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This study investigated the effect of QiShenYiQi pill (QSYQ) on myocardial collagen metabolism in rats with partial abdominal
aortic coarctation and explored its mechanism of action. A series of assays were used to detect the effect and mechanism of QSYQ on
systolic blood pressure, heart mass index, left ventricle mass index, HYP, expression of PICP, PIIINT, and CTX-I in serum, MMP-1,
and TIMP-1 expression in myocardium. We observed that QSYQ can reduce the rate of myocardial collagen synthesis and increase
the rate of myocardial collagen degradation. It also effectively improved the degree of myocardial fibrosis in partial abdominal aortic
rats and it had a tendency to have a greater effect with longer treatment duration, which is related to the mechanism of regulation

of MMP-1 and TIMP-1 expression in the myocardial rat.

1. Introduction

Myocardial fibrosis is common in a variety of cardiovascular
diseases, and it is also an important pathologic factor in a vari-
ety of cardiovascular events (including effects of heart failure,
arrhythmia, and sudden cardiac death) [1]. Abnormal recon-
struction of damaged heart tissue, characterized by myocar-
dial fibrosis, is a core pathological change seen in many types
of chronic cardiovascular disease [2]. Therefore, developing
an effective drug treatment has become a focus of medical
research into myocardial fibrosis. Currently, such research
in western medicine has focused on the renin-angiotensin-
aldosterone system (RAAS), especially on angiotensin-
converting enzyme inhibitors (ACEILs), angiotensin II recep-
tor blockers (ARB), and aldosterone antagonists, which are
known to have a definite therapeutic effect [3]. However,
traditional Chinese medicine (TCM) has the advantage of
targeting many components of a system and providing more
integrated regulation than modern medicine, which tends to
target a single pathological link [4]. In targeting myocardial
fibrosis, we try to treat cardiovascular disease early by TCM,

so as to improve the cardiac microenvironment, promote
steady recovery, and even inhibit or reverse the myocardial
fibrosis.

QiShenYiQi isa TCM composed of Radix Astragali, Radix
Salviae miltiorrhizae, Radix Notoginseng, and Lignum Dal-
bergia Odorifera [5, 6]. QiShenYiQi pill (QSYQ) is approved
by China State Food and Drug Administration in 2003 for
treatment of coronary heart disease, angina pectoris [7].
QSYQ enables a stable dosage form, of which the main
effective ingredients are astragaloside, tanshinol, protocate-
chualdehyde, and ginsenosides Rgl and Rbl [8, 9]. Astraga-
loside is the main effective component of Radix Astragali,
and its pharmacologic actions include regulating the immune
system, protecting tissues and organs, and decreasing glucose
[10]. It also has anti-inflammatory and antiviral properties.
Tanshinol and protocatechualdehyde are the main effective
components of Radix Salviae miltiorrhizae; their pharmaco-
logic properties include myocardial and neural protection,
inhibition of thrombosis, and enhancement of the immune
function [11]. Ginsenosides Rgl and Rbl are the main effective
components of Radix Notoginseng, and their pharmacological


http://dx.doi.org/10.1155/2015/415068

actions include dilating blood vessels, reducing myocardial
oxygen consumption, inhibiting platelet coagulation agents,
decreasing circulatory fat, scavenging free radicals, and acting
as an antioxidant [12].

Hypertension is the main risk factor for heart disease
and is associated with 50% of cases of cardiovascular disease.
Myocardial fibrosis is the main pathological feature of high
blood pressure, which causes heart damage, and is currently
one of the most disabling diseases [13]. However, can QSYQ
improve cardiac remodeling of rats with partial abdominal
aortic coarctation? In the current study, we investigated the
effect of QSYQ on myocardial collagen metabolism in rats
with partial abdominal aortic coarctation and explored its
mechanism of action.

2. Methods

2.1. Animals. Male Wistar rats weighing 180-200 g were pur-
chased from the Laboratory Animal Center of the Academy
of Military Medical Sciences (Beijing, China; certificate
number SCXK(Jun)2012-0004). 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 recommendations in the Guide for the Care and
Use of Laboratory Animals of Institutional Animal Care and
Use Commiittee of Tianjin University of Traditional Chinese
Medicine. The protocol was approved by the Animal Ethics
Committee of Tianjin University of Traditional Chinese
Medicine (no. TCM-2011-015-E03), China.

2.2. Materials. The reagents used in the study were as follows:
noninvasive blood pressure measurement device (Zhenghua
Instrument Equipment Co., Ltd., Anhui, China, Type: ZH-
HX-Z7); signal acquisition system (Zhenghua Instrument
Equipment Co., Ltd., Anhui, China, Type: MD3000); pen-
tobarbital sodium (Baihao Biological Technology Co., Ltd.,
Tianjin, China); hydroxyproline kit (Jiancheng Biology Engi-
neering Institute, Nanjing, China); ELISA Kkits for procol-
lagen type I carboxyl terminal peptide (PICP), procolla-
gen type III amino terminal peptide (PIIINT), and colla-
gen C telopeptide type I (CTX-I) (Cusabio Biotech Co.,
Ltd., Wuhan, China); antimatrix metalloproteinase-1 (anti-
MMP-1), antitissue inhibitor of metalloproteinases (anti-
TIMP), streptavidin-biotin complex with peroxidase (SABC-
POD) (rabbit IgG) ready-to-use kits, and DAB Chromogenic
Reagent Kit (Boster Biological Engineering Co., Ltd., Wuhan,
China); Ultrapure RNA Extraction Kit, HiFi-MMLV First
Chain ¢cDNA Synthesis Kit, UltraSYBR Mixture (with Rox),
and DNase I (RNase-free) (Tasly Pharmaceutical Co., Ltd.,
Beijing, China); QSYQ pill (Tasly Pharmaceutical Co., Ltd.,
Tianjin, China; specification was 500 mg/bag; lot number
720030139); and valsartan capsules (Novartis Pharma Ltd.,
Beijing, China; specification was 80 mg/tablets; lot number
H20040217).

