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Abstract: Background: Qiligiangxin (QL) capsule is a traditional Chinese medicine which has been approved for the
treatment of chronic heart failure. Evidences proved that QL capsules further reduced the NT-proBNP levels and
improved left ventricular ejection fraction in CHF patients but the evidence supporting its underlying mechanism is
still unclear. Methods and Results: Myocardial infarction (Ml) -Heart failure (HF) Sprague-Dawley ratsmodel and neo-
natal rat cardiac myocytes (NRCMs) were used. Animals were assigned into 4 groups, normal group (n=6), shame-
operation group (n=6), Ml rats 4 weeks after left anterior descending coronary artery ligation were randomized into
vehicle group (n=8), QL group (n=8). QL significantly attenuated cardiac dysfunction and ventricle remodeling as
echocardiography and hemodynamic measurements showed improvement in left ventricular ejection fraction, frac-
tional shortening, +dp/dt and left ventricular end diastolic and systolic diameters in QL treated group compared with
the vehicle group. Improvements ininterstitial fibrosisand mitochondrial structures were also exhibited by Sirius Red
staining, RT-PCR and electron microscopy. QL treatment improved apoptosis and VEGF expression in rats marginal
infract area. Complementary experiments analyzed the improved apoptosis and up-regulate of VEGF in ischemia-
hypoxia cultivated NRCMs is in an Akt dependent manner and can be reversed by Akt inhibitor. Conclusion: QL
capsule can improve cardiac dysfunction and ventricular remodeling in MI-HF ratsmodel, this cardiac protective
efficacy may be concerned with attenuated apoptosis and cardiac fibrosis. Up-regulated VEGF expression and Akt
phosphorylation may take part in this availability.
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Introduction

Chronic heart failure (CHF) is a range of clinical
syndromes characterized by decreased cardiac
function, it is a public health problem world-
wide and an important topic in clinical cardiol-
ogy associated with high morbidity and mortal-
ity. Myocardial infarction (Ml) is a dominating
pathogenesis of HF and provide an efficient
experimental model for research; [1] the dys-
function and remodeling of left ventricular after
MI combined with a series of pathologic chang-
es including myocyte apoptosis, myofibroblast
proliferation, interstitial fibrosis plays a key role
in HF development and take the most common
causes of cardiovascular morbidity and mortal-
ity [2, 3]. CHF is also a heavy burden in China,
epidemiological studies showed that the inci-

dence of HF in Chinese adults is 0.9% for the
general population [4]. Despite the develop-
ment and progression in drug treatment strate-
gy for HF under the instructions of guidelines,
the mortality continues to rise [5]. Traditional
Chinese Medicine (TCM) is an efficient comple-
ment for conventional treatment whose clinical
effect have gained favorable acceptance both
in China and worldwide.

Chinese herbs have demonstrated safety and
efficacy in the treatment of heart failure refer to
this theory, [6-8] Qiligiangxin (QL) isa formula-
tion based on several common medicinal herbs
in TCM which has been applied for the treat-
ment of CHF patientssince ancient China. QL
capsule was approved by the Chinese Food and
Drug Administration for heart failure treatment
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in 2004. J Zhang performed a first multicenter;
randomized; double-blind; parallel-group and
placebo-controlled study for QL in HF treat-
ment, QL capsule demonstrated a significantly
greater reduction in the NT-proBNP level from
baseline than control group at the 12-week fol-
low-up (p=0.002) and also showed superior
performance with respect to New York Heart
Association functional classification; left ven-
tricular ejection fraction (LVEF); 6-min walking
distance and quality of life [9]. Recent studies
demonstrated that QL produce cardiac protec-
tion effect through a variety of pathways
involved in anti-inflammation, anti-fibrosis and
anti-apoptosis; QL could regulate the balance
between pro-inflammatory and anti-inflamma-
tory cytokines like tumor necrosis factor-alpha,
interleukin-10 and interleukin-6 in cardiomyo-
cytes [10]. It may also down-regulate the cardi-
ac chymase signaling pathway and chymase-
mediated Angll production [11]. Moreover, it
can regulate cardiomyocyte apoptosis, prolifer-
ation and mitochondrial function which finally
improved cardiac remodeling and cardiac func-
tion [12]. In Ml rats, QL can play an efficient role
in attenuate cardiac remodeling by increasing
PPARYy level sand regulate the balance between
tumor necrosis factor-alpha and interleukin-10
and improves cardiac function [13, 14]. Our
present study used a rat model of HF induced
by permanent left anterior descending coro-
nary artery (LAD) occlusion and neonatal rat
cardiac myocytes which are similar to the HF
patients caused by Ml and ischemia heart dis-
ease to evaluate the cardiac protective effect
and its underlying mechanisms of QL capsule.

