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Qishen granule (QSG) is a frequently prescribed traditional Chinese medicine formula, which improves heart function in patients
with heart failure (HF). However, the cardioprotective mechanisms of QSG have not been fully understood. The current study
aimed to elucidate whether the effect of QSG is mediated by ameliorating cytoplasmic calcium (Ca**) overload in cardiomyocytes.
The HF rat model was induced by left anterior descending (LAD) artery ligation surgery. Rats were randomly divided into sham,
model, QSG-low dosage (QSG-L) treatment, QSG-high dosage (QSG-H) treatment, and positive drug (diltiazem) treatment
groups. 28 days after surgery, cardiac functions were assessed by echocardiography. Levels of norepinephrine (NE) and an-
giotensin IT (AngII) in the plasma were evaluated. Expressions of critical proteins in the calcium signaling pathway, including cell
membrane calcium channel CaV1.2, sarcoendoplasmic reticulum ATPase 2a (SERCA?2a), calcium/calmodulin-dependent protein
kinase type II (CaMKII), and protein phosphatase calcineurin (CaN), were measured by Western blotting (WB) and immu-
nohistochemistry (IHC). Echocardiography showed that left ventricular ejection fraction (EF) and fractional shortening (FS)
value significantly decreased in the model group compared to the sham group, and illustrating heart function was severely
impaired. Furthermore, levels of NE and AnglII in the plasma were dramatically increased. Expressions of CaV1.2, CaMKII, and
CaN in the cardiomyocytes were upregulated, and expressions of SERCA2a were downregulated in the model group. After
treatment with QSG, both EF and FS values were increased. QSG significantly reduced levels of NE and AnglI in the plasma. In
particular, QSG prevented cytoplasmic Ca** overload by downregulating expression of CaV1.2 and upregulating expression of
SERCA2a. Meanwhile, expressions of CaMKII and CaN were inhibited by QSG treatment. In conclusion, QSG could effectively
promote heart function in HF rats by restoring cardiac Ca** homeostasis. These findings revealed novel therapeutic mechanisms
of QSG and provided potential targets in the treatment of HF.
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1. Introduction

Heart failure remains one of the major threats to people’s
health, although great progress has been made in the un-
derstanding of HF pathophysiology and advances in its
therapeutic strategies [1]. It poses the entire medical com-
munity a tremendous challenge to further explore HF
pathogenesis and the treatment approaches. In recent de-
cades, the maintenance of cardiac calcium homeostasis in
HF development has been extensively investigated due to its
roles in HF progress [2, 3]. Of note, cardiac calcium overload
is so essential that it is considered as the attractive target for
treating HF. Therefore, the calcium channel blockers in the
management of HF has gained a great interest worldwide
(4, 5].

Changes of calcium concentration in cardiomyocytes de-
termine the contractility of the heart, thus to influence the heart
function. Free calcium ions are mainly distributed in the ex-
tracellular fluid such as blood and intracellular organelles such
as sarcoplasmic reticulum. However, it is the cytosolic Ca**
concentration that directly determines the myocardial con-
tractility. During cardiac excitation-contraction coupling,
calcium concentration in the cytosol increases approximately
10-fold because extracellular Ca*" flows into the cardiomyocyte
via the cardiac cell membrane calcium channel CaV1.2 and
triggers more Ca”* release from the sarcoplasmic reticulum
membranes [6, 7]. Relaxation occurs when Ca®* is pumped
back into the SR by SERCA2a [8, 9]. In the failing heart,
cytosolic calcium is overload due to excessive calcium entry
from the extracellular fluid and SR or reduced calcium efflux
from the cytosol. Abnormally activated CaV1.2 or reduced
expression of SERCA2a leads to accumulation of Ca*" in the
cytosol, which prevents relaxation and further impairs con-
tractility due to depletion of the Ca®" available for release
during systole [10, 11].

