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The aim of this study was to observe the effects of HIF-1a activation on myocardial I/R in diabetes. Diabetes was
induced in an experimental rat model, and regulators of HIF-1a including KC7F2, deferoxamine and ginsenoside
Rg1 were administered to observe the changes on diabetic rats. The results demonstrated that HIF-10 activation
could effectively reduce myocardial injury following I/R in diabetic hearts via ERK but not MMP-2 signalling
pathways. This activation promoted myocardial apoptosis, which was accompanied by modulation of Bax/Bcl-2,
caspase-3 and caspase-9 expression following deferoxamine administration. Ginsenoside Rg1 application but
not Re can activate HIF-1a, resulting in a similar protectively effect on these pathology processes. Our data
demonstrated that ginsenoside Rg1 has a potential therapeutic effect by protecting diabetic hearts after myocar-

dial injury following I/R via HIF-1a activation.

1. Introduction

Diabetes patients are at major risk for cardiovascular morbidity
and mortality, which can be caused by ischaemia and reperfu-
sion (I/R) injury according to pathological and epidemiological
evidence (Miki et al. 2013; Messaoudi et al. 2013). Based on
previous clinical studies (Yin et al. 2012; Kataoka et al. 2012), the
mortality of diabetic patients 5 years after myocardial infarction is
approximately 50 %, which is much higher than that of non-dia-
betic patients. It was reported that the exaggerated size of infarcts
observed in diabetes patients could explain their poor prognoses
and could be the main cause of diabetes-related death following
I/R (Brown 2012; Kravchuk et al. 2011; Miki et al. 2012). There-
fore, it is important to investigate the molecular mechanisms
underlying this pathological process and to develop new strategies
for combating diabetes-induced aggravation of ischemia and
reperfusion (I/R) injury.

It has been demonstrated that the diabetic heart is susceptible to
I/R injury due to increased oxidative stress. Additionally, diabe-
tes-related gene expression and regulation (e.g., inactivation or
activation) can induce certain epigenetic and genetic changes
that influence the progression or development of I/R injury (Das
et al. 2014; Tao et al. 2007). Previous studies have suggested
that myocardial apoptosis was the main pathological indicator
of myocardial injury, thus inhibition on myocardial apoptosis
would limit myocardial injury and the development of cardiac
remodeling and dysfunction (DeBerge et al. 2017; Lejay et al.
2016).

Hypoxia inducible factor (HIF), which includes the HIF-1a
and HIF-1p subunits, is primarily regulated by oxygen. Addi-
tionally, important oxygen-modulated genes that are critical in
both diabetes pathology and I/R injury can be regulated via the
HIF-1a signalling pathway (Bohuslavova et al. 2014, 2013).
Therefore, HIF-1a is viewed as a potential target for reducing
the aggravation of I/R injury induced by diabetes. However,
there are no available reports describing the effects of HIF-1a on
the regulation of myocardial ischaemia in diabetic rats, and the
underlying mechanism and related signalling pathways remain
unclear. In addition, using a specific modulator can effectively
regulate the expression of target genes — a relationship that has
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been demonstrated in various clinical diseases (Nishimoto et
al. 2014; Sen et al. 2013). Therefore, modulation at the level of
HIF-1o may help to identify novel potential therapeutic targets
for the treatment of I/R injury in diabetic individuals, while
allowing us to elucidate the mechanisms underlying disease
development.

Ginsenoside Rg1 Ginsenoside Re

Fig. 1: Chemical structures of ginsenoside Rgl (A), Ginsenoside Re (B).

Ginsenosides Rgl and Re (Fig. 1) have the different effects on
cell biological behavior. Rgl increases the density of newly
formed vessels, and enhances VEGF expression levels but
reduces p38 MAPK by activating PI3K/Akt due to its steroid
hormone-like structure. Re reduces the inflammatory effects and
decreases inflammatory cytokine expression by inhibiting LPS
action (Kim et al. 2017; Lu et al. 2009; Radad et al. 2004). In
addition, Ginsenoside Rgl can affect the myocardial ischaemia
and reperfusion injury but the underlying mechanism is still not
clear (Miswan et al. 2016; Deng et al. 2015; Zhang et al. 2012).
Thus, the purpose of this study was to test the hypothesis that the
positive or negative modulation of ginsenoside on HIF-1a plays
a crucial role in the regulation of I/R injury in the diabetic heart.
Furthermore, we attempted to elucidate the mechanism by which
increased bioavailability of HIF-1a might protect the diabetic
heart.
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Table: Effects on basic parameters

