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Abstract
Reactive oxygen species (ROS) can induce oxidative injury via iron interactions (i.e. Fenton
chemistry and hydroxyl radical formation). Our prior work suggested that American ginseng berry
extract and ginsenoside Re were highly cardioprotective against oxidant stress. To extend this
study, we evaluated the protective effect of protopanaxadiol-type ginsenoside Rb1 (gRb1) on
H2O2-induced oxidative injury in cardiomyocytes and explored the ROS-mediated intracellular
signaling mechanism. Cultured embryonic chick cardiomyocytes (4–5 day) were used. Cell death
was assessed by propidium iodide and lactate dehydrogenase release. Pretreatment with gRb1
(0.01, 0.1, or 1 μM) for 2 h and concurrent treatment with H2O2 (0.5 mM) for 2 h resulted in a
dose-dependent reduction of cell death, 36.6 ± 2.9% (n = 12, p < 0.05), 30.5 ± 5.1% (n = 12, p <
0.05) and 28.6 ± 3.1% (n = 12, p < 0.01) respectively, compared to H2O2-exposed cells (48.2 ±
3.3%, n = 12). This cardioprotective effect of gRb1 was associated with attenuated intracellular
ROS generation as measured by 6-carboxy-2′, 7′-dichlorodihydrofluorescein diacetate, preserved
the mitochondrial membrane potential as determined using JC-1. In the ESR study, gRb1
exhibited the scavenging DPPH and hydroxyl radical activities. Furthermore, our data showed the
increased JNK phosphorylation (p-JNK) in H2O2-exposed cells was suppressed by the
pretreatment with gRb 1 (1 μM) (p < 0.01). Co-treatment of gRb1 with a specific inhibitor of JNK
SP600125 (10 μM) further reduced the p-JNK and enhanced the cell survival after H2O2
exposure. Collectively, our results suggest that gRb1 conferred cardioprotection that was mediated
via attenuating ROS and suppressing ROS-induced JNK activation.
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INTRODUCTION
Reactive oxygen species (ROS) have been extensively implicated in the pathological
processes of the heart, including ischemia and reperfusion injury. Excessive oxidative stress
leads to cell death and mitochondrial dysfunction (Hwang and Li, 1993; Bolli, 2007). ROS
also act as signaling molecules in various cellular signaling pathways as a model of redox
modulation (Penna et al., 2006). There is substantial evidence that JNK, a redox-sensitive
stress kinase, is strongly induced by ROS and oxidative stress in cultured cardiac myocytes
and intact hearts (Das et al., 2006). JNK-knockout mouse hearts have significantly less
necrosis and apoptosis induced by ischemia/reperfusion than those in control mice,
suggesting that JNK plays a key role in regulating ischemia/reperfusion injury (Kaiser et al.,
2005).

Ginsenoside Rb1 (gRb1, C54H92O23, molecular weight 1,109.26) is the principle active
ingredient of Panax ginseng root (Taira et al., 2010; Wang et al., 2011a). Recently, more
than 40 ginsenosides have been extracted from different species of ginseng and classified
into three major groups based on their chemical structure: protopanaxadiol, protopanaxatriol
and oleanolic acid (Fujita et al., 2007; Wang et al., 2008b). gRb1 is a representative of the
protopanaxadiol group that has been shown to scavenge free radicals (Lim et al., 1997),
inhibit cardiac hypotrophy and attenuate the dilated cardiomyopathy in transgenic mice
(Jiang et al., 2007). gRb1 has also been reported to protect against ischemia/reperfusion
injury in cardiomyocytes (Guan et al., 2002), endothelial cells (Moriue et al., 2008), brain
tissue (Park et al., 2005) and liver tissue (Wang et al., 2008a). We have previously
demonstrated that ginsenoside Re protected cardiomyocytes from exogenous oxidation by
H2O2 and endogenous oxidation by antimycin A, a mitochondrial electron transport chain
complex III inhibitor-induced oxidative injury (Xie et al., 2006). The redox signaling has
been suggested to play a role in mediating antioxidant effects in the heart (Zhao et al., 2009).
The protective effect of antioxidants is associated with inhibiting ROS-mediated multiple
intracellular signaling pathways, including JNK (Chan et al., 2003). A number of
antioxidants, such as grape seed proanthocyanidins have been shown to reduce
cardiomyocyte death by inhibiting ischemia/reperfusion-induced phosphorylation of JNK
(Sato et al., 2001). However, the role of JNK signaling in the protective effect of gRb1 on
the H2O2- induced oxidant stress model in cardiomyocytes has not yet been evaluated.

