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Abstract

The preventive effect of 20(S)-ginsenoside Rgs (20(S)-Rg3) on lipopolysaccharide (ILPS)-induced oxidative tissue injury in
rats was investigated in this study. The elevated serum nitrite/nitrate, glutamic oxaloacetic transaminase, glutamic pyruvic
transaminase and creatinine levels in LPS-treated control rats were significantly decreased following 15 consecutive days of
20(S)-Rgs administration. In addition, thiobarbituric acid-reactive substance levels in the serum, liver and kidney were
dose-dependently lower in 20(S)-Rgs-treated groups than in the LPS-treated control group. The nuclear factor-xB
(NF-xB), cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS) and heme oxygenase-1 (HO-1) protein
expressions in the liver and kidney were significantly increased by LPS treatment. However, the 20(S)-Rg; administrations
significantly decreased these protein expressions except for HO-1 in the liver. On the other hand, in the kidney, oral
administration of 20(S)-Rg; showed a tendency to reduce NF-xB and iNOS protein expressions and also significantly
reduced the elevated COX-2 and HO-1 protein expressions at a dose of 10 mg/kg body weight/day. All these results suggest
the preventive effect of 20(S)-Rg; against LPS-induced acute oxidative damage in the liver and kidney and the preventive
effect of 20(S)-Rgs; administration against LPS toxicity was thought to be more predominant in the liver than kidney.
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Introduction Ginseng extract was reported to scavenge hydroxyl
radicals (*OH), 1,1-diphenyl-2-picrylhydrazyl (DP-
Panax ginseng C. A. MEYER (Araliaceae) is one of the =~ PH) radicals, superoxide anions (O, ) and peroxyni-

most widely used herbal medicines in the Orient. Ithas  trite (ONOO ™) [6-8]. In addition, significant in-

been used for many years as an anti-ageing and anti-
mutagenic agent and for the treatment of neuronal
disorder and cardiovascular diseases [1—4]. These
human diseases involve tissue damage that will in-
evitably be accompanied by local oxidative stress,
which exacerbates the damage [5]. Therefore, the
various pharmacological efficacies of Panax ginseng
were thought to be mediated, not totally, by its
protective effects against free radical attack.

creases in the nitric oxide (' NO)-, O, -, OH- and
ONOO " -scavenging activities of Panax ginseng brou-
ght about by heat processing were confirmed by our
previous research [9—11]. Moreover, lipopolysacchar-
ide (LPS)- and streptozotocin-induced hepatic and
renal oxidative damage, respectively, were significantly
ameliorated by the administration of heat-processed
Panax ginseng extract [12,13]. On the other hand,
there is considerable interest in the isolation of more
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potent antioxidant compounds to treat diseases invol-
ving oxidative stress from herbal medicines [14] and
we have been investigating the main antioxidant
compound of heat-processed Panax ginseng by activ-
ity-guided fractionation and component analysis.

Ginsenosides, a diverse group of steroidal saponins
that target a vast range of tissues, and their metabo-
lites, are generally believed to be mainly responsible
for the pharmacological activity of ginseng [15,16].
Among the several ginsenosides, 20(S)-ginsenoside
Rg; (20(S)-Rgs, Figure 1) was screened out as the
strongest *OH-scavenging compound of heat-pro-
cessed Panax ginseng by the ferrous metal ion chelat-
ing activity and its content was significantly increased
by heat processing [11,17]. Although the potential
antioxidant and anti-inflammatory effects of 20(S)-
Rgs; have been examined [18-20], there are virtually
no reports comparing the effect of orally administered
20(S)-Rgs on oxidative damage in the liver and
kidney, the major organs impaired by oxidative stress
[21]. This comparison of the effects in different
organs was thought to be useful to identify the
tissue-specific antioxidant mechanisms of 20(S)-Rgs.

On the other hand, it has been well-defined that
reactive oxygen species (ROS) are involved in the
mechanism of LPS toxicity, in particular nuclear
factor-k B (NF-xB) activation, and metal chelators
such as deferoxamine are known to reduce tissue
injury and lethality in LPS-treated mice [21-23].
Therefore, the preventive effect of 20(S)-Rgs against
LPS-induced hepatic and renal injury in rats was
compared in this study.

