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To observe the effect of QiShenYiQi pill (QSYQ) on experimental autoimmune myocarditis rats, and to explore
its mechanism of action.

Lewis rats underwent the injection of myocardial myosin mixed with Freund’s complete adjuvant were ran-
domized into 3 groups: model, valsartan, and QSYQ groups. Rats injected with phosphate-buffered saline (PBS)
mixed with Freund’s complete adjuvant were used as the control group. Rats were euthanized at 4 and 8 weeks,
and we weighed rat body mass, heart mass, and left ventricular mass. Myocardium sections were stained with
hematoxylin and eosin (H&E) and Masson trichrome. Myocardial TGF-B1 and CTGF protein expression was de-
tected by immunohistochemistry, and myocardial TGF-B1 and CTGF mRNA expression was detected by real-
time gPCR.

QSYQ reduced HMI and LVMI, as well as the histological score of hearts and CVF, which further decreased over
time, and its effect was significantly greater than that of valsartan at 4 and 8 weeks. After 4 weeks, QSYQ in-
hibited the protein and mRNA expression of TGF-B1 and CTGF, and its effect on lowering CTGF was significant-
ly greater than that of valsartan. In addition, after 8 weeks, QSYQ also inhibited the protein and mRNA expres-
sion of CTGF, whereas there was no significant difference in the expression of myocardial TGF-B1.

This study provides evidence that QSYQ can improve cardiac remodeling of experimental autoimmune myo-
carditis rats. It also effectively improved the degree of myocardial fibrosis, which is related to the mechanism
of regulation of TGF-$1 CTGF.
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Background

Myocarditis is one of the main heart diseases, especially the
viral myocarditis (VMC). As the disease spectrum changes and
virus are spreading, viral disease increases. VMC is a common
heart disease, the incidence of which tends to further increase
in the 21t century. Heart disease statistics from Shanghai, China
show that the number of VMC-hospitalized cases admitted has
risen from the 10th most common cause of heart disease in
1940s to the 4th in the 1990s [1]. Generally, about 5% of pa-
tients have heart involvement, especially when Coxsackie vi-
rus, influenza virus, and polio virus are prevalent, and the per-
centage may increase to more than 10% in certain areas [2].
Many kinds of anti-myocardial autoantibodies can be found
in VMC patients; among these antibodies, anti-cardiac myosin
heavy chain antibodies, anti-myocardial mitochondrial ADP/
ATP carrier protein antibody, anti-B1 receptor antibody, and an-
ti-cholinergic receptor antibody have higher sensitivity, which
suggests that the autoimmune response participates in the
inflammation of VMC [3]. Some scholars suggested that VMC
can be divided into 3 stages: viral replication, immune acti-
vation, and dilated cardiomyopathy [4]. Therefore, in the ear-
ly stage, virus directly causes myocardial injury and dysfunc-
tion, and the later stage is secondary autoimmune response
and the main target antigen is myocardial myosin. Virus in-
fection can induce cardiomyopathy, but the autoimmune re-
sponse is the key to myocardial fibrosis development and fur-
ther transformation to cardiomyopathy [5].

QiShenYiQi is a traditional Chinese medicine composed of
Radix Astragali, Radix Salviae Miltiorrhizae, Radix Notoginseng,
and Lignum Dalbergiae Odoriferae [6,7]. QiShenYiQi pill (QSYQ)
was approved by China State Food and Drug Administration in
2003 for treatment of coronary heart disease and angina pec-
toris [8]. QSYQ enables a stable dosage form, of which the main
effective ingredients are astragaloside, tanshinol, protocatech-
ualdehyde, and ginsenoside Rgl and Rb1 [9,10]. Without virus
infection, autologous antigen stimulates the body to produce
autoimmune response and causes transformation of myocar-
ditis to cardiomyopathy. In the current study, we investigated
the effect of QSYQ on experimental autoimmune myocarditis
rats, and explored its mechanism of action.

Material and Methods

Animals

Male Lewis rats weighing 180-200 g were purchased from Vital
River Laboratory Animal Technology Co., Ltd. (Beijing, China; cer-
tificate No. SCXK(Jing)2012-0001). Rats were housed in groups
(4/cage) with free access to a normal rat diet and clean drinking
water. The study was carried out in strict accordance with the
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recommendations in the Guide for the Care and Use of Laboratory
Animals of Institutional Animal Care and Use Committee of Tianjin
University of Traditional Chinese Medicine. The protocol was ap-
proved by the Animal Ethics Committee of Tianjin University of
Traditional Chinese Medicine (No.TCM-2011-015-E03), China.