Furthermore, CaMKII and CaN in the cytosol are two of
the most important calcium-dependent signaling proteins,
which can bind with the increasing Ca** in the cytosol, thus
to induce cardiac hypertrophy and remodeling directly
[12-14]. Cytosolic calcium overload during HF could be
induced by excessive activation of two core signaling
pathways, including the -adrenergic signaling pathway and
renin-angiotensin-aldosterone pathway [15, 16]. Activation
of the f-adrenergic pathway by NE activates the protein
kinase A (PKA) and CaMKII and subsequently phosphor-
ylates CaV1.2, which results in an increase of cytosolic
calcium entry from the extracellular fluid [17]. Meanwhile,
phosphorylation of the ryanodine receptor isoform 2 by
PKA leads to diastolic leakage of calcium from the SR during
heart failure [18]. Moreover, activation of AnglI in HF can
facilitate calcium flow into the myocardial cells by changing
the permeability of CaV1.2, and increase cytosolic calcium
ions by promoting the release of calcium from SR, which
finally lead to myocardial fibrosis [19].

Traditional Chinese medicine (TCM) has been applied
in the treatment and prevention of HF for thousands of
years. Qishen granule, one of the most widely prescribed
herbal formulae, is composed of six herbs, including
Radix Astragali Mongolici, Salvia miltiorrhiza Bunge, Flos
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Lonicerae, Scrophularia, Radix Aconiti Lateralis Prepar-
ata, and Radix Glycyrrhizae. This formulae is widely
manufactured in China in accordance with the China
Pharmacopoeia standard of quality control. The finger-
print of QSG was analyzed by HPLC-IT-TOF-MS, and the
typical chromatograms were reported as we described
before [20]. Our previous studies have demonstrated that
QSG has a definite effect in improving heart function.
Study based on network pharmacology predicted that the
calcium signaling pathway was one of the most potential
drug targets of QSG [21]. However, whether its efficacy is
related to amelioration of abnormal accumulation of Ca®*
in the cytosol remains poorly defined.

In this study, we aim to investigate the underlying
pharmacological mechanisms of QSG in the HF model. The
effects of QSG on calcium transfer proteins and calcium/
calmodulin-dependent enzymes were studied. The HF
model was induced by ligation of the left anterior descending
coronary artery in rats. This study will provide insight into
the therapeutic mechanisms of QSG and provide the ex-
perimental basis for its clinical application.

2. Materials and Methods

2.1. Herbs Preparation. QSG were composed of 460 g Radix
Astragali Mongolici, 230 g Salvia miltiorrhiza Bunge, 160 g Flos
Lonicerae, 160g Scrophularia, 140g Radix Aconiti Lateralis
Preparata, and 90g Radix Glycyrrhizae. These herbs were
purchased from Beijing Tong Ren Tang Chinese Medicine Co.,
Ltd. (Beijing, China) and prepared in the traditional Chinese
medicine preparation department of Beijing China-Japan
Friendship Hospital. The major extraction steps were per-
formed as described previously [20]. Briefly, herbs were
extracted by water for three times. Then, the water extract was
concentrated and precipitated by ethanol. The sediment was
dried and screened over an 80-mesh sieve for crushing. After
preparation, the extracted QSG was enriched by 4 times. The
fingerprint spectrum was further established by the high-
performance liquid chromatography (HPLC) method in our
previous studies [20, 22]. The major components are for-
mononetin, tanshinone IIA, tanshinone I, cryptotanshinone,
and harpagoside [23]. The Chinese herbs were identified by
Professor Jian Ni, School of Chinese Materia Medica, Beijing
University of Chinese Medicine. The voucher specimens
(Voucher numbers: HQ-2016-007; DQ-2016-008; JYH-2016-
009; XS-2016-010; FZ-2016-011; and GC-2016-012) were
submitted to Department of Chinese Medicine Teaching and
Research, School of Traditional Chinese Medicine, Beijing
University of Chinese Medicine.

2.2. Animal Grouping and Induction of Acute Myocardial
Infarction (AMI). Sixty male Sprague-Dawley (SD) rats
(weighted 220+10g) were randomly divided into five
groups including sham-operated, model, QSG-low dosage
treatment, QSG-high dosage treatment, and positive drug
(diltiazem) treatment groups. Rats were purchased from
Beijing Si Bei Fu Biotechnology Co., Ltd. (Beijing, China).
Studies were performed with the approval of the Animal
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Care Committee of Beijing University of Chinese Medicine.
The rats were regularly fed for one week before surgery.

