
ORIGINAL ARTICLES

Department of Pharmacology1, College of Medicine, Chungbuk University, Cheongju; Division of Cardiovascular and
Rare Disease2, Center for Biomedical Sciences, Korea National Institute of Health, Osong; Department of Pediatrics3,
College of Medicine, Chungbuk University, Cheongju, Republic of Korea

Ginsenoside Rg3 inhibits lipopolysaccharide–induced adhesion molecule
expression in human umbilical vein endothelial cell and C57BL/6 mice

Young-Suk Cho1, Chan Hyung Kim1, Han Na Kim1,2, Tae-Sun Ha3, Hee Yul Ahn1

Received March 31, 2014, accepted May 9, 2014

Univ.- Prof. Dr. Hee Yul Ahn, Department of Pharmacology, College of Medicine, Chungbuk University, Cheongju,
361–763 Republic of Korea
Hyahn@chungbuk.ac.kr

Pharmazie 69: 818–822 (2014) doi: 10.1691/ph.2014.4611

Intercellular adhesion molecule 1 (ICAM–1), vascular cell adhesion molecule 1 (VCAM–1), P– and
E–selectin play a key role for initiation of vascular inflammation. Ginsenoside, a class of steroid glycosides,
is abundant in Panax ginseng root, which has been used for health promotion in Korea. In this study, we
investigated the mechanism by which ginsenoside Rg3 may inhibit ICAM–1 and VCAM–1 expressions stim-
ulated with lipopolysaccharide (LPS) in human umbilical vein endothelial cell (HUVEC) and C57BL/6 mice.
LPS increased ICAM–1 and VCAM–1 expression. Ginsenoside Rg3 prevented LPS–mediated increase of
ICAM–1 and VCAM–1 expression. LPS induced IkappaB� (I�B�) degradation within 1 hr. Ginsenoside Rg3
prevented the I�B� degradation stimulated with LPS. Moreover, ginsenoside Rg3 reduced LPS–mediated
THP–1 monocyte adhesion to HUVEC, in a concentration–dependent manner. In C57BL/6 mice, injection
of LPS increased aortic ICAM–1 and VCAM–1 expression, which was prevented by ginsenoside Rg3.
These data provide a novel mechanism where the ginsenoside Rg3 may provide direct vascular bene-
fits with inhibition of leukocyte adhesion into vascular wall thereby providing prevention against vascular
inflammatory disease.

1. Introduction

Activation of vascular endothelial cells is the initiating
event of vascular inflammation. Adhesion molecules initiate
leukocyte–endothelial cell contact and facilitate subsequent
rolling, activation and transendothelial migration into vascu-
lar wall. Recruited monocytes differentiate into macrophages,
which aggravates vascular inflammation (Kuldo et al. 2005;
Libby 2007).
On the other hand, gram–negative bacterial endotoxin
lipopolysaccharide (LPS) provokes a low–grade inflammation.
Low–grade endotoxemia may cause a mild pro–inflammatory
state, which eventually leads to the pathogenesis and progres-
sion of inflammatory diseases (Glaros et al. 2013). In human
umbilical vein endothelial cells (HUVEC), LPS increased
the expression of endothelial–leukocyte adhesion molecule–1
(E–selectin), intercellular adhesion molecule 1 (ICAM–1) and
vascular cell adhesion molecule 1 (VCAM–1) (Rao et al. 2013;
Jiang et al. 2013). Moreover, E. coli LPS–induced endotoxemia
resulted in an increase in circulating plasma markers of endothe-
lial activation ICAM–1 and VCAM–1 in human (Ramakers et al.
2011).
Ginsenosides, found in the plant genus Panax, are triterpene
saponins. These can be classified into two groups as follows:
the protopanaxadiol group (Rb1, Rb2, Rc, Rd, and Rg3) and
the protopanaxatriol group (Rg1, Re, Rf, Rg2). Korean ginseng
berry extract administration suppressed NF–kappaB–mediated
expression ICAM–1 and VCAM–1 without altering serum

cholesterol levels, in ApoE(–/–) mice fed a high fat–diet (Kim
et al. 2012). Moreover, Ginsenoside Rg2 prevented an increase
of VCAM–1 and ICAM–1 expression induced by LPS in
HUVEC (Cho et al. 2013).
Therefore, ginsenoside may act as a potential molecule for pre-
vention and treatment against vascular inflammation. However,
the effect of ginsenoside on decrement of vascular inflamma-
tion has not been fully investigated in vivo. The aim of study
was to investigate the effect and mechanism of ginsenoside Rg3
on LPS–induced ICAM–1 and VCAM–1 expression in HUVEC
and C57BL/6 mice.

