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In vitro antioxidant properties of a ginseng intestinal
metabolite IH-901
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IH-901 (20-O-B-D-glucopyranosyl-20(S)-protopanaxadiol or compound K) is a final intestinal bacterial
metabolite of ginseng in humans. It has various pharmacologic effects such as antiaging, immuno-
potentiation, antistress, and antimetastatic activities. We analyzed the antioxidant activities of 1H-901
using several assays including: total antioxidant activity, reductive potential, 1,1-diphenyl-2-picryl-hydrazyl,
hydroxyl, superoxide and 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
assays, a nitric oxide scavenging assay and a lipid peroxidation assay. At concentrations of 25 and 100 pg/
mL, IH-901 inhibited lipid peroxidation of a linoleic acid emulsion with a potency comparable to ascorbic
acid and butylated hydroxyanisole. The reductive potential of IH-901 increased in a concentration-
dependent manner. IH-901 exhibited strong DPPH, hydroxyl, superoxide and ABTS radical scavenging
activities. 1H-901 was also an effective inhibitor of lipid peroxidation, although IH-901 had only a mild
scavenging activity against nitric oxide. These results suggest that IH-901 may be a useful antioxidant

agent against reactive oxygen species.
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Oxidative stress is an important contributor to the
pathophysiology of various pathological conditions including
cardiovascular dysfunction, atherosclerosis, inflammation,
carcinogenesis, drug toxicity, reperfusion injury and neuro-
degenerative diseases [1]. Reactive oxygen species (ROS),
including free radicals such as superoxide anion radical
(O*), hydroxyl radical (OH") and the 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) free radical, are active oxygen compounds
that are often generated by biological oxidation reactions with
exogenous factors [2]. ROS are known to cause aging and
cancer and to have many other toxic effects in the human
body. There are many antioxidants that minimize the actions
of ROS [3]. Antioxidants have been defined as substances
that prevent the formation of ROS or other oxidants, scavenge

them, or repair the damage they cause [4]. To date, there
have been many reports that ginseng and ginseng derivates
have antioxidant properties [3,5,6].

Ginseng has been used frequently as a traditional drug
in East Asian countries. Ginseng intestinal metabolite-|
(IH-901; 20-O-B-D-glucopyranosyl-20(S)-protopanaxadiol or
compound K) is a final intestinal bacterial metabolite of ginseng
in humans, and has various pharmacologic effects such as
antiaging, immunopotentiation, antistress, antimetastatic and
antioxidant activities [7-10]. We previously reported that
administration of 1H-901 ameliorated doxorubicin-induced
decreases in phospholipid hydroperoxide glutathione peroxidase
(PHGPx) production in mice [11]. Other ginsenoside
derivatives such as ginsenoside Rb3 and ginsenoside Rd were
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also reported to have antioxidative effects in in vivo studies
[12,13]. The ginsenoside Rb3 alleviated the increase in
malondialdehyde content and the decrease in superoxide
dismutase and catalase activities an isoproterenol-induced
animal model of myocardial injury [12]. The ginsenoside Rd
increased the activity of glutathione peroxidase (GPx) and
glutathione reductase (GR) in senescence-accelerated mice
(SAM) [13]. However, there are virtually no reported studies
that investigated the free radical scavenging activities of IH-
901. To investigate the free radical scavenging activity of IH-
901, we carried out assays that compared 1H-901-induced
changes in total antioxidant capacity, reductive potential,
DPPH, nitric oxide (NO), superoxide, hydroxyl radical and
ferric chloride-induced lipid peroxidation. All experimental
parameters were compared to positive controls known
ascorbic acid and butylated

antioxidants such as

hydroxyanisole (BHA).

Materials and Methods

Chemicals

IH-901 was obtained from the Central Research Institute,
IL-HWA Co. Ltd. (Seoul, Korea). The purity of IH-901 was
above 98%. Polyoxyethylenesorbitan monolaurate (Tween-
20), 1,1-diphenyl-2-picryl-hydrazyl (DPPH), 3-(2-pyridyl)-
5,6-bis(4-phenyl-sulfonic  acid)-1,2,4-triazine  (ferrozine),
nicotinamide adenine dinucleotide (NADH), butylated
hydroxyanisole (BHA), trichloracetic acid (TCA), phenazine
methosulfate (PMS), nitroblue tetrazolium (NBT), ferric
chloride (FeCl,), thiobarbituric acid (TBA), hydrogen peroxide
(H,0,), linoleic acid, ferrous chloride (FeCl,), potassium
ferricyanide [K,Fe(CN)y], 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonicacid) diammoniumsalt (ABTS), sodium nitroprusside
and ammonium thiocyanate were purchased from Sigma-
Aldrich (St. Louis, USA). All other chemicals were analytical
grade and obtained from either Sigma or Merck (Korea Merck
Limited, Seoul).