Parameters Control IR Diabetic+ /R
Arterial pressure (mmHg) 101.5+£3.1 1104 £33 107.8 £2.6
Blood glucose (mM) 205+1.2 323+2.1 56.5%1.5
Heart rate, beats/min 368 +5 382+6 390+ 3
Body weight (g) 268212 270123 2752+13
Heart weight (g) 83+0.6 8.4+04 9.0+£0.2
Heart /body ratio (%) 3.0+0.1 32+04 3.1+£03

KC7F2 Re Rgl Deferoxamine
110.2+4.2 106.8 £ 1.9 107.2+3.1 108.6 £ 2.5
632x2.1 57.1+£1.2 40.3 £ 3.1%* 36.2 £ 1.5%*

386 +3 381+3 3795 380+3
268.5+ 1.4 273.5%33 271.3+3.0 268.4 2.5
92+04 89+0.1 9.1+0.5 87+0.2
3.0+0.3 29+04 2.8+0.6 3.0+£0.3

(*#P < 0.01, n = 6, vs Diabetic + I/R group)

2. Investigations and results

2.1. Effect on myocardial infarct size

The basic parameters assessed in this work after above treatment
are shown in the Table. The blood glucose was reduced after
administration of deferoxamine or ginsenoside Rgl compared
with that in the I/R group (P<0.01, n=6). The reduction in myocar-
dial infarct size was evaluated after administration with different
chemicals to observe the changes on myocardial injury following
I/R in diabetic hearts. As shown in Fig. 2, the infarct size (% risk
area) in the diabetic hearts was significantly increased compared
with that in the I/R group (60.0£1.7 % vs. 72.6+2.8 %, P<0.01;
n=06). After administration of ginsenoside Rgl, the infarct size
was markedly reduced (51.8£2.0 %, P < 0.01; n = 6) but not in
the group of ginsenoside Re group (70.0+1.9 %, P >0.05; n = 6).
In addition, the infarct size was significantly smaller in the group
receiving a dose of 50 uM deferoxamine (41.6+2.9 %, P < 0.01;
n = 6), which can specifically activate HIF-1a, but no difference
was observed in the group with 20 uM KC7F2 administration. The
above data showed that HIF-1a activation can efficiently decrease
the size of myocardial injury in diabetic hearts, and a similar
effect was obtained in the deferoxamine group compared with the
ginsenoside Rgl group. Based on these results, it was interesting
that only ginsenoside Rgl but not Re could be the potent activator
of HIF-10. The subsequent experiments were conducted to obtain
further evidence of the possible mechanism underlying this effect.
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Fig.2: Effect on myocardial in-
100 farct size. The reduction of
myocardial infarct size was
evaluated after the follow-
ing administration: control
(control), ischaemia and
reperfusion injury (I/R),
ischaemia and reperfusion
injury in diabetic rats (dia-
betic + I/R), ischaemia and
reperfusion injury in dia-
betic rats after the adminis-
tration of a HIF-1a inhibi-
tor (KC7F2), ginsenoside
Rgl (Rgl), ginsenoside Re
47 (Re) and HIF-1a activator
© (deferoxamine). Bars indi-
cate the standard deviation
of the mean.
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2.2. Effect on plasma enzyme activities in diabetic rats

Plasma CK, LDH, AST and ALT activities were measured to eval-
uate the effect of ginsenoside on myocardial injury following I/R in
diabetic hearts. As shown in Fig. 3, the CK level in diabetic hearts
was significantly increased compared with that in the hearts of the
I/R group (2,580+96 U/L vs. 1,858+133 U/L, P<0.01; n=6), and
after the administration of deferoxamine and ginsenoside Rg1, the
CK levels were reduced (1,538+131 U/L, P<0.001, n=6; 1,678+52
U/L, P<0.01, n=6). Furthermore, LDH activity in the diabetic hearts
was significantly increased compared with that in the hearts of the
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I/R group (2,000£60 U/L vs. 1,507+105 U/L, P<0.01; n=6), and
after the administration of deferoxamine or ginsenoside Rgl, LDH
activity was significantly reduced (1,438+64 U/L, P<0.001,n=6;
1,658+144 U/L, P<0.001, n=6). The activities of AST and ALT
were also significantly reduced (999+47 U/L vs. 1,683+88 U/L
and 950+54 U/L vs. 1,880+125 U/L, respectively; P<0.001; n=6)
after the administration of deferoxamine, and a similar tendency
was obtained for the ginsenoside Rgl group (1259+95 U/L vs.
1,683+88 U/L and 1051+88 U/L vs. 1,880+125 U/L, respectively;
P<0.001; n=6 ). Interestingly the above results clearly showed
downregulation of plasma enzyme activities in diabetic rats was
not observed in the ginsenoside Re group. These results demon-
strated that HIF-1a activation by the direct activator could reduce
myocardial injury following I/R in diabetic hearts via positively or
negatively modulating the activities of CK, LDH, AST and ALT in
plasma. Ginsenoside Rgl but not Re could also induce the above
similar effect via a possible influence on HIF-1a activation.