In this study, we used an established chick cardiomyocyte model to examine the hypothesis
that gRb1 protects cardiomyocytes from H2O2-induced oxidative injury that is mediated by
scavenging ROS, preserving mitochondrial function and suppressing ROS-mediated JNK
activation.

MATERIALS AND METHODS
Chick primary cardiomyocyte culture

Embryonic chick ventricle myocytes were isolated from 10-day chick embryos as previously
described (Vanden Hoek et al., 1996). In brief, the hearts were removed and the ventricles
were minced and enzymatically digested with 0.025% trypsin (Invitrogen). In order to
exclude non-cardiomyocytes, cells were preplated for 45 min at 37°C. The resultant cell
suspension was centrifuged and then resuspended in the culture medium (54% balanced salt
solution, 40% medium 199, 6% heat-inactivated fetal bovine serum, 100 U/mL penicillin,
and 100 μg/mL streptomycin). Cardiomyocytes were plated onto 25 mm glass coverslips at
a density of 0.7 × 106 and incubated at 37°C. Cardiomyocyte purity was assessed by
immunofluorescent staining for alpha-sarcomeric actin (Sigma). All experiments were
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performed with the 4–5 day cultured cells, by which time synchronously contracting cells
could be visualized with viability exceeding 95%.

Measurement of free radical scavenging activity of gRb1 by electron spin resonance (ESR)
spectroscopy

The free radical scavenging ability of gRb1 was evaluated in a cell-free system using a
Bruker EMX ESR spectrometer (Brurker Biospin) as described previously (Zhao et al.,
2005; Chang et al., 2007). ESR spectra were recorded with 1 G modulation amplitude, 10
mW microwave power, 100G sweep widths, 3328 G field set. All measurements were
performed in replicates at room temperature. Hydroxyl radicals were generated by Fe2+/
H2O2 system and reacted with a spin-trap, 5-diethoxyphosphoryl-5-methyl-1-pyrroline-N-
oxide (DMPO, 50 mM) (Oxis International). The formed DMPO-OH adducts were detected
by ESR spectroscopy. ERS signal was recorded after 10 μL of FeSO4 (0.1 mM) was mixed
with 10 μL of DMPO (50 mM), H2O2 (0.1 mM), EDTA (0.1 mM) and 10% CH3CN or with
gRb1 in CH3CN. For DPPH (2,2,- diphenyl-1-picrylhydrazyl) radical, the reaction mixture
contained 50 μL of gRb1 dissolved in 50% CH3CN and DPPH (0.5 mM) in CH3CN.

Measurement of intracellular ROS
The 6-carboxy-2′,7′-dichlorodihydrofluorescein diacetate (6-carboxy-H2DCFDA, 1 μM)
probe was used to measure intracellular ROS. It is a non-fluorescent and cell permeable
analog that is oxidized to highly fluorescent carboxy-dichlorofluorescein (carboxy-DCF) as
measured at the wavelength of excitation 488 nm/emission 520 nm and expressed in
arbitrary units (a.u.). This carboxylated form is more permeant than the classic H2DCFDA
(Wrona et al., 2005). Increases in DCF fluorescence suggest H2O2 or hydroxylradical
generation.

Viability assay
Cell viability was assessed with the exclusion fluorescent dye, propidium iodide (5 μM,
Sigma) measured at excitation 540 nm/emission 590 nm using a Nikon TE 2000-U inverted
phase/epifluorescent microscope (Photometrics). This dye exhibited no toxicity in control
cells even after a ten-hour exposure (Vanden Hoek et al., 1997). At the end of the
experiment, all cells on the coverslip were permeabilized with digitonin (300 μM, Sigma).
Measurement of propidium iodide (PI) fluorescence was done with an average of 3 random
fields on each coverslip at the end of 2-h H2O2 exposure and after 1-h digitonin exposure.
Percentage cell death (PI uptake) was expressed as the PI fluorescence relative to the
maximal value seen after digitonin exposure (100%). Each experiment was repeated in
different batches of cells.