2.3. Rat Model with Partial Abdominal Aortic Coarctation.
We established a rat model of pressure-overloaded myocar-
dial fibrosis by creating partial abdominal aortic coarctation
as described previously by Doering et al. [14]. Wistar rats were
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placed on an adaptive feeding routine for 3-5 days and fasted
preoperatively for 12h, with free access to drinking water.
Each rat was weighed and then anesthetized with 3% pen-
tobarbital sodium (45mg/kg) by intraperitoneal injection.
Once the rat was under anesthesia, as judged by disappear-
ance of corneal reflection and decrease in muscle strength,
it was placed on the operating table, and an area of approxi-
mately 3 x 5 cm in the center of the abdomen was shaved and
disinfected with iodine. A longitudinal incision 2.0-2.5 cm in
length, situated 0.5 cm under the left edge of the costal arch
and 0.5cm to the left of the abdominal midline, was made,
and the layers separated to open the abdominal cavity. The
intestines were moved to the right side of the abdominal
cavity using gauze dipped in normal saline, while the stom-
ach and spleen were pushed upwards to fully expose the
abdominal aorta 0.5 cm above the right renal artery branches.
The abdominal aorta was then freed, and a number 7 needle
(0.7mm in diameter) laid alongside of it. The abdominal
aorta and needle were banded using number 4 surgical
suture (0.3 mm in diameter); then the needle was subducted.
The viscera were replaced, and 200,000 U of penicillin was
dripped into the abdominal cavity. The abdominal muscle
and skin were then sutured, and picric acid solution was
smeared onto the wound in order to prevent the rat from
biting the wound and causing infection. After surgery, the rats
were kept warm and fed with a sugar and salt mixture (4:1
ratio) until they were wide awake. During the next 3 days, the
rats were given penicillin (200,000 U/day) by intramuscular
injection in case of infection. For the sham-operated control
group, their abdominal aorta was not banded, but all other
steps were the same.

2.4. Animal Groups and Treatment. At 4 weeks after the par-
tial abdominal aortic coarctation surgery, the rats were
randomized into four groups, with sixteen rats per group:
(1) sham-operated control group (surgery without ligation, as
described above, and administered isopycnic sterile distilled
water by gavage), (2) model group (administered isopycnic
sterile distilled water by gavage), (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 the body surface area, in which equivalent dosage in
rats is equivalent to 6.3 times of the clinical dosage in human
[15].

Blood and tissue specimens were harvested at 4 (eight
rats per group) and 8 (eight rats per group) weeks after
treatment started. Each rat was weighed (body mass, BM) and
then anesthetized with 3% pentobarbital sodium (45 mg/kg)
by intraperitoneal injection. Blood was then taken from the
abdominal aorta, then the chest was opened, and the heart
irrigated with normal saline at 4°C. The blood sample was
centrifuged at 3000 rpm for 10 min; then the serum was
collected. The extracted myocardial tissue was blotted with
filter paper; then we weighed heart mass (HM) and calculated
heart mass index (HMI, HMI = HM/BM (mg/g)). We
removed atrium and right ventricular, whereas retaining the
left ventricle and interventricular septum, then weighed left
ventricle mass (LVM), and calculated left ventricle mass index
(LVMI, LVMI = LWH/BM (mg/g)). The part of the tissue
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was fixed in 4% neutral formaldehyde buffer solution and the
remainder was cooled quickly in liquid nitrogen for cryop-
reservation.

2.5. Measurement of Arterial Systolic Blood Pressure. Systolic
blood pressure was measured with noninvasive blood pres-
sure measurement device (Zhenghua Instrument Equipment
Co., Ltd., Anhui, China, Type: ZH-HX-Z). We preheated the
device about 20 min, then set the heat chamber at 37°C, and
adjusted the pressure calibrator. Each rat was weighed and
put into the fixation device. We took the rat tail through the
pressurized device and fixed it by nylon strap. Then, we gave
a pressure charge to the pressurized device and used signal
acquisition system (Zhenghua Instrument Equipment Co.,
Ltd., Anhui, China, Type: MD3000) to record the systolic
blood pressure. This was repeated 3 times and we took the
average of 3 measurements as the result.

