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developmental markers of cardiac remodeling, 
TGF-β, MMP-9 and MMP-2 levels were marked-
ly improved by ISO-infusion; on the contrary, QL 
treatment significantly reduced ISO-induced 
improvements of TGF-β, MMP-9 and MMP-2 
levels (Figure 2C and Supplementary Figure 
1B).

nated with QL and ISO. The effects of PPARγ 
inhibitor or PPARγ activator were detected by 
the decreased or raised PPARγ expression lev-
els (Figure 5A and Supplementary Figure 1D). 
Consequently, PPARγ inhibitor prevented the 
beneficial effects of QL on cardiac function 
(evaluated by EF and FS) after ISO infusion 

Figure 3. Expression of PPARγ, p-AKT, AKT, p-ERK, ERK, p-P38, P38 in western 
blotting. A. The protein level of PPARγ and PGC1-α was down-regulated in the 
ISO-induced mice, which was reversed by QLQX treatment. B. QL has no ef-
fect on AKT, P-38 and ERK pathways. Data were analyzed by one-way ANOVA 
followed by Bonferroni’s post-hoc test and expressed as the mean ± SEM. 
*P<0.05, **P<0.01, ***P<0.001. n=6 per group.
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ISO-induced cardiac dys-
function mice

The mechanism of the pro-
tective effect of QL treat-
ment in ISO-induced cardiac 
dysfunction mice was further 
explored. According to our 
previous research, PPARγ 
plays an important role in QL 
treatment after AMI in mice. 
This study was conducted  
to explore whether PPARγ  
is involved in sustained  
ISO activation with QL tre- 
atment.

Based on the immunoblot-
ting analysis, deceased level 
of PPARγ and PGC1-α were 
found in ISO-induced mice 
with vehicle-treated by QL 
treatment (Figure 3A and 
Supplementary Figure 1C). 
However, QL treatment did 
not alter the expression of 
AKT, p-ERK1/2/ERK1/2 and 
p-P38/P38 in ISO-induced 
cardiac dysfunction, sugges- 
ting these signaling path-
ways were not participated in 
QL-mediated improvement in 
cardiac remodeling in ISO-
induced heart failure (Fig- 
ure 3B and Supplementary 
Figure 1C).

QL attenuates cardiac 
remodeling in sustained ISO 
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To further explore the contri-
bution of PPARγ to the bene-
ficial effects of QL in ISO infu-
sion, we treated mice with 
T0070907, an inhibitor of 
PPARγ (1 mg/kg/d), combi-
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(Figure 4A, 4B). Moreover, PPARγ activator 
failed to provide extra profits in cardiac func-
tion in the presence of QL (Figure 4A, 4B), sug-
gesting that PPARγ activation is necessary for 
its beneficial effects in attenuating cardiac 
remodeling after ISO infusion. Meanwhile, inhi-
bition of PPARγ activity potently blocked the 
protective effects of QL against ISO-induced 
cardiac dysfunction, which revealed in cardiac 
fibrosis determined by Masson trichrome stain-
ing (Figure 5B). PPARγ inhibitor abolished the 
effects of QL in decreasing ISO-induced apop-
tosis which indicated by the ratio of Bax/Bcl-2 
(Figure 5C and Supplementary Figure 1E). 
Consequently, these data suggested that the 
increased levels of PPARγ and PGC1-α could 
contribute to the beneficial effects of QL in 
attenuating cardiac remodeling after sustained 
ISO activation.

Discussion

With use of QL in ISO-induced cardiac remodel-
ing, this study found that QL-mediated cardiac 
protection in isoproterenol-induced cardiac 
remodeling by inducing PPARγ, decreasing 
apoptosis and reducing cardiac fibrosis are 