LDH (UIL)

immmamanmi

& Sl e
[ 5

° X
N & o oe‘q’

Fig. 3: Effect on plasma enzyme activities in diabetic rats. Plasma (A) LDH, (B)
CK, (C) AST and (D) ALT activities were measured to evaluate the effect of
HIF-1o activation on myocardial injury following I/R in diabetic hearts using
a specific analysis kit. Bars indicate the standard deviation of the mean.

2.3. Effect on myocardium apoptosis in diabetic rats

To test the effect of HIF-1a activation on myocardial apoptosis
in diabetic hearts, myocardial apoptosis was observed through
TUNEL assays in the following experiments. Fig. 4A shows that
the percentage of TUNEL-positive myocyte nuclei in diabetic
hearts was significantly increased compared with that in the hearts
of the I/R group, and after treatment with deferoxamine, the
percentage of TUNEL-positive myocyte nuclei in diabetic hearts
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Fig. 4: Effect on myocardial apoptosis in diabetic rats. (A) Myocardial apoptosis was
tested via TUNEL assays with an apoptosis detection kit; (B) Caspase-3 and
(C) caspase-9 activities were also measured with an assay kit; (D) and (E) BAX
/Bcl-2 levels were analyzed by Western blotting in diabetic rats after treatment
with KC7F2 or deferoxamine. B-actin levels are shown as a loading control.

was significantly reduced (16.8+2.3 % vs. 34.0£2.5 %, P<0.01;
n=6). Downregulation after the above treatment (19.8%1.7 % vs.
34.0+2.5 %, P<0.01; n=6) was observed in the Rgl group, but no
changes were observed in the ginsenoside Re group.

In addition, caspase-3 and caspase-9 activities were measured with
an assay kit. As shown in Fig. 4B, 4C, caspase-3 and caspase-9 activi-
ties in diabetic hearts were significantly increased compared with that
in the hearts of the control group, whereas after the administration of
deferoxamine, their activities were markedly reduced. Ginsenoside
Rg1 also downregulated the caspase-3 and caspase-9 activities in the
diabetic hearts following myocardial I/R injury, but no difference was
observed in the activities in the ginsenoside Re group.

Furthermore, the expression of apoptosis-related molecular markers
was evaluated following the above treatment. Bcl-2 expression was
observed via western blotting. The results showed that Bcl-2 expres-
sion in diabetic hearts was significantly reduced compared with that
in the hearts of the control group, and after the administration of
deferoxamine, Bcl-2 expression increased markedly (Fig. 4D). After
application of ginsenoside Rgl, Bcl-2 expression also demonstrated
a similar tendency as this observed for the HIF-1a activation group.
The above effect was not observed in the Re treated group. Further-
more, Bax expression was also tested after the above treatment
by western blotting. The results showed that Bax expression were
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Fig. 5: Effect on ERK expression. (A) (B) MMP-2 and ERK levels were evaluat-
ed by Western blotting in diabetic rats after treatment with ginsenoside or
deferoxamine. B-actin levels are shown as a loading control.
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increased significantly both in I/R and in diabetic hearts, but after
treatment with deferoxamine or Rgl, it was markedly reduced (Fig.
4D). The Bax/Bcl-2 ratio is shown in Fig. 4E.