2.6. Measurement of Hydroxyproline in Myocardium by Alka-
line Hydrolysis. For measurement of myocardial hydrox-
yproline (HYP), myocardial tissue was removed from the
liquid nitrogen, then 30-100 mg of myocardial tissue was
weighed accurately, and alkaline hydrolysis was used to detect
HYP. A blank tube (containing sterile distilled water) and a
standard tube (containing 5 yg/mL standard application solu-
tion) were also prepared using hydroxyproline kit (#A030-
2, Jiancheng Biology Engineering Institute, Nanjing, China).
The absorbance of each sample was analyzed at 550 nm by
colorimetry, according to the manufacturer’s instructions.
The content of myocardial HYP was calculated using the
following formula:

HYP (ug/mg) = (absorbancy of test tube
— absorbancy of blank tube)
- (absorbancy of standard tube
— absorbancy of blank tube)_1

x content of standard tube (5 pg/mL)

" volume of hydrolysate (10 mL)
wet weight of tissue (mg)

@

2.7. Measurement of PICB, PIIINT, and CTX-I in Serum by
ELISA. The level of serum PICP, PIIINT, and CTX-I was
performed using ELISA kits (#CSB-E08081r, #CSB-E07927r,
#CSB-E12776r, Cusabio Biotech Co., Ltd., Wuhan, China),
according to the manufacturer’s instructions.

2.8. Measurement of MMP-1 and TIMP-1 in Myocardium
by Immunohistochemical Staining. Myocardial tissue was
embedded in paraffin wax, cut into sections 5 ym thick, and
placed onto coverslips coated with poly-L-lysine. Coverslips
were incubated for 1 hour at 60°C and then processed by con-
ventional dewaxing. They were then placed in 0.3% H, O, for
10 min to block endogenous peroxidase activity and washed
three times with sterile distilled water. The sections were then

placed into 0.02 M PBS (pH 7.2-7.6) and heated in a micro-
wave to boiling point, after which the solution was left to cool
naturally. 5% bovine serum albumin (BSA) (#AR0004, Boster
Biological Engineering Co., Ltd., Wuhan, China) was added
dropwise, and the slides were incubated for 30 min at 37°C
later; then the excess liquid was shaken off without washing.
The relevant primary antibody (rabbit anti-rat IgG) (anti-
MMP-1: #BA1270-1, anti-TIMP-1: #BA3727, Boster Biological
Engineering Co., Ltd., Wuhan, China) was added dropwise;
then slides were incubated at 4°C overnight (at least 16 hours).
Slides were washed with PBS (pH 7.2-7.6) three times, for
10 min each time. The secondary antibody (biotin-labelled
goat anti-rabbit IgG) (#SA1022, Boster Biological Engineer-
ing Co., Ltd., Wuhan, China) was added dropwise and
incubated at 30 min at 37°C and then washed with PBS (pH
7.2-7.6) three times, for 10 min each time. SABC reagent
(#SA1022, Boster Biological Engineering Co., Ltd., Wuhan,
China) was then added dropwise; slides were incubated for
30min at 37°C and washed with PBS (pH 7.2-7.6) three
times, 10 min each time. And 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 micro-
scope at room temperature, until being complete, and then
washed with sterile distilled water. Slides were counterstained
with hematoxylin, dehydrated in ethanol, cleared in xylene,
mounted with neutral rubber sealant, and then observed
under the microscope. Positive cells showed a clear structure
and significantly darker staining than the background, with
tan particles, whereas negative cells were either clear or not
different from the background staining. Cells were counted in
five microscopic fields chosen randomly at x400 magnifica-
tion under the microscope. Image analysis software (Image-
Pro Plus 6.0) was used to calculate the ratio of positive area
to whole area, and the average value was taken.

2.9. Measurement of MMP-1 and TIMP-1 in Myocardium by
RT-gPCR. Total RNA was extracted from myocardial tissue
(Ultrapure RNA extraction Kit (#CW0581, ComWin Biotech
Co., Ltd., Beijing, China)). Absorbance was measured using
an ultraviolet spectrophotometer and purification was evalu-
ated by the ratio of absorbance at 260 and 280 nm (OD260/
OD280). If the ratio ranges between 1.8 and 2.0, it indicates
that the RNA is highly purified and suitable for real-time
quantitative polymerase chain reaction (RT-qPCR).

Reverse transcription was carried out using a ¢cDNA
First Chain Synthesis Kit HiFi-MMLV (#CW0744, ComWin
Biotech Co., Ltd., Beijing, China) and amplified using Ultra-
SYBR Mixture (with Rox) (#CW0956, ComWin Biotech
Co., Ltd., Beijing, China), according to the manufacturer’s
instructions. The forward MMP-1 primer was 5'-AATCCC-
ATCCAGCCAACA-3', and the reverse MMP-1 primer was
5'-ACAAACGGCAGCGTCAAT-3" (354bp product). The
forward TIMP-1 primer was 5'-GCCTCTGGCATCCTC-
TTG-3', and the reverse TIMP-1 primer was 5'-CTGCGG-
TTCTGGGACTTG-3' (287 bp product). The housekeeping
gene GAPDH (#RQP049537, Guangzhou Fulengen Co., Ltd.,



Guangzhou, China) was used as a control. Relative quanti-

tative analysis of mRNA was carried out using the 2744t
method.