Materials and methods

Animal model and study design

Male Sprague-Dawley (SD) rats weighted 200 g
around were used in this study. Myocardial
infarction was induced by permanent LAD liga-
tion. Animal study was performed in accor-
dance with the Guide for the Care and Use of
Laboratory Animals (US Department of Health,
Education, and Welfare, Department of Health
and Human Services, NIH Publication 85-23,
revised 1996) and approved by the Animal
Experiment Center of Fuwai Hospital, State Key
Laboratory of Cardiovascular Disease (2013-5-
144-HX).

MI procedure was as previous described [15].
Briefly, SD rats were anesthetized by ketamine
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(50 mg/kg intraperitoneal) and xylazine (10
mg/kg intraperitoneal), tracheal intubation was
performed and connected to the respirator
before left thoracotomy. The heart was exposed
and left coronary was occluded permanently
using 6-0 monofilament nylon sutures (Johnson
& Johnson Medical, Waterloo, Belgium). Sham
operated rats underwent all the same proce-
dures except coronary ligation. Chronic Ml rats
4 weeks followed the procedure were regarded
as HF, then echocardiography measurements
were taken and randomized into vehicle group
(V), QL group (Q). Normal SD rats (N) and sham-
operated group (S) were used as control, Q
group were given QL 0.6 g/kged by intragastric
administration; V, N, S groups received the
same volume of distilled water which was used
for QL dissolution. All animals were feed under
the same condition for 5 weeks.

Echocardiographic measurements

Echocardiographic data was obtained prior to
andafter drug treatment in all animals under
general anesthesia using a 12-MHz phased-
array transducer (Sonos 7500, Philips). At least
6 consecutive cardiac cycles were measuredfor
each animal, left ventricular inner diameter at
end of systolic (LVESD) and diastolic (LVEDD)
were recorded in the parasternal long-axis view
and used to calculate the left ventricular frac-
tional shortening (FS) and left ventricular ejec-
tion fraction (LVEF): FS (%) = (LVEDD-LVESD)/
LVEDD, LVEF (%) = (LVEDD3-LVESD?®)/LVEDD?.
Measurement and analysis were performed by
the same experienced investigator in a blinded
fashion.

Hemodynamic measurements

At the end of the treatment after echocardio-
graphic measurements, animals were still
anesthetized and the right common carotid
artery was catheterized with a fluid-filled poly-
ethylene catheter (P50) to record the hemody-
namic parameters by Powerlab ML750 (AD
Instrument) via connecting to a pressure trans-
ducer (TRI 21, Letica Scientific Instruments).
The catheter was advanced into the left ven-
tricular cavity to record intracavitary pressure.
Hemodynamic assessment of LV contractility
was achieved by pressure volume analysis
including systolic pressure (SBP), diastolic pres-
sure (DBP), left ventricular enddiastolic pres-
sure (LVEDP) and the maximum positive and
negative values of dP/dt (+dP/dt max and -dP/
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dt max). Animals were euthanized with over-
dose of anesthetic medicationafter hemody-
namic recordings. Heartswererapidly removed,
weighted and reserved for western blot analy-
sis and histologic analysis.

