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a b s t r a c t

Background: Oxidative stress induces the production of reactive oxygen species (ROS), which play
important causative roles in various pathological conditions. Black ginseng (BG), a type of steam-
processed ginseng, has drawn significant attention due to its biological activity, and is more potent
than white ginseng (WG) or red ginseng (RG).
Methods: We evaluated the protective effects of BG extract (BGE) against oxidative stress-induced
cellular damage, in comparison with WG extract (WGE) and RG extract (RGE) in a cell culture model.
Ethanolic extracts of WG, RG, and BG were used to evaluate ginsenoside profiles, total polyphenols,
flavonoid contents, and antioxidant activity. Using AML-12 cells treated with H2O2, the protective effects
of WGE, RGE, and BGE on cellular redox status, DNA, protein, lipid damage, and apoptosis levels were
investigated.
Results: BGE exhibited significantly enhanced antioxidant potential, as well as total flavonoid and
polyphenol contents. ATP levels were significantly higher in BGE-treated cells than in control; ROS
generation and glutathione disulfide levels were lower but glutathione (GSH) and NADPH levels were
higher in BGE-treated cells than in other groups. Pretreatment with BGE inhibited apoptosis and
therefore protected cells from oxidative stress-induced cellular damage, probably through ROS
scavenging.
Conclusion: Collectively, our results demonstrate that BGE protects AML-12 cells from oxidative stress-
induced cellular damages more effectively than WGE or RGE, through ROS scavenging, maintenance of
redox status, and activation of the antioxidant defense system.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oxidative stress involves elevated intracellular levels of ROS,
which damage various biological molecules [1]. ROS produced
during cellular respiration is eliminated regularly to maintain
cellular homeostasis and support physiological functions [2]. A
variety of antioxidant defense systems have been developed by
cells to protect themselves against toxic free radicals and ROS [3].
Overproduction or insufficient elimination of ROS is highly corre-
lated with various pathological processes such as neurodegenera-
tive [4], cardiovascular [5], and liver diseases [6]. Oxidative stress

can induce cellular damage, particularly of nucleic acids, proteins,
and lipids [7], ultimately leading to cell death. The occurrence of
oxidative stress-induced diseases has increased tremendously in
recent years. Because of increasing cost of health-care services
worldwide, there is a growing public interest in natural food
products with elevated antioxidant activity and other health-
promoting effects [8].

Korean ginseng (Panax ginsengMeyer) is one of the most widely
used traditional medicines that has been reported to have health-
promoting benefits effects, such as exhibiting anticancer, antidia-
betic, and anti-inflammatory effects [9e11]. Steam processing of
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fresh ginseng produces red ginseng (RG), and further repeated
steam and drying will produce black ginseng (BG) [12]. In addition
to modified antioxidant potential, ginsenosides profile, and
phenolic compounds [13], repeated steaming imparts further
health-promoting effects [14]. Repeated heat processing causes the
release of phenolic compounds and Maillard reaction products,
which enhances the anti-inflammatory and free radical scavenging
activity of BG compared with RG [15]. Furthermore, without any
known side effects, ginseng has been used to protect against stress-
induced cellular damage [16]. RG has protective potential against
oxidative stress-induced cellular damage [17]. Similarly, white
ginseng extract (WGE) has shown hepatoprotective potential
against H2O2-induced side effect [18]. Cultured wild ginseng root
extract has been reported to have a positive effect on male repro-
ductive function by suppressing ROS production [19]. BG has been
reported to alleviate acetaminophen-induced hepatotoxicity due to
antioxidant, antiapoptotic, anti-inflammatory activity [20]. A pre-
vious study demonstrated that BG extract (BGE) shows elevated
ginsenoside contents, antioxidant activity, and phenolic com-
pounds compared with WGE and RG extract (RGE) [13]. However,
fermented ginseng, which also contains many less polar ginseno-
sides, was reported to have detoxifying effect against H2O2-induced
hepatotoxicity in HepG2 cells [21]; however, the protective effect of
BGE on H2O2-induced liver injury had not been reported so far.
Therefore, it is of great interest to investigate the effect of BGE on
H2O2-induced liver injuries, particularly in comparison with WGE
and RGE, in relation to maintenance of cellular redox status and
prevention of cellular damage.

In this study, we compared the antioxidant activity and pro-
tective effects of WGE, RGE, and BGE against oxidative stress-
induced cellular damage in AML-12 cell. We investigated the
antioxidant properties of three types of ginseng extract at
biochemical and cellular levels, and compared their ability to
inhibit ROS production in mouse hepatocytes.

