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Ginsenoside Rg1 Protects Rat Cardiomyocyte From Hypoxia/
Reoxygenation Oxidative Injury Via Antioxidant
and Intracellular Calcium Homeostasis
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ABSTRACT

Ginsenoside Rg1 is a major active ingredient of Panax notoginseng radixr which has demonstrated a number of pharmacological actions
including a cardioprotective effect in vivo. This study investigated the protective effect and mechanism of ginsenoside Rg1 in cardiomyocytes
hypoxia/reoxygenation (H/R) model. Pretreatment with ginsenoside Rg1 (60-120 uM) reduced lactate dehydrogenase release and
increased cell viability in a dose-dependent manner. Fluorescence analysis demonstrated ginsenoside Rg1 reduced intracellular ROS and
suppressed the intracellular [Ca*'] level. Cell lysate detected an increase of T-SOD, CAT, and GSH levels. The myocardial protection of
ginsenoside Rg1 during H/R is partially due to its antioxidative effect and intracellular calcium homeostasis. J. Cell. Biochem. 108: 117-124,

2009. © 2009 Wiley-Liss, Inc.
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N otoginseng, the root of Panax notoginseng (Burk.) F.H. Chen,
is a precious traditional Chinese medicine employed in the
treatment of trauma and bleeding due to internal and external
injury. It has been demonstrated as having a number of pharma-
cological effects on the cardiovascular system, liver, kidneys,
hematological system, diabetic angiopathy, immune function, anti-
inflammatory function, lipid metabolism, antitumor activity, and
central nervous system [Ng, 2006]. Saponins are the major active
constituents. More than 50 saponin have been isolated from
notoginseng [Wang et al., 2006]. Some of these are the same as
ginsenosides isolated from Panax ginseng.

In China, a preparation of Panax notoginseng saponins (PNS),
named Xuesaitong, when used in the treatment of patients with
cerebral ischemia, cerebral hemorrhage, angina pectoris, and
hyperviscosity syndrome, produced a marked therapeutic effect
[Lin, 2006]. The mechanisms of pharmacological and therapeutic
effects were shown through antioxidant and influencing calcium

ion [Wu and Chen, 1988; Li et al., 1990; Ma and Xiao, 1998; Han
et al., 2000; Liu et al., 2002; Zhu et al., 2003; Yuan et al., 2005; Shi
et al., 2007].

Ginsenoside Rg1 (Fig. 1), one of the richest components in PNS,
was shown antioxidative protection [Liao et al., 2002; Chen et al.,
2003; Cheng et al., 2005]. Therefore, the present study was designed
to investigate its effect and mechanism on hypoxia-reoxygenation
(H/R) damage in cadiomyocytes.

CHEMICALS AND REAGENTS

Ginsenoside Rg1 (purity >99%), was purchased from the Chinese
National Institute for the Control of Pharmaceutical and Biological
products (Beijing, China). The Cell Titer 96 Aqueous One Solution
Cell Proliferation Assay Kit was purchased from Promega;
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Fig. 1. Structures of ginsenoside Rg1.

glutathione (GSH), catalase (CAT), DCFH-DA, were purchased from
Fluka, Germany; NAC, Verapamil, Collagenase, and propidium
iodide (PI) were purchased from Sigma-Aldrich; Fluo-4-AM was
purchased from Molecular Probes and Dojindo, Japan; DMEM, F,,
DMEM glucose-free and other medium components were supplied
by Gibco.

ANIMALS

The investigation was performed with the Guide for the Care and Use
of Laboratory Animals published by the U.S. National Institutes of
Health.

PRIMARY CULTURE OF CARDIOMYOCYTE

Cardiomyocytes were isolated from hearts of neonatal Sprague-
Dawley rats of both sexes that were up to 3 days old and were
isolated and cultured as described previously [Simpson and Savion,
1982]. Cells were preplated for 90 min to allow fibroblasts to attach
and yield a purer cardiomyocyte culture. After enriched culture for
2 days in a selective medium, the cardiomyocytes were maintained
in a low-serum medium (DMEM/F12 1:1 with 0.1% insulin-
transferrin-selenium G supplement, 0.5% horse serum, and 0.3%
penicillin-streptomycin 1001U/ml) so as to inhibit the growth of
nonmyocyte. After 4-day culture, cardiomyocyte were used in
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subsequent experiments. The yield of cardiomyocyte was more than
90% as determined by Mayer’s hem alum-eosin Y staining.