2. Investigations and results

2.1. Effect of ginsenoside Rg3 on LPS–induced ICAM–1
and VCAM–1 expression in endothelial cells

Treatment of endothelial cells with LPS (1 �g/ml) increased
ICAM–1 and VCAM–1 expression. Eight hours after LPS
treatment, maximal expression of ICAM–1 and VCAM–1
was attained (data not shown). To determine whether
LPS–stimulated ICAM–1 and VCAM–1 expression is affected
by ginsenoside Rg3, endothelial cells were treated for 1 h
with ginsenoside Rg3 (1–50 �M) prior to LPS (1 �g/ml)
stimulation for 8 h. Ginsenoside Rg3 significantly inhibited
ICAM–1 and VCAM–1 expression stimulated with LPS in a
concentration–dependent manner (Fig. 1).
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Fig. 1: Effect of ginsenoside Rg3 on the protein expression levels of adhesion
molecules in HUVEC stimulated with LPS. Endothelial cell was treated with
1, 10, 20 and 50 �M of ginsenoside Rg3 for 1 h prior to LPS (1 �g/ml)
stimulation for 8 h. Cell extracts were resolved on 8% SDS–polyacrylamide
gel and Western blot analysis with the respective primary antibody against
ICAM–1 and VCAM–1. �–tubulin was used as an internal control. The bar
graph represents the amount of ICAM–1 and VCAM–1 estimated by image
scanning and is expressed in arbitrary units. Values are means ± SEM of 3
independent experiments. Statistical significance assessed by one—way
ANOVA followed by Scheffe post–hoc test for multiple comparisons
(**P < 0.01 vs LPS).

2.2. Effect of ginsenoside Rg3 on LPS-induced IκBα

degradation in endothelial cells

Treatment of endothelial cells with LPS (1 �g/ml) increased
I�B� degradation. One hour after LPS treatment, a signifi-
cant decrease of I�B� was attained (Fig. 2A). To determine
whether LPS–induced I�B� degradation was affected by gin-
senoside Rg3, endothelial cells were treated for 1 h with
ginsenoside Rg3 (1–50 �M) prior to LPS (1 �g/ml) stimulation
for 1 h. Ginsenoside Rg3, significantly prevented LPS–induced
I�B� degradation in a concentration–dependent manner
(Fig. 2B).

2.3. Effect of ginsenoside Rg3 on THP–1 cell adhesion in
endothelial cells

The adhesion of THP–1 cells to endothelial cells was measured
using quantitative monolayer adhesion assay. The adhesion
of THP–1 cells onto endothelial cells were increased to five
folds by LPS (1 �g/ml) stimulation for 8 h. Ginsenoside Rg3
(1–50 �M) inhibited the adhesion of THP–1 cells to endothelial
cells stimulated with LPS, in a concentration-dependent manner
(Fig. 3). Moreover, JSH (50 �M), inhibitor of NF–�B, signif-
icantly attenuated the adhesion of THP–1 cells to endothelial
cells stimulated with LPS (Fig. 3).

2.4. Effect of ginsenoside Rg3 on LPS-induced adhesion
molecules expression in C57BL/6 mice

Injection of LPS (20 mg/kg) into abdominal cavity of C57BL/6
mice increased ICAM–1 and VCAM–1 expression onto
abdominal vascular endothelium (Fig. 4). Pretreatment of
Rg3 (20 mg/kg) abolished ICAM–1 and VCAM–1 expres-
sion induced by LPS onto abdominal vascular endothelium in
C57BL/6 mice (Fig. 4).

