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This study aimed to explore the effects of puerarin on autophagy in cardiac hypertrophy. Decreased 5'-
adenosine monophosphate kinase (AMPK) activity alone with inhibited autophagy could be detected in
rats within 3 weeks after aortic banding (AB). Puerarin treatment for 3 weeks in AB rats significantly
restored autophagy. Administration of puerarin for 6 weeks effectively restricted cardiomyocyte hy-
pertrophy and apoptosis. In an in vitro study, similar anti-hypertrophy and anti-apoptosis effects of

l;eyonds: puerarin on isoprenaline-induced H9c2 cells were also observed. After inhibition of autophagy by pre-
uerarin treatment with 3-methyladenine, the protective effects of puerarin were blocked. Further in vivo study

Cardiac hypertrophy L . , .

Autophagy demonstrated that puerarin significantly enabled phosphorylation of 5-AMPK to be activated, subse-

AMPK quently inhibiting expression of the mammalian target of rapamycin (mTOR) target proteins S6 ribo-

somal protein and 4E-binding protein 1. All these data indicate that puerarin exerts protective effects
against cardiomyocyte hypertrophy and apoptosis, partly by restoration of autophagy through AMPK/
mTOR-mediated signaling.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

During the early period of cardiac hypertrophy, a shift to raised
ventricular tension in response to increased neurohumoral activa-
tion and hemodynamic load, which is characterized by increased
protein synthesis and hypertrophic sarcomere, is the main
compensatory mechanism [1,2]. However, if the stressors are sus-
tained, the hypertrophic cardiomyocytes progressively die, ulti-
mately leading to heart failure.

Autophagy is a conserved process that facilitates the degradation
of injured long-lived proteins and organelles in lysosomes, and has
been shown to be involved in cardiovascular disease [3]. The current
view is that activated autophagy is an adaptive process with pro-
survival effects in specific contexts, while dysregulation of
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autophagy can cause pathological disease [4]. Accumulated data
have shown that dysfunction of autophagy is associated with
development of cardiac hypertrophy [2,5]. Importantly, activation of
autophagy by pharmacotherapy or gene modification can retard
development of hypertrophy and protect cardiac function [6,7]. Thus,
therapy to preserve autophagic regulation may represent a new and
useful strategy for management of cardiac hypertrophy. As the major
bioactive ingredient derived from the root of Pueraria lobata (Kudzu),
puerarin, has been approved by the State Food and Drug Adminis-
tration in China for clinical therapy in cardiovascular and other dis-
eases [8]. Nevertheless, the detailed mechanisms of puerarin in
cardiac hypertrophy remain unclear, especially as to whether puer-
arin exerts a preventive effect on cardiac hypertrophy by regulation
of autophagy. Thus, in the present study, we aimed to determine
whether puerarin can retard cardiac hypertrophy by stimulating
autophagy, and explored the potential underlying mechanisms.

2. Materials and methods
2.1. Materials

See supplementary material.
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2.2. Animal model

The animal experiments conformed to the Guide for the Care and
Use of Laboratory Animals (US and National Institutes of Health).
Male Sprague—Dawley rats weighting 80—100 g (Central Animal
Care Services at Southern Medical University) were used. Cardiac
hypertrophy was induced by descending AB [2]. Rats assigned to
the sham-operated (SO) group underwent a similar procedure
except for the arterial ligation. Subcutaneous injection of puerarin
(100 mg/kg/day) or rapamycin (1.2 mg/kg/day) was started once
the arterial banding was confirmed by echocardiography immedi-
ately after the AB procedure. Rats in the SO group received an equal
volume of normal saline.

2.3. Echocardiography

Following anesthetization with chloral hydrate, transthoracic
two-dimensionally guided M-mode echocardiography was per-
formed every week after the AB procedure by an experienced
technician blinded to the study groups, using an IE33 echocardio-
graphic system (Philips Medical Systems, Nederland BV).

2.4. Organ weight and histological analysis

Heart weight to body weight ratio (HW/BW) and left ventricular
mass to body weight ratio (LWm/BW) were calculated. Myocyte
cross-sectional area was used for evaluation of the degree of left
ventricular (LV) hypertrophy. Sections were stained with H&E and
examined under a light microscope (AMG EVOS FL), and the myo-
cyte area was measured with Image Pro Plus (v6.0; Media Cyber-
netics, Carlsbad, CA, USA). Fibrosis was assessed by staining
sections with a Masson trichrome kit according to the manufac-
turer's instructions.