Materials and methods
Materials

LPS (from Escherichia coli serotype 055: B5), phe-
nylmethylsulfonyl fluoride (PMSF) and £ -actin were
purchased from Sigma Chemical Co. (St. Louis,
MO). NF-xBp65, cyclooxygenase-2 (COX-2), indu-
cible nitric oxide synthase (iNOS), heme oxygenase-1
(HO-1) and goat anti-rabbit and/or goat anti-mouse
IgG horseradish peroxidase (HRP) conjugated sec-
ondary antibody were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). 20(S)-Rgz was
previously isolated from Panax ginseng by the re-

Glc(1 - 2)Glc-0

.m,////

Figure 1. The chemical structure of 20(S)-Rgs. —Glc: D-gluco-
pyranosyl.

ported methods [24]. The other chemicals and
reagents used were of high quality and obtained
from commercial sources.

Animal experiment

The Guidelines for Animal Experimentation, ap-
proved by the University of Toyama, were followed
in these experiments. Male Wistar rats (120—-130 g)
from Japan SLC, Inc. (Hamamatsu, Japan) were
used. They were allowed free access to laboratory
pellet chow (CLEA Japan Inc., Tokyo, Japan) and
water. After several days of adaptation, the animals
were divided into four groups (each group consisted
of six rats), avoiding any inter-group differences in
body weight. The control group was given water,
while the other groups were orally administered
20(S)-Rgs at a dose of 5 or 10 mg/kg body weight
daily using a stomach tube. After 15 consecutive days
of administration, the rats were given intraperitoneal
LPS, 5 mg/kg body weight. At 6 h after LPS chal-
lenge, blood samples were collected from the abdom-
inal aorta. The serum was immediately separated
from the blood samples by centrifugation. Subse-
quently, the liver and kidney were perfused through
the artery with ice-cold physiological saline (0.9%
NaCl, pH 7.4), removed, quickly frozen and kept at
— 80°C until analysis.

Assays of serum parameters

The nitrite/nitrate (NO, /NO;3 ) level was deter-
mined by converting NO3 to NO, using the enzyme
nitrate reductase, followed by the addition of Griess
reagent to colourimetrically quantify the NO, con-
centration [25]. The thiobarbituric acid (TBA)-
reactive substance levels were measured by the
reported methods [26]. Glutamic oxaloacetic transa-
minase (GOT), glutamic pyruvic transaminase
(GPT), urea nitrogen and creatinine levels were det-
ermined using commercial reagents (Transaminase
CII-Test Wako were obtained from Wako Pure
Chemical Industries Ltd., Osaka, Japan; BUN Kai-
nos and CRE-EN Kainos were obtained from Kainos
Laboratories Inc., Tokyo, Japan).

Determination of hepatic and renal TBA-reactive
substance levels

The TBA-reactive substance levels in tissue were
determined by the method of Uchiyama and Mihara
[27] and the protein level was evaluated by the micro-
biuret method [28] with bovine serum albumin as the
standard.

Western blotting

Hepatic and renal tissues were homogenized with ice-
cold lysis buffer (pH 7.5) containing 137 mM NaCl,
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20 mM Tris-HCI, 1% Tween-20, 10% glycerol, 1 mM
PMSF and protease inhibitor mixture DMSO solu-
tion. For the determination of NF-xBp65, iNOS,
COX-2 and HO-1 protein expressions, 30 Jg protein
of each sample was electrophoresed via 8 and 12%
sodium dodecyl sulfate polyamide gel electrophoresis.
Separated proteins were electrophoretically trans-
ferred to nitrocellulose membranes, blocked with 5%
skim milk solution for 3 h at 4°C and then incubated
with primary antibodies overnight at 4°C. After the
blots were washed, they were incubated with goat anti-
rabbit and/or goat anti-mouse IgG HRP-conjugated
secondary antibody for 90 min at room temperature.
Each antigen-antibody complex was visualized using
ECL Western Blotting Detection Reagents (Amer-
sham, USA) and detected by chemiluminescence with
LAS-1000 plus (FUJIFILM, Japan). Band densities
were determined by Scion image software (Scion
Corporation, USA) and corrected with f-actin.

Statistical analysis

The results for each group are expressed as mean + SE
values. The effect on each parameter was examined
using one-way analysis of variance. Individual differ-
ences between groups were evaluated using Dunnett’s
test and those at p < 0.05 were considered significant.

