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Korean red ginseng is known to regulate the immune system and help the body struggle infection and disease. Cadmium is
widely distributed in the environment due to its use in industry. Exposure to cadmium is problematic causing organ dysfunction.
This study was conducted to evaluate the protective effect of Korean red ginseng extract (RGE) against cadmium-induced
hepatotoxicity in rats. In experiments, animals were orally administrated with RGE (25, 50 mg/kg) for 7 d and then intravenously
injected with cadmium (CdCl,, 4 mg/kg) to induce acute hepatotoxicity. Cadmium caused the elevated levels of alanine
aminotransferase, aspartate aminotransferase, and lactate dehydrogenase in serum. In contrast, pretreatment with RGE significantly
reduced those serum indexes related with liver damage. In histopathological analysis, RGE decreased the centrilobular necrosis
around central veins and the peripheral hemorrhage around portal triads. Moreover, RGE restored the deficit in hepatic glutathione
level resulting from cadmium treatment. RGE also inhibited the increase in the expression of Bad, a representative apoptosis
marker protein, induced by cadmium treatment. Collectively, these results demonstrate that RGE can reduce the cadmium-induced
hepatic toxicity, partly via anti-oxidative and anti-apoptotic process.
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INTRODUCTION

Cadmium (Cd) is one of the widely used heavy met- ing lipid peroxidation, depletion of glutathione (GSH),
als and implicated in many industrial applications like and generation of reactive oxygen species (ROS) [5-7].
electric batteries, electronic components, pigment, and It has been also reported that the oxidative stress by Cd
fertilizer [1]. On the other hand, Cd is an environmen- exposure may contribute to hepatocellular necrosis and
tal pollutant that is highly toxic to all living organisms. apoptosis [8-10].
Heavy metals like Cd become toxic when they are not Korean red ginseng (Panax ginseng Meyer) is a tra-
metabolized and can accumulate in most human organs ditional herbal medicine that has been used for mainte-
[2,3]. Acute and chronic exposure to Cd in experimental nance and improvement of human health in Asian coun-
animals causes accumulation of the metal in the liver tries as well as Korea [11,12]. Red ginseng is prepared
resulting in hepatotoxicity [4]. The various toxic effects through steaming and drying processes from raw ginseng
of Cd may be due to increased oxidative stress includ- that has been cultivated for 6 yr. Korean red ginseng has
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been shown to posses more health-related benefits than
fresh raw ginseng [13]. It has been reported that the en-
hanced efficacy of red ginseng is due to production of
several therapeutic constituents that are not present in
raw ginseng [14]. Ginseng saponins, also known as gin-
senosides, are major active compounds found in Korean
red ginseng, and it has been well elucidated that ginsen-
oside may attribute to main pharmacological activity of
Korean red ginseng [15,16]. Many studies demonstrated
that Korean red ginseng has the pharmacological proper-
ties including anti-diabetes [17], anti-oxidants [18], anti-
carcinogens [19], anti-aging [20], and immunomodula-
tion [21].

Based on knowledge and information mentioned
above, our research interest was focused on the study
of heavy metal detoxification by red ginseng extract
(RGE) in Cd-treated rats. In the present study, we evalu-
ated hepatoprotective effect of RGE in cadmium treated
rats. For this purpose, serum levels of hepatic marker
enzymes (alanine aminotransferase [ALT], aspartate ami-
notransferase [AST], and lactate dehydrogenase [LDH])
were measured, and histopathological analysis were also
conducted. The hepatic oxidant-antioxidant status was
assessed by measuring GSH level. Mitochondrial Bad
protein that is one of proapoptotic marker proteins was
analyzed by Western blot.

MATERIALS AND METHODS

Samples
RGE was kindly supplied by the Korea Ginseng Cor-
poration (Daejon, Korea).