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

3. Results

3.1. Effect of QSYQ on Systolic Blood Pressure. Compared with
the sham-operated group, systolic blood pressure (SBP) was
increased significantly in model group (P < 0.01) and showed
a tendency to increase over time. SBP significantly reduced
in the valsartan group compared with the model group (P <
0.01), while there was no statistical difference in the QSYQ
group (P > 0.05). And SBP was lower in the valsartan group
than in the QYSQ group (P < 0.01) (Figure 1).

3.2. Effect of QSYQ on HMI and LVMI. Compared with the
sham-operated group, the HMI and LVMI were increased sig-
nificantly in model group (P < 0.01), and they increased fur-
ther over time. With regard to the two treatment groups, the
HMI and LVMI were significantly reduced in both the valsar-
tan and the QSYQ group (P < 0.01), and this reduction was
greater over time. But the HMI and LVMI were just lower in
the QSYQ group than in the valsartan group at 8 weeks (P <
0.05) (Figure 2).

3.3. Effect of QSYQ on HYP Content. Compared with the
sham-operated control group, the content of myocardial HYP
was increased significantly in the model group at 4 weeks (P <
0.01), and it increased further over time, being higher again at
8 weeks (P < 0.01). With regard to the two treatment groups,
the content of myocardial HYP was significantly reduced
(P < 0.01) in both the valsartan and the QSYQ group after
4 weeks. Although the HYP content had risen by 8 weeks,
it was lower in the QSYQ group than in the valsartan group
(P < 0.01) (Figure 3).

3.4. Effect of QSYQ on the Synthesis and Degradation of
Myocardial Collagen. Compared with the sham-operated
control group, the concentration of serum PICP and PIIINP
and the ratio of PICP/PIIINP increased significantly (P <
0.01) in the model group and showed a tendency to increase
over time. Valsartan significantly decreased the concentration
of serum PICP and PIIIN (P < 0.01 and P < 0.05, resp.) and
significantly decreased the ratio of PICP/PIIINP at 8 weeks
(P < 0.05). A similar result was seen with the QSYQ group,
except that its effect was significantly greater than that of
valsartan at 8 weeks (P < 0.01, P < 0.05) (Figure 4).
Compared with the sham-operated control group, the
concentration of serum CTX-I decreased significantly in the
model group (P < 0.01). The concentration of serum CTX-I
increased significantly (P < 0.01) in the valsartan group, and
it showed a tendency to increase over time, while the QSYQ
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FIGURE 1: Effect of QSYQ on systolic blood pressure. Groups: control
(n = 8), model (n = 8), valsartan (n = 8), and QSYQ (n = 8). Data
are expressed as mean + SD. " P < 0.01.

group showed a similar result, except that its effect was
significantly greater than that of valsartan at 4 weeks (P <
0.01) (Figure 4).

3.5. Effect of QSYQ on Expression of MMP-1 and TIMP-I1.
Immunohistochemical staining of MMP-1 and TIMP-1 in
myocardial tissue after 4 weeks showed that, in the sham-
operated control group, there were a small number of tiny
tan particles scattered throughout the cytoplasm and the
color change was weak, while, in model group, the brown
area had expanded, staining was enhanced, and expression
of MMP-1 and TIMP-1 had increased. After the treatments
(valsartan and QYSQ), expression of MMP-1 and TIMP-1
was decreased compared with the model group at 4 weeks,
whereas, at 8 weeks, there was no obvious difference in the
brown areas between the control (sham-operated and model)
and treatment (valsartan and QYSQ) groups (Figure 5).

Semiquantitative analysis showed that, after 4 weeks, the
percentage positive area of MMP-1 and TIMP-1 protein was
significantly increased (P < 0.01) in the model group com-
pared with the sham-operated control group. The percentage
positive area of MMP-1 and TIMP-1 significantly (P < 0.01)
decreased in the valsartan group, while the QSYQ group had
a similar result, except that the increase was significantly
greater (P < 0.05) than that of the valsartan group at 4 weeks.
At 8 weeks, there was no statistical difference between
valsartan and QSYQ regarding the percentage positive area
of MMP-1 and TIMP-1 (P > 0.05).

3.6. Effect of QSYQ on mRNA Expression of MMP-1and TIMP-
1. At 4 weeks, rat myocardial expression of MMP-1 and
TIMP-1 mRNA was increased in the model group compared
with the sham-operated control group (P < 0.01), but the
ratio of MMP-1/TIMP-1 was decreased (P < 0.01). Valsartan
produced a significant decrease in rat myocardial expression
of MMP-1 and TIMP-1 mRNA (P < 0.01) and a significant
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FIGURE 2: Effect of QSYQ on HMI and LVMI. (a) HMI of each group. (b) LVMI of each group. Groups: control (n = 8), model (n = 8),
valsartan (n = 8), and QSYQ (n = 8). Data are expressed as mean + SD. P < 0.05, **P < 0.01.
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FIGURE 3: Effect of QSYQ on the content of HYP in rats with partial
abdominal aortic coarctation. Groups: sham-operated control (n =
8), model (n = 8), valsartan (n = 8), and QSYQ (n = 8). Data are
expressed as mean + SD. “*P < 0.01.

increase in the ratio of MMP-1/TIMP-1 (P < 0.01). QSYQ
produced a similar effect, but it was significantly greater than
that of valsartan (P < 0.01) at 4 weeks. At 8 weeks, there
was no statistical difference between valsartan and QSYQ
regarding mRNA expression of MMP-1 and TIMP-1 and the
ratio of MMP-1/TIMP-1 (P > 0.05) (Figure 6).