2.5. Immunofluorescence microscopy

After the paraffin wax sectioning was finished, antigen retrieval
was performed using EDTA buffer solution (pH 8.0). The dried
sections were washed with PBS, blocked with 3% bovine serum
albumin (BSA) for 30 min at room temperature, and then incubated
with the primary antibodies, followed by the fluorescent secondary
antibodies. The sections were imaged with an inverted fluores-
cence microscope (AMG EVOS FL). Green fluorescence was
considered a marker of LC3 positivity.

2.6. Cell culture and treatment

H9c2 cardiac myoblast cells were cultured in Dulbecco's modi-
fied Eagle's medium supplemented with 10% fetal bovine serum
(FBS) in a humidified atmosphere of 5% CO, and 95% air at 37 °C.
Upon reaching 50—60% confluence, the cells were treated with ISO
(1 uM) or puerarin (1 uM, 5 uM, 10 pM, 20 uM, or 40 pM, dissolved
in dimethyl sulfoxide [DMSO]), alone or in combination. Positive
control groups were exposed to rapamycin (100 nM) in normal
medium containing ISO (1 pM). For inhibitor experiments, cells
were pretreated with the selective autophagy inhibitor 3-MA
(10 mM) for 1 h, or transfected with AMPK siRNA (AMPK-si) for
48 h. For observation of autophagic flux, H9c2 cells were pretreated
with CQ (10 uM) for 16 h with or without other treatments.

2.7. Western blot analysis
Western blot assay was performed as follows. Briefly, the su-

pernatants of the tissue or cell lysates were collected after centri-
fugation. Bradford assay was used to measure the protein

concentration. Protein samples (20—25 pg) were separated by so-
dium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluoride (PVDF) mem-
branes. The membranes were probed with primary antibodies
overnight. Diluted secondary antibodies were used to detect the
corresponding primary antibodies. Further analysis was carried out
using Image Pro Plus v6.0 to quantify the protein bands.

2.8. Quantitative real-time reverse transcription—polymerase chain
reaction

Trizol reagent was used to extract RNA from LV tissue or H9c2
cells. cDNA was synthesized for real-time polymerase chain reac-
tion (PCR) analysis. The PCR amplifications were quantified and the
results were normalized against 18S gene expression. The PCR
primer sequences used in this study were as follows: 18S, 5'-
ACCGCAGCTAGGAATAATGGA-3"  (forward), 5'-GCCTCAGTTCC-
GAAAACCA-3’ (reverse); ANP, 5-GGGGGTAGGATTGACAGGAT-3'
(forward), 5'-CTCCAGGAGGGTATTCACCA-3' (reverse); B-MHC, 5'-
CCTCGCAATATCAAGGGAAA-3'  (forward),  5'-TACAGGTGCAT-
CAGCTCCAG-3' (reverse). The 2ACT method was used to calculate
the relative expression levels of mRNA.

2.9. Apoptosis assays

Apoptosis in heart sections was measured by TUNEL staining. An
Annexin V-FITC apoptosis detection kit was used to detect
apoptosis in cultured H9c2 cells. Hoechst 33342 staining was also
carried out to detect cell apoptosis. Cells with fragmented or
condensed nuclei were considered apoptotic cells.

2.10. Measurements of cell size

After incubation with DAPI for 15 min, H9c2 cells were incu-
bated with Alexa Fluor 555 phalloidin (1:35 dilution) for 30 min at
37 °C. A fluorescence microscope was used to visualize the car-
diomyocytes and take pictures. Image Pro Plus software was used to
calculate the cell surface area, with 100 cells from selected fields
measured randomly in each group.

2.11. Visualization of autophagic vacuoles

HO9c2 cells were transfected with GFP-LC3 plasmid following the
manufacturer's instructions [9]. After the treatments, the GFP-LC3
punctate dot structures in individual live H9¢c2 cells were imaged
using a fluorescence microscope. Autophagy was quantified by
calculating the percentage of GFP-LC3-positive autophagic vacuoles
in cells with LC3 punctate dots.