2. Materials and methods

2.1. Chemicals and materials

Six-yr-old WG, RG, and BG produced from same source of fresh
ginseng were purchased from a local market (Misunne, Ganghwa,
South Korea). Antihuman 4-hydroxynonenal (4-HNE)-Michael
adduct antibody and antihuman dinitrophenyl (DNP) antibody
were obtained from Calbiochem (La Jolla, CA, USA). 2,7-
Dichlorodihydrofluorescein diacetate (DCF-DA) and MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], gallic
acid, quercetin, and rutin were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Cell Tracker Green 5-chloromethylfluorescein
diacetate (CMF-DA) was purchased from Molecular Probes (Life
Technologies, Carlsbad, CA, USA) and In Situ Cell Death Detection
Kit POD from Roche Diagnostics (Basel, Switzerland).

2.2. Sample preparation

Samples were extracted in 10 volume of 70% ethanol at 80�C
with 4 h influx. Filtered extracts were concentrated, freeze-dried,
and kept at �20�C until further use. For cell treatment, samples
were dissolved in phosphate-buffered saline (PBS) unless other-
wise indicated.

2.3. Ginsenoside analysis

An HPLC system (UltiMate 3000, Dionex Co., Sunnyvale, CA,
USA) equipped with a C18 column (2.1 mm� 75 mm, Poroshell 120;
Agilent, Santa Clara, CA, USA) was used for ginsenoside analysis.

Gradient elution was maintained by flow of solvents A and B at a
ratio of 90:10, 79:21, 78:22, 77:23, 76:24, 63:37, 55:45, 54:46,
52:48, 0:100, and 90:10 [10% acetonitrile (Solvent A) and 90%
acetonitrile (Solvent B)]. Flow was maintained at a rate of 1.3 mL/
min with a run time of 0 min, 22 min, 23 min, 40 min, 45 min,
53 min, 61 min, 66 min, 75 min, 80 min, 95 min, and 105 min; a
detection wavelength of 203 nm was used.

2.4. Quantification of total phenolics and flavonoids

Total polyphenols and flavonoids were analyzed using a previ-
ously reported method [22] with some modifications. For poly-
phenol analysis, each extract aliquot (50 mL) was oxidized using
FolineCiocalteu’s phenol reagent (0.5 mL). About 2.5 mL of 10%
Na2CO3 was added and the mixture was allowed to stand at room
temperature for 20 min. After 20 min, absorbance was recorded at
720 nm. The total polyphenol content in each sample was calcu-
lated using a gallic acid standard curve; results were expressed as
micrograms of gallic acid equivalent (GAE)/milligram of extract.

For flavonoid content analysis, the following method was adop-
ted: an aliquot of each extract (1 mL) was mixed with 5% NaNO2
(75 mL) and incubated for 5 min. A 10% AlCl3 solution (150 mL) was
added and incubated for 6 min. Finally, 500 mL of 1M NaOH was
added and the absorbance was recorded at 510 nm. Rutin was used
to create a standard curve; the results were expressed as microgram
of rutin equivalent (RE)/milligram of extract.

2.5. ABTS and cellular antioxidant activity assay

The ABTS [2,20-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid)] radical cation decolorization assay was performed as
described previously, with minor modifications [23]. In brief, an
ABTS radical solution was prepared in PBS and allowed to stand at
room temperature for 12e16 hwith continuous stirring. The radical
solution was diluted until an absorbance of 0.70 � 0.020 at 734 nm
was reached. The samples (20 mL) were mixed with 980 mL of ABTS
radical solution for 10 min at room temperature in the dark; blank
solutionwas mixed with an equal amount of water. The absorbance
was measured at 734 nm, and the inhibitory percentage was
calculated. Vitamin C was used as a positive control.

Cellular antioxidant activity (CAA) assay was performed as
described previously [24]. All samples were analyzed in triplicate.
After subtracting the blank, the area under the curve for fluores-
cence versus time was integrated to calculate the CAA value of each
sample at the same concentration using the following equation:

CAA unit ¼ 100�
�Z

SA=
Z

CA
�
� 100

where !SA and !CA are integrated under the fluorescence versus
time curve of the test sample and the control, respectively.

2.6. Cell culture

AML-12 cells were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). AML-12 cells were cultured
according to supplier instructions and were maintained in a hu-
midified incubator with 5% CO2 at 37�C.