involved in the pharmacologic effects. The per-
oxisome proliferation-activated receptor γ 
(PPARγ) is from the nuclear receptor superfam-
ily of ligand-inducible transcription factor family 
[13]. Study showed PPARγ activation can pre-
vent cardiac hypertrophy, inhibit cardiac remod-
eling, and reduce infarct size in several animal 
models; the underlying protective effects of 
PPARγ activation have been attributed to reduc-
ing inflammation, oxidative stress and cell 
death [14-16]. However, the limitation of PPARγ 
as a therapeutic measure in cardiovascular dis-
ease attributes to the risk for fluid retention, 
weight gain, bone loss and congestive heart 
failure [17]. Therefore, some aspects of PPARγ 
function are poorly understood. Designing or 
identifying the selective PPARγ modulators with 
respect to therapeutic applications is highly 
desirable and is a major challenge to date [18].
Only parts of the cardioprotective mechanism 
of QL on variety of pathological animal models 
have been demonstrated in the line of the pre-
vious studies [10, 19-21]. As increased sympa-
thetic nerve activity in the myocardium is a cen-
tral feature of patients with heart failure [4, 22].
Therefore, ISO-infused mice were established 
to develop cardiac dysfunction. Following with 

Figure 4. QL improves cardiac function via increasing PPARγ in ISO-induced mice. A. Left ventricular fractional 
shortening (%) (EF) and ejection fraction (%) (FS) as measured by echocardiography. B. Echocardiography param-
eters show that PPARγ inhibitor abolish the beneficial effects of QL on improving cardiac function, while PPARγ 
activator failed to provide any further improvement in cardiac function in the presence of QL. Data were analyzed 
by one-way ANOVA followed by Bonferroni’s post-hoc test and expressed as the mean ± SEM. *P<0.05, **P<0.01, 
***P<0.001. n=6 per group.
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echocardiographic parameters revealed signifi-
cant impairment in cardiac function; immuno-
histochemical staining indicated that myocar-
dial fibrosis was significantly improved in ISO 
group. However, QL-treated mice significantly 
improved cardiac function, decreased myocar-
dial fibrosis and apoptosis. Based on the immu-

noblotting analysis, the PPARγ and PGC1-α lev-
els were shown to be deceased in ISO-induced 
mice compared to vehicle-treated mice, and 
these decreases were prevented by QL treat-
ment. In addition, inhibition of PPARγ activity 
potently prevented the protective effects of  
QL against ISO-induced cardiac dysfunction. 

Figure 5. QL attenuates cardiac fibrosis and apoptosis via PPARγ. (A) PPARγ inhibitor abolishes the effects of QL in 
decreasing cardiac fibrosis. (B) PPARγ inhibitor decreases the expression of PPARγ and PPARγ activator increases 
the expression of PPARγ. (B) Masson trichrome staining for cardiac fibrosis, 400× magnification. (C) PPARγ inhibitor 
abolishes the effects of QL in decreasing apoptosis as indicated by the ratio of Bax/Bcl-2. Data were analyzed by 
one-way ANOVA followed by Bonferroni’s post-hoc test (A and B), independent-samples t-test was used for compari-
sons between two groups (C) and expressed as the mean ± SEM. *P<0.05, **P<0.01, ***P<0.001. n=3 per group.
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Moreover, PPARγ activator was unable to pro-
vide additional profits in cardiac function with 
QL treatment, suggesting that PPARγ and QL 
function predominantly through the same path-
way, which is fully activated with either treat-
ment alone. Fluid retention may be the major 
contributor to the negative impact of PPARγ 
agonist thiazolidinediones in heart and the 
underlying mechanism has not been fully eluci-
dated [23]. While some studies reported that 
some new PPARγ activators showed a promis-
ing therapeutic effect with lesser adverse 
effects such as fluid retention and heart failure 
[24, 25]. Non-genomic and genomic mecha-
nisms have been crucial in helping to analyze 
the relative contributions of PPARγ activation in 
the therapeutic effects of QL, as well as deter-
mining which cell types in myocardial tissue are 
involved in PPARγ transformation and would be 
expected to have a role in the cardioprotective 
effect of PPARγ on the heart [23]. Further stud-
ies are needed to clarify the role of PPARγ  
in heart and to understand the molecular 
mechanism of PPARγ-dependent and PPARγ-
independent pathways [17]. It is also important 
to identify the exact active ingredients of QL 
responsible for the therapeutic effects of QL in 
the future [26].

In conclusion, the present study showed that 
QL administration offers notable benefits on 
cardiac function and attenuates the progres-
sion of heart remodeling induced by ISO, medi-
tating in activation of PPARγ and PGC-1α, which 
could provide favorable evidence of clinical 
therapeutic effects on reversing cardiac remod-
eling and heart failure
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Supplementary Figure 1. Uncropped scans of Western blots for all relevant western bands.