2.12. Statistical analyses

Continuous data were expressed as the means + standard error
(SEM). The differences in means between the groups were evalu-
ated using one-way analysis of variance (ANOVA) test, followed by a
post hoc Tukey test. Statistical significance was set at P < 0.05.

3. Results

3.1. LC3B expression and AMPK inhibiting in hypertrophic
myocardium in vivo

Reduced LC3B-II and increased p62 protein were observed in AB
rats compared with SO rats at week 2 and 3 post-operative,
respectively, while at week 6, the expression of LC3-1I was much
more increased in AB rats than in SO rats. By contrast, p62 was
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significantly less in AB rats than in SO rats. Beclin1 was similar in all
groups before week 3 post-AB procedure, but it was significantly
higher in AB rats at week 6 post-procedure compared with SO rats.
The Thr172 phosphorylation of AMPK showed similar changes to
those of LC3B-II in AB rats over time (Fig. 1A and B).

3.2. Puerarin restored autophagy though activation of AMPK in vivo

As shown in Fig. 1C and D, compared with rats in the SO group,
those in the AB group showed decreased LC3B-II, accompanied by
increased p62. Decreased phosphorylation of AMPK at Thr172 was
also observed at week 3 post-procedure. In AB rats, 3 weeks of
puerarin therapy significantly restored LC3B-II, and this was
accompanied by decreased p62. Moreover, AMPK that was reduced
in the AB group was also restored in the puerarin therapy group.
Either AB alone or AB combined with puerarin therapy had limited
influence on Beclin1 protein expression at week 3 post-procedure.
The representative images of LC3-positive fluorescence (green) also
indicated that the AB procedure reduced LC3 at week 3, and that
puerarin therapy resulted in the restoration of LC3 (Fig. 1E). Rapa-
mycin, a classic activator of autophagy, was chosen to treat AB rats
as a positive control group; this group had similar results in terms
of changed autophagic markers and AMPK activity as those in the
puerarin-treated group.
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3.3. Puerarin prevented cardiac hypertrophy and remodeling

As shown in Fig. 2A and B, impaired LV function indicated by
reduced left ventricular ejection fraction (LVEF) and left ventricular
fractional shortening (LVFS) was not observed in AB rats at week 6.
However, hypertrophic indicators such as left ventricular posterior
wall end-diastolic thickness (LVPWA), left ventricular posterior wall
end-systolic thickness (LVPWs), interventricular septum end-
diastolic thickness (IVSd), and interventricular septum end-
systolic thickness (IVSs) increased significantly in the AB group
compared with the SO group. After 6 weeks of therapy with either
puerarin or rapamycin, those indicators decreased significantly
compared with untreated AB rats (Fig. 2C). H&E staining analysis of
cardiac cross-sections revealed that the increased myocyte area
noted in AB rats was reduced by either puerarin or rapamycin
treatment (Fig. 2D and E). Analysis with Masson's stain demon-
strated that both interstitial and perivascular fibrosis were
increased in rats with AB, and both puerarin and rapamycin treat-
ment significantly reduced myocyte area and fibrosis compared
with AB rats (Fig. 2F and G). Similar changes in HW/BW and LVm/
BW were also observed in these groups (Fig. 2H). Besides, the in-
creases in ANP and 3-MHC mRNA induced by AB surgery were also
significantly prevented in either puerarin-treated or rapamycin-
treated rats (Fig. 21I).
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Fig. 1. Effects of puerarin on autophagy in vivo study. A and B: Representative immunoblot and quantitative analysis of LC3B, p62, Beclin1, GAPDH, p-AMPK and total AMPK levels in
hearts subjected to AB or sham operation for the indicated time. C and D: Representative immunoblot and quantitative analysis of LC3B, p62, Beclin1, GAPDH, p-AMPK, and total
AMPK levels in rats in the sham, AB, puerarin, and rapamycin groups, respectively. E: Representative images of LC3-positive fluorescence (green). Blue fluorescence indicates DAPI-
stained nuclei. AB, aortic banding group; Pue, puerarin-treated aortic banding group; Rapa, rapamycin-treated aortic banding (positive control) group. *P < 0.05 vs Sham group;
#P < 0.05 vs AB group. Each of the experiments was repeated four times, n = 4. (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)
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Fig. 2. Evidence of attenuation of AB-induced LV hypertrophy and apoptosis at week 6. Recordings were shown from 6 rats in each group. A: Representative pictures of echo-
cardiography; B: left ventricular function; C: indexes of cardiac structure. D and E: H & E staining; F and G: representative photomicrographs of Masson trichrome staining for
interstitial fibrosis and perivascular fibrosis respectively; H: HW/BW and LVm/BW; I: quantitative reverse transcription PCR analysis of the hypertrophy-related genes ANP and (-
MHC; J: Representative immunoblot and quantitative analysis of cleaved caspase 3 from each group; K: representative images of TUNEL staining. Apoptotic cells (green) in heart
sections from each group were labeled by TUNEL staining. AB, aortic banding group; Pue, puerarin-treated aortic banding group; Rapa, rapamycin-treated aortic banding (positive
control) group. “P < 0.05 vs. sham group; #P < 0.05 vs. AB group. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this