HYPOXIA/REOXYGENATION TREATMENT PROTOCOL

Pretreated with ginsenoside Rg1, the cultured cardiomyocytes were
washed with Hank’s solution (5 mM HEPES, 137 mM NaCl, 4 mM
KCl, 1 mM MgCl,, 1.5 mM CaCl,, pH 7.2). The cells were incubated in
a glucose-free DMEM base medium and then subjected to hypoxia to
mimic the in vivo condition of myocardial ischemia. The cells were
placed in an incubator at 37°C. N, (95%) and 5% CO, were flushed
into the incubator to bring the oxygen content down to 1%
monitored by an oxygen probe. After 3 h of hypoxia, the cells were
subjected to reoxygenation by changing the medium into a DMEM
base medium with 5.5 mM glucose (pH 7.4) followed by incubation
under normoxia for 1h.

LDH ASSAY

Lactate dehydrogenase (LDH) was released from injured cells and
was used as an index of cell injury. LDH activities in the hypoxia and
the reoxygenation media and in the cells lysate (by freeze-thawing
in distilled water) were determined. The total of LDH activities in the
hypoxic and reoxygenation media and the cell lysate obtained from
the same well would give the total LDH activity. The percentage of
LDH released during hypoxia or reoxygenation in each of these
media was standardized against the total LDH activity. The
percentages of LDH released during hypoxia and reoxygenation
would be combined to give the percentage of LDH released during H/
R [Liu et al., 2004].

DETERMINATION OF CELL VIABILITY

After 1h reoxygenation, cells were washed once in Hank’s solution,
and the medium was switched to 100 .l of Hank’s solution in each of
the 96-well plate. Cell viability was assessed by MTS method [Chen
et al., 2002]. The Cell Titer 96 Aqueous Non-Radioactive Cell
Proliferation Assay Kit was purchased from Promega, WI. The
cellular level of 3-(4,5-dimethylthiazol-2-yl-5)-(MTS), an indicator
of mitochondrial function of living cells, was linearly proportional
to the number of viable cardiomyocytes. Briefly, MTS and PMS were
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Pretreatment with ginsenoside Rg1 reduces H/R damage in cardiomyocytes. Cardiomyocytes were pretreated for 48 h with ginsenoside Rg1. The cells were subjected to

H/R as described in Methods Section. The percentage of LDH released (A) and cell viability (B) during H/R were determined and expressed as the mean +s.e.m. (n=#6).
###p < 0.001 as compared with control without H/R. **P< 0.01, ***P< 0.001 as compared with the drug-free control.
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mixed at the ratio of 20:1 immediately before being added to the
samples. Twenty microliters of MTS/PMS solution was added to each
of the 96-well plate and incubated at 37°C in a humidified 5%
CO, atmosphere for 3 h. The absorbance was read at 490 nm using a
96-well plate spectrophotometric reader (Bio-Rad).

ASSAYS FOR SOD, CAT, GSH

Cardiomyocytes were washed twice with Hank’s solution containing
0.05mM EDTA and were sonicated at 4°C. After centrifugation
(800g, 5 min), the cell supernatants were immediately assayed for
activities of antioxidant enzyme and level of GSH. Total superoxide
dismutase (SOD) activity was determined by measuring the blue
color of formed formazan with a spectrophoto-meter (measuring
absorbance at 560nm). Superoxide anion (O5) formed in the
Xanthine-X0D system reduces NBT into formazan. The rate of
the reduction with O3~ were linearly related to the xanthine oxidase
(X0) activity, and was inhibited by SOD [Goering et al., 2002].
Results were expressed as U/mg protein. CAT activity was
determined according to Aebi’s method [Aebi, 1984]. The principles
of the assay are based on the determination of the H,0,
decomposition rate at 240 nm. Results were expressed as U/mg
protein. GSH was determined according to Rotruck et al. [1973],
calculated on the basis of GSH calibration curve. Results were
expressed as mg/mg protein. Protein content in the cell lysate was
determined by the Bradford assay using bovine serum albumin
(BSA) as standard.

