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This study examined the effect of fermented ginseng (FG) on memory impairment and -amyloid (Ap) reduction in models of
Alzheimer’s disease (AD) in vitro and in vivo. FG extract was prepared by steaming and fermenting ginseng. In vitro assessment
measured soluble AB42 levels in HeLa cells, which stably express the Swedish mutant form of amyloid precursor protein. After 8
h incubation with the FG extract, the level of soluble AB42 was reduced. For behavioral assessments, the passive avoidance test
was used for the scopolamine-injected ICR mouse model, and the Morris water maze was used for a transgenic (TG) mouse model,
which exhibits impaired memory function and increased AB42 level in the brain. FG extract was treated for 2 wk or 4 mo on ICR
and TG mice, respectively. FG extract treatment resulted in a significant recovery of memory function in both animal models. Brain
soluble AB42 levels measured from the cerebral cortex of TG mice were significantly reduced by the FG extract treatment. These
findings suggest that FG extract can protect the brain from increased levels of AB42 protein, which results in enhanced behavioral

memory function, thus, suggesting that FG extract may be an effective preventive or treatment for AD.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurode-
generative disorder diagnosed clinically by loss of cogni-
tion and memory, and pathologically by the increase of
B-amyloid (AB) and deposition of AB plaques in the brain
[1,2]. Increased proteolytic degradation of B-amyloid
precursor protein (APP), the precursor for AB, is consid-
ered the primary cause of the disease process [3]. Over-
populated AP peptides tend to oligomerize, which leads
to polymerization, conformational change, fibrillation,
and deposition of fibrillar AR plaques within the brain

parenchyma [4]. Currently, many attempts have been
made to identify or develop agents capable of controlling
ApB-related mechanisms of AD [5]. However, there still
remains no cure for AD, and the majority of currently ap-
proved treatments offer only symptomatic relief at best.
This has triggered a thorough investigation of herbal
therapeutics that has long been utilized in traditional
medicines to treat aging and memory loss.

For thousands of years, ginseng, commonly known as
Panax ginseng Meyer, has been used in traditional medi-
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cine as a general body tonic [6]. Ginseng has also been
used regularly for a multitude of applications with as-
sociative functions. An example is the use of ginseng as
a central nervous system stimulant to improve cognitive
function, including marked effects on memory and learn-
ing as well as ameliorating confusion and forgetfulness
often encountered with aging [7]. Based on previous re-
search, ginsenosides are the main molecular components
that are effective in the treatment of cognitive impair-
ments [8], including the amelioration of AP plaques [9-
10]. However, various other components of P. ginseng,
including polysaccharides, peptides, polyacetylenic alco-
hols, and fatty acids, have also been identified as biologi-
cally active [11].

In an effort to determine a safer and more effective
agent with increased amounts of various ginsenosides,
fermented ginseng (FG) was developed. FG contains
high levels of Rg3, Rg5, and Rkl that have been bio-
converted from Re, Rgl, and Rb1. Recently, FG was
found to have hypolipidemic and hypoglycemic effects
[12,13] as well as anti-cancer [14], anti-inflammatory
[15,16], and therapeutic effects on allergic rhinitis in
clinical patients [17]. However, there are no reports on
the effect of FG on cognition impairment or AD. There-
fore, in the present study, the effect of FG on chemically-
induced amnesia mouse model and enhancement of Af-
related symptoms in AD transgenic (TG) mice were
investigated, as well as in vitro investigation of mutated
HeLa cells in an effort to reduce Af levels.

MATERIALS AND METHODS

Preparation and analysis of fermented ginseng ex-
tract

Six-year-old root of P. ginseng Meyer was purchased
from a traditional medicine market in Hongcheon, Ko-
rea. Well-being LS Co. Ltd. (Gangneung, Korea) manu-
factured the FG extract through steaming, drying, and
fermentation processes. Briefly, the ginseng root was
steamed for 15 min at 121°C and dried until the water
content was below 12%. Next, 10 g of the processed root
were extracted with 200 mL of distilled water for 2 h
and inoculated with 3% Lactobacillus fermentum (1x10°
cfu/g) for 16 h of fermentation at 42°C, 80 rpm. The FG
extract was then sterilized with an autoclave at 121°C
for 15 min. For comparison, dried ginseng (DG) extract
was also prepared by a 22 h water extraction with 10 g of
dried ginseng root (water content less than 12%) and 200
mL of distilled water. FG and DG extracts were freeze-
dried and analyzed for their active components by HPLC
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using YL9100 HPLC system (Younglin, Anyang, Korea)
that was equipped with a YL9160 PDA detector and an
ELSD ZAM 3000 detector (Schambeck SFD GmbH,
Bad Honnef, Germany).

