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The antioxidant activities of fermented red ginseng (FRG) were investigated in vitro and in vivo. The contents of total polyphe-
nol and total flavonoid in FRG extracts were 17.01£2.00 ug/mg and 18.42+3.97 ug/mg, respectively. These extracts were capable
of directly scavenging o, a-diphenyl-picrylhydrazyl free radicals. The antioxidative effects of the FRG extracts in streptozotocin
(STZ)-induced diabetic rats were also investigated. The activities of plasma alanine transaminase, aspartate transaminase, and
y-glutamyltransferase were significantly decreased by extract administration as compared to an STZ control group. Hepatic gluta-
thione content depleted by STZ treatment was significantly increased by treatment of the FRG extracts, but the elevation of lipid
peroxide content induced by STZ was significantly decreased by the extracts. Activities of superoxide dismutase, catalase, gluta-
thione peroxidase, and glutathione reductase decreased after STZ-treatment were recovered by the treatment of the FRG extracts.

These results indicate that FRG extracts have antioxidative effets in STZ-induced diabetic rats.
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INTRODUCTION

According to a recently published World Health Orga-
nization report, it is estimated that over one million seven
thousand people around the world were affected by dia-
betes in 2000, and diabetes incidence will only continue
to increase in the future, affecting approximately three
million six thousand people by 2030 [1]. It is expected
that the number of diabetic patients will dramatically
increase in Korea as well, owing to bad lifestyle and di-
etary choices in addition to a sharp increase in the obese
population [2,3].

Diabetes mellitus is a chronic metabolic disease that
is characterized by high serum glucose levels. The insuf-
ficiency of insulin secretion or increase in insulin resis-

tance seen in this disease state leads to dysfunction of not
only glucose metabolism, but also the metabolic regula-
tion of protein, lipids, and electrolytes [4]. In particular,
the free radicals generated in diabetic patients through
sustained chronic high blood glucose levels and associ-
ated glycosylation processes, promote lipid peroxidation
and increase endogenous oxidative stress, inducing cellu-
lar damage and engendering hyperlipidaemia, hyperten-
sion, coronary atherosclerosis, diabetic retinopathy, and
many other diabetic complications [5,6].

Oxidative stress is one of the most important mecha-
nisms of diabetic complication genesis, and the imbal-
ance between the production of active oxygen and its op-
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posing protective mechanisms is known to be associated
with even greater cellular damage, a phenomenon that is
seen in diabetic patients. Furthermore, free radicals are
reported to destroy beta cells that produce and secrete
insulin [7,8].

On the other hand, antioxidants can decrease diabetic
complications by protecting the body from oxidative
stress, and examples of anti-oxidating protective agents
include anti-oxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxi-
dase (GSH-Px), as well as anti-oxidant nutrients such
as vitamin C, vitamin E, and selenium [9]. Even as anti-
oxidant enzymes represent an important protective mech-
anism against the toxicity of active oxygen, decreased
levels of antioxidant enzyme activity are seen in diabetic
patients, contributing to the genesis of diabetic complica-
tions [10]. This decreased antioxidant enzyme activity
in diabetic patients is thought to be due to the glycosyl-
ation of enzymes and depletion by oxygen free radicals,
and inefficient glycosylation of anti-oxidant enzymes in
the hyperglycaemic state is known to induce changes in
enzymatic structure and function, effectively reducing
activity levels [11].

Ginseng has long been known to possess a variety of
beneficial pharmacological effects, such as enhancement
of immunity, and hyperlipidaemia and diabetes preven-
tion [12,13]. Red ginseng possesses enhanced pharma-
cological effects through its production process involv-
ing the washing of raw ginseng followed by steaming,
drying, and red ginseng formation, allowing numerous
chemical changes such as saponin deformation, amino
acid changes, and browning reactions, in order to concen-
trate the active principles [14,15]. The pharmacological
components of red ginseng include saponin-type ginsen-
osides and non-saponin type polyacetylene panaxatriol,
panaxadiol, oxidative polysaccharides, and amino acids.
These components are known to have beneficial effects
in immunity enhancement, diabetes mellitus, cancer, fa-
tigue and stress, and hyperlipidaemia [16-20].