2.4. Effect on ERK expression

To investigate possible downstream target molecules of HIF-1a
involved in regulating myocardial ischaemia in diabetic rats,
western blotting was performed to evaluate changes in protein
expression following the above treatment (Fig. 5). The results
showed that ERK expression in diabetic hearts was significantly
reduced compared with that in the hearts of the control group, and
after the administration of deferoxamine, ERK expression was
markedly increased. There was no similar effect in the ginsenoside
Re group, but ginsenoside Rgl enhanced the ERK expression in
diabetic rats. In addition, MMP-2 expression in diabetic hearts
was also increased compared with that in the hearts of the control
group and did not change by HIF-10 downregulation following the
administration of deferoxamine or other chemicals.

3. Discussion

Reducing the high mortality associated with myocardial infarction
following I/R in diabetes patients is an urgent issue, requiring the
investigation of molecular mechanisms underlying this pathology
and the identification of new therapeutic methods to protect the
diabetic heart after I/R injury to enhance the survival and quality
of life of these patients. Because of the importance of HIF-1a in
diabetes and I/R injury, which has been demonstrated in previous
studies (Wszola et al. 2014; Li et al. 2014), the application of a
HIF-1a modulator has a high likelihood of showing therapeutic
efficacy for regulating myocardial ischaemia in diabetic hearts.
The data obtained in the present work provide the following novel
findings: (1) HIF-1a activation can effectively reduce myocardial
injury following I/R in diabetic hearts; (2) HIF-1a activation can
effectively inhibit apoptosis after myocardial injury following I/R
in diabetic hearts; (3) the effect of HIF-1a activation on myocardial
apoptosis in diabetic hearts is related to Bax/Bcl-2 expression as
well as caspase-3 and caspase-9 activity; (4) the effect of HIF-1a
activation on the regulation of myocardial ischaemia in diabetic
rats occurs via ERK, but not MMP-2 signalling pathways; and (5)
ginsenoside Rgl application but not Re could generate the above
similar effects via activating the HIF-1a-ERK pathway. Therefore,
our data provided clear evidence that ginsenoside Rgl may be the
possible direct activator of HIF-1a, and that HIF-1a activation may
reduce myocardial apoptosis and regulate ERK signalling path-
ways that are capable of modulating myocardial injury following
I/R in diabetic hearts.

There is a higher risk of developing myocardial IR for diabetic
patients than for non-diabetic subjects. Experimental data have
been suggested that cardiac gene expression would accelerate
the myocardial ischaemia and reperfusion injury due to diabetes
(Benter et al. 2013; Di et al. 2018; Sivasinprasasn et al. 2017). In
addition, blood glucose level was related with the myocardial isch-
aemia and reperfusion injury which could be affected by higher
levels of proinflammatory cytokines in diabetic rat (Di et al. 2018;
Kosuru et al. 2018; Sivasinprasasn et al. 2017). Our study provided
the data that the blood glucose was reduced after administration of
deferoxamine or ginsenoside Rg1.

It has been reported that CK, LDH, AST and ALT could be as the
specific cardiac biomarkers and good indicators of myocardial
injury, and serum activities of them will express the myocardial
infarction level (Mythili et al. 2015; Zhu et al. 2015). The observed
effects of HIF-1a activation on myocardial infarct size and plasma
CK, LDH, AST and ALT levels in diabetic rats showed that HIF-1o
activation could effectively reduce myocardial injury following I/R
in diabetic hearts. Ginsenoside Rgl application but not Re could
activate HIF-1a to provide the above similar effect. The specific
HIF-1o inhibitor KC7F2 could reduce the HIF-1a levels signifi-
cantly (Cammarata et al. 2015; Cheng et al. 2016). In our study,
there is no difference for above biomarkers between KC7F2 treat-
ment group and diabetic rat model group. KC7F2 administration
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could not change the myocardial ischaemia and reperfusion injury
in a diabetic rat. Based on the data obtained in the present study, it
is also clear that diabetes is an important risk factor in the magni-
tude of myocardial injury following I/R — a finding consistent with
previous reports (Benter et al. 2013; Li et al. 2013). Therefore,
additional experiments will be important for clarifying the mech-
anism underlying the effect of HIF-1a inhibition on infarct size.
Furthermore, myocardial apoptosis was monitored via TUNEL
assays to evaluate the effect of HIF-1o activation on apoptosis in
diabetic hearts. The results demonstrated that the percentage of
TUNEL-positive myocyte nuclei was reduced following treatment
with deferoxamine, which could specifically activate HIF-1a. The
main risk factor for pathological processes of myocardial injury
following ischaemia and reperfusion was myocardial apoptosis
(Di et al. 2018; Bucciarelli et al. 2008). Thus, the prevention
methods or therapeutic treatments that can inhibit cell apoptosis
processes will reduce the level of myocardial injury. It has been
demonstrated that HIF-1a activation positively regulates cell apop-
tosis (Aban et al. 2016; Mazelin et al. 2016; Azoitei et al. 2018),
but few studies have invertigated the above effect of HIF-1a in
myocardial injury following I/R, especially in diabetic hearts.
Our current data provide direct evidence that HIF-1a activation
by specific activators could reduce the myocardial apoptosis that
enhances the myocardial injury. Therefore, it will benefit patients
receiving therapy for clinicians and researchers to increase under-
standing of the underlying mechanism and find new therapeutic
chemicals with higher efficacy and lower toxicity. Additionally,
based on above results, ginsenoside Rgl restricted apoptosis in
diabetic hearts, and this effect may results from HIF-1a activation.
As a potent activator, ginsenoside Rgl is a good prospect for the
prevention or treatment of the above disease.

