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Safflower extract inhibiting apoptosis by
inducing autophagy in myocardium derived H9C2 cell
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Abstract: The Heart failure (HF) is considered as the end-stage of various heart disease and associated with high
mortality globally. Progressive loss of cardiac myocytes via apoptosis is considered as the most important factor
for HF pathology. In this study, we demonstrated that Safflower extract was able to inhibitthe apoptosis inducted
by Angiotensin Il (Angll) in a ratmyocardium derived cell line H9C2. Further examination of LC-3Il conversion and
autophagosome formation suggested Safflower extract induced autophagy in treated cell. Inhibition of Safflower
extract induced autophagy by 3-methyladenine (3MA) abolished anti-apoptotic function of Safflower extract, while
application of autophagy stimulator Rapamycin in H9C2 inhibited apoptosis as well. Moreover, treatment of HOC2
cell with Safflower extract also inhibited expression of pro-apoptotic genes BAD and Bax. In conclusion, our data
indicated that Safflower extract inhibit apoptosis via inducing autophagy in myocardium cell and demonstrated the

potential as novel therapeutic drug for Heart failure.
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Introduction

Heart failure (HF), often referred as chronic
heart failure (CHF), has been considered as the
end-stage of various heart disease and is gen-
erally associated with high mortality all over the
world [1]. The progression and the cause of
heart failure has been shown to involve multi-
ple factors and processes, such as coronary
artery disease, high blood pressure, atrial fibril-
lation, smoking, alcoholic, infection, and cardio-
myopathy as well as some other unknown
causes [2-5]. As many clinical and basic stud-
ies have been conducted to clarify the complex
pathophysiology of HF, several mechanisms
that affect cardiac function were identified and
the B-adrenergic receptor (B-AR)-mediatedsi-
gnaling pathway has beenconsidered as the
most important one which regulates cardiac
function [2]. As a result, modulating this path-
way via B blocker is the most commonly used
therapy for HF [2]. Moreover, except B blocker,
RAS inhibitors, antiplatelet agents and statins
has been used to improve the survival rate of
HF patients as well [2]. However, with such
understanding of HF pathogenesis and devel-

opment of therapy, the prognosis for HF is still-
poor, suggested the needing of novel strategy
to treating HF.

On the other hand, as the progressive loss of
cardiac myocytes is considered as the most
important factor for HF pathology, accumulat-
ing evidence from both human and animal mod-
els had suggested that undesired apoptosis
playing indispensable role for the progressive
loss of cardiac myocytes [6]. This speculation is
supported by numerous studies from animal HF
models as well [6]. In HF patients, the tissue
samples from individuals undergoing heart
transplantation demonstrated a high level of
apoptosis in the failed hearts (the one been
replaced) [7-9]. Moreover, recent reports also
revealed the pathways leading to apoptosis in
HF, such as p53, the famous tumor suppressor,
is considered as the major player in the devel-
opment of HF [10-12]. Additionally, during 3-AR
blocking therapy, several mechanisms of 3-AR
stimulation-induced apoptosis had been report-
ed as well, such as Inducible cAMP Early
Repressor (ICER) mediated apoptosis [13], as
well as Ca2+/Calmodulin Kinase (CaMK) and
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Figure 1. The Safflower extract inhibit Angll induced apoptosis in HOC2 cell. A. Flow cytometry based apoptosis
analysis for HOC2 cell. Cellswere treated with Angll, Safflower extract, or left untreated, then stained with Annexin
V and PI for FCM based apoptosis analysis. B. The quantification of cell apoptosis, three repeated experiments
had been conducted for each group. Significant differences between different groups are shown by “*” to indicate

significant difference (P<0.01).

Calcineurin depended apoptosis [14]. The-
refore, preventing the undesired apoptosis of
failing heart provided a promising target for
development of future HF therapy.

In recent years, application of complementary
and alternative medicines (CAMS) for chronic
HF has been exclusively investigated. In China,
Traditional Chinese Medicine (TCM) as well as
TCM based Herbologyhas been widely investi-
gatedas the treatment for HF [15-21]. A ran-
domized controlled trial was ongoing to evalu-
ate the efficiency of TCM [22]. However, the
mechanism behind TCM and Herbology is still
largely unknown. In this study, we investigated
the exact from Safflower (Carthamustinctorius
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L.) for its role in the treatment of heart failure.
Our data suggested Safflower extract could
inhibit Angiotensin Il mediates apoptosis in
HOC2 cell in an autophagy dependent manner.
Moreover, HOC2 cell treated with Safflower
extract also demonstrated down-regulated
expression of pro-apoptotic genes. In sum, our
data suggested Safflower extract could be a
novel treatment for heart failure.