MEASUREMENT OF INTRACELLULAR ROS

Intracellular reactive oxygen species (ROS) was assessed using the
cell-permeable probe 5(6)-carboxy-2’,7'-dichloro-fluorescein dia-
cetate (cDCFH-DA). Cardiomyocytes in 96-well plates were incu-
bated with DCFDA (10 wM) for 20 min at 37°C. The cells were washed
by PBS solution three times. DCF fluorescence levels were measured
at 0, 30, 60, 90, 120, 150, and 180 min after the initiation of
reoxygenation using a multiwell fluorescence plate reader (Bio-
Rad). The excitation and emission were set at 488 and 530 nm,
respectively. Data (mean =+ s.e.m., n=6) are expressed as arbitrary
units of cDCF. The cells in culture bottle pretreated with drug were
dissociated after 1h of reoxygenation and incubated with 10 uM of
¢DCFH-DA for 20min at 37°C. The cells were washed by PBS
solution twice. PI (10 wM, Molecular Probes) was added to stain for
nonviable cells before data acquisition [Yamawaki et al., 2004] The
data were analyzed by flow cytometry (FACSCalibur cell sorter,
Becton Dickinson) and Cell quest soft. Fluorescence was determined
as the emission intensity at 530 nm for ¢cDCF and 670 nm for PIL.

MEASUREMENT OF INTRACELLULAR CALCIUM LEVEL

After 1h of reoxygenation, intracellular calcium measurements
were made with the calcium sensitive fluorescent probe, fluo-4-AM
as described [Sato et al., 2005]. Cardiomyocytes in 96-well plates
were incubated with fluo-4-AM (10 wM) for 40 min at 37°C. The cells
were washed by PBS solution three times. Fluorescence levels were
measured at 0, 30, 60, 120, and 180 min after the initiation of
reoxygenation using a multiwell fluorescence plate reader (Bio-
Rad). The excitation and emission were set at 488 and 530 nm,
respectively. Data (mean =+ s.e.m., n=6) are expressed as arbitrary

units of Fluo-4. The cells in culture bottle were exposed to 10 pM
fluo-4-AM for 40 min at 37°C After 1h of reoxygenation. Washed
by PBS solution, the cells were dissociated. PI was added just before
data acquisition. During flow cytometry, about 1 x 10* cells were
analyzed in each sample. Data were collected for emission at 530 nm
for fluo-4 and 670 nm for PI and were plotted simultaneously. Only
those cells with low fluorescent intensity at 670 nm (PI-negative)
were included in the comparative analysis of [Ca®"];.
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Fig. 3. Pretreatment with ginsenoside Rg1 increases antioxidant activities of
cardiomyocyte. Cardiomyocytes were pretreated for 48 h with ginsenoside Rg1.
The cells were subjected to H/R as described in Methods Section. The cells lysate
was centrifugated, and then the cell supernatant was assayed for activities of
SOD (A), CAT (B), and GSH (C). The results are expressed as mean =+ s.e.m.
(n=6). **#P<0.001 as compared with control without H/R. *P<0.05,
**P<0.01, *P<0.001 as compared with the drug-free control.
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STATISTICAL ANALYSES

Data are expressed as mean values with standard error of mean
(s.e.m.). One-way ANOVA followed by t-test with Bonferroni’s
correction for multiple comparisons. A difference of P < 0.05 was
considered significant.

PRETREATMENT WITH GINSENOSIDE Rg1 REDUCES H/R DAMAGE
LDH leakage from cells is widely known as a marker of cellular
injury and necrotic cell death. Cadiomyocytes subjected to H/R
damage had a 26-fold increase in LDH leakage compared with the
without H/R control cells. In cadiomyocytes subjected to H/R
damage after being pretreated with ginsenoside Rgl 48 h, LDH
leakage was reduced in a dose-dependent manner from 85.8%

(60 M) to 70.4% (120 M) of the drug-free control (Fig. 2A). After
treatment 72 h with ginsenoside Rg1 up to 1,200 wM, cardiomyo-
cytes did not show cytotoxicity, and there were insignificant
differences in the total LDH activities compared with the without
H/R control (data not shown). Pretreatment with ginsenoside Rg1
(60-120 pM) also increased the cell viability (27.54% and 31.88%,
respectively) of the cadiomyocytes subjected to H/R compared with
the drug-free control, as shown in MTS (Fig. 2B).

PRETREATMENT WITH GINSENOSIDE Rg1 INCREASED
ANTIOXIDANT ACTIVITIES

A number of reports have shown that there is a cellular adaptive
response against oxidative stress by strengthening the antioxidant
defense system [Kaminski et al., 2002; Zhao, 2004]. The effects of
ginsenoside Rg1 on the activity of the antioxidant enzymes and the
GSH level in the cadiomyocytes were determined. Pretreatment of
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Pretreatment with ginsenoside Rg1 attenuates intracellular ROS level in cardiomyocytes. Fluorescence of cardiomyocytes loaded DCF was detected at 0, 30, 60, 90,

120, 150, and 180 min of reoxygenation. Fluorescence value peaked at 60 min of reoxygenation and then began to decline quickly. The data were expressed as the mean =+ s.e.m.

