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Abstract This study investigated the effects of chronic

administration of red ginseng extract (RGE) and black

ginseng extract (BGE) on memory impairment in aged (18-

month-old) mice. RGE and BGE (200 mg/kg) were orally

administered for 16 weeks. Aging induced DNA damage;

however, RGE and BGE protected DNA from damage and

allowed for DNA recovery in blood lymphocytes. Choline

acetyltransferase, vesicular acetylcholine transporter,

growth-associated protein 43, synaptosomal-associated

protein 25, nerve growth factor, and brain-derived neu-

rotrophic factor protein expression were significantly

increased after treatment with RGE and BGE. These data

suggest that chronic administration of red ginseng and

black ginseng may decrease the cognitive deficits associ-

ated with normal aging.
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Introduction

Neurodegenerative diseases associated with aging are

characterized by severe damage of the cholinergic system,

which leads to cognitive and memory impairments.

Moreover, cognitive decline with aging is associated with

the deterioration of neuronal transmission in the hip-

pocampus due to dysregulation of genes that are

responsible for synaptic protein synthesis, such as growth-

associated protein (GAP-43) and synaptosomal-associated

protein (SNAP-25) [2, 3]. Neurotrophic factors, nerve

growth factor (NGF), and brain-derived neurotrophic factor

(BDNF) play a crucial role in growth, survival, and dif-

ferentiation of neurons, and are strongly influenced in the

aging process [4]. Memory loss with aging is considered to

occur early on as a result of changes in synaptic function.

However, the relationship between synaptic plasticity-re-

lated proteins and age-related memory deficits remains

largely unknown. It is therefore necessary to investigate the

candidate substances that prevent or delay aged-related

memory deficits and to identify the mechanisms for

enhancing healthy aging [5].

Ginseng is a traditional herbal medicine popularly

known as a tonic, and has been used widely to treat or

prevent many diseases. Red ginseng is made by steaming

raw ginseng. Black ginseng is produced by repeated

steaming, has a transformed specific ginsenoside profile,

and has more potent biological and pharmacological

activities than red ginseng. In brief, the contents of gin-

senosides Rg1, Re, Rf, Rb1, Rc, and Rd are decreased in

black ginseng during the steaming process, whereas the

contents of ginsenosides Rg3, Rh1, Rh2, Rh4, Rg5, Rg6,

and F4 are increased as result of heat transformation during

the steaming process [6, 7].

Red ginseng is believed by some to be effective for

treating age-related neurodegenerative diseases; however,

most studies have focused primarily on the protective

effects of a major ginsenoside [8, 9]. While black ginseng

has recently been reported to be effective against many

diseases [10, 11], studies on its protective effects on

memory loss with natural aging have not been conducted.

Therefore, this study investigated the effects of red ginseng

& Chang Keun Sung

kchsung@cnu.ac.kr

1 Korea Institute of Oriental Medicine, Daegu 41062, Korea

2 Department Food Science and Technology, Chungnam

National University, Daejeon 34134, Korea

123

Food Sci Biotechnol (2017) 26(6):1743–1747

https://doi.org/10.1007/s10068-017-0235-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0235-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0235-7&amp;domain=pdf
https://doi.org/10.1007/s10068-017-0235-7


extract (RGE) and black ginseng extract (BGE) against

cognitive decline and oxidative stress in aged mice.

Materials and methods

Sample preparation

Red and black ginseng were obtained from Daeduck Bio

Corp. (Daejeon, Korea). In brief, to prepare the ginseng

extracts, red and black ginseng were pulverized and

extracted three times with 80% ethanol by ultrasonication

for 1 h. The obtained extract was filtered, concentrated in

vacuo, and lyophilized.

Animals and treatment

12-week-old male ICR mice were obtained from Daehan

BioLink (Eumseong, Korea). Mice had ad libitum access to

food and water, and were housed under a controlled tem-

perature (22 ± 2 �C), humidity (55 ± 10%), and a 12-h

light/dark cycle (lights on at 08:00). Mice were housed in

the laboratory until the age of 18 months. RGE or BGE

(200 mg/kg, respectively) were administrated orally for

16 weeks. All the experimental procedures were approved

by the Institutional Animal Care and Use Committee of

Chungnam National University (CNU-00245).

Blood and brain tissue preparation

Whole blood was obtained from a cardiac puncture. Whole

brains were carefully removed from the skull, and the

cerebral cortex and hippocampus were dissected. The

cerebral cortex of right brains were homogenized and

centrifuged to obtain the supernatant, which was used for

enzyme analysis.

Assay of cholinergic activity

Acetylcholinesterase (AChE) activity was measured by the

modified method of Ellman [12]. Choline acetyltransferase

(ChAT) activity was analyzed using commercial kits

(Nanjing Jiancheng Bioengineering Institute, Nanjing,

China).