Cardiac fibrosis assessment

Ventricles samples were transversely divided,
fixed in 10% paraformaldehyde-buffered solu-
tion for 24 h andembedded in paraffin. 4-um
thick sections were cut and stained with Sirius
red stain for the measurement of the area of
interstitial fibrosis. The interstitial fibrosis area
was calculated as the ratio of the sum of the
total area of interstitial fibrosis to the sum of
the total connective tissue area plus the cardio-
myoctyes area in all the marginal area of the LV
[16]. Each filed was quantified using the Image
J analysis program (NIH, Bethesda, MD, USA).

Transmission electron microscopy

Fresh samples of myocardial tissues form the
marginal infarct area were obtained and fixed
with 2.5% glutaraldehyde overnight at 4°C, and
then fixed with 1% osmium tetroxide for 2 h
after washed three times by phosphate buff-
ered saline. 3 ultra-thin sections were acquired
with standard procedure using an ultratome
(Leica, Solms, Germany) on uncoated copper
grids and stained with 0.2% lead citrate/1%
uranyl acetate. Images of different magnifica-
tions were recorded by JOEL-1400EX transmis-
sion electron microscope (Tokyo, Japan).

Cell culture and treatment

Neonatal rat cardiac myocytes (NRCMs) was
isolated from 2-day-old SD rats purchased from
Beijing Fang-YY Laboratory Animal Co. [17]. In
brief, neonatal rat hearts were taken out and
washed, the ventricles were minced after wipe
off the atria and other adhering interstitial
tissues and dissolved in N-2-hydroxyethylpipe-
razine-N'-2-ethane sulfonic acid (HEPES)-
buffered saline solution. The tissues were dis-
persed in a series of incubations at 37°C in
HEPES-buffered saline solution. Cells were
resuspended in Dulbecco modified eagle medi-
um (DMEM)/F-12 medium (GIBCO) after cen-
trifugation and cultured in a humidified incuba-
tor with 5% CO, and 95% air. Ischemia-hypoxia
cell culture was achieved by incubation in a
sealed, hypoxic GENbox jar fitted with a catalyst
(BioMérieux, Marcy [I'Etoile, France) using
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serum-free DMEM for 24 hours, cells diluted to
1x10° per milliliter and plated in at 1 mL per
well on six-well plates and were assigned into
five different groups on the basis of their treat-
ment: control group (C) was cultured under nor-
mal condition, vehicle group (V)suffered isch-
emia-hypoxia culture only , QL 0.5 mg/mL was
added into the DMEM in QL-treated group (Q)
under ischemia-hypoxia condition, GSK69069
(Selleck, Shanghai, China) was used as an Akt
inhibitor at 0.5 ymol/L, QL+GSK69069 group
(Q+G), GSKB9069 group (G) were also suffered
ischemia-hypoxia.

MTT assay

The MTT (3(4,5-dimethylthiazol-2-yl)2,5-diphe-
nyltetrazolium bromide) assay was used to
study the NRCMS growth in serum-free DMEM
under hypoxia condition with or without QL
treatment. Cells in a 96-well plate were treated
with different medium containing or absent of
QL in hypoxia condition for 24 hours. The MTT
stock solution (10 mL of 10 mg/mL, Sigma) was
added to the remaining medium, cultures were
incubated for an additional 4 h at 37°C. The
medium was discarded after incubation, the
insoluble dark blue formazan was dissolved in
100 yL DMSO and quantified at 570 nm with a
reference wavelength of 630 nm using a
microtiter plate reader (infinite M200PRO,
TECAN). The survival of the control group was
defined as 100%, and that of treated groups
was expressed as a percentage of the positive
control value.

Flow cytometry

NRCMsapoptosis in C, V, Q, Q+G and G groups
were assessed using an Annexin V-FITC/PI
apoptosis detection kit (BD Biosciences
Clontech, USA) following the manufacturer’s
instructions. Apoptotic and necrotic cells were
distinguished on the basis of annexin V-FITC
reactivity and Pl exclusion and testedbythe
Accuri C6 flow cytometer (Becton Dickinson,
USA).