Determination of total antioxidant activity

The antioxidantactivity of IH-901 was determined according
to the thiocyanate method [14]. IH-901, ascorbic acid and
BHA in 2.5 mL of potassium phosphate buffer (0.04 M, pH
7.0) were added to a linoleic acid emulsion (2.5 mL) in
potassium phosphate buffer. Five milliliters of the linoleic acid
emulsion consisted of 17.5 ug Tween-20, 15.5 plL linoleicacid,
and 0.04 M potassium phosphate buffer. Five milliliter of the
control consisted of a 2.5 mL linoleic acid emulsion and 2.5
mL potassium phosphate buffer. The mixed solution was
incubated at 37°C in a glass flask and in the dark. After
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the mixture was stirred for 3 min, the peroxide value was
determined by reading the absorbance at 500 nm in a
PowerWave XS spectrophotometer (BioTek, Seattle, USA), after
reaction with FeCl, and thiocyanate at intervals during the
incubation. During linoleic acid oxidation, peroxides formed.
These compounds oxidize Fe** to Fe**. The Fe** ions form
complexes with SCN~, which has a maximum absorbance
at 500 nm. Therefore, a high absorbance indicates high linoleic
acid oxidation. Solutions without IH-907 or standards were
used as controls. All data regarding total antioxidant activity
are the average of duplicate analyses. The inhibition of lipid
peroxidation as a percentage was calculated by the following
equation:

Inhibition (%)=[(A0—A1)/A0]x100

where A0 was the absorbance of the control reaction and
A1 was the absorbance in the presence of 1H-901.

Reductive potential
The reductive potential of IH-901 was determined according

to a method that was previously described [15]. Different
concentrations of IH-901 (1.56-50 pg/mL) in 1 mL of distilled
water were mixed with phosphate buffer (2.5 mL, 0.2 M pH
6.6) and potassium ferricyanide [K;Fe(CN);, 2.5 mL, 1%)]. The
mixture was incubated at 50°C for 20 min. An aliquot (2.5
mL) of TCA (10%) was added to the mixture, which was
then centrifuged for 10 min at 1000xg (LX-131; TOMY Tech.
Co., Seattle, USA). The upper layer of the solution (2.5 mL)
was mixed with distilled water (2.5 mL) and FeCl, (0.5 mL,
0.1%), and the absorbance was measured at 700 nm in a
PowerWave XS spectrophotometer (BioTek). An increase in
absorbance of the reaction mixture indicated a greater
reductive potential.

Superoxide anion scavenging activity

Measurement of superoxide anion scavenging activity of
IH-901 was based on a previously described method [16].
Superoxide radical is generated in PMS-NADH systems by
oxidation of NADH and assayed by the reduction of nitroblue
tetrazolium (NBT). In this experiment, superoxide radicals
were generated in 3 mL of Tris-HCl buffer (16 mM, pH 8.0)
containing T mL of NBT (50 pM), TmL NADH (78 uM) and
a sample of IH-901 (from 6.25 to 100 pg/mL) in water. The
reaction was started by adding 1 mL of PMS (10 pM) to the
mixture. The reaction mixture was incubated at 25°C for
5 min, and the absorbance at 560 nm in a PowerWave XS
spectrophotometer was measured against blank samples.
Ascorbic acid was used as a control. A decrease in absorbance
of the reaction mixture indicated increased superoxide anion
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scavenging activity. The percentage inhibition of superoxide
anion generation was calculated using the following formula:

Inhibition (%)=[(AO-AT)/A0Ix100

where A0 was the absorbance of the control, and A1 was
the absorbance with 1H-901.

Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity was determined

according to the deoxyribose method [17]. The scavenging
activity of IH-901 was measured by the competition between
deoxyribose and IH-901 for the hydroxyl radicals generated
from a Fe**/ascorbate/EDTA/H,0O, system. Briefly, for the
hydroxyl radical system, the reaction mixture containing
different concentrations of IH-901 (from 3.125 to 100 pg/
mL), 2.8 mM deoxyribose, 0.1 mM FeCl,, 0.1 mM ascorbic
acid, 0.1 mM EDTA and 1 mM H,O, in phosphate buffer
(20 mM, pH 7.4) were incubated in a water bath at 37°C
for 30 min. The extent of deoxyribose degradation was
measured by the thiobarbituric acid (TBA) method. TBA (300
uL, 0.6%) and phosphoric acid (1 mL) were added to the
mixture which was heated at 100°C for 45 min and the
absorbance at 520 nm in a PowerWave XS spectrophotometer
was measured against blank samples. The hydroxy! radical
scavenging activity was calculated using the following formula:

Inhibition (%)=[(A0-A1)/A0]x100

where A0 is the absorbance of the control, and A1 is the
absorbance of the sample.

DPPH radical scavenging activity

The free radical scavenging activity of IH-901 was measured
by a DPPH scavenging assay using a previously described
method [18]. Briefly, 0.1 mM solution of DPPH in ethanol
was prepared. Then, 1 mL of this solution was added to
3 mL of IH-901 solutions at different doses (from 3.125 to
100 pg/mL). The mixture was shaken vigorously and allowed
to stand at room temperature for 30 min. Then the absorbance
was measured at 517 nm in the PowerWave XS spectro-
photometer. Lower absorbance of the reaction mixture
indicated higher free radical scavenging activity. The DPPH
radical concentration was calculated using the following
formula:

Inhibition (%)=I[(AO-A1)/A0]x100

where AO is the absorbance of the control, and A1 is the
absorbance of the sample.

229

ABTS cation decolorization assay
ABTS forms a relatively stable free radical, which decolorizes

in its non-radical form [19]. Spectrophotometric analysis of
ABTS scavenging activity was done according to a previously
described method [20]. ABTS radical cations were produced
by reacting 2 mM ABTS in distilled water with 70 mM
potassium persulfate (K,S,0,), stored in the dark at room
temperature for 24 h. Then, T mL of ABTS radical cation
solution was added to 1 mL of IH-901 solution in DMSO
at different concentrations (from 6.25 to 100 pg/mL). The
absorbance was recorded 30 min after mixing and the
percentage of radical scavenging was calculated for each
concentration relative to a blank containing no scavenger.
The extent of decolorization was calculated as a percentage
reduction in absorbance. For preparation of a standard curve,
different concentrations of ABTS cations were used. The ABTS
concentration (mM) in the reaction medium was calculated
from the following calibration curve, determined by linear
regression (r’: 0.9999):

Absorbance (,,, ..)=0.0004[ABTS*]+0.0391

The scavenging capability of test compounds was calculated
using the following formula:

Inhibition (%)=I[(AO-A1)/A0]x100

where AO is the absorbance of the control, and A1 is the
absorbance of the sample.

Nitric oxide scavenging activity

Nitric oxide scavenging activity was analyzed using a
previously reported method [21]. We mixed 0.5 mL of 10
mM sodium nitroprusside in phosphate-buffered saline with
0.5 mL of different concentrations (from 6.25 to 100 pg/mL)
of the IH-901 and incubated the mixture in the dark at room
temperature for 150 min. Controls were run as above but
the sample was replaced with an equal amount of water.
After the incubation period, 1 mL of 0.33% sulfanilic acid
reagent (in 20% glacial acetic acid) was added to 0.5 mL
of the reaction mixture. After a 5-min incubation, 1T mL of
0.1% naphthylethylenediamine dihydrochloride was added,
mixed and incubated for 30 min at 25°C. The absorbance
of the chromophore formed was read at 540 nm. Ascorbic
acid was used as a positive control and results are expressed
as percentage inhibition of nitric oxide.

The scavenging capability of test compounds was calculated
using the following formula:
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Inhibition (%)=I[(AO-A1)/A0]x100

where AO is the absorbance of the control, and A1 is the
absorbance of the sample.

Inhibition of ferric chloride—induced lipid peroxidation
Lipid peroxidation was measured by the method of Halliwell

and Gutteridge [22]. Liver homogenates were prepared by
grinding fresh normal liver from Sprague-Dawley rats in
phosphate bufferd saline, pH 7.4 (10% weight/volume). The
homogenate was centrifuged at 3,000 rpm for 15 min and
the clear supernatant was taken for analysis. An aliquot (100
ul) of IH-901 solution at different concentrations was added
to 0.5 mL of the rat liver homogenate. Then, peroxidation
was initiated by adding 100 uL of 0.2 mM ferric chloride.
The tubes were incubated at 37°C for 30 min. The reaction
was stopped by adding 2 mL of ice-cold hydrochloric acid
(0.25N) containing 15% trichloroacetic acid, 0.38%
thiobarbituric acid, and 8.1% SDS. The reaction mixture was
annealed at 95°C for 30 min. The samples were cooled and
centrifuged and the absorbance of the supernatants was
measured at 532 nm. Inhibition of lipid peroxidation by the
sample was calculated using the following formula:

Inhibition (%)=[(AO-AT)/A0Ix100

where AO is the absorbance of the control (distilled water),
and A1 is the absorbance of the sample.