In vitro soluble 3-amyloid 42 detection

A HeLa cell line stably expressing the Swedish mutant
form of APP (APPswe) was maintained in Dulbecco’s
modified Eagle medium supplemented with 10% heat-in-
activated fetal bovine serum, as previously described [18].
Briefly, the cells were plated at 70% to 80% confluence
in 60 mm dishes. The cells were pre-incubated with FG
or DG extract 200 and 400 pg/mL concentrations for 8 h.
Then, media was collected, and cell debris was removed
by centrifugation at 12,000 rpm for 5 min. The levels
of AP42 in conditioned media were determined using
sandwich ELISA (human Ap42, #KHB3482; BioSource
International Inc., Camarillo, CA, USA) according to the
manufacturer’s protocol.

Animals

For the scopolamine-induced amnesia model, 7- week-
old male ICR mice were obtained from Orient Bio Inc.
(Seongnam, Korea). Male APP/PS1 double-TG mice
(strain name, B6C3-Tg(APPswe/PSEN1dE9)85Dbo/J;
stock number 004462) used in this study were obtained
from Jackson Laboratory (Bar Harbor, ME, USA) at
the age of 4 months old. TG mice expressed a chimeric
mouse/human APP containing the K595N/M596L Swed-
ish mutations and a mutant human presenilin-1 carrying
the exon 9-deleted variant under the control of mouse
prion promoter elements, which directs the transgene
expression predominantly to central nervous system
neurons. All animals were housed in solid bottom cages
with pellet food and water available ad libitum. The mice
were also maintained on a 12/12 h light-dark cycle in a
temperature and humidity-controlled room (22°C, 50%).
The animal protocols used in this study were in accor-
dance with the Korea Institute of Science and Technol-
ogy Animal Care Committee guidelines.

Step-through passive avoidance test

A two-compartment step-through passive avoidance
apparatus (Jeung Do Bio & Plant Co., Seoul, Korea) was
used for the test. The apparatus was divided into bright
and dark compartments (10x12x15 cm’ each) by a wall
with a guillotine door. The bright compartment was il-
luminated by a fluorescent light (8 W). Eight weeks old
ICR mice were randomly grouped and administered
400 or 800 mg/kg/10 mL oral doses of FG extract. The
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other groups were administered saline. After 2 wk of FG
extract pre-treatment, the mice were injected with 1 mg/
kg of scopolamine or vehicle by intra peritoneal injection
45 min prior to the training session. During the training
session, the mice were placed in the bright compartment
and allowed to explore for 30 s, at which point the guil-
lotine door was raised to allow the mice to enter the dark
compartment. When the mice entered the dark compart-
ment, the guillotine door was closed, and an electrical
foot shock (0.3 mA) was delivered for 3 s, and the mice
were then placed back into their cages. After 24 h, a test
session was performed. During the test session, the mice
were placed in the bright compartment and allowed to
explore for 30 s, and then, the guillotine door was raised.
The latency to enter the dark compartment was recorded
for up to 300 s.

Morris water maze test

Starting at the age of 7 months old, TG mice were ran-
domly grouped and administered the FG extract in doses
of 400 or 800 mg/kg/10 mL for 4 mo. The other groups
were administered saline during the administration pe-
riod. The Morris water maze (MWM) consists of a cir-
cular pool (120 cm in diameter, and 60 cm deep) filled
with water at 24°C to 26°C to a depth of 40 cm and made
opaque (white in color) with water soluble non-toxic
paint. A non-visible escape platform, 8 cm in diameter,
was submerged approximately 1 cm below the water’s
surface in the center of the designated target quadrant.
The two phases of the MWM tests, acquisition and re-
tention, were conducted for 7 consecutive days. During
the 6 consecutive days of the acquisition phase, each TG
mouse was run for total of 3 trials per day, with a 2 h in-
ter-trial interval. The mice were given a maximum of 90
s to find the platform and remain seated for at least 5 s. If
the mouse was unable to find the platform within the 90
s time frame, it was placed directly on the platform for 5
s and then returned to its cage. For each trial, the mouse
was placed under one of the 4 visual cues in a random
order. During the acquisition phase, escape latency, the
amount of time (in seconds) it took the mouse to find the
hidden platform, was measured. For those mice that did
not find the hidden platform in the allotted time, a score
of 90 s was given. The retention phase of the MWM oc-
curred on the day immediately following the last day of
the acquisition phase. During the retention phase, the
platform was removed, and the mice were given 120 s
to explore the pool, and the duration of time spent in the
target quadrant, which had contained the escape platform
during the acquisition phase, was measured. After the
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test, the mice were removed from the pool and returned
to their cages.