2.7. Immunocytochemistry

Cells grown on glass coverslips until 90% confluencewere treated
with H2O2 and ginseng extract. After washing with PBS, cells were
fixed with 4% paraformaldehyde for 10 min. Immunocytochemistry
staining for 4-HNE, NADPH, glutathione disulfide (GSSG), and DNP
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was performed according to the manufacturer’s instructions. In
brief, endogenous peroxidase level was inhibited after fixation and
cells were incubated in 0.2% H2O2 with PBS for 5 min at 20�C. Cells
were washed three times with PBS and incubated overnight with
1:200 dilution of primary antibody at 4�C. After washing with PBS
three times, the cells were incubated with respective secondary
antibody for 30 min at room temperature. All treatment groups
were incubated under the same conditions with same concentration
of antibodies and at the same time; thus, the results of immuno-
staining were comparable between different treatment groups.

2.8. Fluorescence microscopy and spectrophotometry

The intracellular GSH level was determined using the GSH-
sensitive fluorescent dye CMF-DA. AML-12 cells were grown until
90% confluence on coverslips. After treatment, cells were incubated
with Cell Tracker Green CMF-DA (5 mM) for 30 min in the dark. The
fluorescence caused by conjugation of GSH with the CMF-DA Cell
Tracker was analyzed using an Axio Vert. A1 microscope. Levels of
8-hydroxy-20-deoxyguanosine (8-OH-dG) and ATP in AML-12 cells
were estimated using a fluorescence binding assay. After exposure
of AML-12 cells to oxidative stress, cells were fixed and per-
meabilized with ice-cold methanol for 15 min. DNA damage was
visualized using avidin-conjugated tetramethylrhodamine iso-
thiocyanate (TRITC). For ATP detection, an FITC-linked ATP antibody
was used for fluorescence microscopy with excitation and emission

wavelengths of 540 nm and 588 nm, respectively. Intracellular ROS
production was measured according to the instruction manual for
the DCF-DA cellular ROS detection kit (113851 Abcam KK, Tokyo,
Japan) and fluorescence was recorded using a microplate reader
(excitation, 488 nm; emission, 535 nm).

2.9. Analysis of cell viability and apoptosis

Cell viability was assessed using an MTT assay as described
previously [24]. Terminal deoxynucleotidyl transferase (TdT) dUTP
nick-end labeling (TUNEL) staining was conducted according to the
instruction manual provided by the manufacturer. Images were
captured using a light microscope.

2.10. Statistical analysis

Statistically significant differences between groups were deter-
mined using one-way analysis of variance using SAS software for
Windows release 9.2 (SAS Institute Inc., Cary, NC, USA) on the
W32_VSHOME platform. The least-squares means option using a
TukeyeKramer adjustment was used for the multiple comparisons
among the treatment groups. Data are expressed as means
� standard error of mean from triplicate independent experiments
and p < 0.05 was regarded as statistically significant.

3. Results

3.1. Content of ginsenosides, total phenolics, flavonoids, and
antioxidant activity

To determine the amounts of different ginsenosides in the ex-
tracts, we performed HPLC analysis. The results are presented in
Table 1 and Fig. S1 (see the Supplemental Information online). The
total amount (milligram/gram) of ginsenosides differed signifi-
cantly between the three extracts. BGE contained more ginseno-
sides than RGE or WGE. Rg5, Rh1, Cpk, and Rg3 were significantly
higher in BGE than in the other two extracts; their quantities were
very low in RGE and absent in WGE.

Total polyphenol and flavonoid contents decreased in the
following order: BGE > RGE > WGE (Fig. 1A). The total contents of
polyphenol compounds inWG, RG, and BGwere 7.20 mg/mg of GAE,
8.19 mg/mg of GAE, and 13.29 mg/mg of GAE, respectively, and the
total flavonoid contents were 1.79 mg/mg of RE, 2.37 mg/mg of RE,
and 9.14 mg/mg of RE, respectively. BG showed a significantly higher
content of phenolic compounds than RGE or WGE (p < 0.05).