(n=8) (A). Pretreatment respectively with ginsenoside Rg1 (30-120 M) 48 h, 10 mM NAC 20 min significantly decreases the elevation of intracellular ROS of cardiomyocytes
undergoing H/R (B). Results are expressed as mean + s.e.m. (n = 3), *#P < 0.001 as compared with control without H/R; ***P < 0.001 as compared with the drug-free control in

the same treatment group (C).

120

GINSENOSIDE Rg1 PROTECTS RAT CARDIOMYOCYTE

JOURNAL OF CELLULAR BIOCHEMISTRY



p

14000 4
130004
®
§ 12000
< 11000
&
g 10000 |
m 900
gooo{ 1
B 0 30 60 120 180(min)
8__ g-i
= 3 Control =1 HR & 4 Verapamil
2 i g3
E = ¥ =
Gé Q-é -
1 w'  10® 10! 0f wf w? 10 g0' 102 10° 10?
Fluo=d Fluo-d Fluo-4
g': 8-. = L
2 =1 Rgte0 M % 2 Rel120M
® 3 L “i
59 £ 3 E
§:
10" 10! 10f 10 0! 10w o 10® 10! 10f w0 1o

Fluo- Fluo-4

i

wEn

it)

1VE umni

relat

~ 0.4

Fluo-4 floorescence o

Control 0 30 60 120 Verapamil
ginsenoside Rgl(um)

2+]i

Fig. 5. Pretreatment with ginsenoside Rg1 suppresses [Ca overload of cardiomyocytes undergoing H/R Fluorescence of cardiomyocytes loaded Fluo-AM was detected at 0,
30, 60, 120, and 180 min of reoxygenation. Fluorescence value reached maximum at 60 min of reoxygenation and slowly declined during 120-180 min of reoxygenation. The
data were expressed as the mean + s.e.m. (n = 6) (A). Pretreatment respectively with ginsenoside Rg1 (30-120 .M) 48 h, 10 M verapamil 15 min significantly decreased the
elevation of [Ca"]; compared with drug-free control in the same treatment group (B). The data were expressed as mean = s.e.m. (n = 3), **#P < 0.001 as compared with control

without H/R; **P<0.001 as compared with the drug-free control in the same treatment group (C).
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the cadiomyocytes with ginsenoside Rg1 (120 wM) 48 h the T-SOD
(Fig. 3A) and CAT (Fig. 3B) activities, respectively, were significantly
upregulated 85.8% and 73.1% of the drug-free control cells. While
the GSH (Fig. 3C) level of the cadiomyocytes was slightly increased
35.9% of the drug-free control cells. These data suggest that the
inducted activity of these antioxidant enzymes is one of the
cardioprotective effects of ginsenoside Rg1.

PRETREATMENT WITH GINSENOSIDE Rg1 ATTENUATES THE
INTRACELLULAR ROS LEVEL

The ROS level increases rapidly during reperfusion (IR) of the
ischemic myocardium [Garlick et al., 1987; Doweney, 1990]. The
data showed that the intracellular ROS of the cadiomyocytes
subjected to H/R increased significantly and reached maximum after
1h of reoxygenation (Fig. 4A), about 10-fold compared with the
control without H/R. Then the intracellular ROS level declined with
lengthening reoxygenation time and reached the status of initiation
of reoxygenation. Therefore 1h of reoxygenation was chosen as
the end of the H/R in the later experiment. Pretreatment of the
cadiomyocytes with ginsenoside Rgl (60-120 wM) 48 h, respec-
tively, attenuated the intracellular ROS to 67.2% and 36.2% of
the drug-free control cells (P < 0.001; Fig. 4B,C). NAC, a general
antioxidant was chosen for positive drug control. NAC (10 mM)
significantly attenuated the intracellular ROS to 24.7% of the drug-
free control cells (P < 0.001; Fig. 4B,C).

PRETREATMENT WITH GINSENOSIDE Rg1 SUPPRESSES

[Ca®*], OVERLOAD

The intracellular Ca** overload as a consequence of oxidative stress
may play a crucial role in the transition of cardiac hypertrophy
to heart failure. Investigation was employed to determine whether
the cardioprotective effect of ginsenoside Rgl is related to the
suppression of intracellular calcium accumulation. Figure 5A
showed an increase in [Ca*']; peak to about twofold of control
after 60 min of reoxygenation (Fig. 5A). [Ca®']; of the cadiomyo-
cytes pretreated with ginsenoside Rg1 30-120 uM was markedly
suppressed from 69.5% to 44.3% of the control drug-free cells
(P <0.001; Fig. 5B,C). Verapamil, a calcium channel blocker, 10 uM
significantly inhibited increase of [Ca®']; to 41.9% of control
drug-free cells (P < 0.001; Fig. 5B,C).