In vivo soluble B-amyloid 42 detection

For in vivo detection of brain soluble AB42, the TG
mice that had undergone behavioral tests were anes-
thetized and decapitated, and the cerebral cortex was
dissected from the exposed brains. Brain samples were
stored at -80°C until use. The brain samples (100 mg)
were homogenized in Tris-buffered saline solution (20
mM Tris, 137 mM NaCl, pH 7.4) containing a complete
protease inhibitors tablet (catalog no. P8340; Sigma, St.
Louis, MO, USA). The extraction ratio (brain tissue: Tris-
buffered saline) was 1:5 or 1:10 (w/v). The tissue ho-
mogenates were centrifuged at 100,000 g for 1 h at 4°C.
Soluble AB42 levels in the resulting supernatants were
determined using the same sandwich ELISA kit used for
the in vitro detection.

Statistical analysis

All results are presented as the mean+=SEM. The over-
all significance of experimental results was examined by
Levene’s test for variance homogeneity then one-way
analysis of variance and the two-tail Dunnet’s #test. Dif-
ferences between the groups were considered significant
at p<0.05 with the appropriate Bonferroni correction for
multiple comparisons.

RESULTS

Analysis of fermented ginseng and dried ginseng
extracts

According to Fig. 1, 1 g of DG extract contained
undetectable amount of Rg3, Rg5, and Rkl (Fig. 1A).
However, these ginsenosides, Rg3, Rg5, and Rk1, were
significantly increased in 1 g of FG extract to 11.9 mg, 7.9
mg, and 6.1 mg, respectively (Fig. 1B). In contrast, DG
extract contained higher amounts of Re and Rgl (31.4
mg) and Rb1 (40.6 mg) compared with the FG extract
containing 4.0 mg and 5.7 mg, respectively.

Level of B-amyloid 42 in fermented ginseng and
dried ginseng extract-treated Hela cell line
APPswe-mutant HeLa cells exhibited a significantly
increased level of AB42. DG extract treatment showed no
significant effect on the level of Ap42 expression. How-
ever, FG extract 200 or 400 pg/mL treatment resulted in
a significant reduction of Ap42 level to 70.242.7% and
72.6%+3.0% compared with the control group, respective-

ly (Fig. 2).
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Fig. 1. HPLC analysis of ginsenoside contents in dried ginseng
(A) and fermented ginseng (B) extracts. HPLC analysis for ginsen-
osides was conducted using YL9100 HPLC system, equipped with
a YL9160 PDA detector and a ELSD ZAM 3000 detector. Designa-
tions of a, b, ¢, d, and e indicate Re+Rg1, Rb1, Rg3, Rk1, and Rg5,
respectively.

Effect of fermented ginseng extract on perfor-
mance of the step-through passive avoidance test