To evaluate antioxidant activity, we used ABTS radical scav-
enging activity and CAA assays. Figs. 1B, 1C show the ABTS activity

Table 1
Ginsenoside contents (mg/g) of white, red, and black ginseng extracts

Ginsenoside WGE (mg/g) RGE (mg/g) BGE (mg/g)

Rg1 2.73� 0.06 2.45� 0.05 1.11� 0.06
Re 3.60� 0.08 2.37� 0.05 1.34� 0.09
Rf 0.83� 0.02 0.76� 0.02 1.36� 0.06
Rh1 n.d 0.09� 0.01 1.06� 0.03
Rg2(s) 0.33� 0.01 0.27� 0.01 1.10� 0.03
Rb1 4.13� 0.08 6.18� 0.03 4.33� 0.07
Rc 2.27� 0.06 2.56� 0.01 1.48� 0.03
Rb2 1.97� 0.04 2.12� 0.01 1.22� 0.03
Rd 0.54� 0.01 0.71� 0.00 0.80� 0.01
F2 n.d n.d n.d
Rg3 n.d 0.15� 0.01 2.27� 0.04
Cpk 0.11� 0.01 0.49� 0.01 6.13� 0.15
Rg5 n.d 0.24� 0.00 4.98� 0.13
Rk1 n.d n.d n.d
Rh2 n.d n.d 0.03� 0.00
Total 16.51� 0.4 18.38� 0.2 27.19� 0.7

Values are presented as means � standard error of mean; n ¼ 3. BGE, black ginseng
extract; n.d, not detected; RGE, red ginseng extract; WGE, white ginseng extract

Fig. 1. Total polyphenol, flavonoid contents, and cellular antioxidant activity of ginseng extracts. (A) Change in total polyphenol and flavonoid contents of ginseng extracts after
steam processing. (B) ABTS and (C) CAA assays of ginseng extracts. Significant differences between the means of various treatment groups are represented by different letters. A p
value of less than 0.05 was considered statistically significant. Values are expressed as means � standard error of mean; n ¼ 3. ABTS, 2,20-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid); BGE, black ginseng extract; CAA, cellular antioxidant activity; GAE, gallic acid equivalent; RGE, red ginseng extract; RE, rutin equivalent; TFC, total flavonoid con-
tent; TPC, total polyphenols; WGE, white ginseng extract.
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and CAA of ginseng extracts. BGE showed significantly higher ABTS
scavenging activity and CAA than two other extracts; the effect was
dose dependent (Figs. 1B, 1C). Ascorbic acid and quercetin were
used as positive controls in the ABTS and CAA assays, respectively
(data not shown).

3.2. Intracellular ROS production and ATP levels

To measure the protective potential of the three different
ginseng extracts under oxidative stress conditions, we used H2O2 as
an oxidative stress inducer in AML-12 cells. During oxidative stress,
ROS damage normal mitochondrial function, which ultimately re-
sults in ATP depletion and eventually cell death [25]; therefore, we
also determined whether ATP levels were replenished by the
ginseng extract. H2O2 challenge resulted in enhanced ROS pro-
duction and depletion of ATP levels (Fig. 2). Pretreatment with all
three ginseng extracts prevented ROS production in a dose-
dependent manner (Fig. 2A). BGE showed significantly higher
ROS quenching activity than WGE and RGE. At 1,000 mg/mL, BGE
significantly inhibited ROS production (p < 0.05) compared with
the same dose of WGE and RGE; this dose was used for further
experiments. H2O2 exposure resulted in ATP depletion in AML-12
cells. As shown in Fig. 2B, treatment with all ginseng extracts
(1,000 mg/mL), particularly BGE, restored green fluorescence, indi-
cating that pre-exposure to ginseng extract restored intracellular
ATP levels under oxidative stress conditions (p < 0.05; Figs. 2B, 2C).

3.3. Cellular redox status

Steam processing significantly increased the antioxidant po-
tential of RGE and BGE compared withWGE. Wewanted to confirm
whether the difference in antioxidant potential diminished oxida-
tive stress and maintained normal cellular redox status. Under
oxidative stress conditions, GSH is oxidized to GSSH, and NADPH is
used to generate GSH; therefore, we also measured GSSH and
NADPH levels under the same exposure conditions [26]. The GSSG
level was elevated following exposure to H2O2. Treatment of cells
with steam-processed ginseng samples, especially BGE, effectively
decreased the GSSG level and restored the NADPH level (Fig. 3).

3.4. Cellular oxidative damage

Oxidative stress-induced ROS production leads to lipid peroxi-
dation, protein carbonylation, DNA damage, and eventually to cell

death via apoptosis. Lipid peroxidation results in the accumulation
of the lipid peroxide 4-HNE. We measured lipid peroxidation and
protein carbonyl content by immunocytochemistry using HNE and
DNP primary antibodies. 8-OH-dG, a well-known cause of DNA
damage, was analyzed using avidin-conjugated TRIF antibody via
fluorescence microscopy. Oxidative stress significantly damaged
lipids, proteins, and DNA (Fig. 4). The ginseng extracts inhibited
oxidative stress-induced cellular damage in the following order:
BGE > RGE > WGE. BGE significantly reduced the cellular damage
induced by H2O2 exposure compared with RGE.