4. Discussion

Myocardial fibrosis is caused by various factors. It results in
excess collagen fiber deposition, increase in the concentration
of collagen and collagen volume fraction, significant changes

in the collagen ratio, and disordered arrangement of colla-
gen fibers [4]. HYP, which accounts for 13.4% of collagen,
makes up a very small proportion of elastin and is almost
nonexistent in the other proteins [16]. Thus, the content of
myocardial HYP can be an indirect reflection of the level
of myocardial collagen, and the content of myocardial HYP
in fibrotic lesions is positively correlated with the degree of
fibrosis [17]. Collagen content (collagen volume fraction) in
normal rat myocardial tissue is about 3-5% in the rat; while
the collagen content goes up to 8-12%, the diastolic stress-
strain relationship is changed and diastolic function is dam-
aged, but systolic function can be maintained [18]. However,
when the content goes up to more than 20%, myocardial sys-
tolic function is weakened in the rat [18]. In the current study,
after 4 weeks of treatment with QSYQ, the HMI, LVMI, and
the content of myocardial HYP were significantly reduced
in rats with partial abdominal aortic coarctation. Moreover,
the degree of reduction was greater than that produced by
valsartan at 8 weeks, indicating that QSYQ can improve
myocardial fibrosis in rats with partial abdominal aortic
coarctation and that this improvement becomes more signif-
icant with extended treatment time. But QSYQ had no effect
on systolic blood pressure in rats with partial abdominal aor-
tic coarctation, indicating that QSYQ improves myocardial
fibrosis independently of blood pressure.

Cardiac extracellular matrix (ECM) contains the most
abundant levels of collagen, with collagen type I and type
I1I making up 85% and 11%, respectively, and the remainder
being composed of collagen types IV and V [18]. The correct
amounts and proportions of collagen types I and V are a
precondition for maintaining normal structure and function
of cardiac tissue. Imbalance between myocardial collagen
synthesis and degradation causes a change in the proportion
of collagens, with excessive deposition of collagen types I and
II1, resulting in myocardial fibrosis. Collagen type I mainly
forms a thick fiber, and its stretch and rebound resilience
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FIGURE 4: Effect of QSYQ on synthesis and degradation of myocardial collagen in rats with partial abdominal aortic coarctation. (a) Serum
PICP levels of each group. (b) Serum PIIINP levels of each group. (c) The ratio of PICP to PIIINP. (d) Serum CTX-I levels of each group.
PICP, PIIINP, and CTX-I were determined by enzyme-linked immunosorbent assay (ELISA). Groups: sham-operated control (n = 8), model
(n = 8), valsartan (n = 8), and QSYQ (n = 8). Data are expressed as mean + SD. P < 0.05, **P < 0.01.

are weak, while its stiffness is strong. By contrast, collagen
type III mainly forms a slender fiber, and its stretch and
rebound resilience are strong [19]. Increased levels of collagen
typeI can increase myocardial stiffness, while increased levels
of collagen type III can increase ventricular compliance;
therefore, the collagen type I/III ratio can be a good reflection
of the degree of myocardial fibrosis [20]. In addition, a variety
of myocardial collagen metabolism products, including PICP,
PITINP, and CTX-I, are involved in the process of myocardial
fibrosis [21]. Clinical studies have shown that, compared
with healthy controls, serum PICP levels are considerably
higher in elderly patients with diastolic cardiac dysfunction,
regardless of left ventricular hypertrophy. Serum PICP levels
are significantly increased, which indicates that myocardial
fibrosis is a major cause of diastolic cardiac insufficiency [22].
Myocardial collagen synthesis can be divided into two stages:

procollagen synthesis in the cell and procollagen aggregation
into collagen fibers outside the cell. Procollagen can form
mutual cross-linking within the triple-helix structure of
collagen fibers, while proteolytic enzymes cleave the amino
and carboxyl terminal propeptides. PICP and PIIINP are
precursors of myocardial collagens I and III polypeptides and
free peptides, which are freed from procollagen during the
process of procollagen being translated into collagen. PICP
and PIIINP are indirect markers of myocardial collagen types
I and III synthesis, and their levels increase in line with the
increase in collagen synthesis [23, 24]. However, detecting
the concentrations of PICP and PIIINP in the blood can only
reflect the rate of collagen synthesis, not the rate of collagen
degradation. CTX-I is the specific composition of collagen
type I and is released into blood during the process of collagen
type I degradation; it is therefore a marker of collagen type I
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FIGURE 6: Effect of QSYQ on mRNA expression of MMP-1 and TIMP-1 in rats with partial abdominal aortic coarctation. (a) The MMP-1
mRNA expression for each group. (b) The TIMP-1 mRNA expression for each group. (c) The ratio of MMP-1 to TIMP-1. Groups: sham-
operated control (n = 8), model (n = 8), valsartan (n = 8), and QSYQ (n = 8). Data are expressed as mean + SD. “P < 0.05, **P < 0.01.