Western blot analysis

Tissues in the margin area of infarction heart
and lysed NRCMs from each group were col-
lected for protein analysis. Samples were
homogenized in RIPA buffer (Roche) and centri-
fuged at 13000 rpm for 10 minutes, the super-
natants were collected. Protein concentration
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Table 1. Metabolic Parameters

Ml
N (n=6) S (n=6) V (n=8) Q (n=8)
BW (g) 509.2+32.4 515.2+38.8 519.7+34.0 522.8+50.7
HR 446.7+48.9 444.1+50.0 453.8+71.3 443.2+38.0

LVW/BW (mg/g) 2.08+0.22 2.10+0.18 2.47+0.18* 2.13+0.16

Body weight, heart rate and ratio of left ventricular weight to body weight. No
significant intergroup differences were noted of BW and HR, the value of LVW/BW
in V group was significantly higher than N and S groups and the increase can be
suppressed in Q group. V, non-treated heart failure rats with chronic MI; N, nor-
mal control group; S, sham-operated group; Q, QL 0.6 g/kgd treated heart failure
rats with chronic MI. Data are analyzed by one-way ANOVA followed by the Tukey
post-hoc, values are mean + SD, *P<0.05 compared with N group.

GAC CAA AAG GTG ATG CTG-3
and reverse: 5-TGC CAG GGA
ATC CTC GAT GTC-3’) were qu-
antitatively measured using
the Applied Biosystems step-
one plus 7500 RealTime
PCR System (Life Technologies,
USA) using SYBR Select Mas-
ter Mix (Life Technologies,
USA). Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH,
forward 5-CCT CAA GAT TGT
CAG CAA T-3' and reverse:

was determined by bicinchoninic acid assay.
Samples (30 pg/lane) were mixed with loading
bufferin a 12% SDS polyacrylamide gel electro-
phoresis and transferred to nitrocellulose
membranes. The membranes were blocked in
5% skim milk for 1 hour at room temperature
and incubated overnight at 4°C with the prima-
ry antibodies as follows: anti-Bcl2 (Cell Signa-
ling Technology, #2870), anti-Bax (Cell Signaling
Technology, #2772), anti-Caspase3 (Cell Si-
gnaling Technology, #9662), anti-Akt (Cell
Signaling Technology, #4691), anti-Phospho-
Akt (Cell Signaling Technology, #4060) and
anti-GAPDH (GSGB-BIO, Beijing, China) diluted
1:1000. Membranes were then washed and
incubated in secondary antibodies at 1:5000.
Protein expression levels were determined by
analyzing the signals captured on the nirtocel-
lulose membranes using a chemi-doc image
analyzer (FluorChemo M FMO0488, Protein
Simple) and analyzed using Image J (NIH,
Bethesda, MD, USA).

RT-PCR analysis

MRNA expressions in the LV marginal area were
measured by quantitative real-time polymerase
chain reaction (RT-PCR). Total RNA was isolated
with TRIzol reagent (Invitrogen, USA) according
to the manufacturer’s instructions and the con-
centration was measured by NanoDrop 2000
(Thermo Scientific). RNA samples (2 ug) were
further reverse-transcribed with the Prime-
Script RT Reagent Kit (Perfect Real Time,
TaKaRa Biotechnology, Japan) using the manu-
facturer’s protocol. The mRNA levels of VEGF
(forward 5-GTG AGC CTT GTT CAG AGC G-3
and reverse: 5-GAC GGT GAC GAT GGT GG-3'),
Collagen | (forward 5-ATC AAG GTC TAC TGC
AAC AT-3’ and reverse: 5-CAG GAT CGG AAC
CTT CGC TT-3’), Collagen llI (forward 5-CTG
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5-CCA TCC ACA GTC TTC TGA

GT-3’) was used as the non-reg-
ulated control. The assays were performed
three times using triplicate wells, threshold
cycle (Ct) was calculated using the second-
derivative maximum method. The data were
analyzed via the delta-delta method, final val-
ues are expressed as the ratio versus the
control.