Based on PNS’s multiple pharmacological and therapeutic effects,
through investigation, we want to know a major active saponin,
ginsenoside Rg1, play a crucial role. In the present study, we have
demonstrated that ginsenoside Rg1 exerted protective effects on
the cadiomyocytes subjected to hypoxia/reoxygenation injury.
It was confirmed by reducing LDH leakage and increasing cell
viability.

Myocardial ischemic injury is mediated in part by ROS produced
during the ischemic process and is exacerbated by IR [Dhalla et al.,
2000; Lefer and Granger, 2000]. ROS generated from metabolic

processes are normally scavenged by antioxidants that are part of
physiological cellular defense mechanisms. In disease states such as
sudden hypoxia, however, overproduction and consumption of ROS
results in oxidative cellular damage [Halliwell and Gutteridge,
1999]. Rapid restoration of blood flow increases the level of tissue
oxygenation, but there is a second burst of ROS generation that leads
to the syndrome of IR injury [Maxwell and Lip, 1997]. ROS-mediated
cell death occurs in cells exposed to hypoxia and hypoxia/
reoxygenation both in vitro and in vivo [Fliss and Gattinger, 1996;
Dhalla et al., 2000]. ROS cause oxidation of proteins, nucleic acids,
and lipids, affect critical signal transduction pathways, and finally
result in alterations of cardiac function, cellular injury, and death
[Duranteau et al., 1998; von Harsdorf et al., 1999; Hensley et al.,
2000]. In the heart, ROS-induced abnormalities can include
cytotoxicity, cardiac stunning, arrhythmias, alterations of Ca®"
homeostasis, and intracellular ATP depletion [Das and Maulik, 1994;
Lefer and Granger, 2000]. Cellular antioxidants are critical in
combating ROS-induced cell death and tissue damage. They
scavenge free radicals and minimize a variety of insults resulting
from the oxidative stress [Ferrari et al., 1991; Frei, 1999; Hayes and
McLellan, 1999; Wang et al., 2002].

The present results exhibited that ginsenoside Rgl obviously
reduced H/R-induced ROS generation through increasing the
activity of endogenous antioxidants, including T-SOD, CAT, and
GSH. Recently two reports showed similar results that ginsenoside
Rg1 exerts antioxidative effects in lung injury [Shen et al., 2007] and
in WI-38 diploid fibroblast cells [Chen et al., 2008].

ROS generated by H/R may promote the entry of Ca*' into
vascular myocytes and results in intracellular Ca®" concentration
overload. [Ca”"]; overload is also widely believed to be a
precipitating cause of myocardial injury upon ischemia and IR
based on the observation that [Ca®"]; overload is always associated
with myocardial injury upon IR [Boston et al., 1998]. Therefore,
reduction of [Ca®™];
overload during IR.

Some investigations reported that PNS inhibited Ca*" influx into
cardiomyocyted [Li and Shi, 1990], and acted as a calcium channel
blocker in rat liver cells [Peng et al., 1997; Lu et al., 1999]. The
present result shows that ginsenoside Rg1 significantly suppressed
intracellular Ca®*" overload induced by H/R in cadiomyocytes.
A new investigation showed that ginsenoside Rg1 inhibited Ca*"
influx through NMDA receptors and L-type voltage-dependent
Ca®" channels in neurons. Therefore, we suppose that ginsenoside
Rg1 directly suppresses Ca>* channel to prevent intracellular Ca®"
overload in cardiomyocytes. Future experiments are being designed
to address this issue but are beyond the scope of this report.

More and more studies have been conducted to determine the
variety of biological functions associated with the PNS. Penetrating
investigation of this mechanism is of benefit for clinic treatment of
PNS.

during ischemia can greatly alleviate calcium

The present study suggests that ginsenoside Rg1l has shown a
cardioprotective effect by scavenging ROS and intracellular Ca®"

122

GINSENOSIDE Rg1 PROTECTS RAT CARDIOMYOCYTE

JOURNAL OF CELLULAR BIOCHEMISTRY



homeostasis during H/R. Ginsenoside Rgl scavenges ROS by
increasing the activity of endogenous antioxidants.
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