Lactate dehydrogenase (LDH) release assay
The LDH is a stable cytoplasmic enzyme and is released into culture supernatant when cell
membranes are damaged. LDH activity was measured using an LDH cytotoxicity assay kit
(BioVision) through the oxidation of lactate to pyruvate which then reacts with tetrazolium
salt INT to form formazan. The rate of increase in formazan is directly proportional to the
LDH activity in the sample. The percentage of LDH released was estimated as a proportion
of the LDH released into the medium divided by the total amount of LDH present in
medium and within cells lysed with 0.5% Triton X-100. Spectrophotometric values were
measured by a microplate reader (Synergy HT, Bio-Tek Instruments) at a wavelength of 490
nm.
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Cell morphological observation
Following the treatments, cells were reviewed on a Nikon Inverted Stage microscope
(Nikon) using 10× objective. Photomicrographs were taken with a Nikon digital camera, and
images were imported into Adobe Photoshop for visualization.

Measurement of mitochondrial membrane potential (ΔΨm)
The ΔΨm was determined using the dual-emission mitochondrion-specific lipophilic,
cationic dye, 5,5′,6,6′-tetrachloro-1,1′,3,3′ tetraethylbenzimidazoly-carbocyanine iodide
(JC-1) (Gibco-Invitrogen). The punctate red fluorescence (excitation 530 nm/emission 600
nm) represents the potential-dependent aggregate form of JC-1 in the mitochondria of
healthy cells (polarized mitochondria). Diffuse green fluorescence (excitation 490 nm,
emission 530 nm) represents the monomeric form of JC-1 in the cytosol of unhealthy cells
(depolarized mitochondria) (Xu et al., 2011). Cells grown on the coverslip were incubated
with JC-1 (10 μg/mL) at 37°C for 15 min and washed with PBS and then mounted on the
microscope (Olympus IX71) equipped with an on-stage incubator (20/20 Technologies) for
imaging. TRITC and FITC filter sets (Semrock) were used to detect the depolarized and
repolarized mitochondria, respectively. Basal images and H2O2-elicited images were
collected. Both color channels were overlaid in IPLab software (BD Biosciences) to measure
the distribution of both repolarized and depolarized mitochondria in the field (Li et al.,
2010).

JNK phosphorylation by western blot analysis
JNK activation was estimated by determining the level of phosphorylated JNK (p-JNK).
Cells were harvested following the treatment and protein were extracted in a lysis buffer
containing 20 mM Tris (pH 7.5), 137 mM NaCl, 2 mM EDTA, 10% glycerol, 10 mM
Sodium pyrophosphate, 50 mM NaF, 1 mM Na3VO4, 200 μM PMSF, and 1% Triton X-100.
The supernatants were resolved on a 10% SDS-Page gel and the proteins were transferred to
a nitrocellulose membrane. Membranes were probedwith antibodies against p-JNK (1:2000)
(Cell Signaling Technology) or α-tubulin (NeoMarkers). Tubulin is used as a loading
control (1:3000). Signals were visualized using chemiluminescence reagents. Densitometry
analysis was performed using NIH ImageJ 1.42.

Statistical analysis
All values were presented as means ± S.E.M. Multiple comparisons among different
treatment groups were analyzed by one-way ANOVA followed by Tukey test as post hoc
analysis. P < 0.05 was considered statistically significant.