3. Discussion

Ginsenoside, a class of steroid glycosides, is abundant in Panax
ginseng root, which has been used for promotion of health
in Korea. Ginsenoside Rg3, especially in combination with
chemotherapy, might be correlated with improving the immune
function and anti–tumor angiogenesis in human (Lu et al. 2008).
Ginsenoside Rg1 had a protective role against cecal ligation
and puncture–induced polymicrobial sepsis by attenuating the
proinflammatory response, enhancing innate immunity and pre-
serving adaptive immunity (Zou et al. 2013). Ginsenoside Rg3
inhibited tumor necrosis factor-alpha (TNF�)–induced protein
and mRNA expression of ICAM–1 and VCAM–1 in human
endothelial cells (Hien et al. 2010). However, the inhibitory
effect of ginsenoside Rg3 on expression of ICAM–1 and
VCAM–1 in vascular endothelial cell was not proved in vivo
study.
In this study, ginsenoside Rg3 was also effective for suppression
of an expression of ICAM–1 and VCAM–1 stimulated with LPS
in HUVEC. Moreover, in C57BL/6 mice, ginsenoside Rg3 was
effective for suppression of vascular expression of ICAM–1 and
VCAM–1 induced by LPS. This is the first report of effect of gin-
senoside Rg3 on expression of ICAM–1 and VCAM–1 by LPS
in vivo. Ginsenoside Rg3 prevented the I�B� degradation stimu-
lated with LPS. This result is consistent with a previous report of
ginsenoside Rg2 or ginseng berry extract (Kim et al. 2012; Cho
et al. 2013). I�B dissociation from RelA–p50 complex is cru-
cial for NF–�B activity (Monaco and Paleolog 2004). Therefore,
ginsenoside Rg3 seems to down-regulate NF–�B activity, which
results in suppression of ICAM–1 and VCAM–1 in vascular
endothelium.
On the other hand, LPS, the prototypical endotoxin, promotes
the secretion of pro–inflammatory cytokines in many cell types
after binding onto CD14/TRL4/MD2 receptor (Rockel and
Hartung 2012). Downstream signaling of the TLR4 receptor
complex in response to LPS is largely mediated p38MAPK/MK2
pathway (Bode et al. 2012). Pro–inflammatory cytokines such
as TNF�, interleukin–1� (IL–1�) and interleukin–6 (IL–6)
are expressed by activation of p38MAPK signaling pathway.
P38MAPK inhibitor decreased the expression of ICAM–1 stim-
ulated with vascular endothelial growth factor (VEGF) in
retinal endothelial cell (Zhang et al. 2009). Moreover, P38MAPK

inhibitor decreased the expression of VCAM–1 stimulated with
TNF� in human proximal tubular epithelial cell (Ho et al.
2008).
LPS–mediated inflammatory responses involve the transcrip-
tional activity of activator protein (AP)–1 and/or interferon
regulatory factor (IRF)–3 in addition to NF–�B (Kim et al.
2011). Endothelial MAPK kinase 3 (MKK3), the p38MAPK

group, was required for inflammatory cell recruitment to the
lungs, mitochondrial oxidant-mediated AP–1, NF–�B activa-
tion, and ICAM–1 expression during LPS challenge (Mannam
et al. 2013). On the other hand, LPS activates IRF–3 in a
p38MAPK–dependent manner. IRF–3 participates in the tran-
scriptional induction of interferon (IFN)–alpha, IFN–beta, and a
subset of IFN–stimulated genes (ISGs) as a result of viral infec-
tion (Chiang et al. 2006). Therefore, there is the possibility that
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Fig. 2: Effect of ginsenoside Rg3 on I�B� degradation in HUVEC stimulated with LPS. (A) Time–course of I�B� degradation in HUVECs stimulated with LPS (1 �g/ml). (B)
Effect of ginsenoside Rg3 on time–course of I�B� degradation in HUVEC stimulated with LPS. Endothelial cell was treated with 1, 20 and 50 �M of ginsenoside Rg3
prior to LPS (1 �g/ml) stimulation for 1 h. Cell extracts were resolved on 10% SDS–polyacrylamide gel and Western blot analysis with the respective primary antibody
against I�B�. �–tubulin was used as an internal control. The bar graph represents the amount of I�B� estimated by image scanning and is expressed in arbitrary units.
Values are means ± SEM of 3 independent experiments. Statistical significance assessed by one—way ANOVA followed by Scheffe post–hoc test for multiple
comparisons (A **P < 0.01 vs control; B *P < 0.05, **P < 0.01 vs LPS).