Models of HF after AMI were induced by left anterior
descending artery ligation surgeries. The operational procedure
has been described in our previous study [21]. Briefly, left
thoracotomies of the rats were performed after anaesthetized
via intraperitoneal injection by 1% pentobarbital sodium at the
dosage of 50 mg/kg. LAD coronary arteries were then ligated
with 5-0 polypropylene sutures. After ligation, the thoraxes
were closed, and the rats were given sodium penicillin for 3
continuous days to prevent the potential inflammation. Rats in
the sham group received the same procedure except that the
coronary arteries were not ligated. A total of 25 rats died within
24 hrs after the surgery due to lethal arrhythmias or acute pump
failure. 7 rats in each group were reserved for further research,
and they were all analyzed at the end of study. From the second
day after surgery, rats were treated with drugs or water via oral
gavage for 28 consecutive days. QSG-L and QSG-H treatment
groups received QSG at the raw dosage of 9.33 g/kg or 18.66 g/
kg per day, respectively. The positive group received diltiazem
at the dosage of 37.5 mg/kg per day. QSG and diltiazem were
dissolved in water. Animals in the sham and model groups
were given a gavage of normal water. After 28 days, cardiac
functions were assessed by echocardiography. The rats were
anaesthetized using 1% pentobarbital sodium at the dosage of
50 mg/kg via intraperitoneal injection, then blood samples were
collected through abdominal aorta puncture, and hearts were
harvested. The tissues were stored in the liquid nitrogen or 4%
paraformaldehyde for further use.

2.3. Measurement of Cardiac Functions. Cardiac functions
were assessed by echocardiography after rats were anaes-
thetized at 28 days after surgery. By using a Vevo 2100
(Visual Sonics Inc, Toronto, Ontario, Canada) and a PST
65A sector scanner (8 MHz probe), two dimensional images
were generated at a frame rate of 300-500 frames/s. The
parameters of cardiac functions include left ventricular
ejection fraction, fractional shortening, left ventricular in-
ternal dimension-systole (LVID; s), and left ventricular
internal dimension-diastole (LVID; d).

2.4. Morphometric Analysis. The new harvested hearts were
crosscut 5mm below the ligature. The upper parts of hearts
were fixed in 4% paraformaldehyde for 72 hrs. After that,
heart tissues were embedded in paraffin and sectioned into
5um slices. Masson’s staining was applied to evaluate the
degree of myocardial fibrosis.

2.5. Measurement of Plasma Indicators. Level of norepi-
nephrine in plasma was measured by enzyme-linked im-
munosorbent assay (ELISA) (ST-360 microplate reader,
Shanghai Ke Hua Co., Ltd., Shanghai, China). Blood was left
at room temperature for 30 min and then centrifuged for
10min at 3000g. The upper plasma was collected for
measurement. Level of angiotensin II in plasma was mea-
sured by radioimmunoassay (RIA) (DFM-96 radio-
immunoanalyzer, Hefei Zhong Cheng electromechanical

Co., Ltd., Hefei, China). The blood was homogenized on ice
in saline containing an enzyme inhibitor (0.30 M EDTA-Na
10uL, 0.34M 8-hydroxyquinoline 10uL, and 0.32M
dimercaptopropanol 5uL per mL blood). The homogenate
was centrifuged at 3000g for 10 min, and then, the super-
natant was used for determination. Norepinephrine and
angiotensin II were both determined in Beijing Zhong Tong
Lan Bo Clinical Laboratory (Beijing, China). Each assay was
performed following respective instructions. Standards at a
series of concentrations were run in parallel with the
samples. The concentrations in the samples were calculated
in reference to the corresponding standard curves.