RESULTS
gRb1 scavenged free radicals determined by ESR spectroscopy

The scavenging DPPH radical activity of gRb1 was tested. The DPPH is a stable free radical
donor which has been widely used to determine the free radical scavenging capacity of
natural antioxidants (Rapisarda et al., 1999). As shown in Fig. 1A, the ESR signals of DPPH
declined after addition of gRb1 (4 mg/mL). We also tested the effect of gRb1 on hydroxyl
radical scavenging activity in a Fenton reaction system with DMPO, a spin trapping agent.
The typical ESR signals of DMPO-OH adducts was concentration-dependently attenuated
when addition of gRb1 0.5, 1 or 2 mg/mL (Fig. 1B). These results indicated that gRb1
possessed free radical scavenging abilities.
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gRb1 attenuated the DCF fluorescence in H2O2-exposed cardiomyocytes
Cells were loaded with 6-carboxy-H2DCFDA and pretreated with gRb1 (0.01, 0.1 or 1 μM;
n = 12 per group) for 2 h and concurrent treated with H2O2 (0.5 mM) for 2 h or exposed to
H2O2 (0.5 mM) alone for 2 h. Fig. 2 showed that H2O2 exposure caused a significant
increase in DCF fluorescence from 218 ± 42 a.u. to 798 ± 84 a.u. Pretreatment with gRb1
(0.01, 0.1, or 1 μM) attenuated the DCF fluorescence to 612 ± 46 a.u. (p < 0.05, n = 12), 512
± 67 a.u. (p < 0.05, n = 12), 444 ± 91 a.u. (p < 0.01, n = 12), respectively. No significant
changes in DCF fluorescence were observed in the cells treated with gRb1 (1 μM) alone
compared to control cells. This result suggested that gRb1 pretreatment significantly
attenuated intracellular oxidant generation induced by H2O2.

gRb1 decreased cell death and LDH release in H2O2-exposed cells
We determined whether the attenuated ROS by gRb1 was correlated with the reduced cell
death. As shown in Fig. 3, H2O2 (0.5 mM) increased cell death from 6.4 ± 1.4% in control
(n = 12) to 48.2 ± 3.3%. Pretreatment with gRb1 (0.01, 0.1 or 1 μM; n = 12 per group)
resulted in a dose-dependent reduction of cell death to 36.6 ± 2.9% (p < 0.05, n = 12), 30.5 ±
5.1% (p < 0.05, n = 12) and 28.6 ± 3.1% (p < 0.01, n = 12), respectively. Similarly, the LDH
release significantly decreased in gRb1 (0.01, 0.1 or 1 μM)/H2O2-exposed cells (p < 0.05, p
< 0.01 compared to H2O2 alone cells, n = 5 per group, Table I). There was no difference
between the control and gRb1 (1 μM) alone cells. These results indicated that gRb1
protected cardiomyocytes against H2O2- induced cell damage.

gRb1 ameliorated myocardial morphological alterations afterH2O2-exposure
Fig. 4 shows that cell membrane blebs, granule formations and decreased membrane
definition were observed in H2O2-exposed cells. Co-treatment of gRb1 (1 μM) significantly
ablates these morphological changes, suggesting that gRb1 prevented oxidant-induced
alterations in myocardial morphology. No morphological changes were noticed in gRb1
alone cells.

gRb1 attenuated mitochondrial membrane potential (ΔΨm) in H2O2-exposed cells
Cell death is generally associated with loss of ΔΨm and mitochondrial dysfunction (Lai et
al., 2003). To test whether H2O2 disrupts ΔΨm, while the gRb1 prevents the loss of ΔΨm,
the JC-1, a mitochondrial membrane potential indicator was used. JC-1 accumulates to form
aggregates in the polarized mitochondria that emit red (R) fluorescence. With depolarization
of ΔΨm, these aggregates dissipate to the cytosol to form monomers that emit green (G)
fluorescence (i.e. indicating mitochondrial membrane potential dissipation). As seen in Fig.
5, the control cells (A) showed a polarized ΔΨm with more red and less green JC-1
fluorescence (high R/G ratio). The H2O2 (0.5 mM)-exposed cells (B) displayed a
depolarized ΔΨm with high green over red fluorescence (low R/G ratio) compared with
control cells (n = 5, p < 0.01). Co- treatment of gRb1 (1 μM) resulted in the changes of
fluorescence from green to red and merged to orange. The R/G ratio was partially increased
in gRb1/H2O2-exposed cells (C) compared with H2O2 alone cells (n = 5, p < 0.05). There
were no obvious changes in treatment of gRb1 alone cells (D) compared to control cells.
These results indicate that gRb1 prevented the dispassion of ΔΨm and preserved the
mitochondrial function.

