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Abstract : This study compared the effects of black, white, and red ginseng extracts (WGE, RGE, BGE, 200 mg/kg, p.o.)
on learning and memory deficits associated with scopolamine treatment (SCOP, 2 mg/kg, i.p.). Tacrine (THA, 10 mg/kg,
p.o.) was used as a positive control. Ginseng significantly reversed SCOP-induced memory impairment in the passive-
avoidance test and also reduced escape latency in training trials of the Morris water maze test. The increased acetylcho-
linesterase (AChE) activity produced by SCOP was significantly inhibited by WGE and RGE (p<0.001). SCOP admin-
istration had no effect on choline acetyltransferase (ChAT) activity, but RGE and BGE significantly increased ChAT
activity (p<0.05). SCOP administration increased oxidative damage in the brain. Treatment of amnesic mice with ginseng
extracts decreased malondialdehyde (MDA) levels and restored superoxide dismutase (SOD) and catalase (CAT) activity
to control levels. These results suggest that black ginseng enhances cognitive activity by regulation of cholinergic enzymes
and antioxidant systems. 
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INTRODUCTION

Alzheimer’s disease produces significant cognitive
impairment that arises from dysfunction in numerous neu-
rotransmitter systems, particularly from damage to cholin-
ergic neurons known to play an important role in learning
and memory [1]. Cholinergic depletion is used as a marker
of neurological pathology and is associated with memory
loss and the severity of Alzheimer’s disease symptoms [2].
Scopolamine (SCOP) is a muscarinic cholinergic receptor
antagonist that causes learning and memory impairments
in humans and animals similar to those observed in
Alzheimer’s patients. It is also widely used in animal
models to evaluate the effects of potential anti-dementia
drugs [3, 4].

Ginsenosides, the main active constituents in ginseng,
are reported to have pharmacological effects on the cen-
tral nervous system (CNS), as well as possessing anti-can-
cer, anti-diabetic, anti-oxidative, anti-ageing, and immune-
strengthening effects [5, 6]. The discovery of the effects

of specific ginsenosides has led attempt structural conver-
sion of the specific ginsenoside. For example, nine repeated
cycles of steaming, commonly used for Rehmannia root
preparation, have been applied to ginseng to make black
ginseng, which can increased ginsenoside Rg3 in red gin-
seng. Ginsenoside Rg3 is known for its neuroprotective,
anti-anemic, and analgesic effects [7, 8] and is being mass-
produced in China, where has been successfully commer-
cialized as anti-cancer treatment agent [9].

We compared the effects of black ginseng, white gin-
seng, and red ginseng on SCOP-induced memory
impairment in mice using the passive-avoidance test and
Morris water maze. We also investigated ginseng's anti-
oxidant activity, effects on acetylcholinesterase (AChE)
and choline acetyltransferase (ChAT) activity, enzymes
responsible for acetylcholine (ACh) degradation and
synthesis, and effects on SCOP-induce oxidative brain
damage.

MATERIALS AND METHODS

Ginseng extract preparation
White ginseng and red ginseng made from 4-year-old
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ginseng were purchased from a local ginseng center
(Geumsan, Korea). To prepare black ginseng, ginseng
was subjected to nine cycles of steaming at 98oC for 3 hr
followed by drying at 65oC for 18 hr. To prepare the
extract, ginseng was crushed into powder and ultrasoni-
cated three times in 10 volumes of 20% ethanol at 50oC
for 1 hr, then was filtered, lyophilized. The extraction
yield of white ginseng, red ginseng, and black ginseng
was 36.02%, 48.44%, and 54.50%, respectively.