2.6. Measurement of Indicators by Western Blotting.
Cardiac tissues were lysed using RIPA buffer (50 mM Tris-HCI
pH 7.4, 150 mM NaCl, 1% NP-40, and 0.1%SDS) containing a
protease inhibitor cocktail. Total proteins were extracted from
these homogenates, and protein concentrations were measured
by a protein assay kit. After boiling for 5 min, equal amounts of
protein extracts (50 yg) were separated by 10% sodium dodecyl
sulphate- (SDS-) polyacrylamide gel electrophoresis (Bio-Rad,
CA, US.A)) and transferred onto PVDF membranes electro-
phoretically. The membranes then were blocked with 5%
nonfat dry milk in Tris buffered saline (20 mM Tris, pH 7.6, and
137 mM NaCl) with 0.1% Tween 20 followed by incubation
with primary antibodies. Primary antibodies employed in-
cluded mouse monoclonal anticalcium channel L type DHPR
alpha 2 subunit (CaV1.2, ab2864, Abcam, UK), rabbit
monoclonal anti-SERCA2 ATPase (SERCA2a, ab137020,
Abcam, UK), rabbit monoclonal anti-CaMKII delta (CaMKII,
ab181052, Abcam, UK), rabbit monoclonal anticalcineurin A
(CaN, ab52761, Abcam, UK), and mouse monoclonal anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH, ab8245,
Abcam, UK). After incubation with the primary antibodies, the
membranes were washed for 3 times, and then incubated with
the secondary antibodies (SA00001-1 or SA00001-2, Pro-
teintech Group, Inc., U.S.A.). The membranes were treated
with ECL Plus Western blotting detection reagent for 1 min at
room temperature. The bands in the membrane were visualized
and analyzed using UVP Biolmaging Systems. Protein ex-
pressions were normalized by the GAPDH band densities.

2.7. Measurement of Indicators by IHC. THC was performed
by using immunohistochemistry kits (Wuhan Service Bio-
technology Co., Ltd., Wuhan, China). Briefly, histological
sections were deparaffinized in xylene, rehydrated in alcohol
gradient, and then rinsed in water. Following antigen re-
trieval, the sections were treated with 3% hydrogen peroxide
to block endogenous peroxides and incubated with 3%
bovine serum albumin to block nonspecific staining. The
slides were then incubated with primary antibody (mouse
monoclonal anticalcium channel L type DHPR alpha-2
subunit, CaV1.2, ab2864, Abcam, UK) overnight at 4°C. The
immunoreaction was achieved with the secondary antibody
(the goat antimouse antibody, SA00001-1, Proteintech
Group, Inc, U.S.A) and developed with 3,3'-dia-
minobenzidine tetrahydrochloride (DAB). After they were
stained by hematoxylin for 3 min, the slides were dehydrated



by graded ethanol and xylene and mounted with rhamsan
gum. The immunostaining results were observed under the
optical microscope and photographed. Positive area was
specific stained brown-yellow. The proportion of positive
area to total tissue area represented CaV1.2 expressions.

2.8. Statistical Analysis. Statistical analyses were performed
by the one-way analysis of variance (ANOVA) test using
SPSS 17.0 software. P<0.05 was considered statistically
significant. Data were presented as mean + standard devia-
tion (mean + SD).

3. Results

3.1. QSG Could Restore Heart Function and Ameliorate
Mpyocardial Fibrosis in HF Rats after AMI. Parameters of
cardiac functions were detected by echocardiography.
Representative M-mode frames are shown in Figure 1(a).
Values of EF and FS in the model group decreased by 68.90%
(P<0.001) and 74.63% (P <0.001) compared with those in
the sham group. Meanwhile, LVID; s and LVID; d in the
model group increased significantly by 185.03% (P < 0.001)
and 61.13% (P < 0.001) as compared with those in the sham
group. EF and FS values in the QSG-L group were upre-
gulated by 44.47% (P <0.05) and 65.17% (P <0.05), re-
spectively, compared with those in the model group. In the
QSG-H group, EF and FS values were upregulated by 67.32%
(P<0.01) and 65.17% (P <0.01). Diltiazem treatment also
improved the function and ventricular structure
(Figure 1(b)). The values of EF, FS, LVID; s, and LVID; d, are
shown in Table 1.

Masson staining was applied to assess the degree of
myocardial fibrosis. As shown in Figure 1(c), there was little
interstitial collagen deposition in the sham group. However,
extensive collagen deposition, as indicated by blue stains,
was observed in the model group. In the QSG-L, QSG-H,
and diltiazem groups, collagen deposition was inhibited as
compared with the model group.