Statistical analysis

The results are expressed as expressed as
mean + standard deviation. The statistical sig-
nificance was calculated by one-way analysis of
variance (ANOVA), followed by the Tukey post-
hoc when first two groups were evaluated by
the Student t test showed significant differen-
ceusing SPSS17.0 for Windows (student ver-
sion). P<0.05 was considered statistically
significant.

Results

Qiligiangxin improved LV remodeling and car-
diac function in HF rats

All baseline data before treatment including bo-
dy weight (BW), heart rate (HR), LVEF between
Q and V group showed no significant differenc-
es among groups (Supplementary Table 1). At
the end of the treatment,there was no signifi-
cant difference inthe HR, BW between QL group
and the V group while the ratio of left ventricu-
lar weight (LVW) to BW was significantly high in
V group indicating the LV remodeling caused by
MI was inhibited by QL treatment (Table 1). QL
treated group had a significantly lower LVEDD,
LVESD and higher LVEF and FS compared with
V group at the end of treatment (Figure 1, rep-
resentative echocardiography of each group
were showed in Supplementary Figure 1).
Hemodynamic measurement showed decrea-
sed LVEDP (Figure 2A) andincreased zdp/dt

Am J Transl Res 2016;8(5):2047-2058
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Figure 1. Echocardiographic data at the end of treatment. Graphs show echocardiographic assessments of LVEDD
(A), LVESD (B), FS (C) and LVEF (D). LVEDD and LVESD was significantly higher whereas FS and LVEF was significantly
decreased in V group. QL treatment had distinctly improved LV function include lower LVEDV, LVESV and significantly
higher LVEF and FS compared with V group. Values areanalyzed by one-way ANOVA followed by the Tukey post-hoc

and expressed as mean + SD, *P<0.05 vs. V group.

(Figure 2B and 2C), systolic and diastolic pres-
sure (Figure 2D and 2E) in QL treated rats, indi-
cating the improved LV function in HF rats.

Qiligiangxin prevented rats’ myocardial fibrosis
after chronic Ml

The extent of interstitial fibrosis in the marginal
areas of the infarct is shown in Figure 3. The
interstitial fibrosis caused by chronic Ml was
significantly decreased in QL treated group
compared with V group (17.39%+2.01% VS
43.22%+5.84%, P<0.001). Furthermore, mRNA
expression of Collagen type | and lll which are
fibrosis-related also showed a distinct decrease
in Q group compared with V group (Figure 4B
and 4C).

Qiligiangxin improved myocardial apoptosis
and VEGF expression in HF rats

Myocardial apoptosis evaluated by western
blot analysis showed Bcl-2 expression in the
margin area of infarction was declined in V
group compared with N and S groups whereas

2051

QL treatment can increase their expression; in
contrast, Bax expression increased inversely,
therefore, upregulating the Bcl-2/Bax ratio
(Figure 4D, 4E). Besides, QL significantly
reduced caspase-3 activity compared with the
vehicle group (Figure 4D, 4F). Thus, the attenu-
ated MI-induced myocardial apoptosis may
play a part in cardiac remodeling protection
effect of QL in HF rats after chronic M.

VEGF is closely associated with angiogenesis
and cardiac function after Ml [18]. RT-PCR
showed VEGF expression was increased by
38.25 and 11.04 fold (P<0.05) in LV marginal
area respectively in Q and V group compared
with N group which means MI-induced upregu-
lation of VEGF expression was significantly
enhanced by QL treatment (Figure 4A).

Qiligiangxin improved myocardial ultrastruc-
ture in HF rats

The ultrastructure of Ml and treated myocardial
was observed by transmission electron micros-
copy (TCM). Images of ultra-thin sections from
V and Q group showed cardiac muscle fibers

Am J Transl Res 2016;8(5):2047-2058
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granulovascular degeneration accompaniedmi-
tochondria swollen and dissolved remarkably in
the LV marginal area after chronic Ml (Figure
5A and 5B). This pathologic change can be
reversed by QL treatment, in Q group, cardiac
muscle fibers granulovascular degeneration
was obviously attenuated and mitochondria
were relatively proliferated and accumulated in
these areas which was a compensatory change
corresponding to the chronic myocardial isch-
emia (Figure 5C and 5D).