Results
Changes in body and tissue weights

There were no significant alterations in body weight
changes among the normal, control and 20(S)-Rgs-
administered rats before LPS treatment and the body
weight changes by LLPS treatment were not measured
because of severe diarrhoea in rats due to LPS toxicity
(data not shown). Liver and kidney weights (g/100 g of
body weight) were increased by LPS treatments, but
there were no significant changes brought about by
20(S)-Rg; administrations (Table I).

Biochemical features of serum

The serum NO, /NO5 level of LPS-treated control
rats was 31.1 pM, which was ~ 52-times higher than
that of normal rats, but it was reduced by 20(S)-Rgs
administrations and showed a significant reduction at
the administration dose of 10 mg (Figure 2). The
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Figure 2. The NO, /NO; levels of serum. N, normal rats; C,
LPS-treated control rats. *p <0.05, **p <0.01 compared with
LPS-treated control rats.

GOT and GPT levels were significantly increased by
LPS treatment, but significantly decreased by 20(S)-
Rg; administrations (Table II). Similarly, creatinine
and urea nitrogen levels in LPS-treated control rats
were ~ 2.2- and 2.4-times higher than those of
normal rats and significant reductions were shown
in creatinine levels, but no significant changes in urea
nitrogen levels by 20(S)-Rgs; administrations (Table
II). The TBA-reactive substance level was increased
from 3.44 nmol/ml to 11.08 nmol/ml by LPS treat-
ment and it was significantly decreased to 4.76 and
4.20 nmol/ml by the 5 and 10 mg 20(S)-Rg; admin-
istrations, respectively (Figure 3A).

Hepatic and renal TBA-reactive substance levels

Hepatic and renal TBA-reactive substance levels in
LPS-treated control rats were ~ 2.5- and 3.0-times
increased from normal values, respectively, but these
elevated levels were significantly decreased by the
10 mg 20(S)-Rgs administrations (Figure 3B and C).

Western blot

The NF-xBp65, COX-2, iNOS and HO-1 protein
expressions in the liver of LPS-treated control rats
were significantly increased by ~ 1.6, 1.6, 7.2 and 1.8-
times, respectively, from normal values. The elevated

Table I. The changes in tissue weights.

Group Dose (mg/kg body weight/day) Liver weight (g/100 g of body weight) Kidney weight (g/100 g of body weight)
Normal — 3.29+0.08* 0.7440.02
LPS treatment

Control - 3.60+0.06 0.834+0.03

20(S)-Rgs 5 3.5240.03 0.77+0.01

20(S)-Rgs 10 3.4140.06 0.76 +0.02
Data are expressed as the mean +SE. *p < 0.05 compared with LPS-treated control rats.
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Table II. The biochemical features of serum.

LPS treatment

Item Normal Control 20(S)-Rgs (5 mg) 20(S)-Rgs (10 mg)
GOT, Karmen 57.0+1.4** 719.2+86.8 381.0+49.5** 288.7+21.4**
GPT, Karmen 16.940.7** 537.1+98.2 166.5 +27.8%* 89.545.9**
Serum creatinine, mg/dl 0.304+0.01* 0.664+0.09 0.404+0.03* 0.3940.03*
Serum urea nitrogen, mg/dl 16.04+0.2** 38.54+1.8 37.44+1.1 36.7+3.8

Data are expressed as the mean +SE. *p < 0.05, **p < 0.01 compared with LPS-treated control rats.

NF-xBp65, COX-2 and iNOS protein expressions of
LPS-treated control rats were significantly decreased
by the 5 and/or 10 mg/kg body weight 20(S)-Rgs
administrations. However, HO-1 protein expressions
were more significantly increased by 20(S)-Rg; ad-
ministrations than those of LLPS-treated control rats
(Figure 4). On the other hand, Figure 5 shows the
protein expressions related to oxidative stress in kidney
tissue. The NF-xBp65, COX-2, iNOS and HO-1
protein expressions in LPS-treated control rats were
significantly increased by ~ 1.7, 2.0, 2.7 and 17.9-
times, respectively, from normal values. There were no
significant decreases in NF-x Bp65 and iNOS brought
about by 20(S8)-Rgs; administrations, but there were
significant reductions in COX-2 and HO-1 levels by
the 10 mg/kg body weight 20(S)-Rgs administration.