3.2. Effects of QSG on Plasma Indicators of NE and Angll in HF
Rats after AMI. The increase of plasma indicators NE and
AnglI could reflect the alteration of cardiac functions and
influence the calcium level in cardiac myocytes. Com-
pared with the sham group, the levels of NE (Figure 2(a))
and AnglI (Figure 2(b)) of the model group were in-
creased by 79.76% (P <0.01) and 55.43% (P <0.001), re-
spectively. After treatment with QSG-L, the plasma levels
of NE and AnglI were decreased by 48.76% (P <0.01) and
62.86% (P <0.001), respectively, as compared with the
model group. QSG-H treatment decreased NE and AnglI
by 60.70% (P < 0.001) and 58.13% (P < 0.001). The positive
drug diltiazem also downregulated the plasma levels of NE
and Angll. These results suggested that QSG had a car-
dioprotective effect under ischemic stimulus and had the
potential role of reducing the calcium level in cardiac
myocytes.

Evidence-Based Complementary and Alternative Medicine

3.3. Effects of QSG on Expressions of CaV1.2 and SERCA2a in
HF Rats after AMI. CaV1.2 was assessed by immunohis-
tochemistry and Western blot. Integrated optical density
(I0D) and expression of CaV1.2 in the model group were
increased by 86.87% (P <0.001) and 43.61% (P <0.001)
compared with the sham group. After treatment with QSG-L
and QSG-H, the IOD of CaV1.2 were decreased by 23.34%
(P<0.001) and 33.46% (P <0.001) respectively, and the
protein levels were decreased by 20.41% (P >0.05) and
41.19% (P < 0.001), respectively, indicating that QSG-L and
QSG-H could reduce the flow of extracellular calcium into
the cytoplasm of cardiac myocytes. The positive control drug
diltiazem also significantly suppressed the expression of
CaV1.2 (Figures 3(a) and 3(b)).

Expression of SERCA2a in the model group was
downregulated significantly by 202.74% (P <0.001) com-
pared with the sham group. Treatment with QSG-L and
QSG-H upregulated expressions of SERCA2a by 101.09%
(P<0.05) and 163.83% (P <0.001), respectively, as com-
pared with the model group. In diltiazem treatment group,
the expression of SERCA2a was upregulated by 104.98%
(P<0.05) compared with that in the model group
(Figure 3(c)).

3.4. Effects of QSG on Expressions of CaMKII and CaN in HF
Rats after AMI. To further confirm the effect of QSG on the
calcium signaling pathway, levels of CaMKII and CaN were
determined. Expressions of CaMKII and CaN were evalu-
ated by WB. The protein level of CaMKII in the model group
was upregulated by 48.86% (P <0.01) compared with the
sham group. In QSG-L and QSG-H group, the expressions of
CaMKII were downregulated by 44.50% (P <0.01) and
68.16% (P <0.001), respectively, compared with the model
group. Diltiazem also downregulated the expression of
CaMKII (P <0.05), but the effect of diltiazem on CaMKII
was milder than that of QSG-L and QSG-H groups
(Figure 4(a)). Expression of CaN in the model group was
increased by 55.33% (P <0.001) compared with the sham
group. Treatment with QSG-L and QSG-H downregulated
expressions of CaN by 29.88% (P<0.05) and 71.34%
(P <0.001), respectively, as compared with the model group.
In diltiazem treatment group, expression of CaN was
downregulated by 53.16% (P < 0.001) compared with those
in the model group (Figure 4(b)).

4. Discussion

Traditional Chinese medicine has been widely used in the
prevention and treatment of HF for thousands of years. QSG
is a patent formula of TCM and has been shown to be ef-
fective in treating HF [24, 25]. In this study, by applying the
rat model of heart failure after myocardial infarction, we
investigated the pharmacological mechanisms of QSG in the
treatment of myocardial infarction. Our major findings are
as follows: (1) QSG could effectively improve the cardiac
functions and ameliorate myocardial fibrosis in rats after
AML. (2) The therapeutic effects of QSG may be mediated by
ameliorating cytoplasmic Ca** overload in the cardiac cells,
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FIGURE 1: QSG could restore heart function and ameliorate myocardial fibrosis in HF rats after AMIL (a) Representative images of 2D
echocardiogram in sham, model, QSG-L, QSG-H, and diltiazem groups. (b) Echocardiographic measurements of EF, FS, LVID; s, and
LVID; d. QSG-L and QSG-H improved left ventricular EF and FS. (c) Masson staining indicated that QSG-L and QSG-H preserved
cardiomyocyte structure and inhibited myocardial fibrosis. ##p <0.01 and ¥ P <0.001 vs. the sham group; *P <0.05, **P<0.01, and

***P <0.001 vs. the model group.

TasLE 1: Indicators of heart functions tested by echocardiography in different groups of rats.