article.)

3.4. Puerarin protected against cardiomyocyte apoptosis

A marked increase in cardiomyocyte apoptosis, as indicated by
increased cleaved caspase 3 protein, was detected at week 6 in AB
rats compared with SO rats (Fig. 2]). TUNEL-positive cells were
seldom identified in SO rats, but were markedly increased in AB
rats, and this was blocked significantly in both puerarin-treated and
rapamycin-treated AB rats (Fig. 2K).

3.5. Autophagy dysfunction was associated with inhibited AMPK
in vitro

Treatment with ISO 1 pM for at least 12 h significantly induced
an increase in LC3B-II accompanied by activation of AMPK, as
indicated by increased phosphorylation of AMPK at Thr127. How-
ever, decreased LC3B-II in H9c2 was detected within 6 h post-ISO
treatment, and the changes in AMPK were exactly the same
(Fig. 3A).

3.6. Puerarin restored autophagy activity inhibited by ISO in vitro

Similar to rapamycin, puerarin pretreatment for 24 h followed
by co-culture with ISO for 6 h could dose-dependently increase

LC3B-II compared with ISO treatment alone (Fig. 3B). Reduced LC3-
Il protein levels under basal conditions could be detected in the
cells transfected with AMPK-Si. Importantly, Puerarin treatment
restored LC3-II level in the cells transfected with control siRNA but
failed to do so in the cells transfected with AMPK-Si (Fig. 3C).
Pretreatment with CQ for 16 h resulted in increased LC3B-II accu-
mulation in H9c2 cells without any other treatment, and this was
attenuated by ISO treatment. Cells pretreated with both puerarin
(20 uM) and CQ, followed by co-culture with ISO, showed an
additional increase in the number of GFP-LC3 puncta (Fig. 3D
and E).

3.7. Puerarin prevented H9c2 hypertrophy through promoting
autophagy in vitro

Compared with the H9c2 cells in the control group, adminis-
tration of ISO for 48 h markedly increased the cell area (Fig. 3F and
G) and the expression of ANP and B-MHC mRNA (Fig. 3H), which
was significantly restrained by either puerarin or rapamycin ther-
apy. After suppression of autophagy by pre-treating cells with 3-
MA, puerarin failed to reduce the cell surface area and the mRNA
expression levels of ANP and B-MHC in the presence of ISO.
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3.8. Puerarin protected H9c2 against apoptosis by promoting
autophagy in vitro