Recent studies on the effectiveness of saponin com-
ponents that are newly produced and converted in red
ginseng fermentation [21] have shown that 30 types of
metabolic factors, including Rb,, Rb,, Re, and Rd, are
converted to chemical components such as compound
K to enable endogenous absorption by intestinal micro-
bial flora. Compound K has also been associated with
anti-cancer activities, and anti-diabetes and immune-en-
hancing effects [22]. Fermentation can also increase the
effectiveness of pharmacological factors in red ginseng
through easier and more effective endogenous absorption
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via degradation into small molecules, as well as disinte-
gration of any toxic, heavy metal, or pesticide residues,
and attenuation of their toxicity [23].

Our research team previously established that more
types of ginsenosides were present in red ginseng fer-
mented by Lactobacillus fermentum (Lac. fermentum)
NUC-CI1 NUC-C1 than normal red ginseng, and that
contents of Rg; and Rh,, which have anti-diabetic activi-
ties, greatly increased [24]. Treatment of fermented red
ginseng (FRG) resulted in higher oral glucose tolerance
test levels in streptozotocin (STZ)-induced diabetic rats
as compared to normal red ginseng, as well as decreased
levels of serum intermediate fats and total cholesterol
content and significantly decreased serum glucose con-
centration and disaccharidase activity levels in the small
intestine. It also significantly increased serum insulin
concentration, indicating it had anti-diabetic effects [24].

Administration of STZ decreases the activity levels of
enzymes by producing endogenous reactive oxygen spe-
cies (ROS) and directly attacking antioxidant enzymes
[25]. In particular, ginsenoside Rh, is known to contrib-
ute to the ability of red ginseng saponins to induce anti-
oxidation [26]. Considering the greatly increased level of
Rh, content in red ginseng fermented by Lac. fermentum
NUC-C1, FRG is thought to also contribute to increased
activities of antioxidant enzymes in STZ-administered
rats.

Therefore, this study aimed to assess the in vitro and
in vivo anti-oxidative abilities of FRG extracts prepared
from red ginseng solution fermented with Lac. fermen-
tum NUC-CI1. We assessed total polyphenol and total
flavonoid contents and a, a-diphenyl-picrylhydrazyl
(DPPH) scavenging effects of FRG extracts, as well as
evaluated the effects the FRG extracts had on antioxidant
enzyme activities in STZ-induced diabetic rats.

MATERIALS AND METHODS

Samples

The FRG used in this study was produced at the Bio
Research Institute of NUC Electronics Co., Ltd. (Daegu,
Korea). A 2 L amount of purified water was added to
300 g of 6-year-old white dried ginseng, purchased from
Geumsan Insam Nong-Hyup (Geumsan, Korea), and
steamed for 24 h. A further 4 L of distilled water was
added, and the ginseng solution was steamed at 90°C
for 48 h to make the red ginseng (RG) extracts. The RG
extracts were then used to make FRG extracts by the ad-
dition of 0.1% Lac. fermentum NUC-C1(KCCM10929P)
and 12 h of fermentation at 40°C. The RG and FRG



extracts were both dried in vacuo (Eyela; Tokyo Rikaki-
kai Co., Tokyo, Japan), freeze-dried and pulverized, and
finally stored at -20°C until used for experiments.

The total polyphenol and total flavonoid contents
of fermented red ginseng

The total polyphenol contents were measured using
the Folin-Denis method [27] adapted to 96-well plates,
and total polyphenol concentration was calculated from
a calibration curve generated using tannic acid as a stan-
dard. The results were expressed as mg/L of tannic acid
equivalents.