ICR mice with scopolamine-induced amnesia were
subjected to training with an electrical foot shock ses-
sion followed by a test session to measure their passive
avoidance behavior. As shown in Fig. 3, latency to enter
the dark compartment during the training session was not
significantly different between the experimental groups.
In contrast, during the test session, which was 24 h after
the electric foot shock, the latency to re-enter the dark
compartment significantly decreased in the scopolamine-
induced amnesia mouse group (16.11+3.87 s) compared
with the control group (58.25+21.28 s). The FG extract
treatment (800 mg/kg) significantly ameliorated the ef-
fect of scopolamine and increased the re-entry time to
94.62+30.01 s.
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Fig. 2. Effect of dried ginseng (DG) and fermented ginseng (FG) ex-
tracts on the level of soluble B-amyloid (AB)42 protein in the amyloid
precursor protein (APP)-transfected HelLa cell line. APP-transfected
HelLa cells were incubated with 200 ug/mL and 400 pg/mL of DG
or FG extracts for 8 h. Soluble AB42 level was measured from the
supernatant of conditioned media using the sandwich ELISA method
as described in the Materials and Methods. The data represent the
mean+SEM (n=3). ~ Significantly different (p<0.01) from the control
group.
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Fig. 3. Effect of fermented ginseng (FG) extract on step through
passive avoidance test. FG extract (400 or 800 mg/kg, per os, daily)
was administered to 8-weeks-old ICR mice for 2 wk and 30 min prior
to intra peritoneal scopolamine injection (1 mg/kg). Then, the mice
underwent the training session for the passive avoidance test 45 min
after the scopolamine injection. After 24 h, the test session was per-
formed, and the latency to enter the dark compartment was recorded
for up to 300 s. The data represent the mean+SEM (n=10). SCOP,
scopolamine treated. ‘Significantly different (p<0.05) from the control
group. *Significantly different (p<0.01) from the scopolamine control
group.
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Fig. 4. Effect of fermented ginseng (FG) extract during the Morris
water maze test. The FG extract (400 or 800 mg/kg, daily) or saline
was administered orally to 7-months-old transgenic (TG) mice for 4
mo and 1 h before the first trial of each acquisition day. The acquisi-
tion phase (A) consisted of 6 consecutive days in which each TG
mouse accomplished total of 3 trials with a 2 h inter-trial interval.
During the acquisition phase, the escape latency, the amount of time
in seconds that it took the mouse to find the hidden platform was
measured. The retention phase (B) occured the day immediately fol-
lowing the last day of the acquisition phase. During retention phase,
the platform was removed, and the mice were allotted 120 s to ex-
plore the pool, and the duration of the time spent in the target quad-
rant, which had contained the escape platform during the acquisition
phase, was measured. The data represent the mean+SEM (n=7).
"p<0.05, "p<0.01,"p<0.001 from the TG control group.

Effect of fermented ginseng extract on perfor-
mance of the Morris water maze test

To assess spatial memory function, 6 d of acquisition
phase was conducted with TG mice. As shown in Fig.
4A, non-TG background mouse group showed a sig-
nificant increase of memory function from the 1st day
(41.36+6.19 s) to the 6th day (17.75£3.98 s) compared

http://dx.doi.org/10.5142/jgr.2013.37.100

140 -
120 A

s

€ 100 A

o

o

o

~ 80 A

o

o

£ 60 - *

©

3

~ 404

<

<

< 0]
0 -

G TG+FG 400  TG+FG 800 (mglkg)

Fig. 5. Effect of fermented ginseng (FG) extract on the level of
soluble B-amyloid (AB) 42 protein in the mouse cerebral cortex.
Transgenic (TG) mouse brain tissue was collected after behavioral
test at 11 mo of age. The brain samples (100 mg) were homogenized
in Tris-buffered saline solution (20 mM Tris, 137 mM NaCl, pH 7.4)
containing complete protease inhibitors tablets. The extraction ratio
(brain tissue:Tris-buffered saline) was 1:5 or 1:10 (w/v). The tissue
homogenates were centrifuged at 100,000 g for 1 h at 4°C. Soluble
AB42 level in the resulting supernatants were measured using the
sandwich ELISA kit according to the manufacturer’s protocol. The
data represent the mean+SEM (n=7). p<0.05, "p<0.01 from the TG
control group.

with the TG mouse group. In contrast, TG mice showed
no progress in finding the escape platform from the 1st
day (90.06+0.00 s) to the 6th day (76.69+7.39 s). FG
extract treatments, 400 and 800 mg/kg, exhibited sig-
nificant dose-dependent enhancement of escape latency
starting from 84.30+5.75 and 82.76+6.19 s on the 1st day
to 41.30+£8.90 and 42.90+10.25 s on the 6th day, respec-
tively. Subsequently, spatial memory was tested on the
7th day during the retention phase. As shown in Fig. 4B,
the duration in the target quadrant, which had contained
the escape platform, significantly decreased in the TG
mouse group (31.53+£0.99 s) compared with the non-
TG background mouse group (38.92+1.56 s). However,
FG extract 400 and 800 mg/kg treated groups showed a
tendency to increase the duration in target quadrant up
to 33.104+3.47 and 33.72+2.88 s, respectively, compared
with the untreated TG mouse group.

Level of B-amyloid 42 in fermented ginseng-treat-
ed transgenic mice

APB42, a toxic form of AP that increases in AD,
increased dramatically in the cerebral cortex of TG
mouse group compared with the non-TG background
mice. However, FG extract 400 and 800 mg/kg treat-
ment significantly reduced the level of AB42 down to
44.95+5.08% and 53.59+5.50%, respectively (Fig. 5).