degradation [25]. Research showed that serum CTX-I did not
increase with the increase in collagen synthesis in sponta-
neously hypertensive rats [25], which indicates that collagen
degradation may be insufficient and relative to a higher rate of
collagen synthesis. Myocardial collagen metabolism markers
are mainly used for assessing levels of myocardial fibrosis.
Quantitative determination of the serum concentration of
these markers can help to assess the degree of myocardial
fibrosis, which is important in evaluating the effect of treat-
ment and providing short-term and long-term prognoses. In
our myocardial fibrosis model, established by pressure over-
load induced by abdominal aortic constriction, the serum
levels of PICP and PIIINP were decreased and the serum
level of CTX-I was increased after 4 and 8 weeks of treatment
with both QSYQ and valsartan. However, QSYQ was better
than valsartan at increasing CTX-I after 4 weeks and was also
better than valsartan at decreasing PICP and PICP/PIIINP

after 8 weeks, which indicates that QSYQ can reduce the rate
of collagen synthesis and increase the rate of collagen degra-
dation in myocardial fibrosis.

Excessive generation or abnormal degradation of cardiac
ECM will damage the mechanical properties and structure of
the myocardium, which will in turn affect the normal physio-
logical functioning of the heart. Under normal physiological
conditions, there is a balance between synthesis and degrada-
tion of the ECM, which is important to maintain the normal
structure and function of tissues and organs. However, in
pathological conditions, ECM synthesis increases and/or
ECM degradation decreases, causing excessive accumulation
of ECM and occurrence of fibrosis. MMPs are the most
important enzymes for ECM degradation, while TIMPs are
specific inhibitors of MMPs. The balance between MMPs
and TIMPs maintains the stability of the cardiac collagen
metabolism. MMP-11is a collagenase and is mainly located in
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myocardial tissue. Its hydrolysis substrates are collagen types
I, IT, and III. The inhibitor of MMP-1 is TIMP-1, which is also
located in myocardial tissue. TIMP-1 can affect the activity of
MMP-1 by combining with it [26]. Mice with TIMP-1 genetic
defects have obvious signs of ventricular remodeling and
cardiac insufficiency after myocardial damage [27]. Clinical
studies have shown that myocardial TIMP-1 and TIMP-2
mRNA expression is increased in patients with aortic stenosis
[28], and myocardial MMP-1 and TIMP-1 protein expression
is increased in patients with myocardial hypertrophy [29].
TIMP-1 expression was shown to be increased in a ventricular
remodeling pig model induced by pressure overload [30].
Riociguat is a drug that alleviates left ventricular remodeling
in salt-sensitive hypertensive rats by inhibiting TIMP-1,
osteopontin, and plasminogen activator inhibitor-1 [31].

In patients with hypertension, there is a marked increase
in serum TIMP-1 level [32]. Imbalance between MMPs and
TIMPs will cause changes in cardiac structure and function
and result in clinical manifestations in patients with hyper-
tensions. An increase in TIMP-1 expression to >1200 ng/mL
indicates congestive heart failure and is closely related to
the degree of myocardial fibrosis [33, 34]. In the process of
myocardial fibrosis induced by pressure load, a decrease in
MMP-1expression can prevent ventricular expansion, protect
heart function, and increase the myocardial MMP 1/TIMP-1
ratio, which is an effective strategy to prevent hypertensive
heart disease [35]. The correct proportion of MMPs and
TIMPs is an important factor in maintaining normal heart
structure [36]. When the MMP/TIMP ratio rises, ventric-
ular remodeling develops towards ventricular expansion,
whereas when the MMP/TIMP ratio decreases, the ventricu-
lar remodeling develops towards collagen accumulation [37].
In the current study, after 4 weeks of treatment with QSYQ,
the mRNA and protein expression of MMP-1 and TIMP-
1 decreased and the MMP/TIMP ratio rose. The effect of
QSYQ was greater than that of valsartan. The study indicates
that QSYQ can adjust the myocardial collagen metabolism
in the abdominal aorta coarctation rat by regulating the
expression of MMP-1 and TIMP-1.

5. Conclusion

QSYQ can reduce the rate of myocardial collagen synthesis
and increase the rate of myocardial collagen degradation. It
also effectively improved the degree of myocardial fibrosis
in partial abdominal aortic rats and it had a tendency to
have a greater effect with longer treatment duration, which is
related to the mechanism of regulation of MMP-1and TIMP-1
expression in the myocardial rat.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was supported by Research Fund for the Doctoral
Program of Higher Education of China (no. 20111210110003)

and Ministry of Education of People’s Republic of China “Pro-
gram for Innovative Research Team in University”—Research
on TCM for the Prevention and Treatment of Cardiovascular
Diseases (no. IRT1276).

References

(1] Y.-Y. Liu, W.-E Cai, H.-Z. Yang et al., “Bacillus Calmette-
Guérin and TLR4 agonist prevent cardiovascular hypertrophy
and fibrosis by regulating immune microenvironment,” Journal
of Immunology, vol. 180, no. 11, pp. 7349-7357, 2008.