Previous reports have demonstrated that Bax and Bcl-2 expression as
well as caspase-3 and caspase-9 activities (apoptosis-related regula-
tors in myocardial injury following I/R) play important roles during
apoptosis progression (Feng et al. 2013; Ghosh et al. 2009; Rice et al.
2006). We therefore investigated changes in Bax and Bcl-2 expression
and caspase-3 and caspase-9 activities. Our data provided evidence
that diabetes was the cause of the observed enhancement of caspase-3
and caspase-9 levels after myocardial injury following I/R, consistent
with previous studies (Chen et al. 2013; Li et al. 2008). Following
the application of deferoxamine or ginsenoside Rg1, the reduction of
caspase- 3 and caspase-9 activities, which can hamper apoptosis after
myocardial injury following I/R, had a protective effect in diabetic
hearts. The ratio of Bax / Bcl-2 expression also provided more details
that myocardial ischaemia / reperfusion injury and diabetes are
the important risk factors for myocardium apoptosis (Ghosh et al.
2009;Rice et al. 2006), and that the high level of myocardium apop-
tosis in diabetic hearts could be restricted by HIF-1a activation using
a specific activator or ginsenoside Rgl1.

Our results demonstrate that Bax, Bcl-2, caspase-3 and caspase-9
are the downstream regulators of HIF-la in this pathological
process. Activation of HIF-la by ginsenoside Rgl restricts the
myocardial apoptosis and reduces the level of myocardial injury
via apoptosis-related regulators. The details and possible pathway
of the above process are still unknown but needed to explain the
positive effect of ginsenoside Rg1.

It has been reported that ERK and MMP-2 play important roles in
the development of pathologies in diabetic hearts, and it has been
demonstrated that ERK is the direct regulator of the process causing
myocardial injury following I/R (Itoh et al. 2012; Bhat et al. 2014).
However, few studies have been performed to test whether ERK and
MMP-2 are the downstream target molecules of HIF-1a in the regu-
lation of myocardial ischaemia in diabetic rats. We therefore inves-
tigated this possibility in the current study to clarify the underlying
mechanisms. The results obtained through western blotting provided
direct evidence that ERK expression decreased after myocardial
injury following I/R in diabetic hearts and that administration of
a HIF-1a activator counteracts these effects but does not modulate
MMP-2 expression. It is therefore clear that the effect of HIF-1a
activation on myocardial ischaemia regulation in diabetic rats occurs
via ERK, but not MMP-2 signalling pathways.
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Here, we provide evidence that HIF-1a activation can effectively
reduce myocardial injury following I/R in diabetic hearts through
modulation of myocardial apoptosis related to Bax/Bcl-2 expres-
sion as well as caspase-3 and caspase-9 activities and that ginseno-
side Rg1 but not Re is a potential activator of HIF-1a. We have also
demonstrated that the observed protective effects are due to ERK
but not MMP-2 signalling pathways. Our data demonstrate that
HIF-1a is a potential molecular target for the design of therapeutic
drugs for the protection of diabetic hearts after myocardial injury
following I/R. In addition, ginsenoside Rg1 may be valuable in the
above clinical therapeutic process. These findings provide useful
information for developing new personalized therapeutic strategies
for such clinical patients.