Also, total flavonoid contents of the samples were
determined using the method of Moreno et al. [28] with
some modifications. Total flavonoid content was calcu-
lated by comparisons with a calibration curve generated
using quercetin as a standard. The results were expressed
as mg/L of quercetin equivalents.

DPPH radical scavenging effects

The free radical scavenging activities of samples
were determined by measuring the reducing power of
the stable radical DPPH. This involved dissolving each
sample in 99% methanol to different concentrations, and
combining 800 pL of diluted solution with 200 puL of 0.15
mM DPPH solution that had been dissolved in methanol.
The reagent solution was then left at room temperature
for 30 min, followed by measurement of optical density
at 517 nm. The free radical scavenging activity of each
sample solution was presented as an RCs, value, which is
the concentration of sample needed to change the optical
density level of a control group without sample addition
to 1/2. The free radical scavenging activity was calcu-
lated from a standard curve of known concentration of
butylated hydroxyanisole.

Induction of diabetes in experimental animals
Sprague-Dawley rats (Orient Bio Inc., Seongnam,
Korea) weighing 180+10 g were used. Their cages were
maintained at 23+£2°C, with a humidity of 60+5%, and
12/12-h light/dark cycles. The rats were fed solid rat
food and water ad libitum for 1 week to adjust them to
the environment; they were then used in the subsequent
3 weeks, with close adherence to the university’s ethical
guidelines for animal experiments. The animals were
divided into one normal control group (NC) and three
diabetes induction groups. The diabetes induction groups
were further divided into diabetes control (DM) and
FRG groups (FRG administered at 100 mg/kg [FRG100]
and FRG administered at 200 mg/kg [FRG200]). Six
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rats were maintained for 3 wk in each group. The NC
and DM groups were fed only a commercial standard
rat diet (Sam Yang Co., Seoul, Korea), whereas the FRG
groups were orally administered 100 or 200 mg/kg FRG
extracts dissolved in water, at 10 a.m. daily. The sample
concentrations were determined in preliminary experi-
ments. The rats that had undergone a 1-week adjustment
period for diabetes induction were fasted for at least 12 h,
and then a peritoneal injection of STZ, diluted in 0.01 M
citrate buffer, was given at 60 mg/kg. In the NC group,
the same concentration of normal saline was used for the
peritoneal injection. Blood collected from tail veins was
used to confirm diabetes induction, and the rats with fast-
ing blood glucose levels above 300 mg/dL were used in
experiments.

Preparation of enzyme source

At the end of the 3 wk treatment period after an over-
night fast, the rats were sacrificed under ether anesthesia,
and blood samples were collected in heparinized tubes.
The collected blood was centrifuged at 3,000 rpm for 15
min, and the plasma was stored at -80°C until processed.
After blood collection, the liver was removed immediate-
ly, washed in ice-cold saline, and weighed after blotting
on filter paper. The liver was dissected and homogenized
in 0.1 M phosphate buffer (pH 7.4). The homogenates
were then centrifuged at 600 xg for 10 min at 4°C to
remove nuclear fractions, and the remaining separated
supernatant (microsomal fraction) was re-centrifuged
at 10,000 xg for 20 min at 4°C to collect the mitochon-
drial fraction (pellet) for a CAT assay. The supernatant
was ultra-centrifuged at 100,000 xg for one h at 4°C to
isolate the cytosolic fraction for SOD, GPx, and GR as-
says. The supernatant was used to assess the activities of
antioxidant enzymes as described below, and the amount
of protein was measured using BSA as a standard, at 660
nm [29].

Determination of hepatic glutathione and lipid
peroxide contents

Hepatic glutathione (GSH) content was determined by
the method of Ellman [30] based on the development of
a yellow color when 5,5’-dithio-bis-2-nitrobenzoic acid
is added to compounds containing sulfhydryl groups.
Reduced GSH was used as a standard to calculate micro-
moles of —SH content/g tissue. Lipid peroxidation in the
microsomes, which were prepared from the liver, was
estimated using the thiobarbituric acid-reactive substance
(TBARS) method as described by Ohkawa et al. [31]
and was expressed in terms of malonaldehyde formed
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per milligram of protein.