Qiligiangxin improvedcell vitality and apoptosis
inischemia-hypoxic cultivated NRCMs in an Akt
dependent manner

To get a further understanding of cardiac pro-
tection effectof QL in HF patients caused by
chronic ischemic heart disease, NRCMs culti-
vated under ischemia-hypoxic condition were
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Figure 2. Hemodynamic assessments of left ventricular
end-diastolic pressure. Cardiac function assessed by
intraventricular pressure measurement, graphs show
(A) LVEDP; (B and C) The maximum positive and nega-
tive values of dP/dt; (D and E) Systolic pressure (SBP)
and diastolic pressure (DBP). QL treatment showed
improved cardiac systolic function in HF rats induced
by chronic MI compared with V group including lower
LVEDP, increased +dp/dt, -dp/dt and SBP; DBP in Q
group also increased to some extent although it was
still lower than N group (P=0.029) but showed no sig-
nificant difference comparing with S group. Values are
mean + SD, *P<0.05 vs. V group; # P<0.05 vs. N group.
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used. MTT assay showed QL treatment

improved cell vitality as the OD value of Q group
increased significantly compared with V group
(Figure 6A) and flow cytometry confirmed that
QL treatment improved cell apoptosis caused
by ischemia-hypoxic cultivation (Figure 6B).
RT-PCR and western blot data showed the pro-
tection for NRCMs of QL was associated with
VEGF expression upregulate in an Akt depen-
dent manner. VEGF expression raised 18.7-
folds more compared with V group (Figures 6
and 7) whereas the Akt inhibitor GSK69069
blocked Akt phosphorylation notably and VEGF
up-regulation disappeared at the same time.
Besides, GSK69069 can block the cell vitality
and apoptosis improvement caused by QL
(Figures 6 and 7), Bcl-2/Bax expression also
showed the same tendency, In V group, Bcl-2
declined in comparison with N group whereas

Am J Transl Res 2016;8(5):2047-2058
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QL treatment increased their expression; in
contrast, Bax were inversely to Bcl-2 expres-
sion and GSK69069 partly blocked this effect
(Figure 7C, 7D).

Discussion

Our study revealed that QL could improve LV
function, cardiac remodeling and reserve mito-
chondrial morphology to a certain extentin HF
rats induced by chronic MI, the possible mech-
anism may be associated withattenuated apop-
tosis and increased VEGF expression in an Akt
dependent manner. This is the first attempt to
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Figure 3. Interstitial fibrosis. Effects of QL on in-
terstitial fibrosis assessed by Sirius red staining,
fibrotic area is stained red, scan bar, 200 pm. N:
normal group; S: sham-operated group; V: vehi-
cle group; Q: QL treated group. Summary data for
interstitial fibrosis is expressed as means + SD
and analyzed by one-way ANOVA followed by the
Tukey post-hoc, *P<0.05 vs. V group; #P<0.05
vs. N group.

evaluate the cardiac protection effects of QL in
HF in a rat model, beyondthe limitations of pre-
vious clinic trials, the effects of QL in LV dys-
function were surveyed by means of research
techniques such as pathological observation
and histological examination which could give
us a intuitionistic evidence and help us to
reveal the possible mechanisms. The increased
LVEF, FS and *dp/dt suggest an ameliorated
cardiac function, especially systolic function as
the intraventricular hemodynamic showed an
increased SBP of QL treated rats compared
with V group; SBP of Q group showed no signifi-
cant difference with normal rats; DBP also