Group Sham Model QSG-L QSG-H Diltiazem

EF (%) 78.726 £9.228 24.483 +£1.787 35.372 +5.861 40.965 +3.756 36.075+7.323
FS (%) 46.033 +£5.735 11.640 + 0.691 19.497 + 1.681 21.579+2.976 19.576 + 3.149
LVID; d (mm) 2.983+0.628 8.502 +£0.362 7.552 +£0.599 6.895+1.147 7.517 +£0.702
LVID; d (mm) 6.432 +0.457 10.364 +£0.394 9.014 £0.759 8.493 +1.050 8.943+0.373

Data are presented as mean + standard deviation (mean + SD).

manifested by downregulation of cell membrane calcium
channel CaV1.2 and upregulation of the SERCA2a. (3)
CaMKII and CaN were inhibited by QSG treatment, which
provided further evidence that QSG protected cardiac
functions through the calcium signaling pathway.

Calcium signaling pathway plays a critical role in the
process of heart failure. Calcium influx is also considered to

account for many detrimental effects of traditional inotropic
drugs, such as glycosides digoxin [26]. Imbalance of calcium
homeostasis in the cardiomyocytes not only directly inter-
feres myocardial contraction and relaxation through cal-
cium/calmodulin-dependent proteins but also exacerbates
the heart failure process by interacting with other patho-
physiological factors such as the f-adrenergic signaling
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FiGure 3: Effects of QSG on expressions of CaV1.2 and SERCA2a in HF rats after AMI. (a) Immunohistochemistry images of CaV1.2 and
quantitative results in the heart tissues of rats in different groups. (b) WB bands of CaV1.2 and its quantitative results in the heart tissues of
rats. (c) WB bands of SERCA2a and its quantitative results in the heart tissues of rats. IHC and WB results showed that the expression of
CaV1.2 in the model group was upregulated compared with the sham group. QSG-L and QSG-H could decrease levels of CaV1.2 compared
with the model group. Western blot showed that the expression of SERCA2a in the model group was downregulated compared with the
sham group. QSG-L and QSG-H could increase protein levels of SERCA2a significantly compared with the model group. ###p <0.001 vs.
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pathway and renin-angiotensin-aldosterone system (RAAS)
[27-30]. These pathophysiological changes were also con-
firmed by our experimental results. Heart function and the
structure in HF rats after AMI were severely impaired, as
illustrated by decreased EF and FS values and increased
degrees of myocardial fibrosis in the model group compared
to the sham group. In addition, expressions of critical
channel proteins in the calcium signaling pathway were
altered. Expression of CaV1.2 was upregulated, while
SERCA2a was downregulated, and the levels of NE and
AngllI in the plasma were increased. These changes could
inevitably lead to cytosolic Ca®" overload by promoting
extracellular Ca** influx and reducing the flow of cyto-
plasmic Ca®* back into SR. Furthermore, Ca** overload in
the cytosol would abnormally activate calcium/calmodulin-
dependent protein kinase and protein phosphatase or
upregulate their expressions. Our results showed that the
expressions of CaMKII and CaN were definitely upregulated
in the model group compared to the sham group. Our results
were consistent with other studies which reported that the
pathological changes of these molecules were found in HF.
For example, it was reported that phosphorylation of CaV1.2
was increased during heart failure, and altered expression or
mutation of CaV1.2 channels at Ser1700 caused reduced
contractile function, cardiac hypertrophy, and heart failure
[31, 32]. Furthermore, microdomain-targeted remodeling of
CaV1.2 properties could influence calcium homeostasis and
might contribute to ventricular arrhythmogenesis in the
settings of HF-associated remodeling [33]. During heart
failure, the expression of cardiac SERCA2a was down-
regulated, and the activity of SERCA2a was inhibited by its
modulator, phospholamban [11]. It has been demonstrated