4. Experimental

4.1. Materials

Ginsenoside Rg1 and Re (Fig. 1) were obtained from Sigma-Aldrich (St. Louis, MO).
In addition, specific inhibitor of HIF-1a including KC7F2 (Tocris, Bristol, UK) and
specific activator of HIF-1a including deferoxamine (Sigma-Aldrich, St. Louis, MO)
were used to modulate the effect of HIF-1a (Narita et al. 2009; Sorond et al. 2009).

4.2. Induction of diabetes

Rats were made diabetic by intravenous injection of streptozotocin (STZ) at a dose
of 35 mg/kg (Yousif et al. 2012; Srinivasan et al. 2011). A glucometer (Johnson and
Johnson, USA) was used to test the blood glucose concentration from tail vein blood
after STZ treatment. When the blood glucose concentration reached 16.7 mmol/L, the
diabetes rat model was validated (Koothappan et al. 2018; Ali et al. 2016).

4.3. Surgical preparations

Based on the previous report (Zheng et al. 2012), the rat model was created using
the following procedures. First, the blood pressure was measured by inserting two
cannulas into the left carotid artery and left femoral vein after anesthetization via
sodium pentobarbital (30 mg/kg) administration. Furthermore, limb lead II of the
ECG system was used to observe heart rate. To induce regional myocardial ischaemia,
the left anterior descending coronary artery (LAD) was ligated with a silk suture 2
mm above the left auricle. The ligature was loosened to perform 2 h of reperfusion
following 30 min of regional myocardial ischaemia. The rats in the control group were
subjected to the same surgical procedures but without ligation of the LAD (Zheng et
al. 2012).

4.4. Determination of infarct size

After the 2 h reperfusion, the left coronary artery was religated with the suture, and the
right atrium was injected with 2 ml of 2% Evans blue via the left jugular vein to mark
the ischaemic myocardium. Rat hearts were rapidly excised to remove the atria and
the right ventricle. Slices were prepared as 2 mm-thick sections. The myocardial area
at risk (AAR) and infarct area (IA) were measured in each slice via an image analysis
system (Miki et al. 2009; Rodrigues et al. 2011).

4.5. Plasma enzyme assay

After reperfusion, arterial blood samples were collected and centrifuged at 3,000 rpm
for 10 min. An analysis kit was used to measure creatine kinase (CK), lactate dehydro-
genase (LDH), aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
levels in the plasma for each group (Suanarunsawat et al. 2016; Suanarunsawat et al.
2010).

4.6. Determination of myocardial apoptosis

Myocardial apoptosis was tested in a terminal deoxynucleotidyl nick-end labelling
(TUNEL) assay with an apoptosis detection kit (Roche, Basel, Switzerland). The
percentage of TUNEL-positive cardiomyocytes in the ischaemic myocardium was
observed in the following experiments to evaluate myocardial apoptosis levels
(Bulani et al. 2017; Mokhtari et al. 2015). Caspase activities were also observed by
the specific assay kit after the above application (Chatterjee et al. 2017; Lai et al.
2017; Li et al. 2016).

4.7. Western blotting

Protein expression was detected by western blotting after the above procedure. First,
myocardium tissue samples were prepared in a buffer containing 0.1 M NaCl, 0.01
M Tris-HCI (pH 7.6), 1 mM EDTA (pH 8.0), 1 mg/ml aprotinin, 1% (w/v) Triton
X-100, 100 mg/ml PMSF, 1% (w/v) NP-40, and 1 pug/ml leupeptin supplemented with
proteinase and phosphatase inhibitor cocktails. Total protein was obtained from the
samples after centrifugation at 12,000 x g for 60 min at 4 °C. The protein concentra-
tion in the lysates was determined using a BCA protein assay kit (Pierce, Rockford,
IL, USA). Proteins in the lysates were analysed through western blotting. Brifely, 30
ug of protein was separated via SDS-PAGE and electrophoretically transferred to a
PVDF membrane. After blocking with 5% nonfat dry milk in PBST, the membrane
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was incubated overnight at 4°C with primary antibodies against Bax, Bcl-2, ERK and
MMP-2 (1:1000, Cell Signaling Technology, Beverly, MA, USA). Immunopositive
bands were detected using the ECL-Plus enhanced chemiluminescence system. The
blot was stripped and re-probed using an antibody against B-actin (Sigma-Aldrich, St.
Louis, MO) to correct for any uneven loading or transfer of proteins.

Conflicts of interest: None declared.
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