DISCUSSION

AD is an age-related neurodegenerative disorder with
progressive cognitive dysfunction and characterized by
presence of senile plaques in the brain. AP is the major
component of senile plaques and is considered to have a
causal role in the development and progress of AD [19].
Over the years, various research studies have reported, P,
ginseng, especially ginsenosides such as Rgl and Rbl,
to exhibit neuroprotection against AD with respect to the
ApP-related symptoms [20-24]. However, other ginsen-
osides such as Rg3, Rg5, and Rkl have not been widely
studied in the area of neurodegenerative disease. The FG
extract used in this study was compared with DG ex-
tract due to their different compositions of ginsenosides.
We found that FG extract consists of less Re, Rgl, and
Rb1 and more Rg3, Rg5, and Rkl compared with the
DG extract. Based on our pilot study, the comparison of
various kinds of ginsenosides on the in vitro AP reduc-
tion effect resulted in Rg3 exhibiting a stronger effect
compared with the same concentration of Rgl (data not
shown). The soluble AB42 level that was measured in
vitro also revealed that the FG extract was more effec-
tive at reducing AP42 protein than the DG extract. These
results suggest that ginsenoside Rg3, Rg5, and Rkl, or
the combination of these ginsenosides needs to be further
investigated in AD-related models.

To confirm our hypothesis that the FG extract would
be effective in animal models of AD, we used two animal
models that exhibit amnesia and A accumulation.
Through many previous studies, scopolamine treatment
is a well-supported model of the learning and memory
symptoms found with increasing age and dementia [25-
27]. Cholinergic deficits are neuropathological occur-
rences that are consistently associated with memory loss
and are correlated with the severity of AD [28].

In the present study, we first attempted to examine the
effect of FG extract on memory impairment induced by
scopolamine injection using the step-through passive
avoidance test; this test is a useful tool for the estimation
of standard learning and memory function [29,30]. The
result of this behavioral study indicates that FG extract
has a significant ameliorating effect on the scopolamine-
induced memory dysfunction, which indicates FG as a
possible candidate as a symptomatic treatment for AD.

Although a symptomatic treatment can be effective in
delaying the cognitive impairment in AD patients, it is
not a fundamental treatment for the disease. Thus, further
investigations on the causal mechanism for AD, such as
AP formation, are needed.
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AD-related TG mice with APP and presenilin-1 muta-
tion exhibit increased AP formation and A plaques in
the brain, which leads to severe cognitive malfunction
[31,32]. We attempted to examine the effect of FG ex-
tract on TG mice to reveal the effect of prolonged treat-
ment of FG on AP formation.

The MWM test, a well-known behavioral task used in
various studies [33] to measure spatial memory, was also
used in this study. Compared with TG control group, FG
extract-treated groups showed consistent learning of the
escape platform in the water maze. On the last day of the
acquisition phase, the FG extract-treated groups showed
a significantly decreased escape latency, which indicates
an increased ability to remember the position of escape
platform. On the 7th day of the experiment, the reten-
tion phase test was conducted. The non-TG background
mouse group showed significantly increased swimming
time in the target quadrant where the escape platform
existed during the previous 6 experimental days. Com-
pared with the non-TG background mouse group, TG
control mice showed significantly decreased time spent
in the target quadrant. The FG extract treatment, how-
ever, showed a tendency to increase the average time
spent to find the escape platform compared with the TG
control mouse group. In addition, during the probe phase,
numbers of zone transition of the swimming mouse from
other quadrant areas to target quadrant decreased to 74%
compared to non-TG background mouse group. The FG
extract treated groups recovered the zone transition rate
up to 89% (data not shown).

Because of the spatial memory enhancing effect of FG
in the TG mice, we assumed that the effect could be caused
by an A reduction in the brain. Therefore the toxic Ap42
protein, which can induce formation of Ap plaques in the
AD brain [34,35], was measured in the brains of TG mice.

TG control mouse group exhibited significantly in-
creased amount of AB42 protein level in the cerebral
cortex compared with the non-TG background mouse
group. However, FG extract treatment significantly ame-
liorated the AP42 protein level in the brains of the mice.

These results suggest that FG extract can ameliorate
memory impairment, which is a symptom that can be
found in AD. Furthermore, restoration of cognitive func-
tion is partially due to the reduction of AP42 protein ac-
cumulation in the brain, which was due to the prolonged
treatment of FG extract containing Rg3, Rg5, and Rk1,
as well as Rgl and Rbl.

Further research on the mechanisms of FG effects and
clinical investigations in AD may lead to FG being a can-
didate for treatment of AD.
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