Materials

The reagents used in the study were purchased as follows:
Cardiac Myosin (Sigma, USA); Freund’s Complete Adjuvant
(Sigma, USA); Pentobarbital Sodium (Baihao Biological
Technology CO., LTD., Tianjin, China); Hematoxylin and Eosin
Staining Kit (Baihao Biological Technology CO., LTD., Tianjin,
China); Trichrome Stain (Masson) Kit (Baihao Biological
Technology CO.,, LTD., Tianjin, China); antibody against TGF-f1,
antibody against CTGF, streptavidin — biotin complex with per-
oxidase (SABC-POD) (rabbit 1gG) ready-to-use kits and DAB
Chromogenic Reagent Kit (all Boster Biological Engineering
CO,, LTD., Wuhan, China); Ultrapure RNA Extraction Kit, HiFi-
MMLV First Chain cDNA Synthesis Kit, UltraSYBR Mixture (with
Rox), and DNase | (RNase-free) (all ComWin Biotech CO,, LTD,,
Beijing, China); QSYQ pill (Tasly Pharmaceutical CO,, LTD,, Tianjin,
China, specification was 500 mg/bag, Lot number: Z20030139);
and valsartan capsules (Novartis Pharma Ltd., Beijing, China,
specification was 80 mg/tablets, Lot number: H20040217).

Experimental autoimmune myocarditis rats model

We established a rat model of experimental autoimmune myo-
carditis by injecting myocardial myosin, as described previ-
ously by Kodama et al. [11] Purified porcine cardiac myosin
(#M0531, Sigma, USA) was emulsified fully at 4°C with an equal
volume of Freund’s complete adjuvant (#F5881, Sigma, USA).
The concentration of the emulsion made from sticky state of
water-in-oil is 3.2 mg/ml. Lewis rats were placed on an adap-
tive feeding routine for 3-7 days, with free access to drinking
water. Then rats were injected in the footpads subcutaneous-
ly with 0.312 ml emulsion, producing an immunizing dose of
1.0 mg cardiac myosin. And rats were injected again on the
seventh day. The control group rats were injected with phos-
phate-buffered saline (PBS) mixed with an equal volume of
Freund’s complete adjuvant.

Animal groups and treatment

At 4 weeks after the first injection, the rats were randomized
into 4 groups, with 16 rats per group: (1) control group (ad-
ministered isopycnic sterile distilled water by gavage), (2) mod-
el group (administered isopycnic sterile distilled water by ga-
vage), (3) valsartan group (7.2 mg/kg by gavage), and (4) QSYQ
group (135 mg/kg by gavage). Dosage of valsartan capsules
and QSYQ was determined following published pharmacolog-
ical experiment methodology [12].
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Blood and tissue specimens were harvested at 4 (8 rats per
group) and 8 (8 rats per group) weeks after treatment start-
ed. Each rat was weighed (body mass), then anesthetized with
3% pentobarbital sodium (45 mg/kg) by intraperitoneal injec-
tion. Blood was then taken from the abdominal aorta, then the
chest was opened, and the heart was irrigated with normal sa-
line at 4°C. The blood sample was centrifuged at 3000 rpm for
10 min and serum was collected. The extracted myocardial tis-
sue was blotted with filter paper, and then we weighed heart
mass (HM) and calculated heart mass index (HMI, HMI=HM/
BM (mg/g)). We removed the atrium and right ventricle, but
retained the left ventricle and interventricular septum, then
we weighed left ventricle mass (LVM) and calculated left ven-
tricle mass index (LVMI, LVMI=LWH/BM (mg/g)). Part of the
myocardial tissue was fixed in 4% neutral formaldehyde buf-
fer solution and the remainder was flash-frozen in liquid ni-
trogen for cryopreservation.