ginsenoside Rg3 might regulate the p38MAPK signaling pathway
stimulated with LPS resulting in inhibition of the transcriptional
activity of AP–1 and/or IRF–3 in addition to NF–�B in vascular
endothelial cell although further study remains.
The increase of THP–1 monocyte adhesion to endothelial cells
by LPS supports the crucial role of ICAM–1 and VCAM–1
in the early phase of vascular inflammation. It was reported
that TNF�–induced THP–1 monocyte adhesion to HUVEC was
attenuated by ginsenoside Rh1 (Lee et al. 2011). Ginsenoside
Rg2 also attenuated THP–1 monocyte adhesion to HUVEC
stimulated with LPS (Cho et al. 2013). In this study, we showed
that ginsenoside Rg3 significantly reduced THP–1 monocyte
adhesion to vascular endothelial cells stimulated with LPS in a
concentration–dependent manner. Therefore, ginsensoside Rg3
may be effective against early phase of vascular inflammation.
In conclusion, ginsenoside Rg3 may provide direct vascular ben-
efits with inhibition of leukocyte adhesion into vascular wall
thereby providing prevention against vascular inflammatory dis-
ease.

4. Experimental

4.1. Reagents

Endothelial cell basal medium (EBM)–2 Bullet kit was obtained from Lonza
(USA). RPMI 1640, fetal bovine serum (FBS), penicillin–streptomycin,
phosphate buffer saline (PBS), trypsin–EDTA were obtained from Invitrogen
(USA). Lipopolysaccharide (LPS) was obtained from List Biologi-
cal Laboratories (USA). Gelatin, Calcein–AM, JSH and ginsenoside
Rg3 were obtained from Sigma–Aldrich (USA). Antibodies against
human vascular cell adhesion molecule-1 (VCAM–1), human intercellu-
lar adhesion molecule-1 (ICAM–1), I�B�, �–tubulin and HRP–conjugated
secondary antibodies were purchased from Santa Cruz Biotechnology
(USA).

4.2. Cell culture

Human umbilical vein endothelial cells (HUVECs) were purchased from
Lonza (USA) at passage 1 and maintained in EBM–2 Bullet kit growth

medium at 37 ◦C in a humidified atmosphere of 5% CO2. In all experiments,
cells were used at passage 4∼9. HUVECs were plated at 90∼95% conflu-
ence treated for 1 h with 1, 10, 20 and 50 �M of Rg3 prior to LPS (1 �g/mL)
stimulation for 1 or 8 h. A group of cells treated only with dimethylsulfoxide
(DMSO) were used as a solvent control. Human-derived THP-1 macrophage
cell lines were obtained from the American Type Culture Collection (ATCC)
(USA). THP-1 cells were cultured in RPMI 1640, and supplemented with
2 mM L–lutamine, 100 �g/ml streptomycin, 100 IU/ml penicillin and 10%
FBS.

4.3. Western blotting

The endothelial cells were pretreated with Rg3 prior to LPS stimulation.
After treatment, the cells were washed twice in PBS. Whole cell lysates
were prepared RIPA buffer containing the Protease Inhibitor Cocktail V
(Switzerland). Protein concentration was determined using the Bio-Rad pro-
tein assay (Bio–Rad Lab, USA) with BSA as the standard. The lysates were
resolved on 8% or 10% SDS–polyacrylamide gel. The proteins were elec-
trophoretically transferred to an Immobilon–P membrane (Millipore, USA)
and the membranes were blocked with 5% nonfat dry milk in Tris–buffered
saline containing 0.1% Tween–20 (TTBS) at room temperature for 1 h. The
membrane was incubated overnight with primary antibodies of anti–human
ICAM–1, anti–human VCAM–1 and I�B�. After three washes with TTBS
buffer, the membrane was incubated for 1 h with HRP–conjugated sec-
ondary antibodies. The levels of ICAM–1, VCAM–1 and I�B� proteins
were determined using an Enhanced Chemoluminescence Plus kit (Amer-
sham Biosciences, USA) and Fujifilm LAS–3000 system (Fujilfilm, Japan).
Anti–human �–tubulin antibody was used for the loading control. Each
image of Western blot was quantified with Multi Gauge software version
2.3 (Fujifilm, Japan).