ISO administration to H9c2 cells significantly induced car-
diomyocyte apoptosis, as determined by higher levels of apoptotic
cells in ISO treated cells than normal control cells (Fig. 4A). Hoechst
33342 fluorescent stain revealed the pro-apoptotic effects of ISO,
which was characterized by increased numbers of white
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hyperchromatic nuclei (Fig. 4B). Also, compared with normal con-
trol cells, increased protein level of cleaved caspase 3 in ISO treated
cells could be observed (Fig. 4C). In cells stimulated with ISO,
puerarin or rapamycin pretreatment reduced cleavage of caspase-3
and diminished the number of apoptotic cells significantly.
Importantly, the protective role of puerarin against apoptosis was
blocked by treatment with 3-MA.
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Fig. 3. Effects of puerarin on autophagy and cardiomyocyte hypertrophy. A: Effects of isoprenaline on autophagy in H9c2 with time. Representative immunoblot and quantitative
analysis of the LC3B, p-AMPK, and GAPDH levels. B: Representative immunoblotting and quantitative analysis of LC3B and GAPDH levels; C: H9c2 cells were transfected with C-
siRNA or AMPK-si for 48 h. The cells were subsequent treated in ISO medium with or without Puerarin. LC3B protein level was detected using immunoblotting. D and E:
Representative fluorescence images and quantitative analysis showing the effect of puerarin (20 uM) on the autophagic flux. F: Assessment of cardiomyocyte morphology after
staining with Alexa Fluor 555 phalloidin and DAPI; G: quantitative analysis of cardiomyocyte surface area; H: quantitative reverse transcription PCR analysis of the hypertrophy-
related genes ANP and 3-MHC. Con, control (untreated H9c2 cells); ISO, isoprenaline (1 uM) treated cells. Rapa, rapamycin (100 nM) treated cells; Pue, puerarin (20 uM) treated cells;
Pue_1, puerarin 10 pM; Pue_2, puerarin 20 pM; Pue_3, puerarin 40 uM; CQ, chloroquine 10 pM pretreated cells. 3-MA, 3-methyladenine (10 mM) treated cells. *P < 0.05 vs. control
cells; *P < 0.05 vs. ISO-treated cells. {P < 0.05 vs. Pue or Pue/C-siRNA treated cells. Each of the experiments was repeated four times, n = 4.
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3.9. Puerarin regulated mTOR signaling in cardiac hypertrophy 4EBP1 were observed. After puerarin or rapamycin treatment in
in vivo AB rats, expression of mTOR, S6K and 4EBP1 phosphorylation
was significantly decreased, indicating that an inhibitory effect of

At week 3 after AB surgery, a significant increase in phos- puerarin on mTOR might result in induction of autophagy

phorylation of mTOR and its downstream effectors S6K and (Fig. 4D).
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Fig. 4. Effects of puerarin on apoptosis in vitro and mTOR signaling in vivo. A: The apoptotic ratios of H9c2 cells were determined by flow cytometry using FITC-annexin V/PI double
staining. B: Representative fluorescence images showing apoptotic cells stained by Hoechst 33342; C: Representative immunoblot and quantitative analysis of cleaved caspase 3 and
GAPDH levels; D: Representative immunoblot and quantitative analysis of phospho-mTOR, total mTOR, 4EBP1, and p70S6K levels. Con, untreated H9c2 cells; ISO, isoprenaline
(1 uM) treated cells. Rapa, rapamycin (100 nM) treated cells; Pue, puerarin (20 uM) treated cells; 3-MA, 3-methyladenine (10 mM) treated cells. AB, aortic banding group; Pue,
puerarin-treated aortic banding group; Rapa, rapamycin-treated aortic band (positive control) group. *P < 0.05 vs Control normal cells or sham group rats. #P < 0.05 vs ISO treated
cells or AB group rats. {P < 0.05 vs. Puerarin treated cells. Each of the experiments was repeated four times, n = 4.
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4. Discussion

The results of the present study are summarized as follows: (1)
puerarin could attenuate the progress of cardiac hypertrophy and
inhibit cardiomyocyte apoptosis; (2) the protective effects of
puerarin against cardiac hypertrophy and apoptosis might be
exerted partly through restoration of autophagy, and (3) regulation
of AMPK/mTOR signaling might be involved in this puerarin-
induced activation of autophagy.

Consistent with previous data [10—14], present study revealed
that AB rats treated with puerarin for 6 weeks showed no signifi-
cant difference from SO rats in terms of indicators for either hy-
pertrophy or apoptosis. Similarly, puerarin treatment was also able
to decrease cell size, expression of ANP and f-MHC mRNA, and
apoptosis in ISO-stimulated H9c2 cells. Autophagy has been shown
to play an important role in the reaction of cardiomyocytes to
numerous types of stress. Previous data from animal model of
cardiac hypertrophy have indicated that basal autophagy is pivotal
in the maintenance of myocardial cell morphology and cardiac
function through elimination of injured organelles and proteins,
whereas excessive activated autophagy has been shown to be able
to induce cell death. In the early stage of cardiac hypertrophy
decreased autophagy can be observed, and subsequently promotes
further exacerbation of the condition. Moreover, inhibition of
autophagy can also be detected in a hypertrophic model of animals
subjected to AB. The specific deficiency of ATG5 causing cardiac
hypertrophy and dysfunction further offers evidence of the pro-
tective role of basal autophagy in the development of cardiac hy-
pertrophy [5]. However, in cases of sustained overload stimulation,
heart failure occurs, and this in turn activates autophagy, conse-
quently leading to myocardial death. Thus, the changes in auto-
phagic level might be an indicator reflecting different stages of
cardiac hypertrophy [2,5,15], and the duration of decreased auto-
phagy in the period of compensated hypertrophy relies on the
variable extents of hemodynamic stress. In order to guarantee a
sufficient duration of compensated hypertrophy for detecting
decreased autophagy, we performed descending AB according to
the description by Li et al. [2] to achieve a moderate pressure
overload in rats.