Experimental animals

Rat study was conducted in accordance with the in-
stitutional guidelines for the care and use of laboratory
animals. Six-week old Sprague-Dawley rats (140 to 160
g) were provided from Hyochang Science (Daegu, Ko-
rea), and acclimatized for 1 wk. Rats were caged in an
atmosphere of filtered, pathogen-free air, provided with
commercial rat chow (Purina, Seoul, Korea) and water
ad libitum, and maintained at a temperature between
20°C and 23°C with a 12 h light/dark cycle and relative
humidity of 50%. To evaluate the hepatoprotective effect
of RGE, rats were administrated with vehicle (tap water)
or RGE (25, 50 mg/kg) for 7 d, and subsequently ex-
posed to single injection of Cd at 24 h after the last RGE/
vehicle treatment. Cd (CdCl,, 4 mg/kg body weight) was
dissolved in normal saline, and intravenously injected
into the rats to induce acute liver injury. Tissue and blood
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samples were obtained at 24 h after Cd exposure.

Blood chemistry

ALT, AST, and LDH in serum were analyzed using
Photometer 5010, an automatic blood chemistry analyzer
(Robert Riele GmbH & Co KG, Berlin, Germany).

Histopathology

The left lateral lobe of the liver was sliced (three slices
per rat), and tissue slices were fixed in 10% neutral buft-
ered formalin for 6 h, embedded in a paraplast automatic
tissue processor (Shandon Scientific, Cheshire, UK), sec-
tioned (4 um) and stained with H&E stain. The percent-
age of the degenerative liver region showing centrilobu-
lar necrosis and peripheral hemorrhage were calculated
using image analysis (SIS, Munster, Germany) under
microscopic examination at 50 magnifications (Zeiss,
Jena, Germany) with the result expressed as %/mm’ of
hepatic parenchyma. In addition, the number of degen-
erative cells showing vacuolation or any necrotic process
was also calculated using automated image analysis
under microscopic examination at 200 magnifications as
N/1000 hepatic cells.

Measurement of hepatic glutathione

Hepatic GSH was estimated using commercial assay
kit (CS1020; Sigma, St. Louis, MO, USA) according to
the manufacturer’s instructions.

Mitochondria isolation and Western blot analysis
Mitochondria isolation from liver tissue was conducted
using a mitochondria isolation kit (Pierce, Rockford, IL,
USA) according to the manufacturer’s instructions. Brief-
ly, 150 to 200 mg of liver tissue in 800 pL of phosphate-
buffered saline was subjected to Dounce homogenization
on ice, and then centrifuged at 1,000 xg for 3 min. The
pellet was suspended with the mitochondria isolation
reagent provided in the kit and centrifuged at 700 xg for
10 min at 4°C. After centrifugation, the supernatant was
transferred into new tube and centrifuged again at 3,000
xg for 15 min at 4°C. The precipitated mitochondrial
pellet was used for Western blot analysis. Equal amounts
(30 pg) of proteins were resolved on 12.5% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
then transferred on NC membrane (Schleicher & Schuell
GmbH, Dassel, Germany). The membrane was incubated
with anti-mouse Bad antibody or anti-goat actin antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA),
washed with TBST (10 mM Tris-Cl pH 7.5, 150 mM
NacCl, 0.05% Tween 20) and incubated for 1 h with the



appropriate peroxidase conjugated secondary antibodies.
Bands corresponding to Bad and actin were visualized
using enhanced chemiluminescence western blotting
detection reagents (Amersham Biosciences, Piscataway,
NJ, USA).

Protein quantitation

The proteins of liver mitochondrial fraction were esti-
mated using the bicinchoninic acid (BCA) method with
the BCA protein assay kit (Pierce).

Data analysis

A one-way ANOVA followed by a least significant dif-
ference test (SPSS ver. 18; SPSS Inc., Chicago, IL, USA)
was used to test the difference among the treatment
groups. The criterion for statistical significance was set at
p<0.05 or p<0.01.