Am J Transl Res 2016;8(5):2047-2058
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Figure 4. mRNA and protein expressionof MI-HF SD rats. A-C: Effect of QL in mRNA expression in CHF rats. The
mRNA level were determined by RT-PCR and normalized to GAPDH housekeeping gene. Values are mean + SD,
*P<0.05 vs. N group; #P<0.05 vs. V group. D, E: QL inhibits mitochondrial-mediated apoptosis in HF rats caused
by chronic MI. D: Representative western blot analysis demonstrating the expression of Bcl-2 and Bax in different
groups. Densitometric analysis: E: In HF rats caused by M, the ratio of Bcl-2/Bax was reduced and QL treatment
increased the Bcl-2/Bax ratio conversely. F: QL reduced the expression levels of cleaved caspase-3 caused by HF.
Data are analyzed by one-way ANOVA followed by the Tukey post-hoc and expressed as the mean + SD, *P<0.05

vs. V group.

increased in Q group compared with Vgroup but
still lower than N group (P=0.029). In addition,
QL also reduced the increased LVEDP caused
by MI considerably (V VS Q group, P<0.001),
suggesting QL may also improve LV diastolic
function. Meantime, decreased LV weight to
body weight, interstitial fibrosis and Col | and
Col lll expression elucidated improved cardiac
remodeling. TCM observation showed cardiac
muscle fibers granulovascular degeneration
was obviously attenuated and mitochondria
were relatively proliferated and accumulated
due to QL treatment.

QL was said to attenuate apoptosisin AMI mice
[14] and we also found QL reduced the Bcl-2/
Bax ratio and activated caspase-3 in our exper-
iment. Bcl-2 and Bax together can impact apop-
tosis through mitochondrial dependent path-
way, Bcl-2 blocks mitochondrial cytochrome
Crelease and prevents subsequent activation
of caspase-3 while translocation of Bax causes
release of cytochrome C and result in an activa-
tion of caspase-3 and cell apoptosis [19]. This
data suggested the effect of QL in improving LV
dysfunction may not be entirely attributable to
its cardiac inotropic effect, which is QL's main
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effect on HF patients theoretically based on
traditional Chinese medicine pharmacology.
VEGF is an endothelial cell mitogen that can
regulate both angiogenesis and nonangiogene-
sis process in cardiovascular system.
Researchers found VEGF could facilitate car-
diomyocytes regeneration andprotect it from
apoptosis with the activationof phosphati-
dylinositol-3 kinase (PI-3K) and theupregula-
tion of Bcl-2 expression [20]. Our data showed
QL could up-regulate VEGF expression in the
infarction border area of HF rats. To gain a bet-
ter understanding of the mechanisms, we cul-
tured NRCMs in ischemia hypoxic environment
and found that QL improved cell vitality and
apoptosis with up-regulated VEGF expression,
Akt blocker can block these effects. These find-
ings remind us VEGF may play an important role
in QL therapeutic mechanism in an Akt depen-
dent manner.

VEGF is important for cardiac remodeling and
repair within the damaged and diseased myo-
cardium [21, 22]. It plays an important part in
angiogenesis and stromal deposition associat-
ed with myocardial infarction. Studies showed
increase VEGF expression of myocytes adja-
cent to the infarct zone and new vessels infil-

Am J Transl Res 2016;8(5):2047-2058
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Figure 5. Ultrastructure in HF rats. A and B: Cardiac muscle fibers granulovascular degeneration and mitochondria
swollen and dissolved were observed in the infarcted LV marginal area of V group rats; C and D: Cardiac muscle
fibers granulovascular degeneration was obviously attenuated and mitochondria were relatively proliferated and

accumulated in Q group.