Saponin analysis 
Saponin determination was analyzed as described by Shi

et al. [10], with the following modifications. To extract
saponin, 1 g of white ginseng, red ginseng, or black gin-
seng was added to 20 ml of 20% ethanol and ultrasoni-
cated three times at 50oC for 1 hr (60 kHz, heat power
330 W). The extract was retrieved and concentrated in
vacuo. For saponin analysis, the sample was dissolved in
20 ml of distilled water and transferred to a separatory
funnel containing the same volume of ethyl ether. Lipid
components in the sample were removed by extracting
with ethyl ether three times. The sample was further
extracted with 20 ml of water-saturated butanol three
times, after which the water-saturated butanol layer was
concentrated in vacuo. The samples were then dissolved
in 10 ml of 80% methanol and filtered through a 0.45-µm
membrane filter. Saponin levels were quantified by HPLC
analysis (SPD 20A, SIMADZU, Kyoto, Japan) using an
ACE 5 C18 column (250 × 0.4 mm, 5 µm) and UV detec-
tor (203 nm). The mobile phase was a gradient of water
and acetonitrile. To elute saponin, the acetonitrile concen-
tration was adjusted as follows: 0–30 min, 20%; 30–60
min, 20–45%; 60–78 min, 45–75%; 78–80 min, 75–80%;
80–100 min, 80–100%. After injecting 10 µL of sample,
the mobile-phase flow rate was adjusted to 1 mL/min. As
controls, ginsenoside standards (Rg1, Re, Rf, Rb1, Rc, Rb2,
Rd, 20(S)-Rg3, 20(R)-Rg3) with > 98% purity were pur-
chased from Hongjiu Biotech Co., Ltd. (Jilin, China).

Animals
ICR mice, 8 weeks old and weighing 25–30 g, were

purchased from DaeHan Biolink Co. Ltd. (Eumseong-gun,
Korea) and acclimatized for 1 week at 23 ± 2oC, 55 ± 5%
humidity, with a 12:12-hr dark:light cycle. Mice were fed
water and food ad libitum. Animals were cared for under
the guidelines of the United States National Institutes of
Health (No. 85-23, revised 1985), and all experiments
were approved by Chungnam National University animal
experiments ethics committee.

Administration of drugs
Scopolomine (Sigma, St. Louis, MO, USA) was injected

to produce learning and memory deficits (2 mg/kg, i.p.),
and tacrine, a cholinesterase inhibitor was used as a posi-
tive control (10 mg/kg, p.o.). Ginseng extract (200 mg/kg,
p.o.) was administered as described by Qiao et al. [11]
and Lee et al. [12]. Ginseng extract and THA were
administered 1 hr before behavioral experiments, and
SCOP was administered 30 min before to induce memory
impairments. All drugs were dissolved in saline, and the
control group received equal volumes of saline.

Passive-avoidance test
Passive avoidance test was carried out in identical illu-

minated and non-illuminated boxes (Jungdo Bio & Plant
Co. Ltd, Seoul, Korea). The illuminated compartment
(20 × 20 × 20 cm) contained a 100 W bulb. The non-illu-
minated compartment had a floor (20 × 20 × 20 cm) com-
posed of 2 mm stainless steel rods spaced 1 cm apart.
These two compartments were separated by a guillotine
door (5 × 5 cm). For the acquisition trial, mice were ini-
tially placed in the illuminated compartment and the door
between the two compartments was opened 10 sec later.
When mice entered the dark compartment, the door auto-
matically closed and an electrical foot shock (0.5 mA) of
3 sec duration was delivered through the stainless steel rods
(acquisition trial). Twenty-four hours after the acquisition
trial, mice were again placed in the illuminated compart-
ment to test retention (retention trial). The time taken for a
mouse to enter the dark compartment after the door opened
was defined as latency. If a mouse did not enter the dark
compartment within 300 sec, it was assumed that the mouse
had remembered the single ‘acquisition’ trial experience.

Morris water maze test
To evaluate spatial learning, the Morris water maze test

was used, as described by Morris [13]. A round tub (diam-
eter 90 cm, height 50 cm) was filled with water (23 ± 2oC)
to a height of 30 cm, and a clear round platform (10 cm in
diameter) was placed in one location 1 cm below the
water level. Before the experiment, white dye was dis-
persed evenly throughout the water so that platform was
not visible. On the first test day, the mouse was allowed to
swim freely for 60 sec with no platform in the tub. For the
next 4 days, the mouse was trained three times per day
with different sites in the tub. Once the mouse located the
platform, it was allowed to stay on it for 10 sec. If the
mouse did not find the platform within 120 sec, it was
placed on the platform for 10 sec. The time interval between
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trial sessions was 20 min.
On day 5, mice were individually subjected to a probe

trial session in which the platform was removed and the
amount of time required for the mouse to find the platform
location was measured to assess working memory.

Biochemical analysis
Following the water maze test, mice were sacrificed,

and their brains removed and homogenized in 10 volumes
of homogenization buffer (12.5 mM sodium phosphate
buffer pH 7.0, 400 mM NaCl) followed by centrifugation
at 1,000 g for 15 min. Subsequently, the supernatant was
used to determine acetylcholinesterase (AChE) activity
using a modified version of the method of Ellman [14]
with acetylcholine iodide as a substrate. Malondialdehyde
(MDA) content in the brain was determined using the
thiobarbituric acid-reactive substances (TBARS) method
as described by Uchiyama et al. [15]. Choline acetyltrans-
ferase (ChAT), superoxide dismutase (SOD), catalase (CAT),
and total antioxidant capacity (TAOC) were determined
using kits (Nianjing Jiancheng Bioengineering Institute,
Nanjing, PR, China). Total protein was determined using
the Bradford method [16].