[2] S. Mi and Z.-W. Hu, “Suppressing myocardial fibrosis to pro-
mote myocardial regeneration as a therapeutic strategy for
chronic cardiovascular diseases,” Sheng Li Ke Xue Jin Zha, vol.
41, no. 5, pp. 352-358, 2010.

[3] Y. Zhang and R. Xu, “Myocardial fibrosis: a new target for heart
failure therapy,” Zhong Hua Yi Xue Za Zhi, vol. 86, no. 17, pp.
1155-1157, 2006.

[4] M. Wu, S. Ly, M. Li et al., “Effect and mechanism of traditional
Chinese medicine on myocardial fibrosis,” Zhong Guo Zhong Xi
Yi Jie He Za Zhi, vol. 34, no. 7, pp. 887-891, 2014.

[5] Y. Zhang, P. Shi, H. Yao, Q. Shao, and X. Fan, “Metabolite
profiling and pharmacokinetics of herbal compounds following
oral administration of a cardiovascular multi-herb medicine
(Qishen Yiqi Pills) in rat,” Current Drug Metabolism, vol. 13, no.
5, pp. 510-523, 2012.

[6] L. Yunfei, Q. Haibin, and C. Yiyu, “Identification of major con-
stituents in the traditional Chinese medicine ‘QI-SHEN-YI-QI’
dropping pill by high-performance liquid chromatography cou-
pled with diode array detection-electrospray ionization tandem
mass spectrometry,” Journal of Pharmaceutical and Biomedical
Analysis, vol. 47, no. 2, pp. 407-412, 2008.

[7] D.-X. Tang, H.-P. Zhao, C.-S. Pan et al., “QiShenYiQi pills, a
compound chinese medicine, ameliorates doxorubicin-induced
myocardial structure damage and cardiac dysfunction in rats,’
Evidence-Based Complementary and Alternative Medicine, vol.
2013, Article ID 480597, 9 pages, 2013.

[8] J. Wang, N. Wei, H. Zhao et al., “Global chemome study by LC
coupled with DAD and ESI-Q-TOF MS of a composite tra-
ditional Chinese medicine qishenyiqi dropping pills,” Chro-
matographia, vol. 72, no. 5-6, pp. 431-440, 2010.

[9] J. Fu, S. Song, M. Jiang et al., “Liquid chromatography-mass
spectrum determines the contents of astragaloside, tanshinol,
protocatechualdehyde, Rgl and Rbl ginsenosides in QiShenY-
iQi Pills,” Zhong Guo Yao Xue Za Zhi, vol. 47, no. 1, pp. 61-64,
2012.

[10] L. Duan and B. Sun, “Research reviews on astragaloside IV,
Shen Yang Yao Ke Da Xue Xue Bao, vol. 28, no. 5, pp. 410-416,
2011.

[11] Y. Gao, “Pharmacological effects of salvia,” Zhong Guo Shi Yong
Yi Yao, vol. 4, no. 14, pp. 168-169, 2009.

[12] Y. Zhang, “Progress of pharmacological research on radix
notoginseng total saponin,” Guang Xi Yi Xue, vol. 31, no. 4, pp.
589-591, 20009.

[13] G. Zhang, “Progress of TGF-81/Smads signal path research on
myocardial fibrosis in hypertension,” Shan Dong Yi Yao, vol. 54,
no. 7, pp. 85-87 2014.

[14] C. W. Doering, J. E. Jalil, J. S. Janicki et al., “Collagen network
remodelling and diastolic stiffness of the rat left ventricle with
pressure overload hypertrophy,” Cardiovascular Research, vol.
22, no. 10, pp. 686-695, 1988.



10

(15]

(16]

(17]

(20]

(23

(25]

(26]

(27]

S. Xu, Experimental Methodology of Pharmacology, People’s
Medical Publishing House, Beijing, China, 2002.

M. Chiariello, G. Ambrosio, M. Cappelli-Bigazzi, P. Perrone-
Filardi, F. Brigante, and C. Sifola, “A biochemical method for the
quantitation of myocardial scarring after experimental coro-
nary artery occlusion,” Journal of Molecular and Cellular Car-
diology, vol. 18, no. 3, pp. 283-290, 1986.

S. Takahashi, “A study on myocardial fibrosis in myocardial
infarction and in idiopathic cardiomyopathy: a measurement of
hydroxyproline level in plasma and in myocardium,” Japanese
Circulation Journal, vol. 43, no. 10, pp. 913-921, 1979.

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.

D. Mukherjee and S. Sen, “Alteration of cardiac collagen phe-
notypes in hypertensive hypertrophy: role of blood pressure,”
Journal of Molecular and Cellular Cardiology, vol. 25, no. 2, pp.
185-196, 1993.

L. Hlavackovd, S. Vrankova, P. Janega, O. Pechanova, and P.
Babal, “The effect of indapamide on development of myocardial
hypertrophy and fibrosis in L-NAME-induced hypertension in
rat,” Physiological Research, vol. 60, no. 6, pp. 845-852, 2011.

M. M. Lindsay, P. Maxwell, and F. G. Dunn, “TIMP-1: a marker
of left ventricular diastolic dysfunction and fibrosis in hyperten-
sion,” Hypertension, vol. 40, no. 2, pp. 136-141, 2002.