RESULTS

Effects of Korean red ginseng extract on serum he-
patic marker enzymes

Abnormal increase in serum hepatic marker enzymes
such as AST, ALT, and LDH indicates liver damage.
Thus, we checked the levels of AST, ALT, and LDH in
serum to evaluate the hepatoprotective effect of RGE
in Cd treated rats. Intravenous injection of Cd resulted
in a significant (»p<0.01) elevation in the levels of those
hepatic enzymes. Administration of RGE (25, 50 mg/
kg, per os) for 7 d prior to Cd treatment significantly de-
creased the levels of ALT, AST, and LDH as compared
to Cd alone groups (Fig. 1). The serum levels of ALT,
AST, and LDH after Cd treatment were 1,113.84277.2,
983.6£114.1, and 2,654.4+835.5 TU/L, respectively.
However, RGE showed significant (p<0.01) inhibitory
effects on the serum ALT, AST, and LDH with a value of
124.4+52.5, 193.2452.0, and 469.6+126.3 TU/L respec-
tively in the concentration of 50 mg/kg. These results
indicate RGE possess potent hepatoprotective effect
against Cd induced toxicity.

Effect of Korean red ginseng extract on histopath-
ological changes

The liver injuries of Cd treated rats were confirmed
by histopathological examinations. Fig. 2. illustrates
histological pattern of hematoxylin-eosin stained liver
tissues. In case of control, hepatocytes had normal archi-
tecture. On the contrary to control, Cd treatment caused
alterations in liver histoarchitecture as evidenced by
centrilobular necrosis around central veins and peripheral
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Fig. 1. Inhibitory effects of red ginseng extract (RGE) on cadmium
(Cd)-induced elevation of hepatic enzymes. Alanine aminotrans-
ferase (ALT, A), aspartate aminotransferase (AST, B) and lactate
dehydrogenase (LDH, C) were monitored in the serum of rats that
had been orally pretreated with RGE (25, 50 mg/kg body weight for
7 d) and exposed to single injection of Cd (i.v., 4 mg/kg body weight)
at 24 h after the last RGE treatment. Blood samples were obtained
at 24 h after Cd treatment. Values represent the mean+SE from the
6 rats in each group. *p<0.01, significantly different from normal;
**p<0.01, significantly different from Cd alone. i.v., intravenous.
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Fig. 2. Histological profiles of the liver from normal and experimental rats. Rats were treated as described in Fig. 1. The liver sections from
healthy normal rats (A,B), and rats treated with cadmium (Cd) alone (C,D), Cd+red ginseng extract (RGE, 25 mg/kg) (E,F) and Cd+RGE (50 mg/
kg) (G,H) were stained with H&E (<100 or x200). C, central vein. Scale bars = 160 um. Asterisk = focal necrotic area. Arrows = congestion of si-
nusoids. Arrowheads = inflammatory cells infiltrated.

Table 1. Changes on the histomorphometrical analysis of the liver from normal and experimental rats

Group Percentages of degenerative regions Numbers of inflammatory cells infiltrated
(%/mm” of hepatic parenchyma) (cells/1000 hepatocytes)

Normal 2.67+4.09 14.40+11.28

Cd alone 65.48+17.18" 645.80+179.33"

Cd+RGE (25 mg/kg) 37.8448.05" 353.80+126.46"

Cd+RGE (50 mg/kg) 25.92+6.33" 286.80+96.45™

Values represent the mean+SE (n=6).
Cd, cadmium; RGE, red ginseng extract.
#p<0.01, significantly different from normal; **p<0.01, significantly different from Cd alone.

hemorrhage around portal triads. However, the severity ages of degenerative regions and numbers of inflamma-
of Cd-induced liver intoxication was reduced by the both tory cells by the Cd treatment (Table 1). These findings
of two different dosages (25, 50 mg/kg) of RGE (Fig. 2). are considered as direct evidence that RGE have favor-
Furthermore, pretreatment of RGE significantly (»<0.01 able hepatoprotective effect against Cd intoxication.

or p<0.05) reduced the abnormal increase in the percent-
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Fig. 3. Effect of red ginseng extract (RGE) on cadmium-induced
depletion in hepatic glutathione (GSH) levels. Hepatic GSH con-
tent was determined fluorimetrically as described in Materials and
Methods section. Values represent the mean+SE from the 6 rats in
each group. #p<0.01, significantly different from normal; *p<0.05,
**p<0.01, significantly different from cadmium (Cd) alone. i.v., intra-
venous.

