6: Protein assay of the Akt/mTOR signaling pathway and autophagy in NIH-3T3 cells. (a)Western blotting was applied to detect the
expression of AKT, p-AKT, mTOR, p-mTOR, Beclin-1, p62, and LC3-II/LC3-I; (b)Quantitative analysis of the Western blotting results (a)
#P< 0.05 vs. AngII, ##P< 0.01 vs. AngII; ∗P< 0.05 vs. SXSM, and ∗∗P< 0.01 vs. SXSM. CON: control group cells. Ang II: cells treated with
AngII. SXSM: cells treated with AngII and SXSM. SC79: cells treated with AngII, SXSM, and SC79. AngII: angiotensin II; SXSM: Shenxian-
Shengmai oral liquid; SC79: AKT phosphorylation agonist.

Evidence-Based Complementary and Alternative Medicine 9



[13] N. B. Wang, Q. X. Zhang, L. Y. Luo, B. L. Ning, and
Y. Q. Fang, “βAsarone inhibited cell growth and promoted
autophagy via P53/Bcl2/Bclin1 and P53/AMPK/mTOR
pathways in human glioma U251 cells,” Journal of Cellular
Physiology, vol. 233, no. 3, pp. 2434–2443, 2017.

[14] M. Komatsu and Y. Ichimura, “Physiological significance of
selective degradation of p62 by autophagy,” FEBS Letters,
vol. 584, no. 7, pp. 1374–1378, 2010.

[15] F. R. Liu, S. Gao, Y. X. Yang et al., “Antitumor activity of
curcumin by modulation of apoptosis and autophagy in
human lung cancer A549c cells through inhibiting PI3K/Akt/
m TOR pathway,” Oncology Reports, vol. 39, no. 3,
pp. 1523–1531, 2018.

[16] F. Xie, W. Liu, and L. X. Chen, “*e progress of autophagy
involved in heart disease,” Progress in Biochemistry and
Biophysics, vol. 39, no. 3, pp. 224–233, 2012.

[17] J. A. Hill, “Autophagy in cardiac plasticity and disease,” Pe-
diatric Cardiology, vol. 32, no. 3, pp. 282–289, 2011.

[18] P. Guan, Z. M. Sun, N. Wang et al., “Resveratrol prevents
chronic intermittent hypoxia-induced cardiac hypertrophy by
targeting the PI3k/AKT/mTOR pathway,” Life Sciences,
vol. 233, no. 9, Article ID 116748, 2019.

[19] X. H. Shi, Y. Liu, D. Q. Zhang, and D. Xiao, “Valproic acid
attenuates sepsis-induced myocardial dysfunction in rats by
accelerating autophagy through the Pten/Akt/Mtor pathway,”
Life Sciences, vol. 232, no. 17, Article ID 116613, 2019.

[20] Y. Ber, R. Shiloh, Y. Gilad, N. Degani, S. Bialik, and A. Kimchi,
“Dapk2 is a novel regulator of mtorc1 activity and autophagy,”
Cell Death & Differentiation, vol. 22, no. 3, pp. 465–475, 2015.

[21] S. Sciarretta, M. Forte, G. Frati, and J. Sadoshima, “New
insights into the role of mtor signaling in the cardiovascular
system,” Circulation Research, vol. 122, no. 3, pp. 489–505,
2018.

[22] J. H. Lim, H. Lee, J. Ahn et al., “*e polyherbal drug GGEx18
from Laminaria japonica, Rheum palmatum, and Ephedra
sinica inhibits hepatic steatosis and fibroinflammtion in high-
fatdiet-induced obese mice,” Journal of Ethnopharmacology,
vol. 225, no. 10, pp. 31–41, 2018.

[23] L. Liu, H. Y. Wang, X. Y. Chai, Q. G. Meng, S. Jiang, and
F. L. Zhao, “Advances in biocatalytic synthesis, pharmaco-
logical activities, pharmaceutical preparation and metabolism
of ginsenoside Rh2,” Mini-Reviews in Medicinal Chemistry,
vol. 22, no. 3, pp. 437–448, 2022.

[24] M. Wang, L. C. Wang, Y. Zhou, X. X. Feng, C. Y. Ye, and
C. Wang, “Icariin attenuates renal fibrosis in chronic kidney
disease by inhibiting interleukin1β/transforming growth
factor βmediated activation of renal fibroblasts,” Phytotherapy
Research, vol. 35, no. 11, pp. 6204–6215, 2021.

[25] Z. Bi, Y. Y. Wang, andW. Zhang, “A comprehensive review of
tanshinone IIa and its derivatives in fibrosis treatment,”
Biomedicine & Pharmacotherapy, vol. 137, Article ID 111404,
2021.

[26] C. H. Wang, S. Pandey, K. Sivalingam et al., “Leech extract:
a candidate cardioprotective against hypertension-induced
cardiac hypertrophy and fibrosis,” Journal of Ethno-
pharmacology, vol. 264, no. 1, Article ID 113346, 2021.

[27] Y. Q. Zhao, D. J. Sun, Y. M. Chen et al., “Si-Miao-Yong-an
decoction attenuates isoprenaline-induced myocardial fi-
brosis in AMPK-driven Akt/mTOR and TGF-β/SMAD3
pathways,” Biomedicine & Pharmacotherapy, vol. 130, no. 10,
Article ID 110522, 2020.

[28] P. D. Swaminathan, A. Purohit, S. Soni et al., “Oxidized
camkii causes cardiac sinus node dysfunction in mice,”

Journal of Clinical Investigation, vol. 121, no. 8, pp. 3277–3288,
2011.

[29] H. Zhang, L. L. Li, M. Hao et al., “Yixin-Fumai granules
improve sick sinus syndrome in aging mice through Nrf-2/
HO-1 pathway: a new target for sick sinus syndrome,” Journal
of Ethnopharmacology, vol. 277, no. 1, Article ID 114254, 2021.

[30] A. Nakai, O. Yamaguchi, T. Takeda et al., “*e role of
autophagy in cardiomyocytes in the basal state and in re-
sponse to hemodynamic stress,” Nature Medicine, vol. 13,
no. 5, pp. 619–624, 2007.

[31] P. Tannous, H. X. Zhu, J. L. Johnstone et al., “Autophagy is an
adaptive response in desmin-related cardiomyopathy,” Pro-
ceedings of the National Academy of Sciences of the U S A,
vol. 105, no. 28, pp. 9745–9750, 2008.

[32] W. Zhao, Y. L. Li, L. X. Jia, L. L. Pan, H. H. Li, and J. Du,
“Atg5 deficiency-mediated mitophagy aggravates cardiac
inflammation and injury in response to angiotensin II,” Free
Radical Biology andMedicine, vol. 69, no. 4, pp. 108–115, 2014.

[33] R. Q. Dong, Z. F. Wang, C. Zhao et al., “Toll-like receptor 4
knockout protects against isoproterenol-induced cardiac fi-
brosis: the role of autophagy,” Journal of Cardiovascular
Pharmacology and ?erapeutics, vol. 64, no. 16, 2014.

10 Evidence-Based Complementary and Alternative Medicine