Hematoxylin and eosin (H&E) staining of myocardium

Myocardial tissue was embedded in paraffin wax, cut into sec-
tions 5-um thick, and placed onto coverslips coated with po-
ly-L-lysine. Myocardium sections (5 um) were stained with he-
matoxylin and eosin (H&E) according to the manufacturer’s
instructions for the Hematoxylin and Eosin Staining Kit (Baihao
Biological Technology CO., LTD., Tianjin, China). Inflammatory
lesions were evaluated using H&E-stained sections, accord-
ing to the following criteria: grade 1, rare focal inflammatory
lesions; grade 2, multiple isolated foci of inflammation; grade
3, diffuse inflammation involving the outer layer of the mus-
cle; grade 4, grade 3 plus focal transmural inflammation; and
grade 5, diffuse inflammation with necrosis [13].

Masson trichrome staining of myocardium

The extent of fibrosis was evaluated using Masson Trichrome-
stained sections. Myocardium sections (5 um) were stained
with Masson Trichrome according to the manufacturer’s instruc-
tions for the Trichrome Stain (Masson) Kit (Baihao Biological
Technology CO,, LTD., Tianjin, China). Cells were counted in 5
microscopic fields chosen randomly at x100 magnification
under the microscope. Image analysis software (Image-Pro
Plus 6.0) was used to calculate collagen volume fraction (CVF,
CVF=myocardial collagen fiber area/total area of the image)
and the average value was taken.

Measurement of target gene in myocardium by RT-qPCR

Total RNA was extracted from myocardial tissue (Ultrapure RNA
extraction Kit (#CW0581, ComWin Biotech CO., LTD., Beijing,
China)). Absorbance was measured using an ultraviolet spec-
trophotometer and purification was evaluated by the ratio of
absorbance at 260 and 280 nm (0D260/0D280). Ratio ranges
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between 1.8 and 2.0 indicate that the RNA is highly purified
and suitable for real-time quantitative polymerase chain re-
action (RT-gqPCR). Reverse transcription was carried out us-
ing a cDNA First Chain Synthesis Kit HiFi-MMLV (#CW0744,
ComWin Biotech CO., LTD., Beijing, China) and amplified us-
ing UltraSYBR Mixture (with Rox) (#CW0956, ComWin Biotech
CO,, LTD., Beijing, China), according to the manufacturer’s in-
structions. The target gene and housekeeping gene were all
purchased from Guangzhou FulenGen CO., LTD., Guangzhou,
China: TGF-f1 (Cat#RQP050181), CTGF (Cat#RQP050397),
GAPDH (Cat#RQP049537). Relative quantitative analysis of
mRNA was carried out using the 2724t method.

Measurement of TGF-31 and CTGF in myocardium by
immunohistochemical staining

Myocardial tissue was embedded in paraffin wax, cut into sec-
tions 5-pum thick, and placed onto coverslips coated with poly-
L-lysine. Coverslips were incubated for 1 h at 60°C, and then
processed by conventional dewaxing. They were then placed
in 0.3% H,0, for 10 min to block endogenous peroxidase ac-
tivity, and washed 3 times with sterile distilled water. The sec-
tions were then placed into 0.02 M PBS (pH 7.2-7.6), and heat-
ed in a microwave to boiling point, after which the solution
was left to cool naturally. We added 5% bovine serum albu-
min (BSA) (#AR0004, Boster Biological Engineering CO., LTD.,
Wuhan, China) dropwise, slides were incubated for 30 min
at 37°C, and then the excess liquid was shaken off without
washing. The primary antibody (rabbit anti-rat IgG) (antibody
against TGF-B1: #BA0290, antibody against CTGF: #BA0752-1,
Boster Biological Engineering CO., LTD., Wuhan, China) was add-
ed dropwise, then slides were incubated at 4°C overnight (at
least 16 h). Slides were washed with PBS (pH 7.2-7.6) 3 times,
for 10 min each time. The secondary antibody (biotin-labelled
goat anti-rabbit IgG) (#5A1022, Boster Biological Engineering
CO,, LTD., Wuhan, China) was added dropwise and incubat-
ed for 30 min at 37°C, then washed with PBS (pH 7.2-7.6) 3
times, for 10 min each time. SABC reagent (#SA1022, Boster
Biological Engineering CO., LTD., Wuhan, China) was then add-
ed dropwise, slides were incubated for 30 min at 37°C, and
washed with PBS (pH 7.2-7.6) 3 times, 10 min each time. Then
diaminobenzidine (DAB) staining (#AR1022, Boster Biological
Engineering CO., LTD., Wuhan, China) was performed following
the manufacturer’s instructions. The reaction was monitored
under a microscope at room temperature until complete, and
then washed with sterile distilled water. Slides were counter-
stained with hematoxylin, dehydrated in ethanol, cleared in
xylene, and mounted with neutral rubber sealant, then ob-
served under the microscope. Cells were counted in 5 micro-
scopic fields chosen randomly at x400 magnification under
the microscope. Image analysis software (Image-Pro Plus 6.0)
was used to calculate the ratio of positive to all area, and the
average value was taken.
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Figure 1. Effects of QSYQ on HMI and LVMI. (A) The morphological changes in the heart of rats. (B) HMI of each group. (C) LVMI of
each group. Groups: control (n=8), model (n=8), valsartan (n=8), QSYQ (n=8). Data are expressed as mean +SD. * P<0.05,

