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Magnesium isoglycyrrhizinate protects hepatic LO2 cells
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Abstract: Human liver ischemia/reperfusion injury (IRI) is a common and major clinical problem complicating liver
surgery and transplantation. The pathogenesis underlying IRl is complex, involving a series of signaling mediators
and mechanisms. This study aimed to investigate the effects of Magnesium Isoglycyrrhizinate (MgIG) on the chang-
es of oxidant stress and apoptosis induced by IRl in human hepatic LO2 cells. LO2 cells with IRl were treated with
or without MgIG and mitoKATP (Mitochondrial adenosine triphosphate-dependent potassium) channel modulators.
Cell viability was assessed using CCK-8 assay. Cell apoptosis was quantified by flow cytometry. The activity of the
antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) were measured. Effects of
MgIG on the expression of Bax, Bcl-2, Caspase 3, PARP (poly ADP-ribose polymerase), Akt, and ERK in LO2 cells with
IRl were examined. Our results showed that MgIG treatment significantly reduced the population of apoptotic cells
and the expression of apoptosis-related proteins in hepatic LO2 cells with IRI. MgIG also counteract ischemia reper-
fusion induced oxidative challenge as it effectively reduced malondialdehyde (MDA) and increased the activities of
SOD and GSH-Px. LO2 cells treated with MgIG showed increased expression of p-Akt and p-ERK, indicating that the
protective effect of MgIG might be associated with the activation of Akt and ERK pathways. Moreover, the addition
of Diazoxide (DE), a mitoKATP channel opener, enhanced the cytoprotective activity of MgIG, while the mitoKATP

blocker 5-hydroxydecanoate (5-HD) reduced the cytoprotective activity of MgIG.
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Introduction

Hepatic ischemia/reperfusion injury (IRI) is a
common and major complication after liver sur-
gery and transplantation. It impairs liver func-
tion, increases postoperative morbidity and
mortality, interferes recovery and thus has a
major impact on clinical outcomes [1]. Hepatic
IRI can be categorized into warm ischemia and
cold ischemia. Warm ischemia occurs when
hepatic blood supply is temporarily interrupted,
and is associated with a variety of clinical situ-
ations including trauma, shock transplantation,
elective liver surgery, toxic liver injury, sinusoi-
dal obstruction and Budd-Chiari syndrome [2].
On the other hand, the vast majority of cold
ischemia occurs during organ preservation
prior to transplantation, and is featured by local
inflammation mediated by neutrophils, damage
to sinusoidal endothelial cells, and disruption
of the microcirculation [3].

Hepatic IRI is associated with a series of patho-
physiological events, including mitochondrial
de-energization, adenosine-5’-triphosphate de-
pletion, Kupffer cell activation, upregulation of
pro-inflammatory cytokines and oxidative
stress changes [4]. Reactive oxygen species
(ROS), including the superoxide, hydroxyl radi-
cals, and hydrogen peroxide, are generated dur-
ing hepatic IRl as a consequence of altered
aerobic metabolism [5], and plays a major role
in IRl induced oxidative stress changes [6]. The
cellular toxicity of ROS is associated with rapid
modifications of cellular constituents, such as
the depletion of intracellular glutathione and
ATP, a decline in NAD* level, an increase in free
cytosolic Ca?*, and lipid peroxidation [7]. These
damages ultimately lead to hepatic cell death
either by necrosis or apoptosis [8]. Apoptotic
cell death is an active intracellular death pro-
gram, during which caspases (a family of prote-
ases) are key executors and catalyze the
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destructive cascade leading to a series of cel-
lular events and changes. The poly ADP-ribose
polymerase (PARP), a nuclear enzyme involved
in DNA repair, is a well-known substrate for
Caspase 3 cleavage [9]. Members in the Bcl-2
protein family are also important regulators of
apoptosis [10]. Moreover, studies have shown
that prosurvival kinase phosphatidylinositol
3-kinase (PI3K)-Akt and extracellular signal-
regulated kinase (ERK) pathways play critical
roles in IRl [11]. The PI3K-Akt pathway has also
been shown to regulate apoptosis signaling by
inhibiting pro-apoptotic Bcl-2 protein BAD [12].