4.4. Cell adhesion assay

HUVECs were grown in EBM–2 Bullet kit growth medium at a density
of 2.0 × 105 cells/well on 24–well plates. Endothelial cells at 90–95%
confluence were treatment with Rg3 (1, 20 and 50 �M) and JSH 50 �M
for 1 h prior to 1 �g/ml of LPS stimulation for 8 h. THP–1 cells were
labeled with Calcein–AM (5 �M) in RPMI 1640 medium containing 10%
FBS for 30 min. After two times of extensive washing with PBS, the
labeled THP-1 cells were seeded at a density of 5.0 × 105 cells/well
onto endothelial cells which were treated with the Rg3, JSH and/or LPS
and, then incubated for 1 h at 37 ◦C while gentle shaking. After incuba-
tion, non–adherent cells were removed by gentle washing two times with
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Fig. 3: Effect of ginsenoside Rg3 on THP–1 monocyte adhesion to LPS in HUVEC stimulated with LPS. (A) Endothelial cell was treated with 1, 20 and 50 �M of ginsenoside
Rg3 prior to LPS (1 �g/ml) stimulation for 8 h. THP–1 cells were labeled with Calcein–AM (5 �M) for 30 min. The labeled THP–1 cells were seeded at a density of
5.0 × 100,000 cells/well onto endothelial cells treated with the ginsenoside Rg3 and/or LPS and then incubated for 1 h. Microphotographs (four independent experiments)
were obtained using fluorescence microscopy. Magnification × 100 (B) The bar graph represents the cell number of THP–1 monocyte. Values are means ± SEM of 3
independent experiments. Statistical significance assessed by one–way ANOVA followed by Scheffe post–hoc test for multiple comparisons (*P < 0.05, **P < 0.01 vs
LPS).

PBS. Photograph images were obtained at 485 nm excitation and 538 nm
emission using a SPOT II digital camera–attached fluorescence micro-
scope.

4.5. Animal study

Male C57BL/6 mice, 8 weeks of age (body weight 18–22 g, Sam Tako,
Osan, Korea) have been used. Mice were randomly distributed into three
groups: S saline (group 1, n = 5), LPS 20 mg/kg (group 2, n = 5) and LPS
20 mg/kg + Rg3 20 mg/kg (group 3, n = 5). Rg3 was administered 1 h before
LPS injection. Eight hours later, mice were anesthetized with ketamine
(30 mg/kg) and xylazine (6 mg/kg) and their abdominal aorta was col-
lected for immunohistochemistry. The experimental protocol was approved
by Chungbuk National University Medical School Research Institutional
Animal Care and Use Committee.

4.6. Immunohistochemistry

ICAM–1 and VCAM–1 were analyzed by immunohistochemistry stain-
ing in formalin-fixed, paraffin-embedded biopsy sections of mice

abdominal aorta. Serial sections (4 �m) were cut from each paraffin
block, and immunostained by deparaffinizing and rehydrating through
a graded alcohol series. Antigens were retrieved by heating the sec-
tions in a microwave for 5 min in 10 mM sodium citrate (pH 6.0).
After blocking nonspecific sites, sections were incubated overnight
at 4 ◦C with anti–ICAM–1 (1:100) or anti–VCAM–1 (1:100) anti-
bodies. To visualize, sections were stained using a standard method
avidin–biotin–horseradish peroxidase complex was used to localize bound
antibody, and diaminobenzidine was used as the final chromogen. For
histological assessment, ICAM–1 and VCAM–1 were identified at mag-
nifications of 400 ×.

4.7. Statistical analysis

The results are presented as means ± SEM for each treatment group
in each experiment. Data were tested by one–way ANOVA followed
by Scheffe post–hoc test for multiple comparisons. Statistical software
SPSS (USA) was used in. P values < 0.05 were considered statistically
significant.
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Fig. 4: Effect of ginsenoside Rg3 on the protein expression levels of adhesion molecules in the C57BL/6 mice aorta stimulated with LPS. Mice were randomly distributed into
three groups: Saline (group 1, n = 5), LPS 20 mg/kg (group 2, n = 5) and LPS 20 mg/kg + ginsenoside Rg3 20 mg/kg (group 3, n = 5). Ginsenoside Rg3 was administered
1 h before LPS injection. After 8 h later, mice was anesthetized with ketamine (30 mg/kg) and zylazine (6 mg/kg) and abdominal aorta was collected for
immunohistochemistry. ICAM–1 and VCAM–1 were analyzed by staining in formalin–fixed, paraffin–embedded biopsy sections of mice abdominal aorta. For
histological assessment, ICAM–1 and VCAM–1 were indentified at magnifications of × 400.
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