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Ginsenoside Rg1 protects human renal tubular

epithelial cells from lipopolysaccharide-in
apoptosis and inflammation da

XJ. Ni, 2.Q. Xu, H. Jin, S.L. Zheng, Y. Mng
U ity,

Transplantation Center, The First Affiliated Hospital of Wenzhou Medi

Abstract

Ginsenoside Rg1, one of the most notable active components of Panax ginsen
inflammatory actions. This study aimed to reveal whether ginsenoside Rg1
polysaccharide (LPS)-induced apoptosis and inflammation in human renal
potential role of the component on tubulointerstitial nephritis treatment. HK-2
ginsenoside Rg1 (0, 50, 100, 150, and 200 pM) in the absence or pres
cytometry, western blot, migration assay, reactive oxygen species (ROS
assess cell viability, apoptosis, migration, ROS activity, and the release o
Rg1 protected HK-2 cells from LPS-induced injury, as cell viability was in
release of MCP-1, IL-1B, IL-6, and TNF-a was reduced. Gin i

inflammation and apoptosis via activation of the PI
Key words: Ginsenoside Rg1; LPS; Apoptosi mma

Introduction

Ginseng, the root of the widely ular {fnt Panax
ginseng, has been used as Chinese ifi medicine
for at least 1000 years (1). C atly, it i of the most

pative medicines
acological actions for
5, neurological condi-

extensively researched and pres
worldwide (1). This drug ex
several diseases incl
tion, cardiovascular
molecular compo

keleton and sugar moieties.
varieties of ginsenosides, Rg1 is

ral studies have demonstrated the
ects of ginsenoside Rg1, which include

as well"as histopathological changes such as hypercellularity
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been ly reported to exert anti-
hibits beneficial roles against lipo-
al cells, and to evaluate the
were treated with various doses of
PS. Thereafter, CCK-8 assay, flow
LISA were carried out to respectively
matory cytokines. As a result, ginsenoside
sed, cell apoptosis was decreased, and the
de Rg1 ctioned to HK-2 cells in a dose-dependent
Ginsenoside Rg1 had no significant impact on cell
and migration impairment. Furthermore, the down-

I3K/AKT pathway; NF-xB pathway

and adhesion (8), indicating the therapeutic potential of
ginsenoside Rg1 in nephritis. However, to our knowledge,
the detailed functions of ginsenoside Rg1 on tubulointerstitial
nephritis and its underlying molecular mechanisms have not
been uncovered.

PI3K/AKT pathway has been shown to play a central
role in different biological processes such as angiogenesis,
tumorigenesis, and inflammation (3). This pathway is also
known to play an important role in inflammation by taking
part in cell growth modulation, and maturation of different
cellular components of the inflammation pathway (3).
Similarly, NF-xB pathway is responsible for modulating
multiple cellular processes especially in inflammation and
apoptosis (4). Several chronic inflammation diseases like
inflammatory bowel disease, sepsis, arthritis, and athero-
sclerosis have been revealed to be associated with chronic
activation of NF-kB (4,7). Recent studies have indicated
that ginsenoside Rg1 is able to activate PI3K/AKT signal-
ing through a glucocorticoid receptor (GR)-dependent manner,
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and it has been shown to be a functional ligand of GR (9).
In contrast, ginsenoside Rg1 suppresses the activation of
NF-kB pathway also through a GR-dependent manner (4,10).
Based on these findings we hypothesize that ginsenoside
Rg1 might be a potential anti-inflammatory drug at least in
part via modulation of PI3K/AKT and NF-xB pathways.

This study aimed to explore the beneficial role of ginseno-
sides Rg1 against lipopolysaccharide (LPS)-induced apop-
tosis and inflammation damage in human renal tubular
epithelial cells and also investigate its underlying mecha-
nism. This study will provide in vitro information supporting
ginsenoside Rg1 as a potential anti-inflammatory drug for
tubulointerstitial nephritis treatment.

Material and Methods

Cell culture and treatment

Human renal tubular epithelial cell line HK-2 was
obtained from American Type Culture Collection (ATCC,
USA), and was cultured in Dulbecco’s Modified Eagle’s
Medium/Nutrient Mixture F-12 (DMEM-F12, 3:1, Gibco-BRL,
USA) supplemented with 10% fetal bovine serum (FBS,
Gibco-BRL) in a humidified 5% CO, atmosphere at 37°C.

Ginsenoside Rg1 with purity greater than 98% (Nationa
Institutes for Food and Drug Control, China) were dis-
solved in DMSO (Sigma-Aldrich, USA) and mixe

incubated with various doses of ginsenosj
100, 150, and 200 pM) in the presence or absence o
LPS (from Escherichia coli O111:B4
24 h (11).