As an activator of autophagy, rapamycin has been shown to be
able to prevent cardiac hypertrophy in animals subjected to thyroid
hormone or isoprenaline treatment, and even to reverse stress-
induced cardiac hypertrophy, leading to improved cardiac func-
tion [16,17]. Similar to previous data, the results of the present
study using rapamycin treatment as a positive control in AB rats
showed reproducible protective effects, including prevention of
cardiac hypertrophy progression, retardation of remodeling, and
inhibition of cardiomyocyte apoptosis, accompanied by activation
of autophagy. Intriguingly, puerarin treatment produced similar
effects of autophagy activation and cardiac protection as those seen
with rapamycin. After 3-MA pretreatment of H9c2 of cells, co-
incubation of puerarin and ISO failed to produce reductions in in-
dicators of both hypertrophy and apoptosis in vitro study. These
results indicated that the protective impact of puerarin might be
partly autophagy-dependent.

To date, there are limited studies focusing on the underlying
mechanism of puerarin in regulating autophagy. In the Parkinson's
disease, treatment with puerarin was shown to protect against
increased level of reactive oxygen species, and prevent oxidative
injury through the chaperone-mediated autophagy pathway [18].
In ethanol-treated hepatocytes, incubation with puerarin was able
to significantly recover cell viability and to reduce cellular lipid
accumulation through activation of autophagy. Further investiga-
tion revealed that regulation of AMPK/mTOR signaling might be
involved in the molecular mechanisms [19]. Importantly,

accumulated data have demonstrated that AMPK/mTOR signaling
is also involved in the development of cardiac hypertrophy. Inac-
tivated AMPK can be observed in the early stage of compensated
cardiac hypertrophy in vivo or during the first hours of hypertrophic
stimulation of H9c2 cells [2]. In AMPK alpha-2 null mice, the cardiac
hypertrophy induced by isoproterenol or aortic constriction was
significantly greater than in controls [20]. Furthermore, the car-
diospecific deletion of LKB1 was shown to lead to hypertrophy,
correlated with stimulation of mTOR signaling and reduced AMPK
phosphorylation, and could be prevented by overexpressing a
constitutively active form of AMPK or by inhibiting mTOR with
rapamycin [21,22]. In our in vivo study, decreased levels of phos-
phorylated AMPK were observed, accompanied by reduced LC3II.
Similar phenomena were also detected within 6 h in vitro by ISO
treatment of H9c2 cells. Naturally, AMPK has been considered as a
therapeutic target in the management of cardiac hypertrophy and
other metabolic diseases such as diabetes mellitus and ischemic
heart disease. Applying AMPK activators such as 5-
aminoimidazole-4-carboxamide ribonucleotide or metformin has
been confirmed to activate autophagy and to exert anti-
hypertrophy or cardioprotective effects [2,23].

Inhibition of mTOR by its specific inhibitor rapamycin or partial
ablation of mTOR blocked p70S6K activation and counteracted the
development of cardiac hypertrophy. In present study, pharmaco-
logical activation of AMPK using puerarin inhibited the mTOR
pathway, as confirmed by significantly reduced S6 phosphorylation
and 4E-BP1 phosphorylation in puerarin-treated AB rats compared
with untreated AB rats. This suggests an inhibitory effect of puer-
arin on mTOR that results in the induction of autophagy. Together,
these results imply that puerarin attenuates the development of
hypertrophy by increasing autophagy, partly through stimulating
AMPK phosphorylation, and subsequently suppresses mTOR
phosphorylation.
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