Materials and methods
Cells and chemicals
H9C2 cell (ATCC® CRL-1446™) were purchased

from ATCC and maintained in Dulbecco’s
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Figure 2. The Safflower extract treatment prevent Angiotensin Il inducted cell
proliferation inhibition. A. The cell proliferation assay for HOC2 cell treated with
Safflower extract and Angll. The MTT cell proliferation kit was used to deter-
mine the cell proliferation in indicated time points, error bars represent stan-
dard errors of three repeated experiments. Significant differences between dif-
ferent groups are shown by “*”. B. Dose-dependent cell proliferation assay for

HOnoL. emiDoc XRS imaging sys-

tem (Bio-Rad Laboratories,
Hercules, CA, USA). Data
analysis and quantification
were conducted by the
Quantity One Program (Ve-
rsion 4.6).

Safflower extract. Cells were treated with Safflower extracted at indicated dose,

then MTT assay was conducted to measure cell proliferation. Three repeating
experiments had been conducted for each group for statistical analysis.

Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (Gibco, Carlsbad,
CA, USA). Angiotensin Il (Angll, A9525, Sigma,
St. Louis, MO, USA), Rapamycin (Sigma) and
3-methyladenine (3MA, Sigma) was used for
apoptosis induction, autophagy induction and
autophagy inhibition in H9C2 cells, respective-
ly. Rapamycin and 3MA were used to treat the
cell at the concentration of 50 nM and 5 mM,
respectively. Safflower extract (Safflower Ye-
llow) was purchased from Yunnan Rainbow Bio-
Tech Co. Ltd (Kunming, Yunnan, China) and dis-
solved in ddH20 for further experiment.

Western blot analysis

HOC2 cells with indicated treatment were lysed
by the Laemmli Sample Buffer as previously
described [23, 24]. Cell lysate then was sepa-
rated by 12% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and sub-
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Cell proliferation assay
(MTT)

The trypsinized H9C2 cells were stained by try-
pan blue for counting of viable cells before fur-
ther seeding. Then the single cell suspension-
was added in 96 well plates with 2 x 10 cells
per well. After overnight incubation, the
Safflower extract and Angll were added to each
well accordingly. Cell added with PBS was
included as the control group. Then prolifera-
tion of indicated groups was determined at the
indicated time points by using MTS Cell
Proliferation Colorimetric Assay kit (Biovision,
Milpitas, CA, USA) following manufacturer’'s
instruction.

Immunofluorescenceassay (IFA) and fluores-
cence microscopy

IFA and fluorescence microscopy was conduct-
ed as previously described [25, 26]. Briefly,
after treating the cell seeded in cover slides
with Safflower extract for 12 hours, the cell
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Figure 3. Safflower extract induced autophagy in H9C2 cell. A. Western Blot

Safflower

CSCalibur, BD Biosciences,
San Jose, CA, USA) for
apoptosis.

Statistical analysis

The significant differences
of apoptosis and cell prolif-
eration status between the
control group sand groups
of the cell in the presence
or absence of Safflower
extract, Angll, Rapamycin
and 3MA were assessed by
two tailed Student’s tests
and represent analysis of
at least 3 replicates per
condition. A P-value of less
than 0.05 was considered
as statistically significant.

Merge

Results

analysis for LC-3ll conversion. Differently treated cells was lysed and subjected
to SDS-PAGE, then the separated proteins were transferred to PVDF membrane

with anti-LC-3 antibody to detect the conversion of LC3-l to LC3-Il. Quantifica-
tion of image was conducted in QuantityOne program. B. Immunofluorescence
assay for formation of autophagosome. Differently treated cells was fixed and

The safflower extract in-
hibit Angiotensin llinduced
apoptosis in H9C2 cell

penetrated by 2% paraformaldehydeand 1% Triton-X 100, respectively. The LC-3

antibody and FITC conjugated goat anti-rabbit IgG antibody were used to detec-

tion autophagosome formation.

were fixed with 2% paraformaldehyde (Sigma)
and penetrated with 1% Triton-X 100 (Sigma).
The LC-3 antibody was used as the primary
antibody and incubated for 30 minutes with
PBS washed for 3 times. Then the specificreac-
tions between antibody and LC-3 were detect-
ed by a FITC conjugated goat anti-rabbit 1gG
antibody (Sigma). Then the cover glass was
mountedon to slides using SlowFadeGoldanti-
fadereagent containing 406-diamidino-2-phe-
nylindole (DAPI) (Life Technologies Corporation,
Carlsbad, CA) and observedunderfluorescent
microscopy.