** P<0.01.

Statistical analysis

All parameters were expressed as mean +S.D. Statistical anal-
ysis was performed using one-way ANOVA followed by least
significant difference (LSD) test for multiple comparisons.
SPSS statistical software (v11.5; SPSS Inc., Chicago, IL, USA)
was used for all statistical analyses. The level of significance
was set at P<0.05.

Results

Effect of QSYQ on HMI and LVMI

Rat hearts, which were covered with many white infiltration
spots, was larger in the model group than in the control group.
HMI and LVMI increased significantly (P<0.01) in the model
group. With regard to the 2 treatment groups, HMI and LVMI
were significantly reduced in the valsartan and the QSYQ group
(P<0.01), and this reduction accelerated over time. However,
HMI and LVMI were lower in the QSYQ group than in the val-
sartan group (P<0.05) (Figure 1).

Effect of QSYQ on Pathomorphism of Myocardium

H&E staining in myocardial tissue showed no inflammatory in-
filtration lesions in the control group, but in the model group,
inflammatory infiltration was significantly increased, and the
number of myocardial cells was decreased, accompanied with
cardiomyocyte hypertrophy and myocardial necrosis. The pa-
thology grading showed that compared with the control group,
the histological score was increased significantly (P<0.01) in
the model group. After the treatments (valsartan and QYSQ),
the histological score was significantly reduced (P<0.01), and
this reduction accelerated over time. However, the histologi-
cal score was lower in the QSYQ group than in the valsartan
group (P<0.05 or P<0.01) (Figure 2).

Masson trichrome staining in myocardial tissue showed that in
the control group there was a very little blue fiber and no myo-
cardial interstitial fibrosis, but in the model group collagen de-
position of myocardial interstitial was evident, and blue fiber
was significantly increased and arranged irregularly. Compared
with the control group, collagen volume fraction (CVF) was in-
creased significantly (P<0.01) in the model group, and showed a
tendency to increase over time. After the treatments (valsartan
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Figure 2. Effects of QSYQ on pathomorphism of myocardium. (A) Representative photomicrograph of hematoxylin and eosin (H&E)
and mason trichrome staining of myocardium. (B) The inflammation with a histological score for each group. (C) The
collagen volume fraction for each group. The collagen volume fraction was quantitavely analyzed by using Image-Pro Plus
6.0 (magnification, x100). Data are expressed as mean +SD. Groups: control (n=8), model (n=8), valsartan (n=8), QSYQ (n=8).

Data are expressed as mean +SD. * P<0.05, ** P<0.01.

and QYSQ), CVF was significantly reduced (P<0.01), and this
reduction increased over time; however, CVF was lower in the
QSYQ group than in the valsartan group (P<0.01) (Figure 2).

Effect of QSYQ on Protein and mRNA Expression of TGF-$1

Immunohistochemical staining of TGF-B1 in myocardial tissue
after 4 weeks showed that in the control group there were a
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small number of tiny tan particles scattered throughout the
cytoplasm and the color change was weak, but in model group
the brown area had expanded, staining was enhanced, and ex-
pression of TGF-B1 had increased. After the treatments (val-
sartan and QYSQ), expression of TGF-B1 was reduced com-
pared with the model group at 4 weeks, whereas at 8 weeks
there was no obvious difference in the brown areas between
the control (control and model) and treatment (valsartan and
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Figure 3. Effects of QSYQ on the protein and mRNA expression of TGF-B1. (A) Representative photomicrograph of
immunohistochemical staining of myocardium. (B) The TGF-1 mRNA expression for each group. (C) The TGF-B1 positive area
for each group. The percentage of immunohistochemical staining area was quantitavely analyzed by using Image-Pro Plus
6.0 (magnification, x400). Data are expressed as mean +SD. Groups: control (n=8), model (n=8), valsartan (n=8), QSYQ (n=8).