C. Roongsritong, J. Bradley, P. Sutthiwan, J. Simoni, A. Arif, and
G. Meyerrose, “Elevated carboxy-terminal peptide of procolla-
gen type I in elderly patients with diastolic dysfunction,” The
American Journal of the Medical Sciences, vol. 331, no. 3, pp. 131-
133, 2006.

E. Barasch, J. S. Gottdiener, G. Aurigemma et al., “The rela-
tionship between serum markers of collagen turnover and
cardiovascular outcome in the elderly: the cardiovascular health
study;” Circulation: Heart Failure, vol. 4, no. 6, pp. 733-739, 2011.

C.Y. Ho, B. Lopez, O. R. Coelho-Filho et al., “Myocardial fibro-
sis as an early manifestation of hypertrophic cardiomyopathy,”
The New England Journal of Medicine, vol. 363, no. 6, pp. 552-
563, 2010.

J. Diez, A. Panizo, M. J. Gil, I. Monreal, M. Herndndez, and J. P.
Minddn, “Serum markers of collagen type I metabolism in
spontaneously hypertensive rats: relation to myocardial fibro-
sis;” Circulation, vol. 93, no. 5, pp. 1026-1032, 1996.

Y. Y. Li, C. F McTiernan, and A. M. Feldman, “Interplay
of matrix metalloproteinases, tissue inhibitors of metallopro-
teinases and their regulators in cardiac matrix remodeling,”
Cardiovascular Research, vol. 46, no. 2, pp. 214-224, 2000.

R. Mukherjee, A. M. Parkhurst, J. T. Mingoia et al., “Myocardial
remodeling after discrete radiofrequency injury: effects of
tissue inhibitor of matrix metalloproteinase-1 gene deletion,”
The American Journal of Physiology—Heart and Circulatory
Physiology, vol. 286, no. 4, pp. H1242-H1247, 2004.

S.Heymans, B. Schroen, P. Vermeersch et al., “Increased cardiac
expression of tissue inhibitor of metalloproteinase-1 and tissue
inhibitor of metalloproteinase-2 is related to cardiac fibrosis and
dysfunction in the chronic pressure-overloaded human heart,”
Circulation, vol. 112, no. 8, pp. 1136-1144, 2005.

X. Wang, R. Yan, L. Yang et al., “The importance of myocardial
tissue matrix metalloproteinases-1,2,9 and their inhibitor-1,2
mRNA expression changes in myocardial hypertrophy patients
with myocardial fibrosis,” Zhong Guo Xun Huan Za Zhi, vol. 21,
no. 5, pp. 382-385, 2006.

ko)
S

Evidence-Based Complementary and Alternative Medicine

[30] W. M. Yarbrough, R. Mukherjee, R. E. Stroud et al., “Progressive

induction of left ventricular pressure overload in a large animal
model elicits myocardial remodeling and a unique matrix
signature,” Journal of Thoracic and Cardiovascular Surgery, vol.
143, no. 1, pp. 215-223, 2012.

[31] S.Geschka, A. Kretschmer, Y. Sharkovska et al., “Soluble guany-

late cyclase stimulation prevents fibrotic tissue remodeling and
improves survival in salt-sensitive dahl rats,” PLoS ONE, vol. 6,
no. 7, Article ID e21853, 2011.

[32] S.-J. Kang, H.-S. Lim, B.-J. Choi et al., “Longitudinal strain

and torsion assessed by two-dimensional speckle tracking
correlate with the serum level of tissue inhibitor of matrix
metalloproteinase-1, a marker of myocardial fibrosis, in patients
with hypertension,” Journal of the American Society of Echocar-
diography, vol. 21, no. 8, pp. 907-911, 2008.

[33] S. H. Ahmed, L. L. Clark, W. R. Pennington et al., “Matrix

metalloproteinases/tissue inhibitors of metalloproteinases: rela-
tionship between changes in proteolytic determinants of matrix
composition and structural, functional, and clinical manifesta-
tions of hypertensive heart disease,” Circulation, vol. 113, no. 17,
pp. 2089-2096, 2006.

[34] S.Heymans, B. Schroen, P. Vermeersch et al., “Increased cardiac

expression of tissue inhibitor of metalloproteinase-1 and tissue
inhibitor of metalloproteinase-2 is related to cardiac fibrosis and
dysfunction in the chronic pressure-overloaded human heart;
Circulation, vol. 112, no. 8, pp. 1136-1144, 2005.

R. F Foronjy, J. Sun, V. Lemaitre, and J. M. dArmiento, “Trans-
genic expression of matrix metalloproteinase-1inhibits myocar-
dial fibrosis and prevents the transition to heart failure in a
pressure overload mouse model,” Hypertension Research, vol. 31,
no. 4, pp. 725735, 2008.

[36] E. G. Spinale, “Matrix metalloproteinases: regulation and dys-

regulation in the failing heart,” Circulation Research, vol. 90, no.
5, pp. 520-530, 2002.

[37] M. Luo and Y. Ma, “Effects of matrix metalloproteinase on left

ventricular hypertrophy in hypertension,” Zhong Hua Gao Xue
Ya Za Zhi, vol. 16, no. 9, pp. 773-775, 2008.