Measurement of enzyme activity

The activities of plasma alanine transaminase (ALT)
and aspartate transaminase (AST) were measured as a
marker of liver injury using the method of Reitman and
Frankel [32]. For the analysis of ALT and AST, plasma
was made to react with 100 mM phosphate buffer
(pH7.4), 800 mM L-alanine, 0.18 mM nicotinamide ad-
enine dinucleotide (NADH), and 3.7 U/mL ALT and then
allowed to stand for 3 min. This was followed by the ad-
dition of 18 mM 2-oxoglutatrate. ALT and AST activities
were measured as the rate of loss of B-NADH absorption
at 340 nm for 2 min. Plasma y-glutamyltransferase (GGT)
activity was also measured with Szasz’s method [33].
The plasma was added ot 40 mM glycine buffer (pH 8.2)
and then activity was measured by the formation of p-
nitroaniline at 405 nm.

CAT was assayed on a UV spectrophotometer at
240 nm by monitoring the decomposition of H,O, as
described by Aebi [34]. The specific activity of CAT
was expressed as nmoles of H,0O, reduced/min/mg pro-
tein. SOD was assayed by the method of Marklund and
Marklund [35]. The activity level of SOD was measured
by the amount of enzyme that inhibited 50% of cyto-
chrome C defined as 1 unit. GPx was measured by the
coupled assay method as described by Paglia and Valen-
tine [36]. One unit of enzyme activity has been defined
as nmoles of NADPH consumed/min/mg protein based
on an extinction coefficient of 6.66 mM/cm. Glutathione
reductase (GR) activity was determined using Mize and
Langdon’s method [37]. For measurement of enzymatic
activity, the amount of glutathione created by 1 mg of
protein per min was presented in mM.

Statistics

The means and standard deviations of the data were
calculated. Evaluations of each group’s significance were
performed using SAS ver. 8 (SAS Institute, Cary, NC,
USA) at the 5% significance level with Duncan’s mul-
tiple range test.

RESULTS AND DISCUSSION

Total polyphenol and total flavonoid contents, and
DPPH scavenging effects

Polyphenol compounds which exist in plants, can
act as natural antioxidants. The total polyphenol and
flavonoid contents present in red ginseng and FRG ex-
tracts were measured using tannic acid and quercetin as
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Fig. 1. Total polyphenol and flavonoid contents of water extracts
from red ginseng (RG) and fermented red ginseng (FRG). Micro-
grams of total polyphenol and total flavonoid content/mg of samples
based on tannic acid and quercetin as standard, respectively. Each
value is meantSD (n=3).

standard samples, respectively (Fig. 1). According to the
results, the total polyphenol (TP) and total flavonoid (TF)
contents of the red ginseng extracts were 15.79+15 pg/
mg and 13.20+1.63 pg/mg, respectively. While TP and
TF contents of the FRG extracts were 17.01+2.00 pg/mg
and 18.42+3.97 pg/mg, respectively, showing higher lev-
els than the red ginseng extracts; however, there were no
significant differences. Furthermore, the RCs, values for
the DPPH scavenging effects of the red ginseng and FRG
extracts were 484.46+21.98 pg/mL and 259.42+2.13 pg/
mL, respectively, indicating that the FRG had superior
DPPH scavenging effects (Table 1). It is thought that
the increased total polyphenol and flavonoid contents of
FRG as compared to red ginseng lead to greater DPPH
scavenging effects.