The complex mechanisms involved in IRI, with
multiple interacting and interdependent media-
tors, provide plentiful candidates for therapeu-
tic strategies. The most promising protective
treatment against hepatic IRI so far is precondi-
tioning, including ischemic preconditioning,
heat shock and pharmacological interventions
[7]. Ischemic preconditioning has been demon-
strated to limit IRl and cell apoptosis in a num-
ber of studies [13-15]. It enhances hepatocyte
survival by preventing mitochondrial failure,
which involves mitochondrial K-ATP (mitoKATP)
channels [16]. Diazoxide (DZ), a specific opener
of mitoKATP channel, preserves mitochondrial
integrity and suppresses proapoptotic regula-
tors, and has been shown to attenuate IRI [13].
Moreover, many other pharmacological agents,
such as methylprednisolone [17], a-tocopherol
(vitamin E) [18], and dopamine [19] have also
been shown to ameliorate hepatic IRI [20].

Here, we assessed the potential ameliorating
effect of Magnesium Isoglycyrrhizinate (MgIG)
on hepatic IRl utilizing an in vitro LO2 cell model.
MgIG, a traditional herbal remedy, is a magne-
sium salt of 18-« glycyrrhizic acid stereoisomer,
and is extracted from the roots of the plant
Glycyrrhiza glabra (licorice). It has recently been
known for its anti-inflammatory and hepatic
protection activity [21, 22]. Previous study
showed that MgIG provided protection against
various organ injuries and diseases, including
alcoholic liver disease, lung injury induced by
paraquat poisoning, and epithelia ovarian can-
cers [23-25]. MgIG treatment has also been
reported to reduce expression levels of the I/R-
induced Tumor necrosis factor alpha (TNFa),
Phospholipase A2 (PLA2), and MDA in plasma
and liver tissues, and to decrease the I/R-
induced Myeloperoxidase (MPO) activity in a rat
limb I/R model [26]. However, the effect of
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MgIG against hepatic IRI, especially its poten-
tial antioxidative property and underlying
molecular mechanisms remain less studied.

Here, we examined the cytoprotective and anti-
apoptotic effects of MgIG on hepatic cells with
IRI. This study elucidated that MgIG treatment
ameliorated hepatic IRl through enhancing
PI3K/Akt activity in human hepatic LO2 cells.

Materials and methods
Cell culture and reagents

The human hepatic LO2 cell line was obtained
from Cell Bank of Peking Union Medical College
Hospital, maintained in Dulbecco’s Modified
Eagle’'s Medium (DMEM, Sigma, USA), supple-
mented with 10% Fetal Bovine Serum (FBS,
Sigma, USA), 2 mM glutamine, 100 U/ml peni-
cillin/streptomycin and cultured at 37°C in a
humidified atmosphere with 5% CO,. MgIG (50
mg: 10 ml) was purchased from Chia-tai
Tianging Pharmaceutical Co. Ltd, China.
5-hydroxydecanoate (5-HD) and Diazoxide (DE)
were purchased from Sigma Chemical Co. SOD,
MDA and Glutathione Peroxidase (GSH-Px)
Detection Kits were purchased from Nanjing
Jiancheng Bioengineering Institute, China.
HEPES buffered Tyrode’s lactate and bovine
serum albumin (BSA) was purchased from
Sigma-Aldrich Chemical Co, USA.

Oxygen deprivation and reperfusion, and MgIG
treatment

LO2 cells were placed in a cell culture flask till
reaching 70% confluence. To create a hypoxic
condition, the cells were incubated in a micro-
aerophilic system (Thermo, Cedex, France) with
5% CO, and 1% oxygen balanced with 94% N,
gas for 4 hours. Then, the cells were cultured in
normoxic conditions with 95% oxygen and 5%
CO, at 37°C for O, 2, 6, 12, 24 h, respectively,
to achieve reperfusion. Five groups of differ-
ently treated LO2 cells were studied. Group I:
Normal control (NC) group was incubated with
medium only; Group II: LO2 cells with ischemia
reperfusion injury alone (I/R); Group Ill: MgIG
(10 mg/ml) was added to cultures 24 h prior to
ischemia reperfusion condition (MgIG+I/R);
Group IV: MgIG was added to cultures as in
Group Il and 5-HD (a mitoKATP specific ion
channel blocker, 100 umol/L) was given before
the IRI treatment (MgIG+5-HD+I/R); Group V:
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MgIG was added to cultures as in Group lll and
IV, and DE (a mitoKATP selective channel open-
er, 100 ymol/L) was administrated before IRI
treatment (MgIG+DE+I/R).