trating the infarct also overexpressed in Ml rats
[23, 24]. VEGF can also prevent apoptosis and
regulate cell survival under certain conditions
such as hypoxia, glucose deprivation by activat-
ing antiapoptotic proteins and inhibiting pro-
apoptotic signaling like Bad, caspase-9, cas-
pase-3 [25]. Recent studies also found a link-
age between VEGF and tissue metabolism,
which could lead to the development of new
therapies for the treatment of HF [26]. Akt
serves as a central regulator in VEGF expres-
sion. Akt acts on TSC1-TSC2/Rheb/mTORC1
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pathway and increases the protein level of
hypoxia inducible factor 1a which stimulates
VEGF release [27]. Activation of PI3K/Akt-
dependent signaling has been shown to pre-
vent cardiomyocytes apoptosis and protect the-
myocardium [28, 29]. Our results found that
the level of phosphor-Akt was elevated and the
cell apoptosis was reduced in QL group com-
pared with that in vehicle group, so the cardiac
protect effectof QL was mediated partially
through the VEGF expression in PI3K/Akt
dependent manner.
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Figure 6. Effect of QL on cell vitality and apoptosis of ischemia hypoxic cultivated NRCMs. A: MTT assay showed
the OD value of Q group increased significantly compared with V group; B: Flow cytometry confirmed that QL treat-
ment improved cell apoptosis, preincubation of Akt inhibitor GSK69069 can block this effect as the OD value and
apoptotic rate in Q+G group showed no significant difference with V group. C: Control group, V: Vehicle group, Q: QL-
treated group, G: GSK69069 group, Q+G: QL + GSK69069 group. Values are expressed as the mean + SD, one-way
ANOVA followed by the Tukey post-hoc were applied,*P<0.05 vs. V group, #P<0.05 vs. Q+G group.
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Figure 7. mRNA and protein expression of ischemia-hypoxic cultivated NRCMs. (A) Effect of QL in VEGF mRNA ex-
pression in NRCMs under ischemia hypoxic condition. The mRNA level were normalized to GAPDH housekeeping
gene, VEGF expression increased in V group due to ischemia hypoxic stimulate, but QL treatment increased VEGF
expression to 26.2 folds compared with only 7.5 folds in V group, Akt inhibitor reduced this effect both alone and
together with QL. (B-D) Western blot analysis showed the phosphorylation Akt and expression of Bcl-2 and Bax in dif-
ferent ischemia hypoxic cultivated NRCM groups (C). Densitometric analysis: (B) QL increased Akt phosphorylation
and this effect can be reduced in present of Akt inhibitor; (D) QL treatment increased the Bcl-2/Bax ratio compared
with V group, while this effect was blocked by Akt inhibitor GKS69069. C: Control group, V: Vehicle group, Q: QL
treated group, G: GSK69069 group, Q+G: QL + GSK69069 group. Data are expressed as mean + SD and analyzed
by one-way ANOVA followed by the Tukey post-hoc, *P<0.05 vs. V group, *P<0.05 vs. N group.
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In conclusion, QL could significantly improve
the cardiac function and remodeling in HF rats
caused by chronic MI, it also attenuated cell
apoptosis and increased cell vitality in isch-
emia hypoxic cultured NRCMs. The underlying
mechanism may attribute to attenuation of car-
diomyocyte apoptosis mediated by VEGF
expression in PI3K/Akt dependent manner. For
a Traditional Chinese Medicine of great antig-
uity, our results indicated a guarantee deffect
in HF rats model and a new perspective in the
molecular mechanisms of QL which makes it
even evidence-based both fundamentally and
clinically.
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Supplementary Table 1. Body weight, heart rate and LVEF before treatment

Ml
N (n=6) S (n=6) V (n=8) Q (n=8)
BW (g) 403.4+50.6 410.7+21.3 415.6128.2 408.6+40.2
HR 453.2+80.5 428.9+74.2 436.4+69.3 411.2+81.8
LVEF (%) 66.846.5 63.1+3.7 31.745.0% 29.543.4%

No significant intergroup differences were noted of BW and HR, the values of LVEF in V group and Q group were significantly
lower than N and S groups and no significant intergroup LVEF differences were noted between V and Q group. N: normal control
group; S: sham-operated group; V: non-treated heart failure rats with chronic MI; Q: QL 0.6 g/kgd treated heart failure rats with
chronic MI. Values are mean + SD, *means compared with N group P<0.05.

Supplementary Figure 1. A. Echocardiography of each group before treatment. B. Echocardiography of each group
after treatment.