CCK-8 assay
The viability of HK-2 cell
Cell Counting Kit-8 (CCK-8, Doji

with ginsenoside
further incubateg

y Co., Ltd. (China) was utilized in the present
r detection of cell apoptosis. In brief, cells were
grow! about 70% confluence in 6-well plates and treated
with ginsenoside Rg1 and/or LPS for 24 h, followed by
48-h incubation in fresh medium at 37°C. Cells (1 x 10°)
in each sample were then collected and resuspended in
200 pL Annexin-Binding Buffer, and stained with 10 pL
FITC-Annexin V and 5 pL PI for 30 min in the dark at room
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temperature. Flow cytometry analysis was done by using
a FACS can (Beckman Coulter, USA).

Western blot
The protein used for western blotting was extra

RIPA lysis buffer (Beyotime Biotechnology, China) e-
mented with protease inhibitors (Roche, itzerlap#). The
proteins were quantified using the say Kit
(Pierce, USA). The western blo s Established
using a Bio-Rad Bis-Tris Gel rding to the
manufacturer’s instructions. ies were pre-

1:1,000. Primary
ne at 4°C overnight,
ion with secondary antibody

captured and the intensity of the bands was
Image Lab™ Software (Bio-Rad, China).

ell chamber with a pore size of 8 mm (Corning,
. For migration assay, cells suspended in 200 mL of
rum-free medium were seeded on the upper compart-
ment of 24-well Transwell culture chamber, and 600 mL of
complete medium containing 10 pL mitomycin C was
added to the lower compartment. After 12 h incubation at
37°C, cells were fixed with methanol. Non-traversed cells
were carefully removed from the upper surface of the filter
with a cotton swab. Traversed cells on the lower side of
the filter were stained with crystal violet (Sigma-Aldrich)
and counted. Relative cell migration was calculated as the
number of the treated cells normalized to the number of
the control cells adhering to the lower chamber.

Reactive oxygen species (ROS) assay

ROS was measured by flow cytometry using 2,7-dichloro-
fluorescein diacetate (DCFH-DA; Nanjing Jiancheng Tech-
nology Co., China). The cells were seeded in a 6-well plate,
and after treatment and washing twice with phosphate buffer
saline (PBS), cells were incubated in serum-free culture
medium containing 10 uM DCFH-DA for 20 min at 37°C in
the dark. Subsequently, the cells were washed with PBS,
and a trypsin digestion method was used for sample collec-
tion. All samples were centrifuged and the supernatants
were removed. The cells were resuspended to 500 uL PBS
and the fluorescent intensities were measured using a flow
cytometer (488 nm excitation, 521 nm emission).

Enzyme-linked immunosorbent assay (ELISA)
Culture supernatant was collected from 24-well plates
and concentrations of MCP-1, IL-18, IL-6, and TNF-o were
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measured by human CCL2/MCP-1 Quantikine ELISA kit,
human IL-1 beta/IL-1F2 Quantikine ELISA kit, human IL-6
Quantikine ELISA kit, and human TNF-alpha Quantikine
ELISA kit (all from R&D Systems, UK), respectively, accord-
ing to the manufacturer’s instructions.

Statistical analysis

All experiments were done in triplicate. The results of
multiple experiments are reported as means + SD. Statis-
tical analyses were performed using Graphpad statistical
software (GraphPad Software Inc., USA). P values were
calculated using one-way analysis of variance (ANOVA).
P <0.05 was considered to be statistically significant.

Results

Ginsenoside Rg1 alleviated LPS-reduced HK-2 cells
viability

HK-2 cells were treated with increasing doses of ginseno-
side Rg1 (structure depicted in Figure 1A) in the presence
or absence of 5 ng/mL LPS, and then cell viability was mea-
sured to evaluate the functional effects of ginsenoside Rg1 on

3/9

cell viability. At doses of 100 um (P <0.05), 150 um (P<0 01),
and 200 pm (P <0.01), ginsenoside Rg1 caused a
increase in the cell viability compared to control gr
cells (Figure 1B). In addition, 5 pg/mL of LP
reduced cell viability (P<0.001), while 100 pm
150 um (P<0.01), and 200 um (P<0.0
partially alleviated LPS-reduced cell via