Statistical analysis
All data were analyzed using the SPSS statistical soft-

ware package, version 15.0. Differences between groups
were analyzed using ANOVA and Duncan’s multiple
range test. P<0.05 was considered significant.

RESULTS AND DISCUSSION

Saponin content in ginseng extract
Table 1 and Fig. 1 showed the amounts of nine ginse-

nosides analyzed by HPLC and chromatograms of the
ginseng extracts used in this study. The total amount of
ginsenosides was 49.59 ± 0.54 mg in white ginseng
extract, 38.52 ± 0.69 in red ginseng extract, and 20.65 ±
0.50 mg in black ginseng extract, indicating that the white
ginseng extract had the highest ginsenoside content. 

Ginsenoside Rg3 was not detected in white ginseng
extract, whereas 1.40 ± 0.06 mg was found in red ginseng
and 12.80 ± 0.23 mg in black ginseng. Ginsenoside Rg3
comprised 62% of the total ginsenosides content in black
ginseng. Rg1 and Rb1 are known to be involved in learn-
ing and memory. The total amount of Rg1 and Rb1 was
22.15 ± 0.24 mg in white ginseng and 16.38 ± 0.24 mg in
red ginseng. In black ginseng, no Rg1 was detected, and
we found 2.21 ± 0.07 mg of Rb1, a significantly lower
amount than in the other extracts. During the heating pro-
cess used to process black ginseng, protopanaxadiol-type
saponins including Rb1, Rg1, Rc, and Rd are converted to
ginsenoside Rg3 by hydrolysis of a sugar residue at C-20
or isomerization of a hydroxyl (OH) group at C-20 [17].
Additionally, the chromatogram of black ginseng extract
revealed that approximately 10 ginsenosides were detected
after 60 min HPLC retention time (Fig. 1), demonstrating
that a large amount could be generated through the heat-
ing and steaming of ginseng.

Passive-avoidance test
The passive-avoidance test was used to examine whether

a single administration of ginseng could protect against
SCOP-induced memory impairment. Step-through latency
following SCOP treatment was 17.48 ± 7.50 sec, signifi-
cantly shorter than in the saline treated control group
(252.00 ± 106.03 sec; p<0.001, Fig. 2).

The THA-treated positive control group showed a sig-

Table 1. Ginsenoside contents in Korean ginseng extracts

Ginsenoside (mg/g extract)1) WGE RGE BGE
Rg1 9.27±0.13 6.94±0.09 ND
Re 8.29±0.08 5.07±0.06 ND
Rf 2.17±0.07 1.54±0.12 0.81±0.02

Rb1 12.88±0.11 9.44±0.15 2.21±0.07
Rc 9.90±0.04 7.89±0.10 3.26±0.11
Rb2 5.22±0.06 4.36±0.07 1.16±0.06
Rd 1.86±0.05 1.86±0.04 0.40±0.01

Rg3(S) ND 0.66±0.02 7.48±0.21
Rg3(R) ND 0.74±0.04 5.32±0.02
Total 49.59±0.54 38.52±0.69 20.65±0.50

1)Values were expressed as the mean ± SD (n=3). ND : not detected.
2)WGE: white ginseng extract, RGE : red ginseng extract, BGE : black ginseng extract
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nificantly increased step-through latency (p<0.05), demon-
strating anti-amnesic effects. The ginseng extract-treated
groups also showed significantly increased step-through
latency (p<0.01), and a higher efficacy than THA. However,
no drugs had an effect on latency time in the acquisition trial.

Morris water maze test
We used the water maze to examine the effect of gin-

seng extracts on spatial learning and memory in SCOP-
treated amnesic mice. The escape latency of the SCOP-
treated group was significantly higher than that of the
control group during training sessions, demonstrating that
long-term memory was impaired by SCOP treatment (Fig.
3A). THA and ginseng extract treatment reversed the
effects of SCOP, and similar escape latencies were observed
in THA- and ginseng-treated groups as in controls, even
after the third day of training. On day 4, the escape latency
of the THA and ginseng group were significantly lower
than that of the SCOP group. On day 5, the platform was

removed, and the probe test was conducted. In the probe
test, ginseng extract treatment lowered escape latency of
SCOP-treated mice to control levels, demonstrating that 4
days of ginseng extract administration enhanced spatial
learning and memory. In contrast, the group treated with
SCOP alone showed significantly increased escape latency
compared to the control group (p<0.001).