Cell viability assay

Cell viability was measured with Cell Counting
Kit-8 (CCK-8) according to the manufacture’s
protocol (Dojindo, Japan). LO2 cells were seed-
ed on 96-well plates (100 pL, 1x10%*/well)
(Falcon, USA). After different treatments, 10 ul
of CCK-8 solution was added to each well and
cells were incubated for another 2 h at 37°C in
a humidified CO, incubator. The optical absor-
bance at 450 nm for each sample was mea-
sured with a microplate reader (BioRad, USA).
Five separate experiments were conducted and
each was performed in triplicates. The value
was calculated by the formula: Cell viability (%)
= [(A,, of treated group-A,_; of blank control
group)/(A,,, of negative control group-A,  of
blank control group)] x 100%.

Measurement of apoptotic cell death

To differentiate between apoptotic and healthy
cells, we performed double staining with an
Annexin V-FITC Apoptosis Detection kit. Diffe-
rently treated human hepatic LO2 cells were
collected by removing the DMEM medium,
washed twice with ice-cold PBS, gently resus-
pended in 300 mL binding buffer. 10 mL of
Annexin V-FITC was added to cells, followed by
gentle vortex and 10 min incubation at 4°C in
the dark. 10 mL of propidium iodide (Pl) was
added to the tube followed by 5 min incubation
at 4°C in the dark. After incubation, cells were
analyzed by flow cytometry using a BD FACSAria
cell sorter (Becton Dickinson, San Jose, CA).
The fraction of cell population in different quad-
rants was analyzed using quadrant statistics.
Cells in the lower right quadrant represented
early apoptosis and those in the upper right
quadrant represented late apoptosis.

Western blot analysis

Human LO2 cells in logarithmic growth phase
were treated with ischemia reperfusion injury
for the above-indicated time. Cells were har-
vested, rinsed and lysed in an ice-cooled radio-
immuno precipitation assay buffer (RIPA,
Millipore, USA) to which protease and phospha-
tase inhibitors had been freshly added. Protein
concentration was determined by BCA Protein
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Assay Kit (Pierce, USA). Samples were boiled
for 5 mins at 100°C and insoluble material was
removed by centrifugation. About 25 ug-50 ug
protein extracts were electrophoresed on
10-15% sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE) and transferred onto PVDF
membranes (0.45 um, Millipore, BioRad), which
were then blocked with 5% BSA in TBST for 1 h,
and incubated overnight at 4°C with following
primary antibodies: anti-Bax, anti-Bcl-2, anti-p-
Akt (pSerd73), anti-Akt, anti-p-ERK, anti-ERK,
anti-PARP and anti-caspase 3 (1:1000, Cell
Signaling Technology, USA). After washing 3
times with TBST, the membranes were incubat-
ed for 2 h at room temperature with secondary
HRP-conjugated sheep anti-rabbit antibody or
HRP-conjugated sheep anti-mouse antibody
diluted in TBST with 5% BSA (1:2000, Santa
Cruz Biotech, USA). Immunoreactivity was dete-
cted by enhanced chemiluminescence (ECL kit,
Millipore, USA) and visualized by autoradiogra-
phy. The level of B-actin was used as a control
of the amount of protein loaded into each lane
and the optical density of each band was mea-
sured using the Bio-Rad Laboratories Quantity
One software.

Statistical analysis

The data were presented as mean + standard
deviation. Experimental groups were compared
using Kruskal-Wallis variance analysis test.
Post hoc analysis using Mann-Whitney U-test
was performed to determine the levels of sig-
nificance, and P < 0.05 was considered to be
statistically significant. The statistical analysis
was done using the SPSS statistical software
(version 12).