3.5. Cytotoxicity and apoptosis

To further investigate the protective potential of BGE, we
measured cell viability and level of apoptosis in AML-12 cells under
the same experimental conditions. As shown in Fig. 5A, H2O2
exposure caused cell death, but BGE treatment significantly pre-
vented cell death compared with WGE and RGE. Ginseng extract
alone did not cause cell death (Fig. S2 in the supplemental
information online). To further investigate whether BGE has a
cytoprotective effect against H2O2, apoptosis was detected using
the TUNEL assay. H2O2 induce apoptotic cell death. However, pre-
treatment with BGE inhibited H2O2-induced apoptosis in AML-12
cells (Fig. 5B).

4. Discussion

Therewere twomain goals of this present study. The first was to
determine whether WGE, RGE, and BGE exert comparable antiox-
idant potential and protection against H2O2-induced cellular
damage. The second was to evaluate maintenance of cellular redox
status and prevention of cellular damage (lipids, proteins, and DNA)
specific to oxidative stress. Although a previous study [13] has
indicated that steam processing enhances antioxidant activity and
phenolic compounds in Korean ginseng, little is known about the
effect of ginseng extracts, especially BGE, on H2O2-induced oxida-
tive stress and cellular damage and its ROS-scavenging ability. In
this study, we have demonstrated, for the first time, that ginseng
extracts show CAA in AML-12 cells, via ROS scavenging activity and
maintenance of cellular redox status.

The extracts of steam-processed ginseng, especially BGE,
showed unique ginsenoside profiles and enhanced phenolic con-
tent and antioxidant activity (Fig. 1; Table 1). Prolonged heat
treatment enhances antioxidant activity, with increased radical

Fig. 2. Effect of the ginseng extracts on intracellular ROS and ATP levels in AML-12 cells exposed to H2O2. (A) Intracellular ROS scavenging activity of the ginseng extracts was
determined using DCF-DA. AML-12 cells pretreated with ginseng extract were exposed to 0.2mM H2O2. Data are shown as the mean of replicate DCF-DA inhibitory effect (%)
values � standard error of mean (n ¼ 3). (B) Effect of ginseng extract on intracellular ATP levels was measured using FITC-labeled antibodies; (C) ATP fluorescence intensity was
quantified using ImageJ. Significant differences between the means of various treatment groups are represented by different letters. A p value less than 0.05 was considered
statistically significant. All values are shown as means � standard error of mean; n ¼ 3. BGE, black ginseng extract; C, control; DFC-DA, 2,7-dichlorodihydrofluorescein diacetate;
FITC, fluorescein isothiocyanate; RGE, red ginseng extract; ROS, reactive oxygen species; WGE, white ginseng extract.
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scavenging activity due to the release of phenolic compounds and
Maillard reaction products during heat processing [15]. In addition,
many pharmacological studies have shown that the ginsenosides
CpK, Rg-3, and Rg-5 have several health-promoting activities, such
as anti-inflammatory, antitumor, and antioxidant potential [27e
29]. However, their contents in naturally available ginseng are
insufficient for such activities. Increasing the content of these
ginsenosides and phenolic compounds via steam processing
enhanced the antioxidant potential of BGE, as shown herein (Fig. 1;
Table 1).

We further investigated the protective role of the processed
ginseng extracts against oxidative stress by adopting an oxidative
stress model using AML-12 cells treated with H2O2. Since oxidative
stress ultimately leads to increased ROS production, ATP depletion,
and eventual cell death [5,25], we also measured the ROS and ATP
levels in AML-12 cells under oxidative stress. The results were in a
good agreement with the antioxidant data (Fig. 2). BGE showed a
significantly stronger protective effect against ROS depletion and
ATP restoration compared with WGE and RGE (p < 0.05). H2O2

exposure resulted in an imbalance in cellular redox products. Cells
are equipped with antioxidants such as GSH to combat oxidative
stress [30], however, when the level of oxidative stress overwhelms
the cellular antioxidant defense system, then the cellular redox
status is disturbed, ultimately leading to cellular damage. Ginseng
extract alone did not induce toxicity in AML-12 cells after 12 h of
exposure (Fig. S2 in the supplemental information online). To
determine the role of ginseng extract, especially BGE, in main-
taining the cellular redox status and protecting against oxidative

stress-induced cellular damage, we measured the levels of GSH,
GSSG, and NADPH to determine the cellular redox status. Under
oxidative stress, significantly reduced GSH and increased GSSG
levels lead to cellular damage [26,31,32]. BGE significantly shifted
the cellular balance to antioxidant condition and maintained the
cellular redox status by restoring the NADPH and GSH levels (Fig. 3).