Flow cytometry based cell apoptosis assay

Atotally 1 x 10° H9C2 cells of each group were
treated accordingly as indicated. Then the cells
were trypsinized and fixed with 70% ethanol
and permeabilized by PBS containing 1%
Triton-X100 (Sigma). After single cell suspen-
sion was stained with FITC labeled Annexin V
and Propidium iodide, the stained cells were
analyzed via flow cytometry machine (FA-
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The Safflower (Carthamu-
stinctorius L.) has been
used extensively for the
treatment of acute ischemic stroke in China
according to TCM [27]. Chemical analysis for
the constituents of safflower indicated it
includes pigments, flavonoids, and phenolic
acid with safflower yellow considered as the
major active component of safflower extract
[27]. Previous report demonstrated that
Safflower extract could inhibit the myocardial
apoptosis after acute myocardial infarction
(AMI) in rats model [28]. Therefore, we first
investigated if Safflower extract could inhibit
apoptosis inducted by Angiotens in Il (Angll) in a
ratmyocardium derived cell line H9C2. Based
on our data, after treated the cell with 0.2 yM
Angll, these cells undergoing early apoptosis
increased to 23.8% from 4.92% of control
(Figure 1A). On the other hand, cells undergo-
ing late apoptosis in Angll treated group
reached 11.4% compared with 0.059% of con-
trol (Figure 1A). However, with adding of
Safflower extract, the H9C2 cells undergoing
early and late apoptosis significantly decreased
t0 13.4% and 0.196%, respectively, suggesting
a protective role by Safflower extract. Moreover,

Int J Clin Exp Med 2015;8(11):20254-20262
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Figure 4. Safflower extract induced autophagy depended inhibition of apoptosis. A. Flow cytometry based apoptosis assay for HOC2 cell. The HOC2 cellswere treated
with Angll, Safflower extract, Rapamycin (Rapa), 3MA or combination of indicated agents. Then cells from different groups were stained with Annexin V and PI for
apoptosis analysis. B. The statistical quantification of cell apoptosis, three repeated experiments had been conducted for each group. Significant differences be-
tween different groups are shown by “*” to indicate significant difference (P<0.01).

20258 Int J Clin Exp Med 2015;8(11):20254-20262



Safflower extract inducing autophagy

Safflower
Control Angll +Angll
BAD v D e
BAX | —

Tubulin- - -

Figure 5. Safflower extract inhibit expression of pro-
apoptosis genes BAD and Bax. HOC2 cells were treat-
ed as indicated and then lysed for SDS-PAGE. After
the proteins were transferred to PVDF membrane,
anti-BAD and anti-Bax antibodies were used to probe
the expression of indicated genes. Tubulin was
probed in the same membrane as reference control.

by repeating the flow cytometry (FCM) based
apoptosis analysis for at least 3 times, we con-
firmed that Safflower extract deed inhibit the
apoptosis inducted by Angll (Figure 1B).

The safflower extracttreatment prevent
Angiotensin Illinducted cell proliferation inhibi-
tion

To further confirmed Safflower extract deed
protect the cell from apoptosis, we examine the
cell proliferation via MTT assay. MTT assay was
conducted for cells neither treated by Safflower
extract or Angll, as well as a combination of
both. Compared to control cells without any
treatment, Safflower treatment or combined
Safflower and Angll together showed similar
cell proliferation from day 1 until day 3 (Figure
2B). However, Angll treated cells demonstrated
a significantly low proliferation (Figure 2B).
Moreover, we also examined if Safflower extract
wastoxic to H9C2 cell. In a dose-dependentas-
say, increased dose (ranging from 10 pg/L to
100 ug/L) of Safflower extract correlated with
less proliferation of HOC2 cells. Therefore, 10
pug/L  dose would be wused in future
experiments.

Safflower extract induced autophagy in H9C2
cell

As our data confirmed Safflower extract inhibit-
ed Angll induced cell apoptosis, it was still
unclear for the mechanism of Safflower extract
conducting its anti-apoptotic role. Recently,
autophagy, an intracellular degradation system
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that plays an important role for homeostasis,
has been suggested to play a protective role for
many cell types during apoptosis [29, 30].
Therefore, it is interesting to know if Safflower
extract treatment could induceautophagy to
antagonize apoptosis. To verify our speculation,
we firstly examined the converting status of
Microtubule-associated protein  1A/1B-light
chain 3 (LC-3), which is a hall marker for
autophagy in cell [31]. During the formation of
autophagosome, which is a necessary step for
macro autophagy, a cytosolic form of LC-3 (LC-
3l) is conjugated to phosphatidylethanolamine
to form LC-3-phosphatidylethanolamine conju-
gate (LC-3Il), which is finally recruited to
autophagosomal membranes [31]. Our data
indicated that Angll treatment did not change
the level of LC-3II (Figure 3A). However, LC-3lI
ratio was significantly increased to 1.9 folds
in Safflower extract treated cells and was at
the similar level (2.1 folds) in Safflower extract
and Angll treated cells (Figure 3A). Moreover,
we observed autophagosomes formation in
Safflower extract treated cell as well. During
the IFA, there were more autophagosomes in
Safflower extract treated cells than control
cells, which further confirmed the induction of
autophagy (Figure 3B).