Ginsenoside Rg1 alleviated LE ~induc -2 cells
apoptosis
Cell apoptosis was al e owing various

esence or absence of

howed that 5 pg/mL
increase in apoptotic cell
doses of ginsenoside

doses of ginsenoside R

of LPS induced a
rate (P<0.001, Eé

induced apo| or P<0.001). Expression
changes of apop -related factors in cells were detected
by wes , as shown in Figure 2B and C.
Bax and regulated Bcl-2 was down-regulated,

was cleaved after LPS stimulation (all
re importantly, 100, 150, and 200 puM of
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Figure 1. A, Structural formula of ginsenoside Rg1. B, Viability of HK-2 cells treated with ginsenoside Rg1 (0, 50, 100, 150, and 200 uM)
or pretreated with 5 png/mL lipopolysaccharide (LPS) (C). Data are reported as means + SD (n=3). *P <0.05, **P <0.01, and ***P <0.001

(ANOVA).
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Figure 2. Ginsenoside Rg1 inhibi
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e role of ginsenoside Rg1 in the migra-
n renal tubular epithelial cells, HK-2 cells
eated with LPS and/or 150 um ginsenoside Rg1,
cell migration was assessed. LPS significantly
reduced the relative migration rate (P<0.001), while
ginsenoside Rg1 showed no effect on the migration of
HK-2 cells. Moreover, ginsenoside Rg1 at a dose of
150 um significantly (P <0.05) suppressed LPS-induced
decrease in migration of HK-2 cells (Figure 3).
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Figure 3. Ginsenoside Rg1 alleviated lipopolysaccharide (LPS)-
induced HK-2 cell migration. HK-2 cells were treated with 150 pM
of ginsenoside Rg1 and/or 5 ng/mL of LPS, and then relative
migration rate was detected. Data are reported as means = SD
(n=3). *P <0.05 (ANOVA).
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Ginsenoside Rg1 decreased LPS-induced ROS we further detected ROS activity of the HK-2 cells follow-
Given that overproduction of ROS can induce apop- ing by treatment with LPS and/or 150 um gin

tosis through both extrinsic and intrinsic pathways (12), Rg1. As mean fluorescence intensity of R

in Figure 4, LPS significantly (P<0.001) i

ROS activity of the HK-2 cells compared to t

gzooo- il X * cells (HK-2 cells in absence of LPS).

g (150 pm) had no impact on ROS activit

'g 1800+ T the LPS-induced increase of RO

g 1
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= MCP-1, IL-1B, IL-6, an -a, in cells culture super-

2 o T : . . natant were detect ing ginsenoside Rg1 and
Control  LPS Rgl  LPS+Rg1 LPS treatment. Az re 5A-D, LPS exposure

Figure 4. Ginsenoside Rg1 decreased lipopolysaccharide (LPS)-
induced increase in reactive oxygen species (ROS) activity. HK-2 . .
cells were treated with 150 uM of ginsenoside Rg1 and/or 5 ug/mL. ~ However, ginsenié@le Rg1 decreased LPS-induced pro-
of LPS, and then ROS activity was detected. Data are reported as ~ duction I

means + SD (n=3). **P<0.01 and ***P <0.001 (ANOVA). P <0.00 se of ginsenoside Rg1 exhibited a
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A | |
0.109  *%% | 0.37  *%% |
5 1 . 1
3 0.08- 2
o)) o
% 0.06- g 02
]
g 0.04 3
% @ 0.1-
% a9
g 0.024 S| |_I—‘
0.00L= . podc=1 L : ' y
LPS (5 ug/mL) - + + + LPS (5 pg/mL) - + + + +
Rg1 (M) Rg1 (M) 0 0 50 100 150 200
C D |
0.5  *%% |
B 04 L | |
~
)
£ 03] _I_
g |_X_‘
2 0.2 |{_‘
g
[
Z 0.1-
[
0.0-1— T
= + + + + + LPS (5 pg/mL) & +
0 0 50 100 150 200 Ra1 (uM) 0 0 50 100 150 200

Figure 5. Ginsenoside Rg1 decreased lipopolysaccharide (LPS)-induced inflammation response. HK-2 cells were treated with
ginsenoside Rg1 (0, 50, 100, 150, and 200 uM) in the absence or presence of 5 ug/mL LPS, and then the concentrations of (A) MCP-1,
(B) IL-1B, (C) IL-6, and (D) TNF-« in culture supernatant were measured. Data are reported as means = SD (n=3). *P <0.05, **P <0.01,
and ***P<0.001 (ANOVA).
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stronger down-regulatory impact on these cytokines,
and the maximum decrease in the levels of the above-
mentioned cytokines of inflammation were seen at a dose
of 150 pm.