Discussion

We have been investigating the main antioxidant
components of heat-processed Panax ginseng by its
free radical scavenging activity-guided fractionation
and chemical analysis. As a result, 20(S)-Rgz was
screened out as the strongest * OH-scavenging com-
ponent of Panax ginseng by the ferrous metal ion
chelating activity of its aglycone structure, 20(S)-
protopanaxadiol (20(S)-PPD), from our previous
research [11,17] and dietary nutrients containing
metal chelators have received much attention because
of their preventive antioxidant activity [23]. To
identify the tissue-specific antioxidant effects of
20(S)-Rgs; on an animal model related to oxidative
stress, the preventive effect of 20(S)-Rgs against
LPS-induced hepatic and renal injury in rats was
compared in this study.

LPS has been shown to increase the constitutive
release of 'NO by the endothelium and the activity of
iNOS enzyme [29,30]. In addition, NO stimulates
H,0, and O, production by mitochondria [31]; in
turn, these ROS participate in the up-regulation of
iNOS expression via NF-x B activation [32]. ROS also
cause the peroxidation of membrane phospholipids,
which can alter membrane fluidity and lead to the loss
of cellular integrity. Thereby, the impaired activities of
mitochondrial enzymes lead to decreased energy levels
and organ failure such as of the heart, kidney, lung and

liver [21,33]. In this study, there were significant
increases in the liver weight, serum NO, /NOjs ,
GOT, GPT, creatinine, urea nitrogen and TBA-
reactive substance levels of rats by LPS treatment
(Figures 2 and 3, Tables I and II). These parameters
show the features of acute inflammation in the liver
and kidney by LPS treatment [34-36], but the
significant and/or slight decreases in these parameters
by 20(S8)-Rg; administrations are suggestive of pre-
ventive effects against endotoxin toxicity. Similarly, the
elevated TBA-reactive substance levels, one of the
oxidative stress biomarkers [37—39], in the liver and
kidney of LPS-treated rats were significantly reduced
by 20(S)-Rg; administrations (Figure 3). On the other
hand, the ameliorations in hepatic function and
damage characterized by serum GOP, GPT and
hepatic TBA-reactive substance levels by 20(S)-Rg;
administration were more predominant than those of
renal function parameters. Therefore, the preventive
effect of 20(S)-Rgz administration against LPS toxi-
city was thought to be more predominant in the liver
than kidney or LLPS-induced oxidative damage was
more severe in the kidney and we continuously
investigated the protein expressions related to oxida-
tive stresses.

In the comparison of protein expressions related to
oxidative stresses in the liver and kidney (Figures 4
and 5), there were significant increases in NF-xBp65,
COX-2,iNOS and HO-1 protein expressions in LPS-
treated control rats compared to normal rats and the
increases in these protein expressions were thought to
mediate the LPS-induced ROS generations and
tissue damage. The elevated NF-xBp65, COX-2
and iNOS protein expressions in the liver and kidney
were decreased by 20(S)-Rgs; administrations, but
the decreases in these levels in the kidney were not
greater than those of the liver. This tendency was the
same as in the serum parameters, except for protein
expression of HO-1. HO-1 is readily induced by
heme, oxidants, LLPS, cytokines, irradiation, heavy
metals and stressors, many of which also stimulate
iNOS [40]. In addition, HO-1 is believed to play an
important role in attenuating tissue injury caused
by inflammatory stimuli, and the up-regulation of
HO-1 has been shown to protect against LPS-
induced cardiovascular collapse or liver damage
[41,42]. However, the HO-1 response due to the high
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Figure 3. TBA-reactive substance levels in serum (A), liver (B)
and kidney (C). N, normal rats; C, LPS-treated control rats.
*p < 0.05, **p < 0.01 compared with LPS-treated control rats.

concentration of NO donors in the renal tubular
epithelial cells is suggestive of cytotoxic effects [40].
The elevated HO-1 levels of the liver and kidney by
LPS treatment were more significantly increased and
decreased, respectively, by the administration of
20(S)-Rgs. Therefore, the increased HO-1 level in