Statistical analysis
All data on total antioxidant activity are the average of

duplicate analyses. The data were recorded as mean+SD
and analyzed by SPSS (version 11.5 for Windows; SPSS Inc.,
Chicago, IL, USA). One-way analysis of variance was
performed. Significant differences between means were
determined by Dennett’s multiple range test. P<0.05 was
regarded as significant.

Results and Discussion

Total antioxidant capacity
There are numerous methods for evaluation of antioxidant

activity. The ones most commonly used include: total
antioxidant activity, reductive potential, DPPH free radical
scavenging assay, metal chelating, reactive oxygen species
(such as hydrogen peroxide, superoxide, and hydroxyl radical)
quenching assay [23]. Total antioxidant capacity of IH-901,
BHA and ascorbic acid were determined by the thiocyanate
method. IH901 had an effective antioxidant activity at all
doses. The effects of various amounts of IH-901 (6.25, 25
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Figure 1. Total antioxidant capacity and reductive potential of
IH-901, BHA and ascorbic acid. For total antioxidant capacity
(A\), briefly, IH-901 or standard samples in 2.5 mL of potassium
phosphate buffer were added to a linoleic acid emulsion in
potassium phosphate buffer. The mixed solution was incubated
at 37°C in a glass flask in the dark, and the peroxide value was
determined by reading the absorbance at 500 nm after reaction
with FeCl, and thiocyanate at intervals during the incubation.
For reductive potential (B), briefly, the different concentrations
of IH-901 (1.56-50 pg/mL) in 1 mL of distilled water were mixed
with phosphate buffer and potassium ferricyanide. An aliquot
(2.5mL) of TCA was added to the mixture, which was then
centrifuged for 10 min at 1000xg. The upper layer of the
solution was mixed with distilled water and FeCl,, and the
absorbance was measured at 700 nm. BHA: butylated
hydroxyanisole, IH-901: ginseng intestinal metabolite-I.

and 100 pg/mL) on peroxidation of a linoleic acid emulsion
are shown in Figure 1A. The antioxidant activity of 1H-901
increased in a dose-dependent manner. IH-901 (25 and 100
pg/mL) showed comparable antioxidant activity to that of
50 ug of ascorbic acid. The percentage inhibition by 6.25,
25 and 100 pug/mL IH-901 of peroxidation in the linoleic
acid emulsion was 60.37, 83.17 and 85.33%, respectively,
and the percentage inhibition by 50 pg/mL of ascorbic acid
and BHA was found to be 84.93 and 88.03%.
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Figure 2. DPPH (A), superoxide (B), hydroxyl (C) and ABTS (D) radical scavenging activities of BHA, ascorbic acid and IH-901.
The radical scavenging ability of varying concentrations (3.125-100 pg/mL) of BHA, ascorbic acid and IH-901 was analyzed by
measuring their inhibitory effects on the absorbance of DPPH, superoxide, hydroxyl and ABTS radicals. The results are expressed
as meanzSD of the % inhibition of the absorbance of DPPH, superoxide, hydroxyl and ABTS radicals. DPPH: 1,1-diphenyl-2-
picrylhydrazyl, ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), BHA: butylated hydroxyanisole, IH-901: ginseng

intestinal metabolite-I.

Reductive potential

The reductive potential of a compound may serve as a
significant indicator of its potential antioxidant activity. The
presence of antioxidants causes the reduction of the Fe**/
ferricyanide complex to the ferrous form. The yellow color
of the test solution changes into various shades of green and
blue depending on the reductive potential of the antioxidant
samples [15]. Therefore, Fe** can be monitored by the
absorbance at 700 nm. To measure the reductive potential,
we investigated the Fe’*-Fe** transformation in the presence
of IH-901 using the method of Oyaizu [15]. Figure 1B shows
the reductive potential of IH-901 compared to BHA and
ascorbic acid as standards. Higher absorbance of the reaction
mixture indicated greater reductive potential. The reductive
potential of BHA, ascorbic acid and IH-901 were increased
with increasing sample concentrations. IH-901 had an effective
reductive potential although it was lower than for BHA and
ascorbic acid. These results suggest that IH-901 and the other
two standards have outstanding ability to donate electrons

to reactive free radicals, converting them into more stable
non-reactive species and terminating the free radical chain.
The reductive potential of IH-901 was 2 to 3 fold lower
than that of BHA and ascorbic acid.