Data are expressed as mean +SD. * P<0.05, ** P<0.01.

QYSQ) groups. Semi-quantitative analysis showed that after
4 weeks the percentage positive area of TGF-f1 protein was
significantly increased (P<0.01) in the model group compared
with the control group. The percentage of positive area of
TGF-B1 significantly (P<0.01) reduced in the valsartan group
compared with the model group, and the QSYQ group had a
similar result. At 8 weeks there was no significant difference
in the expression of myocardial TGF-B1 (P>0.05) (Figure 3).

At 4 weeks, rat myocardial expression of TGF-31 mRNA was in-
creased in the model group compared with the control group
(P<0.01). Valsartan produced a significant reduction in rat
myocardial expression of TGF-B1 mRNA (P<0.01) compared
with the model group, and QSYQ produced a similar effect. At
8 weeks there was no statistical difference between valsar-
tan and QSYQ regarding mRNA expression of TGF-B1 (P>0.05).

Effect of QSYQ on protein and mRNA expression of CTGF

Immunohistochemical staining of CTGF in myocardial tissue
showed that in the control group there were a small number of

tiny tan particles scattered throughout the cytoplasm and the
color change was weak, but in the model group the brown area
had expanded, staining was enhanced, and expression of CTGF
had increased. After the treatments (valsartan and QYSQ), ex-
pression of CTGF was reduced compared with the model group.
Semi-quantitative analysis showed that the percentage of posi-
tive area of CTGF protein was significantly increased (P<0.01) in
the model group compared with the control group at 4 weeks
and 8 weeks. The percentage of positive area of CTGF signifi-
cantly (P<0.01) reduced in the valsartan group compared with
the model group, while the QSYQ group had a similar result,
except that its effect on lowering CTGF was significantly great-
er (P<0.01) than that of valsartan at 4 weeks (Figure 4).

Rat myocardial expression of CTGF mRNA was increased in the
model group compared with the control group (P<0.01) at 4
weeks and 8 weeks. Valsartan produced a significant reduc-
tion in rat myocardial expression of CTGF mRNA (P<0.01) com-
pared with the model group at 4 weeks and 8 weeks, and QSYQ
produced a similar effect, except that its effect on lowering
CTGF was significantly greater (P<0.01) than that of valsartan.
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Figure 4. Effects of QSYQ on the protein and mRNA expression of CTGF. (A) Representative photomicrograph of immunohistochemical
staining of myocardium. (B) The CTGF mRNA expression for each group. (C) The CTGF positive area for each group. The
percentage of immunohistochemical staining area was quantitavely analyzed by using Image-Pro Plus 6.0 (magnification,
x400). Data are expressed as mean +SD. Groups: control (n=8), model (n=8), valsartan (n=8), QSYQ (n=8). Data are expressed

as mean +SD. * P<0.05, ** P<0.01.

Discussion

Collagen content (collagen volume fraction) in normal rat myo-
cardial tissue is about 3-5%. When the collagen content goes
up to 8-12%, the diastolic stress-strain relationship is changed
and diastolic function is damaged, but systolic function can
be maintained. However, when the content goes up to more
than 20%, myocardial systolic function is weakened [14]. In
addition, the heart mass index (HMI) and left ventricular mass
index (LVMI) can reflect the extent of cardiac enlargement. In
the experimental autoimmune myocarditis rats, QSYQ reduced
HMI, LVMI, CVF, and the histological score of hearts, which fur-
ther reduced over time, and its effect was significantly great-
er than that of valsartan. Therefore, QSYQ can improve the
cardiac remodeling of experimental autoimmune myocardi-
tis rats, and had the same effect against myocardial fibrosis.