Preventive effect of 20(S)-ginsenoside Rg; 1185

the liver by the 20(S)-Rgsz administration was
thought to be mediated by the HO-dependent
protective effect against LLPS-induced liver damage.
However, the decreased HO-1 level in the kidney by
20(S)-Rg; administrations was thought to suggest
decreased oxidative damage in the kidney. This
tissue-specific protein expression of HO-1 was
thought to be related to the reported tissue-specific
gene expression of HO-1 and J-aminolevulinate
synthase (ALAS-N), the rate-limiting enzymes in
heme catabolism and heme synthesis, respectively,
by LPS treatment. LPS administration significantly
induced HO-1 mRNA in the liver and kidney, and
ALAS-N mRNA was rapidly decreased in the liver,
but significantly increased in the kidney [34]. There-
fore, HO-1 induced in the liver by 20(S)-Rgs
administration would reduce the concentration of
free heme, a potent prooxidant, as reported by Balla
et al. [43], but the significantly increased heme-
mediated oxidative injury induces HO-1 in the kidney
[44] and its inhibitory effect was thought to result
from the antioxidant effect of 20(S)-Rgs.

The most plausible antioxidant mechanism of
20(S)-Rgs was thought to be through its inhibitory
effects on protein expressions related to inflammation
such as NF-xBp65, COX-2 and iNOS. Keum et al.
[18] also reported that 20(S)-Rgs inhibits 12-O-
tetradecanoylphorbol-13-acetate-stimulated  activa-
tion of NF-xB and extracellular signal-regulated
kinase, one of the mitogen-activated protein kinases,
as well as COX-2 protein expression in mouse skin
and cultured human breast epithelial cells. On the
other hand, the stronger effect of 20(S)-Rgs admin-
istration on the liver than kidney was thought to
result from the metabolism of ginsenoside. Ginseno-
side is known as a prodrug that is activated in the
body by intestinal bacterial deglycosylation and fatty
acid esterification in the liver, and this process is
crucial for its pharmaceutical expression [45]. After
deglycosylation, the metabolites of ginsenosides are
known to be esterified with fatty acids in the liver
without structural variation, and the esterified meta-
bolites are accumulated in the liver. From the study
of 20(S)-PPD, a metabolite of 20(S)-Rgs, on LPS-
induced RAW 264.7 cells, the anti-inflammatory
effect of 20(S)-PPD was suggested to be mediated
by the inactivation of NF-xB, suppression of iNOS
and induction of HO-1 [46]. Therefore, accumulated
metabolites such as 20(S)-PPD in the liver were also
thought to show a preventive effect against LPS-
induced acute and oxidative tissue damage in this
study. In addition, this elevated anti-inflammatory
effect of the liver by 20(S)-Rg; administration was
partly thought to result in the reduced oxidative stress
in the kidney because the liver acts as both a source
and a target of pro- and anti-inflammatory mediators
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Figure 4. Western blot analysis of liver tissue. N, normal rats; C, LPS-treated control rats. *p < 0.05, **p < 0.01 compared with LPS-

treated control rats.

when LPS is administered [47]. However, we need to
conduct further research to investigate these hypoth-
eses using 20(S)-PPD or tissue-specific oxidative
damage models employing oxidative stress inducers
different from LPS in a future study.

In summary, 20(S)-Rgs administration decreased
the elevated serum NO, /NO3 , GOT, GPT, creati-
nine, urea nitrogen and TBA-reactive substance levels
of rats by LPS treatment. The TBA-reactive sub-
stance, NF-xB, COX-2, iNOS and HO-1 protein
expressions in the liver and kidney were significantly
increased by LPS treatment. There were significant
decreases in TBA-reactive substance, NF-x B, COX-2
and iINOS and an increase in HO-1 protein expres-

sions in the liver by 20(S)-Rgsz administrations.
Similarly, there were significant decreases in TBA-
reactive substance and COX-2 protein expressions in
the kidney by 20(S)-Rgs administrations, but no
significant changes were noted in NF-kB and iNOS
protein expressions, and the HO-1 level was signifi-
cantly decreased by 20(S)-Rgz administrations. These
results suggest the preventive effect of 20(S)-Rgs
against LPS-induced acute oxidative damage in the
liver and kidney, and the preventive effect of 20(S)-
Rgs; administration against LLPS toxicity was thought
to be more predominant in the liver than kidney.
Therefore, it is clear that 20(S)-Rg; as an antioxidant
can prevent LPS-induced acute oxidative damage.
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