The ethanol extracts of 5-year-old ginseng and
10-year-old cultured wild ginseng were reported to have
DPPH scavenging effects with RCs, values of 14.55 and
4.86 mg/mL, respectively [38]. Considering this, it can
be noted that RG and FRG are created by the steaming
and maturation of ginseng for ‘FRG manufacturer’. RG
ethanol extracts made from the steaming and maturation
of water ginseng have greater anti-oxidant activity [39],
and red ginseng’s ginsenosides Rb, and Rg, have lipid
oxidant suppression and antioxidant activities [19]. Fur-
thermore, red ginseng’s ginsenoside Rh, can significantly
increase antioxidant enzymatic activity, thus showing an-
tioxidant effects [26,40]. FRG has more various types of
ginsenosides compared to RG, and although Rb, and Rh,
which are known to have antioxidant activities could not
be detected in RG, FRG showed Rb, and Rh, levels of
0.14 mg% and 2.57 mg%, respectively. Similarly, while
Rg; was found to be present in ginseng at 23.62 mg%, in
FRG it increased greatly to 95.11 mg% [24]. Therefore,
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Table 1. Scavenging effects of water extracts from RG and FRG, and BHA on DPPH -

Sample Concentration (ng/mL) Scavenging effect (%) RCy," (ug/mL)
300 34.93+5.08
RG 500 50.60+5.55 484.46+21.98
700 55.57+2.26
100 32.37+7.50
FRG 300 58.65+4.59 259.42+2.13
500 61.12+4.31
1 32.83+1.13
BHA 5 79.20+2.98 3.33£1.12
10 90.26+4.53

Each value is mean+SD (n<3).

RG, red ginseng; FRG, fermented red ginseng; BHA, butylated hydroxyanisole; DPPH - , a,a-diphenly-B-picrylhydrazyl radicals.
"Concentration required for 50% reduction of DPPH- at 30 minutes after starting the reaction.
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Fig. 2. Effect of fermented red ginseng (FRG) extracts on the activi-
ties of plasma aspartate transaminase (A) and alanine transaminase
(B) in streptozotocin-induced rats. NC (n=6), normal control group;
DM (n=6), diabetic mellitus group; FRG100 (n=6), diabetic group
fed with 100 mg/kg of FRG; FRG200 (n=6), diabetic group fed with
200 mg/kg of FRG. **°Mean values with different superscripts in the
same column are significantly different (p<0.05).

even though antioxidant effects are present in both FRG
and RG, FRG has a much greater level of antioxidant ac-
tivity than RG.

ALT, AST, and GGT levels in plasma
The activities of ALT and AST, which are liver-

specific enzymes detected in plasma, were measured
from animals that were fed for three weeks after oral
administration of FRG extracts to STZ-induced diabetic
mice. Plasma ALT and AST activities were increased
significantly in the STZ-induced DM compared to the
NC group as shown in Fig. 2, and decreased significantly
upon oral administration of the FRG extracts. When 200
mg/kg of FRG extract was administered as compared
to 100 mg/kg, ALT and AST activities decreased to a
greater extent; however with no significant differences.
Since the administration of FRG brought about decreases
in AST and ALT activity, which had previously been
increased due to STZ administration, it is thought that
the FRG extracts decreased aminotransferase activity,
thus having a protective effect against STZ-induced liver
damage.

Plasma GGT activity increased significantly in the
DM group compared to the NC group as shown in Fig.
3; however, it decreased upon administration of the
FRG extracts. A significant decrease was observed in the
FRG 100 mg/kg administration group compared to the
DM group, but no significant difference was observed
between FRG 200 mg/kg and the DM group. The sig-
nificant decrease in GGT activity upon administration of
FRG 100 mg/kg was similar to a report where a group
receiving FRG 100 mg/kg had superior blood glucose
lowering effects and insulin secretion stimulation effects
than a group receiving FRG 200 mg/kg [24], thus leading
to the suggestion that the optimal concentration of FRG
extract metabolized in the liver is 100 mg/kg.