DPPH radical scavenging activity

Radical scavenging activities are very important due to the
deleterious role of free radicals in biological systems. The
effect of antioxidants on DPPH radicals is thought to be due
to their hydrogen donating ability [24]. DPPH radical
scavenging activity was determined by the decrease in
absorbance at 517 nm in the presence of BHA, ascorbic acid
and IH-901. It is visually noticeable as a change in coloration
from purple to yellow. The scavenging of DPPH radicals by
BHA, ascorbic acid and IH-901 occurred in a dose-dependent
manner from 3.125 to 100 pg/mL (Figure 2A). Scavenging
of DPPH radicals decreased in the order: ascorbic acid>
BHA>IH-901; at a concentration of 100 ug/mL, the inhibition
was 97.54, 90.98 and 86.61%, respectively. Similarly, it was
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reported that ginseng efficiently scavenged DPPH radicals
[3]. These results indicate that IH-901 is a remarkable scavenger
of DPPH free radicals. The free radical scavenging activity
of these agents increased with increasing concentrations of
the agents. These data clearly indicate that IH-901 is a powerful
inhibitor of free radical production and a free radical scavenger.

Superoxide anion scavenging activity
The superoxide anion is a free radical created from the

normal process of energy generation in mitochondria, and
superoxide anions are a precursor to active free radicals that
have the potential to react with biological macromolecules
and thereby induce tissue damage [25]. In the PMS/NADH-
NBT system, the superoxide anion derived from dissolved
oxygen from the PMS/NADH coupling reaction reduces NBT.
In this method, superoxide anion reduces the yellow dye
(NBT**) to produce the blue formazan which is measured
spectrophotometrically at 560 nm. Antioxidants are able to
inhibit NBT formation [26]. Figure 2B shows the superoxide
radical scavenging capacity of IH-901 and ascorbic acid. Bothe
IH-901 and ascorbic acid showed concentration-dependent
scavenging activity of superoxide radicals. The percentage
inhibition of superoxide generation by 100 pg/mL ascorbic
acid was 90.46%, which was greater than that of the same
concentration of 1H-901 (71.49%). The superoxide radical
scavenging activity of 50 pg/mL of IH-901 was nearly equal
to that of 33.2 pg/mL of ascorbic acid. These results indicate
that IH-901 has a remarkable effect on superoxide radical
removal.

Hydroxyl radical scavenging activity

The hydroxyl radical is the most reactive free radical and
can be formed from superoxide anion and hydrogen peroxide
in the presence of metal ions, such as copper or iron. It
can react with many other compounds such as protein, DNA,
unsaturated fatty acids and almost every biological membrane
[27]. Hydroxyl radical scavenging was investigated using the
Fenton reaction. As shown in Figure 2C, IH-901 dose
dependently scavenged hydroxyl radicals. Less than 100 pg/
mL of IH-901 effectively inhibited the formation of hydroxyl
radicals linearly up to a maximum inhibition of 68.61+2.76%.
The hydroxyl radical scavenging activity of 50 pg/mL of BHA
was nearly equal to that of 37.8 ug/mL of IH-901. These
results indicate that IH-901 can effectively scavenge hydroxyl
radicals.

ABTS' radical scavenging activity
Generation of the ABTS cation forms the basis of one of

the spectrophotometric methods of measuring radical

Lab Anim Res | September, 2011 | Vol. 27, No. 3

scavenging. The assay involves a decolorization technique
in which the radical is generated directly in a stable form
prior to reaction with putative antioxidants [24]. As seen in
Figure 2D, IH-901 scavenged ABTS radicals in a concentration-
dependent manner (6.25-100 ug/mL). There was a decrease
in the concentration of ABTS™ due to the scavenging capacity
of IH-901. At 100 mg/mL, the scavenging effects of ascorbic
acid, BHA and IH-901 were 96.40, 95.95 and 64.59%,
respectively. The scavenging activity of 50 ug/mL of 1H-901
was nearly equal to that of 17.79 ng/mL of BHA and 20.02
ug/mL of ascorbic acid. These results indicate that 1H-901
scavenges ABTS cations.