Activities of cholinergic marker proteins
To investigate the underlying mechanisms of the mem-

ory-enhancing effects of ginseng extract, we measured the
activity of cholinergic marker enzymes including ChAT
and AChE (Table 2). SCOP impairs learning and memory
by inhibition of the muscarinic cholinergic receptor, and it
has been used in animal models of diseases with memory
impairment such as Alzheimer's and other degenerative
neurological diseases [18]. ACh is a key neurotransmitter
in learning and memory, and its activity is terminated by
hydrolysis into acetate and choline by AChE [19]. The

Fig. 1. HPLC-UV chromatograms of ginsenosides in Korean ginseng extracts. White ginseng extract (WGE), red ginseng extract (RGE),
black ginseng extract (BGE).
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SCOP-treated group had the highest AChE activity (9.04
± 1.03 U/mg protein), as reported previously by Yamada
et al. [20]. AChE activity in the THA-treated group was
7.72 ± 0.38 U/mg protein, which was 20% lower than in
the group treated with SCOP alone (p<0.05). In contrast,
treatment with white and red ginseng extract resulted in
AChE activity of 5.18 ± 0.85 U/mg protein and 5.69 ±
0.85 U/mg protein, respectively, which was 45% and 40%
lower, respectively, than in the group treated with SCOP
alone (p<0.001). Additionally, black ginseng extract low-
ered AChE activity to 8.63 ± 0.48 U/mg protein, a lesser
reduction than white and red ginseng but similar to the
control group. ChAT is the enzyme responsible for ACh
synthesis in the CNS and was not affected by SCOP treat-
ment, consistent with previous reports [21]. However, red
and black ginseng treatment increased ChAT activity to
1.96 ± 0.13 U/mg protein and 2.02 ± 0.18 U/mg protein,
respectively, values that were significantly higher than in
the control group (1.75 ± 0.13 U/mg protein; p<0.05). 

Table 2 showed that the three types of ginseng extract
attenuated SCOP-induced memory impairments by differ-
ent mechanisms. White ginseng extract inhibited AChE
activity, leading to greater binding of ACh to the postsyn-

aptic ACh receptor, whereas black ginseng stimulated pre-
synaptic ACh synthesis, leading to greater ACh release.
Red ginseng extract appears to both increase ACh synthe-
sis and inhibit ACh degradation, which would greatly
increase synaptic ACh levels and most potently reverse
SCOP-induced amnesia. 

Antioxidant effects of ginseng extracts
We also measured the effects of ginseng extract treat-

ment on antioxidant enzyme activity and lipid peroxide
levels in mouse brain (Table 3). MDA is a reactive oxy-

Fig. 2. Effect of a single administration of Korean ginseng
extracts on SCOP-induced memory deficits in the
passive-avoidance task. Control (equal volume of 0.9%
saline), THA (tacrine, 10 mg/kg, p.o.), WGE, RGE, or
BGE (white, red, and black ginseng extract, 200 mg/kg,
p.o., respectively) were administered to mice 60 min
before the acquisition trial. Memory impairment was
induced by SCOP treatment (scopolamine, 2 mg/kg,
i.p.). Acquisition trials were carried out 30 min after
SCOP administration. Retention trials were carried out
24 h after the acquisition trials. Results are expressed as
means ± SD (n = 10). *p<0.05, ***p<0.001 versus SCOP
group, ###p<0.001 versus control group.