Oxidative stress ultimately leads to cell death by damaging
lipids, proteins, and DNA [33,34]. Therefore, we also measured
protein carbonylation, lipid peroxidation, DNA damage, cytotox-
icity, and apoptosis in AML-12 cells pretreated with ginseng ex-
tracts. Steam processing not only enhanced the cellular antioxidant
potential of BGE but also blocked H2O2-induced cell death and
cytotoxicity by inhibiting lipid peroxidation, protein carbonylation,
and DNA damage (Figs. 4, 5). Taken together, these findings indicate
that steam processing increased the antioxidant potential by
changing the compositional profile of BGE and altering its biolog-
ical activity. Thus, the antioxidant potential of BGEwas significantly
enhanced compared with that of RGE and WGE, which may be due
to steam processing. BGE functioned as a ROS scavenger and
maintained the oxidative balance in AML-12 cells during oxidative
stress, significantly preventing cellular damage and protecting
against the apoptosis-induced cell death compared with RGE and
WGE. To best of our knowledge, in this study, we report for the first
time the modulatory role of BGE in oxidative stress-induced liver
cell damage. However, further studies are required using in vivo
model to determine the optimal conditions of administration.

In conclusion, BGE supplementation might be useful for the
protection against oxidative stress-induced liver damage by

Fig. 3. Intracellular redox status of AML-12 cells. (A) The GSH level in AML-12 cell was measured using the fluorescence probe CMF-DA. Images were obtained via fluorescence
microscopy from three separate experiments. (B) Fluorescence intensity of GSH was quantified using the ImageJ software. (C) GSSG and (D) NADPH levels were quantified via
immunocytochemistry and images were captured via light microscopy. Significant differences between the means of various treatment groups are represented by different letters. A
p value of less than 0.05 was considered statistically significant. All values are shown as means � standard error of mean; n ¼ 3. BGE, black ginseng extract; C, control; CMF-DA,
chloromethylfluorescein diacetate; GSH, glutathione; GSSG, glutathione disulfide; RGE, red ginseng extract; WGE, white ginseng extract.
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Fig. 4. Effect of ginseng extracts against cellular oxidative damage. (A) Level of lipid peroxidation measured using anti-HNE antibody and counterstained with DAB. (B) Protein
carbonyl contents were measured using a DNP-specific antibody. (C) 8-OH-dG levels were analyzed using avidin-conjugated TRITC and fluorescence microscopy, and (D) the
fluorescence intensity was quantified using the ImageJ software. Significant differences between the means of various treatment groups are represented by different letters. A p
value of less than 0.05 was considered statistically significant. All values are shown as means � standard error of mean; n ¼ 3. 8-OH-dG, 8-hydroxy-20-deoxyguanosine; BGE, black
ginseng extract; DAB, 30-diaminobenzidine; DNP, dinitrophenyl; HNE, 4-hydroxynonenal; RGE, red ginseng extract; WGE, white ginseng extract.

Fig. 5. Inhibitory effect of ginseng extract on H2O2-induced cytotoxicity in AML-12 cells. (A) Cell viability of AML-12 cells co-treated with H2O2 and ginseng extract for 12 h,
determined by MTT assay. The reference line shows H2O2-induced cytotoxicity. (B) TUNEL staining of AML-12 cells treated with H2O2 alone or with ginseng extract for 12 h.
***p < 0.05 versus H2O2. *p < 0.05; **p < 0.01 versus BGE. All values are shown as means � standard error of mean; n ¼ 3. BGE, black ginseng extract; C, control; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; RGE, red ginseng extract; TUNEL, terminal deoxynucleotidyl transferase (TdT) dUTP nick-end labeling; WGE, white
ginseng extract.
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suppression of oxidative stress and maintenance of cellular redox
status. BGE may be a potential natural agent for cellular defense in
liver cells. Importantly, these data strongly suggest that BGE sup-
plementation could be effective for treatment and prevention of
liver cell damage induced during oxidative stress.
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