gRb1-induced protection was mediated by JNK phosphorylation
To understand the mechanism that gRb1 protects cardiomyocyte against H2O2-induced cell
injury, we examined JNK phosphorylation. Fig. 6 (upper-panel) showed that the p-JNK was
increased in H2O2 (0.5 mM)-exposed cells compared to control cells. Pretreatment with
gRb1 (1 μM) inhibited the p-JNK and co-treatment of SP600125 (SP, 10 μM), a specific
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inhibitor of JNK (Bennett et al., 2001), further reduced p-JNK. The SP or gRb1 alone
treatment had no effect on JNK phosphorylation. Densitometric analysis (lower-panel)
illustrated that the increased p-JNK by H2O2 was attenuated by gRb1 (p < 0.01, n = 5) and
co-treatment of SP further attenuated JNK phosphorylation. There were no considerable
differences among the control, gRb1 and SP-treated alone cells. Correspondingly, gRb1
reduced H2O2-induced cell death (46.3 ± 5.1% vs 29.6 ± 3.5%, p < 0.01, n = 5) and co-
treatment with SP further reduced cell death compared with gRb1/H2O2-exposed cells (29.6
± 3.5% vs 20.8 ± 2.9%, p < 0.05, n = 8) (Fig. 7). These results suggest that H2O2-induced
cell death is mediated by JNK phosphorylation and gRb1 protection exerted through
inhibition of JNK activation.

DISCUSSION
The present study demonstrates that gRb1 protects cardiomyocytes against H2O2 -induced
oxidative injury as evidenced by attenuated ROS generation, preserved mitochondrial
membrane potential, decreased LDH release and improved cell survival. These findings
further support our previous studies that American ginseng berry extract and ginsenoside Re
exhibits antioxidative effects in cardiomyocytes (Shao et al., 2004; Xie et al., 2006) and
confirms that ginsenoside Rb1 is a major antioxidant component with antioxidant capacity
in the ginseng root (Park et al., 2005; Wang et al., 2008b). In addition, this work suggestes
that cardioprotection by gRb1is mediated by the suppression of H2O2-induced JNK
activation. Although several intracellular signaling pathways involved in the protective
effect of gRb1 have been reported (Zhang et al., 2006; Wang et al., 2008a), this study is the
one of the first to demonstrate that gRb1 can protect against the H2O2-induced cell death
through the inhibition of JNK activation in cardiomyocytes.

Living cardiomyocytes can produce two major ROS, superoxide (O2·−) and H2O2. Although
H2O2 is a non-radical molecule with limited reactivity, it can decompose to generate the
highly reactive hydroxyl radicals (OH·) via the Fenton reaction leading to cell damage
(Fenton, 1984; Moriue et al., 2008). Moreover, H2O2 can readily traverse membranes
reacting with and damaging vital cellular macromolecules, such as proteins, lipids and DNA,
thereby disrupting cellular function and integrity (Barbouti et al., 2002). We have previously
shown that American ginseng berry extract and ginsenoside Re, a similar compound to
Ginsenoside Rb1, attenuated the H2O2-induced oxidant stress in our cardiomyocyte model
(Xie et al., 2006). Suppression of ROS by antioxidants might be an effective strategy aimed
at preventing oxidative stress-induced cell death. Therefore, the use of antioxidant agents as
a way of cardioprotection could be a potential therapy to slow or ameliorate the progress of
cardiovascular diseases (Wang et al., 2007). Ginseng, the root of Panax ginseng C.A. Meyer,
is one of the most commonly used herbal medicines possessing a wide spectrum of
biological and pharmacological activities (Scott et al., 2001; Wang et al., 2011b) that have
been attributed to its active ingredients, ginsenosides. Our ESR study showed that gRb1
possesses scavenging ROS properties that may partially contribute to its cardioprotection
against H2O2-induced oxidative stress.

Oxidative stress may activate multiple cellular signaling pathways (Kannan and Jain, 2000).
Prior studies have shown that gRb1 scavenges ROS, however, little work has been done to
test whether gRb1 also affects ROS-mediated death signaling pathways, particularly JNK.
The c-Jun N-terminal kinase JNK, or stress-activated protein kinase forms an important
subgroup of the mitogen-activated protein kinase (MAPK) superfamily. JNKs are primarily
activated by various environmental stresses, including ROS and oxidative stress, UV
radiation, and chemotherapeutic agents (Mittler and Berkowitz, 2001; Chan et al., 2003). Of
these, ROS and oxidative stress appear to be particularly important (Matsukawa et al.,
2004). A body of evidence shows that JNK signaling promotes apoptosis via a
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mitochondrial-dependent pathway (Lei et al., 2002). Consistent with work by others (Sato et
al., 2001), we found that gRb1 pretreatment significantly inhibited the increased JNK
phosphorylation induced by H2O2. Our data also showed that the inhibition of
phosphorylation of JNK by a specific JNK inhibitor SP600125 further attenuated JNK
activation and decreased cell death in gRb1/H2O2-treated cells, suggesting that the JNK
signaling pathway mediated gRb1-cardioprotection. These results support a notion that gRb1
not only acts as a ROS scavenger, but significantly attenuates ROS-mediated JNK
activation- induced by H2O2 in cardiomyocytes.