Results

Establishment of an in vitro liver ischemia
reperfusion model using LO2 cells

The CCK-8 results revealed that pretreatment
of human hepatic LO2 cells with MgIG (10 mg/
ml), MgIG (10 mg/ml) plus 5-HD (mitoKATP spe-
cific ion channel blocker, 100 umol/L), or MgIG
(10 mg/ml) plus DE (mitoKATP selective chan-
nel openers, 100 umol/L) did not significantly
affect cell viability (data not shown). To develop
a reproducible in vitro liver ischemia reperfu-
sion model with LO2 liver cells, we tested pre-
scribed period (4 h) of hypoxia, followed by a
reoxygenation period of different lengths (O, 2,
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Figure 1. Cell viability was shown in LO2 cultures during a combined 4 h-
long oxygen deprivation and following 0-2-6-12-24 h of oxygenation. Cell vi-
ability was determined by CCK-8 assay as described in Materials and meth-
ods. Data represent the mean + S.D. from five independent experiments
(X s, n=D5). NC: normal control; I/R: ischemia reperfusion only; MgIG+I/R:
MgIG was added to cultures with ischemia reperfusion condition; MgIG+5-
HD+I/R: Both MgIG (10 mg/ml) and 5-HD (100 pmol/L) were added to cul-
tures before the IRl treatment; MgIG+DE+I/R: MgIG (10 mg/ml) and DE (100
umol/L) were administrated to LO2 cells before IRI treatment. ##p < 0.001,
compared with NC group; "“p < 0.001, compared with I/R group.

6, 12 or 24 h, Materials and Methods).
Compared with the NC (normal control) group,
4 hours of hypoxia combined with various reox-
ygenation time (0, 2, 6, 12, or 24 h) significantly
decreased the cell viability of I/R group (P <
0.05) (Figure 1). Compared with I/R alone
group, MgIG+I/R group showed significantly
increased cell viability, with 4 h of hypoxia fol-
lowed by a 12 h or 24 h reoxygenation period (P
< 0.05) (Figure 1). Furthermore, cell viability of
MgIG+DE+I/R group was also significantly
improved, at 4 h of hypoxia followed by 6, 12, or
24 h reoxygenation period (P < 0.05) (Figure 1);
however, the cell viability of MgIG+5-HD+I/R
group only significantly increased at the 24 h
reoxygenation period compared to I/R group (P
< 0.05) (Figure 1).

MgIG reduces apoptosis in LO2 cells with isch-
emia/reperfusion injury

To evaluate the effect of MgIG on cell apoptosis
induced by ischemia/reperfusion in LO2 cells,
cells pretreated by MgIG with or without mito-
KATP channel modulators (5-HD, DE) were incu-
bated under 4 h of hypoxia followed by 24 h
reoxygenation. These cells were then stained
with Annexin V-FITC/PI and examined by flow
cytometry, respectively (Figure 2A, Materials
and methods). Compared with normal control,
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after 4 h hypoxia and 24 h

reperfusion treatment, 40.7%

of cells were viable, and 54.1%

were either at the early apop-

totic or late apoptotic stage.
T ik However, pretreatment with
MgIG 24 h prior to hypoxia sig-
nificantly reduced the number
of early (Annexin V+/Pl-) and
late apoptosis (Annexin V+/
Pl+ cells) (Figure 2). In addi-
tion, compared with I/R group
24 and MglIG+l/R group, after
treatment with both MgIG and
DE, cell viability rose up by
90.1% and only 9.7% cells
underwent early or late apop-
tosis, in spite of the ischemia-
reperfusion condition. More-
over, we also measured the
cell viability of the group with
pretreatment of MgIG and
5-HD. During the phases of 4
h hypoxia and 24 h reperfu-
sion, the addition of 5-HD
decreased the cytoprotective effects (apopto-
sis ratio) of MglG, as compared with MgIG+I/R
and MgIG+DE+I/R groups (Figure 2B).