Ginsenoside Rg1 suppressed LPS-induced HK-2 cells
injury by activation of PI3K/AKT and inactivation of
NF-kB signaling pathways

Further, we focused on PI3K/AKT and NF-kB signal-
ing pathways to reveal whether they are implicated in
ginsenoside Rg1 modulation of HK-2 cells. Western blot
analysis showed that p-PI3K and p-AKT levels were
down-regulated, and PTEN (phosphatase and tensin
homolog), p-lkBa, p-p65, and Bcl-3 were up-regulated
after LPS stimulation (all P<0.001, Figure 6A-D). Mean-
while, ginsenoside Rg1 recovered these down-regulations
and up-regulations (P<0.05, P<0.01 or P<0.001), in a
dose-dependent manner. No impact was observed in the
total levels of PI3K, AKT, IkBa and p65 after LPS and/or
ginsenoside Rg1 treatment.

Discussion

Ginsenoside Rg1, the principal component of Chinesg
medicinal plant Panax, is well-known to possess severa

tive role of ginsenoside Rg1 in diseases associ
cardiovascular system, nervous system, usin
cord cells and stem cells (1-7).

The most important beneficial effects

Hu and his colleagues reported th
protects murine stem cells against apopto-

cleaved

hibit the production of
rotect from ischemia/

anism (13). The molec
LPS-stimulated cytoki

apoptosis (14,1
anti-apoptoti

es (MCP-1, IL-1B, IL-6, and TNF-«)
llowing treatment with increasing doses
g1 in the presence of LPS.

wiecly accepted that relatively high levels of ROS
redox imbalance and induce cell apoptosis or
in a wide variety of physiological and pathological
conditions (16,17). On the other hand, the generation
of ROS can be promoted by pro-inflammatory cytokines,
such as IL-1B and TNF-a, and further deteriorate the inflam-
mation response (18,19). In the current study, we found
that ginsenoside Rg1 had no significant impact on ROS
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activity, but significantly reduced LPS-induced ROS. This

apoptotic and anti-inflammatory roles in LP
HK-2 cells.

In addition to the importance of cell apop
inflammation, numerous other events

renal tubular epithelial cells (20,
sary for the renal tubular epitheli
morphology, cell-cell contact, and
To date, several studies

ever the mecha-
jal. In breast cancer
MCF-7 cells, ginsen
myristate acetatez

ation, while it could alleviate LPS-reduced
icating a protective role in LPS-induced

ginsenoside Rg1 would also acquire migration capacity
hancement. The exact mechanism of ginsenoside Rg1
effect on human renal tubular epithelial cells migration still
needs further investigation.

The PI3K/AKT is an important component of the intra-
cellular signaling pathways tightly linked with cell prolifera-
tion, apoptosis, and inflammation response (25-27).
NF-xB pathway, a family of transcription factors, is respon-
sible for various biological processes, especially immune
and inflammation responses (28,29). More interestingly,
PISK/AKT can impact on crosstalk with NF-xB pathway
(30), as it is known to regulate the transcriptional activity of
NF-xB pathway through phosphorylation and facilitation
of IkBa degradation (28). In this study, we explored the
protein expressions of main factors in this two signaling
pathways and found that PISK/AKT pathway was acti-
vated and NF-kB pathway was suppressed following
ginsenoside Rg1 treatment. These data indicated the
underlying mechanisms of anti-inflammatory and anti-
apoptotic actions of ginsenoside Rg1. Our findings are
similar to several other studies that reported that ginseno-
side Rg1 activates PI3K/AKT signaling (3), and suppresses
NF-kB pathway (4,7,31,32).

In conclusion, we suggest that ginsenoside Rg1 plays an
important role in the protection of HK-2 cells against LPS-
induced inflammation and apoptosis. PISK/AKT and NF-xB
may be two signaling pathways contributing to the protective
functions of this molecule on LPS-stimulated HK-2 cells.
This study provides information on the therapeutic potential
of ginsenoside Rg1 in tubulointerstitial nephritis.
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enoside Rg1 suppressed lipopolysaccharide (LPS)-induced HK-2 cells injury by activation of PI3K/AKT and inactivation
o) signaling pathways. HK-2 cells were treated with ginsenoside Rg1 (0, 50, 100, 150, and 200 uM) in the absence or presence of
PS, and then the protein expressions of p-PI3K, PI3K, p-AKT, AKT, and PTEN, (A), as well as the protein expressions of

p-IkBa, IkBa, p-p65, p65, and Bcl-3 (B) were determined by western blot analysis. C and D, Quantitative analysis based on the results
from A and B. Data are reported as means £ SD (n=3). *P <0.05, **P <0.01, and ***P <0.001 (ANOVA).
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