Effect of Korean red ginseng extract on hepatic
glutathione level and the expression of mitochon-
drial Bad protein

It is well known that GSH antioxidant defense system
plays major roles in various detoxification mechanisms
[7]. To demonstrate that the hepatoprotection by RGE
is derived from its antioxidant action, we evaluated the
effect of RGE on Cd induced depletion of GSH level in
liver tissues. Cd treatment caused significant (p<0.01)
decrease of hepatic GSH level in comparison of normal
group. However, pretreatment with 25 and 50 mg/kg of
RGE was significantly (p<0.01 or p<0.05) elevated the
hepatic GSH level toward normal (Fig. 3).

Apoptosis is one of mechanisms of hepatotoxicity. In
response to apoptotic stimuli, Bad protein migrates to
the mitochondria and participates in inducing apoptotic
cell death [8,9]. Previously we reported that licorice
with hepatoprotective activity reduced expression of
mitochondrial Bad protein in Cd intoxicated rats. In this
study, we also found that Cd caused increase in expres-
sion of mitochondrial Bad protein. However, the bands of
Bad protein were markedly disappeared after treatment
of 25 and 50 mg/kg of RGE (Fig. 4A). Density values
of Cd alone, 25, and 50 mg/kg of RGE were 1.73+0.04,
0.8240.01, and 0.77+0.03 respectively, when the density
value of normal set 1.00 (Fig. 4B).

DISCUSSION

There are approximately 35 heavy metals in our envi-
ronment, and Cd is one of the most notorious heavy met-

41

Park et al. Hepatoprotection by RGE in Cd-treated rats

Bad

Actin

Normal - 25 50 (RGE, mg/kg)
Cd
B
2 7 #H
o 197
®
Pl
E 1 1 k% o
[0
[a}
0.5 -
0 - T
Normal — RGE25 RGE50
Cd

Fig. 4. Effect of red ginseng extract (RGE) on the level of mitochon-
drial Bad protein in the liver of rats with acute hepatotoxicity induced
by cadmium (Cd). (A) Expression of Bad protein was determined by
immunoblot analysis using specific antibody. Actin was used as a
loading control. (B) The relative density levels of protein bands were
measured by scanning densitometry. Data are shown as mean band
density normalized to actin. #p<0.01, significantly different from nor-
mal; **p<0.01, significantly different from Cd alone.

als that affect human health. Acute exposure to Cd can
cause dysuria, polyuria, chest pain, fatigue and headache
[22]. Chronic intake of Cd in contaminated food or air
is able to produce organ dysfunction as a result of cell
death, resulting in pulmonary, hepatic and renal tubular
diseases [23].

Liver disorders can be induced by various toxicants
including chemical drugs. These toxicants cause liver
inflammation and tissue damage, which could finally
lead to hepatocellular carcinoma [24,25]. Heavy metals
including Cd are also potent liver toxicants, and Cd was
reported to exert toxic effects on both acute and chronic
hepatic injuries [2,4]. Acute hepatotoxicity induced by
Cd is considered to involve two pathways, one for the
initial injury produced by direct effects of cadmium and
the other for the subsequent injury produced by inflam-
mation [6]. Primary injury is caused by direct toxic
effects of the metal, the binding of Ca’* to sulfhydryl
groups on critical molecules in mitochondria. Second-
ary injury from acute exposure of cadmium is thought to
be due to the activation of Kupffer cells, which release
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a number of inflammatory mediators such as cytokines,
chemokines and cytotoxic molecules.