IR

MgIG inhibits ischemia/reperfusion induced
oxidative stress in hepatic LO2 cells model

To investigate the antioxidant ability of MgIG
against ROS induced by ischemia/reperfusion
in hepatic LO2 cells, the activities of SOD and
GSH-Px and the level of MDA were measured.
SOD is found in all tissues and cells of the aero-
bic organisms. SOD is a key antioxidants
enzyme that efficiently and specifically catalyz-
es free radical of oxygen to H,0, and O,, while
GSH-Px also protects cells from oxidative dam-
age. Compared with normal control, the activi-
ties of SOD and GSH-Px were significantly
decreased in I/R group (Figure 3A, 3B), while
MDA levels were obviously higher in I/R group
than in the control group (Figure 3C). Never-
theless, the activities of SOD and GSH-Px were
significantly up-regulated in MgIG+l/R and
MgIG+DE+I/R groups, compared to I/R group,
while the MDA level was significantly down-reg-
ulated. Moreover, we also noticed that this anti-
oxidative stress effect of MgIG against IR injury
is partially offset by the addition of 5-HD (Figure
3A-C).
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Figure 2. Effect of MgIG on ischemia-reperfusion induced LO2 cell apoptosis was determined with Annexin V-FITC/
Pl binding staining by flow cytometry. A. Flow cytometry results with Annexin V-TITC/PI staining. LO2 cells were incu-
bated with 4 h of hypoxia followed by 24 h reoxygenation in the absence (-) or presence (+) of MgIG and mitoKATP
channel modulator (5-HD, DE) as described in Materials and methods. After treatment, cells were harvested and
apoptosis was examined with flow- cytometry after Annexin-V/PI staining. The horizontal and vertical axes represent
labeling with Annexin V-FITC and PI, respectively. Cells are classified as healthy cells (Annexin V-, PI-), early apoptotic
cells (Annexin V+, Pl-), late apoptotic cells (Annexin V+, Pl+), and damaged cells (Annexin V-, Pl+). B. The ratio of
apoptosis among different experimental groups. Apoptosis ratio was early apoptosis percentage plus late apoptosis
percentage. Data represent the mean + S.D. from five independent experiments (X + s, n = 5). #p < 0.01, compared
with vehicle controls group; "p < 0.05, compared with H,0, treated group. “*p < 0.01, compared with H,0, treated
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Figure 3. Inhibition of ROS by MgIG in ischemia reperfusion induced LO2 cell injury. Effects of MgIG treatment on
SOD activity (A), GSH-PX activity (B) and MDA level (C) in LO2 Cells. LO2 cells were incubated with 4 h of hypoxia
followed by 24 h reoxygenation in the absence (-) or presence (+) of MgIG, 5-HD and DE, as described in Materials
and methods. Data represent the mean + S.D. from five independent experiments (x = s, n = 5), performed in tripli-
cates *#p < 0.001, compared with vehicle controls group; “p < 0.05, compared with H,0, treated group. “*p < 0.01,
compared with H,0, treated group. "*p < 0.001, compared with H,0, treated group.

MgIG alters expression of Bax, Bcl-2, Caspase sion of two apoptosis-related proteins, Bcl-2
3 and PARP in LO2 cells with ischemia reperfu- and Bax were examined. Bcl-2 is an anti-apop-
sion injury totic gene and promotes cell survival [27], while

Bax is proapoptotic, and is an indicator of apop-
In order to explore the influence of MgIG on totic cells [28]. I/R injury significantly reduced
apoptosis in hepatic LO2 with IRI, the expres- Bcl-2 expression (Figure 4A) and increased Bax
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expression (Figure 4B), compared with normal
control cells, respectively. However, pretreat-
ment of IRI LO2 cells with MgIG, or the combina-
tion of MgIG and DE, result in elevated Bcl-2
expression and attenuated Bax expression as
compared to I/R group, respectively (Figure 4A,
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Figure 4. The expression of apoptosis related pro-
teins Bax, Bcl-2, Caspase 3 and PARP were ana-
lyzed by Western blot. Effects of MgIG treatment
on Bax (A); Bcl-2 (B); Caspase 3 and PARP (C)
expression. Upper: Western Blot analysis for pro-
teins. Lower: Densitometric analysis using Quanti-
ty one software. Data were normalized by the level
of B-actin expression. Data represent the mean
+ S.D. from five independent experiments (X *
s, n = 5), performed in triplicates. #¥p < 0.001,
compared with vehicle controls group; "p < 0.05,
compared with H,0, treated group. “"p < 0.01,
compared with H,0, treated group. "“p < 0.001,