Normal mitochondrial electrochemical gradients or intact mitochondrial membrane potential
(ΔΨm) is essential for the survival of cardiomyocytes during and after oxidant insult
(Honda et al., 2005). Depolarized mitochondrial membrane potential defines mitochondrial
dysfunction (Hwang and Li, 1993). Oxidative stress by H2O2 depolarized mitochondrial
membrane potential results in cell death. We previously demonstrated that mitochondrial
oxidant injury is a significant source of cell death in this cardiomyocyte ischemia/
reperfusion model and antioxidants effectively improved cell survival (Vanden Hoek et al.,
1996, 2000; Shao et al., 2002). The present study also showed that gRb1 prevented the
dissipation of mitochondrial membrane potential and improved the mitochondrial function
during lethal oxidant stress, suggesting that gRb1 may play a critical role in attenuating
mitochondrial ROS and preserving mitochondrial function. ROS-induced mitochondrial
dysfunction has been shown to connect to the redox pathways. A body of evidence has
demonstrated that JNK can regulate mitochondrial function by induction of cytochrome c
release from mitochondria (Aoki et al., 2002) and modulation of Bax and Bcl-2 (Kharbanda
et al., 2000; Aoki et al., 2002). Our data showed that gRb1 inhibited JNK phosphorylation
and prevented the disrupted mitochondrial membrane potential and improved mitochondrial
function during H2O2-induced oxidant stress, suggesting that gRb1 may play an important
role in attenuating mitochondrial ROS and preserving mitochondrial function.

In conclusion, this study showed that gRb1 with its free radical scavenging property
attenuated mitochondrial ROS generation protecting cardiomyocytes from H2O2-induced
oxidative injury. A probable underlying mechanism of the gRb1-cardioprotection may be
mediated by suppression of ROS-induced JNK activation. As a major component of
ginseng, ginsenoside Rb1 may be a promising candidate for the prevention and treatment of
cardiovascular diseases associated with oxidative stress.
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Fig. 1.
The scavenging free radical activity of gRb1 in a cell-free chemical system was detected by
ESR spectroscopy. (A) The scavenging DPPH radical activity of gRb1. The intensity of
DPPH ESR signals was decreased when addition of gRb1 (4 mg/mL). (B) The scavenging
hydroxyl radical activity of gRb1. The intensity of ESR spectra of DMPO-OH adducts was
attenuated in a dose-response fashion after addition of gRb1 (0.5, 1 and 2 mg/mL) in H2O2/
Fe2+ chemical reaction system. Data were recorded as described in the Materials and
Methods.

Li et al. Page 11

Arch Pharm Res. Author manuscript; available in PMC 2012 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Effect of gRb1 on DCF fluorescence in H2O2-exposed cardiomyocytes. Cells were loaded
with H2DCFDA (1 μM) and pretreated with gRb1 (0.01, 0.1 or 1 μM) for 2 h and co-treated
with H2O2 (0.5 mM) for 2 h or exposed to H2O2 alone for 2 h. The DCF fluorescence was
increased by H2O2, but attenuated by pretreatment with gRb1, &p < 0.05, #p < 0.01, vs H2O2
alone. The data are presented as mean ± S.E.M.
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Fig. 3.
Effect of gRb1 on cell death in H2O2-exposed cardiomyocytes. Cells were loaded with
propidium iodide (PI, 5 μM) and pretreated with gRb1 (0.01, 0.1 or 1 μM) for 2 h and co-
treated with H2O2 (0.5 mM) for 2 h or exposed to H2O2 alone for 2 h. The cell death was
increased by H2O2, which was concentration-dependently reduced by pretreatment with
gRb1, &p < 0.05, #p < 0.01 vs H2O2 alone. The results are presented as mean ± S.E.M.
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Fig. 4.
Effect of gRb1 on H2O2-induced myocardial morphological alterations. (A) Control cells
displayed no blebs. (B) H2O2 (0.5 mM)-exposure resulted in myocardial morphological
changes with blebs and granule formation. (C) Pretreatment of gRb1 (1 μM) improved these
morphological alterations by H2O2. (D) gRb1 (1 μM) treatment alone had no obvious
difference compared to control cells.