Increases in GGT are reported to be due to oxidative
stress-related mechanisms in diseases like diabetes, ag-
ing, obesity, and hypertension [41,42]. STZ-induced
diabetic mice had increases in GGT activity that were
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Fig. 3. Effect of fermented red ginseng (FRG) extracts on the activi-
ties of plasma y-glutamyltransferase in streptozotocin-induced rats.
NC (n=6), normal control group; DM (n=6), diabetic mellitus group;
FRG100 (n=6), diabetic group fed with 100 mg/kg of FRG; FRG200
(n=6), diabetic group fed with 200 mg/kg of FRG. *Mean values with
different superscripts in the same column are significantly different
(p<0.05) by Duncan’s multiple range test.

decreased by the administration of FRG. This is thought
to be due to high levels of total polyphenols, flavonoids,
and ginsenosides in FRG having antioxidant activity. A
similar report showed that as concentrations of vitamin A,
vitamin C, lutein, and lycopene (which all have antioxi-
dant activity) increased, plasma GGT activity decreased
[43].

Hepatic glutathione and lipid peroxide contents

In terms of changes in hepatic glutathione content, the
DM group had significant decreases compared to the NC
group, and a significant increase in glutathione content
was shown in both the FRG 100 and FRG 200 groups
regardless of the concentration of FRG extract adminis-
tered. This is thought to be due to STZ’s absorption into
the body, inducing an oxidative stress environment and
hence glutathione is used up to buffer the oxidative ef-
fects leading to decreased glutathione content. However,
with the administration of the FRG extracts, this reduced
the need for glutathione, leading to an increase in its con-
tent.

Furthermore, a significant increase was shown in he-
patic lipid peroxide levels in the DM group compared to
the NC group. In the FRG extract groups, hepatic lipid
peroxide showed a significant decrease compared to only
the STZ-administered group, and there was no signifi-
cant difference according to FRG extract concentration
(Table 2). Because observed increases in hepatic lipid
peroxide and MDA contents upon diabetes induction
and increased oxidative stress have been reported [44],
decreases in lipid oxidants within liver tissue upon ad-
ministration of the FRG extracts were thought to be due
to the extracts aiding the removal of free radicals in vivo,
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Table 2. Effect of FRG extracts on the contents of GSH and lipid
peroxide in liver of streptozotocin-induced rats

Group GSH content Lipid peroxide content
(n=6) (umoles/g of tissue) (MDA umoles/g of tissue)
NC 64.49+7.57" 118.67+5.56°
DM 46.15+3.05° 141.19+6.64°
FRG100 58.81+4.05" 122.80+6.85°
FRG200 53.3742.34* 110.27+7.03°

FRG, fermented red ginseng; GSH, glutathione; MDA, malondi-
aldehyde; NC, normal control group; DM, diabetic mellitus group;
FRG100, diabetic group fed with 100 mg/kg of FRG; FRG200, dia-
betic group fed with 200 mg/kg of FRG. *’Mean values with different
superscripts in the same column are significantly different (p<0.05)
by Duncan’s multiple range test.

leading to antioxidant defense effects. This is further sup-
ported by a report stating that plasma TBARS concentra-
tions were lowered upon administration of ginseng leaf
extracts to diabetic rats, due to the radical scavenging
effects of polyphenols that are present in ginseng leaves
[45].

Anti-oxidant enzyme activities

SOD is an enzyme that primarily contributes to cel-
lular defenses against oxidative stress, and plays a role in
the conversion of superoxide anion to hydrogen perox-
ide. SOD enzyme activity was not significantly different
between the DM and NC groups as shown in Fig. 4A,
but the FRG extract groups showed a significant increase
in SOD activity compared to the DM group, leading to
the suggestion that free radical production was inhibited
due to increased SOD activity secondary to FRG extract
administration.

CAT, which is an enzyme that protects the body from
active oxygen-induced oxidative damage by converting
endogenous H,0, to H,O, was significantly decreased in
the DM group compared to the NC group, followed by
a significant increase compared to the DM group upon
FRG extract administration (Fig. 4B). It is thought that
the increase in CAT activity was induced in order to
degrade hydrogen peroxide produced by SOD activity.
However, there were no differences observed between
SOD and CAT activities secondary to the different con-
centrations of FRG extract.