compared with H,0, treated group.
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4B). And compared to MgIG+I/R group, the
cells treated with both MgIG and 5-HD inhibit
the up-regulation of Bcl-2 and down-regulation
of Bax in IRl LO2 cells to some extent (Figure
4A, 4B). Similarly, compared with normal con-
trol group, I/R treatment promoted an addition-
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al and significant increase in the cleavage rate
of Caspase 3, a gene activated in apoptotic
cells [29], and its substrate PARP (Figure 4C).
The enhanced Caspase 3 expression and activ-
ity in I/R alone group were significantly reduced
by the pretreatment of MgIG or MgIG+DE, to
the levels comparable to that of the NC group
(Figure 4C). Notably, the addition of 5-HD, the
mitoKATP channel blocker, reversed the effects
of MgIG on the expression of Caspase 3 (Figure
4C).

MgIG enhances Akt and ERK pathways in LO2
cells with ischemia reperfusion injury

Immunoblot analysis showed that ischemia
reperfusion treatment resulted in a significant
reduction in the protein levels of phosphorylat-
ed Akt (Serd73, p-Akt) and ERK (p-ERK), but not
regular Akt and ERK, as compared to the con-
trol group (Figure 5). Additionally, our data dem-
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Figure 5. The expression of p-Akt, Akt, p-ERK, ERK was
analyzed by Western Blot. LO2 cells were incubated with
4 h of hypoxia followed by 24 h reoxygenation in the ab-
sence (-) or presence (+) of MglG and mitoKATP chan-
nel modulator (5-HD, DE) as described in Materials and
methods. A. Western Blot analysis for p-Akt, Akt, p-ERK,
ERK proteins expression. Densitometric analysis using
Quantity one software in left was at bottom. Data were
normalized by the level of B-actin expression. B. p-ERK/
ERK; C. p-Akt/Akt. Data represent the mean + S.D. from
five independent experiments (x * s, n = 5), performed
in triplicate. ##p < 0.001, compared with vehicle controls
group; "p < 0.05, compared with H,0, treated group. “p
< 0.01, compared with H,0, treated group. “"p < 0.001,
compared with H,0, treated group.
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onstrated that treatment with MgIG, or the
combination of MgIG and DE, result in a signifi-
cant increase in Akt and ERK phosphorylation
level, compared with I/R alone group (Figure 5).
And MgIG combined with 5-HD relatively
reduced the upregulated expression of p-Akt
(Serd73) and p-ERK induced by MgIG pretreat-
ed. Thus, Akt and ERK pathway activity may
play an essential role in the prosurvival effect
of MgIG on LO2 cells injury induced by IR
exposure.

Discussion

In this study, we established an in vitro model
using hepatic LO2 cells to study liver IRI. Our
results demonstrated that in this assay a sub-
stantial degree of cell injury occurred during
the progression of the hepatic LO2 cells reoxy-
genation period. And the addition of MgIG alle-
viated cell death. This protective effect could
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be enhanced by the combinatorial treatment of
MgIG and DE, while be compromised by the
concurrent treatment of MgIG with 5-HD. This
study also showed that MgIG treatment alone
significantly inhibit the accumulation of oxida-
tion products and reduced apoptosis in LO2
cells with IRI. Moreover, co-treatment cell with
both MgIG and DE further downregulated the
apoptosis rate and oxidation stress in IRl LO2
cells, and thus resulted in enhanced cytopro-
tective effects compared to MgIG treatment
alone. We also exposed LO2 cells to the isch-
emia/reperfusion condition with the combina-
torial pretreatment of MgIG and 5-HD, a com-
mon mitoKATP channel blocker. The extent of
oxidant stress and apoptosis attenuated by
MgIG treatment alone was partly reversed
when 5-HD was added. In addition, both Akt
and ERK pathways were restored, after MgIG
treatment, possibly as a compensatory pro-
survival mechanism to suppress cell death
rates. Thus, our results suggest that MgIG have
the synergic effect of strengthening the protec-
tive effect with the activation of mitoKATP
channel to some extent, and this beneficial
effect may also be associated with the activa-
tion of Akt and ERK signaling pathways.