Fig. 3. Effect of Korean ginseng extracts on escape latency in
the training-trial sessions following SCOP treatment (A)
Training sessions for 4 days. (B) The probe trial session
on day 5. Control (equal volume of 0.9% saline), THA
(tacrine, 10 mg/kg, p.o.), WGE, RGE, or BGE (white,
red, and black ginseng extract, 200 mg/kg, p.o., res-
pectively) were administered to mice 60 min before the
test. Memory impairment was induced by SCOP treatment
(scopolamine, 2 mg/kg, i.p.). The training trials were
carried out 30 min after SCOP administration. Results
are expressed as means ± SD (n = 10). *p<0.05, **p<0.01,
***p<0.001 versus SCOP group. ##p<0.05, ###p<0.01
versus control group.
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gen species (ROS) used as a biomarker for lipid peroxi-
dation [22]. The amount of MDA in the SCOP group was
11.96 ± 2.31 nmole/mg protein, which was 160% higher
than that in the control group (p<0.001). THA and gin-
seng extract treatment reduced lipid peroxidation to con-
trol levels. TAOC in the SCOP group was 6.93 ± 0.95 U/
mg protein, which was significantly lower than that in the
control group (9.86 ± 2.00 U/mg protein; p<0.05). White
and red ginseng treatment increased TAOC compared to
the SCOP group but these changes were not significant
with respect to controls. By contrast, black ginseng treat-
ment produced the greatest increase in TAOC (p<0.05).
SOD, which removes the superoxide free radical, showed
significantly elevated activity in the SCOP-treated group.
This finding was consistent with a previous study using
an animal model of Alzheimer's disease (3× Tg-AD and
PS1 mice), which found increased SOD activity in brain
tissue, suggesting increased levels of oxidative stress [23].

CAT is an enzyme responsible for hydrogen peroxide
degradation and showed significantly decreased activity
in the SCOP group (p<0.05), consistent with a previous
study of brain tissue in dementia patients by Marcus et al.
[24]. Conversely, ginseng extract treatment increased CAT
activity, with black ginseng treatment producing the great-
est increase. These data were in line with previous reports
suggesting that ginseng extracts have substantial antioxi-
dant activity [25-27]. The antioxidant activity of black
ginseng in particular may be due to hydroxyl radical
removal by black ginseng-specific ginsenosides including
Rg3, Rk1, and Rg5 [28], in addition to the anti-cytotoxic
activity of Rg3 [29] and neuroprotective effects of Rg3
after cerebral ischemia [30].
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Table 2. Effect of Korean ginseng extracts on AChE and ChAT activity in mouse brain following SCOP treatment

Group1) AChE ChAT

 U/mg protein/min

Control 8.78±1.04a,b2)
1.75±0.13b

SCOP 9.04±1.03a 1.70±0.03b

THA + SCOP 7.72±0.38b 1.76±0.08b

WGE + SCOP 5.18±0.85c***
3)

1.77±0.13b

RGE + SCOP 5.69±0.85c*** 1.96±0.13a

BGE + SCOP 8.63±0.48ab 2.02±0.18a

1)Control: vehicle-treated group; SCOP: scopolamine (2 mg/kg, i.p.) administered alone 30 min before Morris water maze test; THA:
pretreated with tacrine (10 mg/kg, p.o.) + scopolamine 30 min before Morris water maze test; WGE, RGE, and BGE: pretreated with
each ginseng extract (200 mg/kg, p.o.) + scopolamine 30 min before Morris water maze test. Values are expressed as means ± SD of
10 animals in each group.
2)Values with different superscripts within the same row are significantly different at p<0.05.
3)**p<0.01, ***p<0.001 versus SCOP group.

Table 3. Effect of ginseng extracts on antioxidant enzyme activity following SCOP treatment

Groups1) SOD CAT TAOC MDA

(Unit/mg protein) (nmole/mg protein)

Control 65.49±4.15b2)
2.09±0.99a 9.86±2.00ab 7.44±1.27b

SCOP 88.23±10.95a 1.34±0.29b 6.93±0.95c 11.96±2.31a###3)

THA + SCOP 64.35±9.30b**
3)

1.32±0.21b 9.04±0.89ab 7.96±0.41b

WGE + SCOP 64.86±9.27b** 1.63±0.23ab 8.20±1.13bc 8.35±0.91b

RGE + SCOP 71.38±16.19b 1.80±0.35ab 8.43±0.99bc 7.71±2.20b

BGE + SCOP 69.39±11.66b 2.10±0.32a 10.55±1.33a 8.04±0.90b

1)Control: vehicle-treated group; SCOP: scopolamine (2 mg/kg, i.p.) administered alone 30 min before Morris water maze test; THA:
pretreated with tacrine (10 mg/kg, p.o.) + scopolamine 30 min before Morris water maze test; WGE, RGE, and BGE: pretreated with
each ginseng extract (200 mg/kg, p.o.) + scopolamine 30 min before Morris water maze test. Values are expressed as means ± SD of
10 animals in each group.
2)Values with different superscripts within the same row are significantly different at p<0.05.
3)**p<0.01 versus SCOP group, ###p<0.001 versus control group.
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