Liver injuries as a result of Cd exposure are character-
ized by the elevated levels of hepatic marker enzymes
in serum. Increment of serum ALT and AST levels is the
crucial parameters to detect liver damage [26]. LDH is
another index of cell and tissue damage by various toxi-
cants and the increased level of LDH was substantially
detected in the experimental animals after exposure of
Cd [27]. The present study showed that RGE possess
hepatoprotective effect, as evidenced by the significant
inhibition in the elevated levels of serum ALT, AST, and
LDH induced by Cd.

Histopathological examination conducted in this study
also revealed that RGE treatment resulted in significant
reduction of hepatic injuries. Generally, liver tissue dam-
ages in Cd-intoxicated rats were characterized by centri-
lobular necrosis and peripheral hemorrhage [28-30]. In
the present study, RGE inhibited the severe centrilobular
necrosis around central veins and peripheral hemorrhage
around portal triads, and reduced the percentage of de-
generative hepatic regions (%/mm’ hepatic parenchyma)
and the number of degenerative hepatic cells (N/100 he-
patic cells) induced by Cd. The reduction of histopatho-
logical changes with RGE treatment provides another
evidence of its hepatoprotective activity.

Oxidative stress is a major reason of hepatotoxicity,
and the impairment of antioxidant defense system is con-
sidered as critical event in Cd induced toxicity [6,7]. It
has been reported that Cd induces the generation of ROS
and the exhaustion of GSH leading to oxidative stress in
hepatocytes. Several studies has been hypothesized that
GSH formed complex with Cd for excretion and also
scavenged the free radicals produced by Cd, indicating
that decreased GSH level may be due to its consumption
in Cd detoxification [7,31]. In line with these published
reports, we found that drastic depletion of hepatic GSH
came from Cd administration in the present study. Rats
pretreated with RGE were protected against this acute
action of Cd, recovering decreased GSH level toward
normal. Our findings suggest that one of the mechanisms
underlying the hepatoprotective action of RGE may be
associated with its antioxidant properties.

Oxidative stress eventually contributes to the hepa-
tocellular apoptosis and necrosis. Many studies have
demonstrated that intracellular GSH depletion and ROS
generation by Cd are associated with apoptotic cell death
[7-10]. We also founded that micromolar Cd induced
apoptosis irrespective of sulthydryl deficiency in hepatic
cell line [32]. In the signaling process associated with
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apoptosis, mitochondria plays an important role and is
regulated by the Bcl-2 family members including anti-
apoptotic and pro-apoptotic proteins [33]. Bad protein,
one of the pro-apoptotic ligands, may move onto mito-
chondria and bind to Bcl-2 and Bcl-xL inhibiting their
anti-apoptotic actions. The Bad promotes apoptosis
through the cytochrome c release from mitochondria
[34,35]. Thus, translocation of Bad to mitochondria is an
important apoptotic cell death mechanism. Previous in
vivo and in vitro studies, we reported that liver apoptosis
followed by Cd exposure was involved in Bad transloca-
tion [27,32]. In this work, expression of mitochondrial
Bad protein was significantly increased by Cd, and RGE
decreased the increment of Bad expression in mitochon-
drial fraction. Therefore, anti-apoptotic activities might
be described as one of possible mechanisms responsible
for the hepatoprotective effect of RGE. However, hepatic
apoptosis cannot be explained by Bad protein alone. Fur-
ther studies are needed to clearly investigate the involve-
ment of anti-apoptotic action.

To summarize, the results of the present study indicate
that RGE effectively protected liver against Cd-induced
acute hepatic toxicity in rats. Hepatoprotective effects of
RGE were displayed by decreasing the elevation of blood
biochemical parameters and restoring the impairments
of histopathology. RGE also ameliorated the depletion
of GSH by Cd treatment and inhibited expression of pro-
apoptotic Bad protein in liver tissue, indicating the partial
involvement of anti-oxidative and anti-apoptotic actions
in hepatoprotection by RGE.
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