Our study is the first report that MgIG, a pure
magnesium salt of 18-« glycyrrhizic acid ste-
reoisomer, inhibits IRl in LO2 cells. In the cellu-
lar level, MgIG potently protects LO2 cells
against ischemia reperfusion injury by decreas-
ing the ROS accumulation and cell apoptosis.
We also demonstrated that the hepatoprotec-
tive effect of MgIG is associated with its antioxi-
dant properties. Previous studies showed that
MgIG administration significantly ameliorated
CCl,-induced biochemical alterations and lipid
peroxidation in the liver of mice or rats [30, 31].
The protective effects of MgIG might be result-
ed from the elimination of oxygen free radicals
before the damage to macromolecular and
metabolism of the cells. In this study, we also
explored putative effects of MgIG on detoxify-
ing enzymes, such as SOD and GSH-Px, which
are known to be down-regulated in severe
hepatic IRl [32]. After LO2 cells were exposed
to ischemia reperfusion condition, the forma-
tion of MDA was significantly elevated, while
SOD and GSH-Px activity decreased. However,
all these parameters exhibited amelioration
when the exposure was combined with pre-
treatment with MgIG, alone or combined with
DE.
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MgIG treatment not only enhances the defense
capacity of LO2 cells against the oxidization
stress induced by IRI, but also up-regulates
anti-apoptosis protein Bcl-2 and decreases the
expression of proapoptotic proteins, such as
Bax, Caspase 3 and PARP. Bcl-2 family of pro-
teins, including Bcl-2 (anti-apoptotic) and Bax
(proapoptotic), mediate apoptosis by opening
or closing mitochondrial permeability transition
pore. Down-regulation of the ratio of Bcl-2 to
Bax has been reported to be correlated with
the activation of Caspase cascade, which fur-
ther cleaves or activates downstream regula-
tors, such as Caspase 3 and PARP, resulting in
the subsequent apoptosis events [33].

The main function of mitochondria is ATP syn-
thesis, which plays a major role in mediating
cellular responses to ischemia reperfusion
stress [34]. Previous studies showed that cal-
cium influx into mitochondria and opening of
permeability transition pores lead to apoptotic
cell death in various organs including liver [35,
36]. Additionally, the pharmacological targeting
of mitochondrial ATP-sensitive K" (mitoKATP)
channels, with administration of drugs such as
DE, protects myocytes from subsequent pro-
longed ischemia [37]. The major new finding
from our study is that the MgIG pretreatment
with combined with the mitoKATP channel
opener DE shows an enhanced cytoprotective
effect against hepatic IRl in vitro. This protec-
tive effect was reversed by co-administration of
MgIG with 5-HD, an antagonist of mitoKATP
channels. While the mechanism of exerted cel-
lular protection by DE is not completely clear
yet, one possible explanation is that the open-
ing of mIitoKATP channel minimizes calcium
influx, mitochondrial swelling, and subsequent
injury by depolarizing the membranes of mito-
chondrion [38, 39].

The Akt and ERK signaling pathway plays a cen-
tral role in intracellular processes, including
cell survival and proliferation [40]. We observed
that MgIG pretreatment significantly increased
the levels of phosphorylated Akt and ERK in
LO2 cells with IRI, suggesting that the Akt and
ERK signaling pathway was activated due to
effects of MgIG. Decreased Akt phosphoryla-
tion when treated with 5-HD suggests that the
mitoKATP channel is cross talking with Akt and
ERK pathway. Our study suggests that MgIG,
and the combined pretreatment of MgIG and
DE may activate Akt/PISK and ERK pathways,
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directly or indirectly. However, activation of ERK
or Akt by MgIG may not be the only reason that
leads to opening of mitoKATP, inhibition of
apoptosis and cytoprotection when LO2 cells
with IRl was treated with MgIG. Hepatic IRI is
caused by multifactorial processes, and numer-
ous signaling cascades are involved. Further
studies will be needed to elucidate the ups-
tream and downstream regulators of these
pathways in response to MgIG treatment.

In summary, our study showed that MgIG ame-
liorated the in vitro hepatic IRl by decreasing
levels of oxidative stress and cell apoptosis.
Our results may shed light on the utilization of
MgIG pretreatment as a promising approach to
combat liver IRI in vivo.
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