TGF-B1 is an important cytokine mediating myocardial fibro-
sis. Myocardial infarction, overload pressure, immune inju-
ry, and other stimuli can activate the TGF-B1 signal and ini-
tiate the fibrotic response, leading to increased collagen

deposition [15,16]. Studies have shown that the increased col-
lagen deposition in chronic viral myocarditis has a close rela-
tionship with the sustained high expression of TGF-p1 [17].
Coxsackie B3 virus was inoculated intraperitoneally into Balb/c
mice to establish the viral myocarditis model; the type | and Il
collagen synthesis, the ratio of I/1ll collagen, and the TGF-B1
expression were significantly increased after 10 days [18]. The
myocardial inflammatory injury in autoimmune myocarditis
rats was alleviated by inhibition of myocardial TGF-$1 [19].
In the left ventricular myocardium of rats with dilated car-
diomyopathy, TGF-B1 expression was significantly increased,
suggesting that TGF-B1 plays an important role in myocardial
fibrosis [20]. Astragaloside IV had the same effect of against
myocardial fibrosis by inhibition of the expression of TGF-1
and Smad 2-4 in coxsackie virus-induced dilated cardiomyop-
athy mice [21]. In addition, in a genetic cardiomyopathy ham-
ster model, Losartan inhibited the myocardial fibrosis, which
significantly reduced the expression of Smad2, Smad4, and
TGF-B1 [22]. In the present study, after 4 weeks of treatment
with QSYQ, the mRNA and protein expression of TGF-f1 de-
creased. After 8 weeks of treatment with QSYQ, there was no
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significant difference in the expression of myocardial TGF-B1.
This indicates that QSYQ can improve cardiac remodeling of ex-
perimental autoimmune myocarditis rat by regulating TGF-f1.

TGF-B1 has a “double-edged sword” effect: normal expression
can inhibit inflammation and cell proliferation (a positive ef-
fect), but over-expression can cause negative effects, such as
extracellular cell matrix (ECM) accumulation. Connective tis-
sue growth factor (CTGF) is a downstream effector of TGF-p1,
which only mediates the negative effect of TGF-p1. Therefore,
inhibiting the expression of CTGF may become a new target
for myocardial fibrosis therapy. CTGF is an immediate early
response gene CCN (CTGF, Cef10/Cyr61 and Nov, CCN) family
member, autocrined or paracrined by fibroblasts, smooth mus-
cle cells, epithelial cells, endothelial cells, and infiltrating in-
flammatory cells, and expressed in a variety of tissues, such as
heart, brain, kidney, lung, liver, pancreas, and placenta. CTGF is
closely associated with the development of organ fibrosis, and
is regulated by a variety of stimulating factors. Studies have
confirmed that in cardiac myocytes and cardiac fibroblasts,
TGF-B induced the up-regulation of the CTGF, whereas the up-
regulation of CTGF was related to high expression of fibronec-
tin, type I collagen, and IlI collagen [23]. CTGF promoter con-
tains a response element of TGF-B}, so CTGF is a downstream
effector molecule of TGF-B1. A study of expression of TGF-B1
and CTGF in a rat model of myocardial infarction showed that
TGF-B1 was mainly expressed in the initial, acute inflammation
and reparative stage of myocardial infarction, whereas CTGF
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was mainly expressed in the progressive stage of myocardial
fibrosis [24]. TGF-B1 can induce the expression of CTGF, and
CTGF also enhances the TGF-B1 signaling pathway, forming a
vicious cycle resulting in the accumulation of extracellular ma-
trix, and ultimately becoming myocardial fibrosis. In the acute
Coxsackie B3-induced viral myocarditis model, the expression
of CTGF was significantly increased, suggesting that CTGF me-
diated the process of myocardial fibrosis in the development
of myocarditis [25,26]. In addition, myocardial fibrosis in mdx
mice started at the high expression of CTGF, and the up-reg-
ulation of CTGF expression was in line with the up-regulation
of TIMP-1, then the latter, which increased expression inhib-
ited MMP-2 and MMP-9, showing that CTGF accelerated myo-
cardial fibrosis by promoting collagen synthesis and inhibiting
collagen degradation [27]. In our experimental autoimmune
myocarditis model, QSYQ inhibited the protein and mRNA ex-
pression of CTGF, and its effect on lowering CTGF was signifi-
cantly greater than that of valsartan at 4 weeks.

Conclusions

QSYQ can adjust the myocardial collagen metabolism in the
experimental autoimmune myocarditis rat by regulating the
expression of CTGF.
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