GSH-Px activity was significantly decreased in the
DM group compared to the NC group as shown in Fig.
SA, and had a significant increase upon FRG extract ad-
ministration. There was a significant increase in GSH-Px
activity by administration of the 100 mg/kg FRG extract
but not the 200 mg/kg FRG extract. The activity of GR,
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Fig. 4. Effect of fermented red ginseng (FRG) extracts on the activities
of superoxide dismutase (A) and catalase (B) in streptozotocin-induced

rats. NC (n=6), normal control group; DM (n=6), diabetic mellitus group;
FRG100 (n=6), diabetic group fed with 100 mg/kg of FRG; FRG200
(n=6), diabetic group fed with 200 mg/kg of FRG. "1 unit of superoxide
dismutase activity was defined as which inhibited the oxidation of py-
rogallol by 50%. **Mean values with different superscripts in the same
column are significantly different (p<0.05) by Duncan’s multiple range
test.

which is an enzyme that indirectly contributes to cellular
protection and maintenance of homeostasis by maintain-
ing a reduced state of the glutathione pool in cells using
oxidation-reduction reactions [46], showed a greater
decrease in the DM group compared to the NC group
as shown in Fig. 5B, and GR activity was significantly
increased in the FRG administered groups compared to
the DM group. Therefore, the data demonstrate that FRG
contributed to increased activities of GSH-Px and GR,
which were previously significantly decreased due to
STZ-administration.

Similar to a report showing a decrease in antioxidant
enzymatic activity due to the direct attack of STZ-admin-
istration-produced ROS against endogenous antioxidant
enzymes [25], the DM group had a consistent decrease
in all SOD, CAT, GSH-Px, and GR activities. Upon ad-
ministration of the FRG extract, there was an increase
in the activities of these antioxidant enzymes, and this
is supported by a report where increases in the activity
levels of SOD, CAT and GSH-Px were observed when
ginseng leaf extract was administered to diabetic rats [45].
In particular, it is thought that ginsenosides such as Rh,
that are present in FRG, induce the expression of antioxi-
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Fig. 5. Effect of fermented red ginseng (FRG) extracts on the ac-
tivities of glutathione peroxidase (A) and glutathione reductase (B)
in streptozotocin-induced rats. NC (n=6), normal control group; DM
(n=6), diabetic mellitus group; FRG100 (n=6), diabetic group fed with
100 mg/kg of FRG; FRG200 (n=6), diabetic group fed with 200 mg/
kg of FRG. **°Mean values with different superscripts in the same
column are significantly different (p<0.05) by Duncan’s multiple range
test.

dant enzymes and activate antioxidant enzyme activity,
thus leading to potent antioxidant ability [26,40]. Further
comprehensive research on ginsenoside types present in
FRG is required.

In the case of SOD and GSH-Px activity, there was a
greater increase in their activity levels upon administra-
tion of 100 mg/kg FRG extract, rather than 200 mg/kg
FRG extract. The FRG 100 mg/kg administered group
showed much more superior blood glucose lowering and
insulin secretion increasing effects compared to the FRG
200 mg/kg administered group [24], leading to the sug-
gestion that 100 mg/kg was the optimal administration
concentration metabolized in the rat’s liver.

An increase in a combination of different eliminating
enzymes, rather than an increase in any single enzyme,
is generally more effective in the inhibition of radical-
induced cellular damage [47]. It is thought that FRG ex-
tracts augment the activity of SOD, CAT, GSH-Px, and
GR enzymes to eliminate harmful radical oxygen species
produced by STZ administration, resulting in protect-
ing the body from cellular damage. Therefore, FRG had

http://ginsengres.org
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greater antioxidant effects than red ginseng as well as
augmented antioxidant enzymatic activity to eliminate
STZ administration-induced harmful reactive oxygen
species and increased glutathione content that had pre-
viously been decreased, all leading to protection of the
body from cellular damage.
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