Safflower extract induced autophagydepended
inhibition of Angll induced apoptosis

As safflower extract induced autophagy in
HO2C cell, it is unclear if autophagy induced by
safflower extract was the main reason for apop-
tosis inhibition. As a result, we used Rapamycin
(an autophagy inducer) and 3MA (an autophagy
inhibitor) to confirm our expectation. In FCM
assay, apoptosis status in Safflower treated
cell with or without Angll still demonstrated the
similar results as we previously observed
(Figure 4A and 4B). However, if 3MA was added
to antagonize the autophagy induced by
Safflower extract, the cell undergoing apopto-
sis reached similar level as Angll treated cells
(Figure 4A and 4B), which suggested the pro-
tective role of Safflower extract during apopto-
sis was autophagy depended. Moreover, if we
replaced the Safflower extract with Rapamycin
to induced autophagy in H9C2 cell, there were
also less cells undergoing apoptosis as well as
Safflower extract treated cells (Figure 4A and
4B). Taken together, these data suggested that
Safflower extract induced autophagy was the

Int J Clin Exp Med 2015;8(11):20254-20262
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major factor to antagonize apoptosis induc-
tion.

Safflower extract inhibiting expression of pro-
apoptosis genes BAD and Bax

As our data had shown that Safflower extract
induced autophagy to inhibit apoptosis in
HOC2, it is interesting to know if the expression
of pro-apoptosis genes were also inhibited by
Safflower extract treatment. Two pro-apoptotic
genes: Bcl-2-associated death promoter (BAD)
and Bcl-2-associated X protein (Bax) were
examined in here. The function of BAD is to pro-
mote apoptosisby forming heterodimers with
anti-apoptotic protein BCL-2 [32]. Bax also
served as an apoptotic activator by forms a het-
erodimer with BCL2, which is similar as BAD
[33]. When HI9C2 cell treated with Angll for
apoptosis, expression of BAD and Bax were sig-
nificantly increased (Figure 5). However, in the
Safflower extract and Angll co-treated cells,
there only a slide increasing of BAD and Bax
expression, suggesting Safflower extract inhib-
ited expression of pro-apoptotic genes as well.
There may be another reason why Safflower
extract could inhibit apoptosis.

Discussion

Heart failure refers to a physiological state in
which cardiac output is insufficient to meet the
needs of the body [5]. Heart failure could be
caused by any condition reducing the working
efficiency of heart muscle, such as damage to
heart muscle due to any reason or overloading
to heart muscle. Many factors had been shown
to contribution the development and progres-
sion of HF, including myocardial infarction (in
which the heart muscle is starved of oxygen
and dies), hypertension (which increases the
force of contraction needed to pump blood)
and amyloidosis (in which misfolded proteins
are deposited in the heart muscle, causing it to
stiffen) [16]. Current therapy for HF manage-
ment is still limit, which mainly focus on reliving
the symptoms, or reversingthe causes of the
heart failureas well as cardiac transplantation.

In this study, we examined the protective effect
of Safflower extract in in vitro cell culture sys-
tem as progressive loss of heart muscle cell
due to apoptosis was implied to play important
role in heart failure. The active components in
safflower exact are Safflower Yellow or hydro-
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xysafflor yellow A [34]. Our data indicated treat-
ment of H9C2 cell with Safflower extract could
induce autophagy to inhibit Angll induced apop-
tosis. Further experiment also showed that inhi-
bition of autophagy via 3MA abolished the pro-
tective effect of Safflower extract, suggesting
the anti-apoptotic role of Safflower extract was
autophagy depended. This function of Safflower
extract appears to be new. However, the mech-
anism of how Safflower extract evoking autoph-
agy in vitro cultured cell still needs further
investigation.

On the other hand, Safflower Yellow Injection
was certificated in China by the State
Pharmaceutical Administration of China (SPAC)
in 2002 (number 2002ZL0176) and was indi-
cated to have protective effect of in ischemic
stroke [27]. Another study also indicated the
Safflower Yellow Injection could inhibit myocar-
dial apoptosis after acute myocardial infarction
(AMI) in rats and also observedsignificantly
lower percentage of Bax-positive cells in drug
treated rats [28]. As our data demonstrated the
similar result for apoptosis inhibition and down-
regulated Bax expression in H9C2 cell, it is
interesting to know if Safflower Yellow Injection
also induced autophagy in vivo to protect the
neuron from apoptosis during the stroke.
Moreover, as Safflower Yellow Injection has
already been approved in China, it is worth to
find out if this injection could benefit for patients
with heart failure as well. In conclusion, our
resulted demonstrated autophagy depended
anti-apoptotic role of Safflower extract, sug-
gested the potential therapeutic value for heart
failure of Safflower extract as well as the poten-
tial new application for its drug form Safflower
Yellow Injection.
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