Li et al. Page 14

Arch Pharm Res. Author manuscript; available in PMC 2012 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Effect of gRb1 on mitochondrial membrane potential (ΔΨm) in cardiomyocytes. Cells on
the glass-coverslip were incubated with JC-1 (10 μg/mL) at 37°C for 15 min and then
washed with PBS twice. The coverslip was mounted on the microscope with an on-stage
incubator for imaging. The PLab software was used for analyzing the color changes of JC-1
fluorescence. Control cell (A) image showed the more red/less green JC-1 fluorescence.
H2O2 (0.5 mM)-exposed cell (B) image showed low red/higher green JC-1 fluorescence.
gRb1 (1 μM)/H2O2 (0.5 mM)-exposed cell (C) image showed the higher red/lower green
JC-1 fluorescence. H2O2 decreased the G/R ratio compared with control cells (#p < 0.01).
Co-treatment with gRb1 partially increased the R/G ratio compared with H2O2-exposed
cells (&p < 0.05). In gRb1 (1 μM)-treated alone cell (D), the R/G ratio had no difference
compared with control cells. The data are presented as mean ± S.E.M. of five individual
experiments per group.
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Fig. 6.
Effect of gRb1 on phosphorylation of JNK in H2O2-exposed cardiomyocytes. The cells were
pretreated with gRb1 (1 μM) or gRb1/SP600125 (SP, 10 μM) for 2 h prior to the H2O2 and
concurrent treated with H2O2 (0.5 mM) for 2 h. The phosphorylation of JNK (p-JNK) was
analyzed by western blots. Upper panel: Representative immunoblots of p-JNK in
cardiomyocytes. The gRb1 attenuated the increased p-JNK caused by H2O2 (#p < 0.01) that
was further attenuated by a JNK inhibitor SP (10 μM), &p < 0.05 vs gRb1/H2O2-treated
cells. gRb1 and SP treatment alone had no effect on p-JNK. Lower panel: Densitometry
showing the mean ± S.E.M. of four experiments for each condition. α-tubulin: a loading
control.
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Fig. 7.
Effect of inhibition of JNK phosphorylation on gRb1-cardioprotection. Cells were pretreated
with gRb1 (1 μM) or gRb1/SP600125 (SP, 10 μM) for 2 h prior to the H2O2 and concurrent
treated with gRb1/SP/H2O2 (0.5 mM) or H2O2 alone for 2 h. The cell death was reduced by
pretreatment of gRb1, #p < 0.01 vs H2O2 alone. Co-treatment with SP/gRb1/H2O2 further
reduced the cell death, &p < 0.05 vs gRb1/H2O2-treated cells.
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Table 1

Effect of gRb1 on H2O2-induced lactate dehydrogenase (LDH) release

Treatment LDH release (%)

Control 3.7 ± 0.3

H2O2 20.8 ± 1.5

H2O2 + gRb1 (0.01 μM) 15.2 ± 1.1 &

H2O2 + gRb1 (0.1 μM) 13.9 ± 0.5 #

H2O2 + gRb1 (1 μM) 12.9 ± 0.6 #

gRb1 (1 μM) 3.2 ± 0.5

The LDH activity was measured using LDH cytotoxicity assay kit. LDH release increased after H2O2 exposure for 2 h and was decreased by

pretreatment with gRb1 (0.01, 0.1 and 1 μM).

&
P < 0.05, H2O2 (0.5 mM) + gRb1 (0.01 μM) vs. H2O2 (0.5 mM);

#
P < 0.01, H2O2 (0.5 mM) + gRb1 (0.1 μM, 1 μM) vs. H2O2 (0.5 mM); P = NS, gRb1 (1 μM) alone vs. control. Results are expressed as mean ±

SEM.
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