Nitric oxide scavenging activity

Sodium nitroprusside in aqueous solution at physiological
pH spontaneously generates NO, which interacts with oxygen
to produce nitrite ions that can be estimated using the Griess
method [28]. Nitric oxide is a very unstable species under
aerobic conditions. It reacts with O, to produce stable products
nitrate and nitrite, through intermediates such as NO,, N,O,
and N,O,. Nitric oxide is a potent pleiotropic mediator of
physiological processes such as smooth muscle relaxation,
neuronal signaling, inhibition of platelet aggregation and
regulation of cell mediated toxicity. It is a diffusible free radical
that plays many roles as an effector molecule in diverse
biological systems including neuronal messenger, vasodilatation,
antimicrobial and antitumor activities. Studies in animal models
have suggested a role for NO in the pathogenesis of
inflammation and pain, and NOS inhibitors have been shown
to have beneficial effects on some aspects of the inflammation
and tissue changes seen in models of inflammatory bowel
disease [19,29].

IH-901 showed mild nitric oxide scavenging compared to
ascorbic acid (Figure 3A), Both 1H-901 and ascorbic acid
scavenged nitric oxide in a dose-dependent manner (3.125-
100 pg/mL). Less than 12.5 pug/mL of IH-901T moderately
inhibited the formation of nitric oxide linearly up to 25+1.01%;
no further inhibition was observed at more than 12.5 pg/
mL of IH-901. The nitric oxide scavenging activity of 12.5
pg/mL of 1H-901 was nearly equal to that of 9.18 ug/mL
of ascorbic acid. These results indicate that IH-901 has a
modest effect on nitric oxide scavenging.

Inhibition of ferric chloride—induced lipid peroxidation
Rat liver lipids undergo rapid non-enzymatic peroxidation

when incubated in the presence of FeCl,. Lipid peroxides
are likely involved in numerous pathological events, including
inflammation, metabolic disorders and cellular aging [14]. We
evaluated the protective effect of IH-907 on normal rat liver
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Figure 3. Percentage inhibition of nitric oxide radicals (A) and
lipid peroxidation (B) in the presence of different concentrations
(3.125-1000 pg/mL) of ascorbic acid and IH-901. Nitric oxide
(NO) radical scavenging activity was analyzed by measuring
their inhibitory effects on the absorbance of the NO reaction
product. It was analyzed by measuring inhibition of the
absorbance of the thiobarbituric acid reaction product. Lipid
peroxide production measured by UV detection of pink
chromogens of malondialdehyde (MDA) in respective control
reactions were 3.17+0.77. The results are expressed as
meanzSD of the % inhibition of the absorbance of the NO and
MDA. IH-901: ginseng intestinal metabolite-I.

treated with ferric chloride. The percentage inhibition of lipid
peroxidation by 1 mg/mL IH-901 was 66.59%. The ratio at
this concentration for ascorbic acid was 73.13% (Figure 3B).
These results indicate that IH-901 inhibits lipid peroxidation.
Since lipid peroxidation leads to cell death, the inhibition
of lipid peroxidation has been considered as an index of
antioxidant capacity [30].

IH-901 is a final intestinal bacterial metabolite of ginseng
in humans. However, virtually no studies have investigated
the antioxidant properties of IH-901. Therefore, the objectives
of this study were to investigate total antioxidant activity,
reductive potential, DPPH free radical scavenging, superoxide
anion radical scavenging, hydroxyl radical scavenging, nitric
oxide scavenging, ferric chloride-induced lipid peroxidation
decreasing, and ABTS radical scavenging activities of IH-901.
In vitro antioxidative effects of IH-901 were compared with

the same dose of standard antioxidants such as BHA and
ascorbic acid, which are commonly used by the
pharmaceutical industry. The results of this study clearly
indicate that IH-9071 has powerful antioxidant effects in various
antioxidant systems in vitro and that these effects were
concentration dependent. The antioxidant mechanisms of
IH-901 may be strong hydrogen donating ability, and its
effectiveness as a scavenger of superoxide, hydroxy! radical,
DPPH free radical, nitric oxide and ferric chloride-induced
lipid peroxidations. However, the components responsible
for the antioxidative activities of IH-901 are currently unclear.
IH-901 could, if optimized, be used as a source of antioxidants
for use in foods to replace synthetic antioxidants.
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