that CaMKII § contributes to mitochondrial dysfunction
and the transition from hypertrophy to HF [34]. In addition
to inducing HF, CaMKII could further aggravate cyto-
plasmic Ca®* overload by phosphorylating CaV1.2 at
Ser1512/Ser1570 and ryanodine receptor 2 (RyR2) at
Ser2030/Ser2814 [35, 36]. CaN dephosphorylates and in-
duces the translocation of cytoplasmic NFAT to the nucleus
and subsequently activates the transcription of prohyper-
trophic target genes [37]. Studies have showed that the
responses of calcineurin and its substrates depend upon its
composition of specific subcellular domains [38]. During
heart failure, elevated levels of NE in the blood activated
PKA and lead to hyperphosphorylation of CaV1.2, which
further enhanced Ca®" induced Ca** release through CaV'1.2
and RyR2, and resulted in a significant decrease in SERCA2a
protein and activity [39, 40]. In addition, AngII was shown
to reduce calcium transient amplitudes and cardiomyocyte
contractile function in a rat model of HF [41]. AnglI was also
found to promote CaN-S-mediated calcium influx in car-
diomyocytes, which resulted in the upregulation of the
expression of ANP and cardiac hypertrophy [42].

In recent decades, calcium-handling proteins become
the attractive targets of drugs research and development
in HF therapies. For example, vepoloxamer, a rheologic
agent, improved left ventricular function in dogs with
advanced heart failure by inhibiting Ca®* entry into
cardiomyocytes [43]. Zacopride, an inward rectifier po-
tassium channel agonist, alleviated cardiac hypertrophy
and failure via alterations in calcium dyshomeostasis in
rats [44]. As shown in our results, QSG significantly
improved the EF and FS value and ameliorated myocardial
fibrosis in HF rats after AMI. Moreover, CaMKII and
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CaN, the critical enzymes activated by high Ca®* con-
centrations in the cytoplasm, were inhibited by QSG
treatment. Studies have showed that inhibition of CaMKII
suppressed diastolic Ca** waves, thus improving cardiac
function in isoproterenol-challenged HF myocytes [45].
Excessive and sustained activation of CaN in the heart
leads to fundamental changes in a number of substrates
that often act in a feed-forward fashion, which contributes
to pathological hypertrophic remodeling and accelerates
cardiac decline [38]. In addition to QSG, several other
traditional medicines were also found to act by inhibiting
activities of CaMKII and CaN. For example, the YiQi-
FuMai powder injection significantly attenuated HF and
improved the cardiac function by downregulating phos-
phorylation of CaMKII [46]. Buckwheat rutin exhibited
an inhibitory effect on Angll-induced hypertrophy in
cultured neonatal rat cardiomyocytes via Ca*" antago-
nism action, thus blocking the CaN-dependent signal
pathway [47]. Futhermore, our results showed that QSG
downregulated CaV1.2 and upregulated SERCA2a, which
would reduce the excessive extracellular calcium influx
and promote the cytosolic calcium back into the SR, thus
partly preventing cytosolic Ca** overload in the cardiac
cells. Levels of NE and AnglI in the plasma decreased in
the QSG group compared with the model group, which
was beneficial to ameliorate cytosolic Ca®* overload, as
chronic activation of the sympathetic nervous system and
RAAS are thought to be main reasons of defective Ca**
handling in failing hearts. The pharmacological mecha-
nisms of QSG in the treatment of HF might be mediated
by downregulating CaV1.2 and upregulating SERCA2a, as
shown in Figure 5. Similar with our findings, many studies
have shown that therapies targeting the abovementioned
critical molecules in the calcium signaling pathway were
beneficial for treating HF [48-51]. Inhibiton of L-type
calcium channel reversed the susceptibility of atrial fi-
brillation in isoproterenol-induced HF mouse [48]. Gene-
based therapies targeting SERCA2a led to improvements
in calcium homeostasis and excitation-contraction cou-
pling [50]. A novel pyrimidine-based CaMKII inhibitor
was found to have the ability of increasing SR Ca®" ac-
cumulation, and thus improving cardiomyocyte function
effectively [49]. CaN inhibition in mice was shown to
attenuate pathological cardiac hypertrophy [51].

5. Conclusions

QSG has regulatory effects on the calcium signaling pathway in
cardiomyocytes of rats with heart failure, and the effects are
mainly mediated by activating SERCA2a and inhibiting CaV1.2,
CaMKII, and CaN. This study provides further insight into the
therapeutic mechanism of QSG and proposes new strategies in the
management of cardiovascular diseases by TCM.
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