Comet assay

The comet assay was determined using a method previ-

ously described [13], with minor modifications. Whole

blood was resuspended in 0.75% low-melting point agarose

in phosphate buffer saline. This suspension was poured

onto a 1% agarose-precoated slide and then covered. The

slides were lysed in lysis buffer for 1 h at 4 �C and then

incubated to unwind in an electrophoretic alkaline buffer

for 20 min at 4 �C. Electrophoresis of slides was carried

out at 300 mA and 25 V, and then rinsed in Tris buffer.

Images from 50 cells from each slide were analyzed using a

fluorescence microscope (Leica, Germany). Tail ratio, tail

moment, and tail length were determined as a measure of

DNA damage using Komet 4.0 image analysis software

(Kinetic Imaging, Liverpool, UK).

Western blot analysis

Proteins in the hippocampus were extracted using a lysis

buffer (PRO-PREP
TM

, iNtRON Biotechnology, Seongnam,

Korea) and centrifuged. After protein quantification, sam-

ples were separated on 10–12% sodium dodecyl sulfate

polyacrylamide gel electrophoresis and transferred to a

polyvinylidene difluoride membrane membrane (0.45 lm,

Millipore, MA, USA). After blocking in a 5% nonfat dry

milk for 1 h, the membrane was incubated with the primary

antibody overnight at 4 �C. The membrane was then

incubated with horseradish peroxidase-linked secondary

antibodies for 1 h. Blots were detected using the enhanced

chemiluminescent substrate detection kit (WEST-ONE
TM

,

iNtRON Biotechnology).

Statistical analysis

Data were analyzed using the SPSS software package,

version 20 (IBM Corporation, Armonk, NY, USA). Dif-

ferences between groups were analyzed using a one-way

ANOVA followed by the Duncan’s multiple range test, and

results were considered statistically significant at p\ 0.05.

Results and discussion

Cholinergic activity

The cortical AChE and ChAT activities are shown in

Fig. 1. In the control group, AChE and ChAT activities

were 1.76 ± 0.46 U/mg protein and 11.34 ± 0.88 U/mg

protein, respectively. In the RGE-treated group, AChE and

ChAT activities were not significantly different to the

control group. However, ChAT activity in BGE-treated

group (14.00 ± 0.46 U/mg protein) was significantly

higher than that in the control group (11.34 ± 0.88 U/mg

protein) (p\ 0.05). Similarly, levels of AChE and ChAT

have been found to be decreased in patients with severe

Alzheimer’s disease (AD), and an age-related decline in

ChAT activity was also found in a rodent experiment

[14, 15]. Moreover, ginsenoside Rg5 has been found to

significantly increased ChAT activity in the hippocampus

and cortex of streptozotocin-induced memory deficit rats
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[16]. Therefore, long-term intake of BGE might have a

beneficial effect on cognitive function in aged mice by

regulation of the cholinergic system.

Comet assay in peripheral lymphocytes

The results of the comet assay for DNA damage in

peripheral lymphocytes of aged mice are shown in Table 1.

The values for DNA damage in the ginseng-treated groups

were significantly lower than those in the control group

(p\ 0.05). Previous work has reported that various gin-

senosides, such as Rb1, Rg2, Rg1, Rc, Re, Rh1, Rg3, and

Rd, have a radical scavenging activity and antioxidant

defense system [17]. In addition, heat-treated ginseng has

stronger O2
-, ONOO-, and �OH-scavenging activities than

white ginseng [18]. These data suggest that aging induces

DNA damage, but that RGE and BGE may protect DNA

from this damage or be used as a strategic herb for

degenerative diseases caused by aging.

Western blot analysis in the hippocampus

The neuropathological feature of AD is the degeneration of

the cholinergic system; enhancement of cholinergic func-

tion may have beneficial effects in patients with mild to

moderate AD [19]. The hippocampal ChAT and VAChT

protein expression in aged mice was significantly enhanced

after treatment with RGE (92 and 74%, respectively), and

BGE (102 and 62%, respectively) compared to the aged

control mice [Fig. 2(A)]. Therefore, increased expression

of major cholinergic markers, ChAT and VAChT, which

are involved in the synthesis and translocation of acetyl-

choline (ACh), might be a potential therapy for alleviating

the process and symptoms of AD.

In the previous rodent studies, the expression of target

proteins such as VAChT, SNAP-25, and BDNF in aged

control group (20–24 months) was significantly reduced

compared to young control group (4–6 month) [20, 21].

Loss of synaptic plasticity can result in cognitive impair-

ment and contribute to the pathogenesis of neurodegener-

ative disease [22]. The hippocampal GAP-43 and SNAP-25

protein levels were significantly greater in the RGE (77,

Fig. 1 Effect of administration of red and black ginseng extract (RGE, BGE, 200 mg/kg, p.o., 16 weeks) on acetylcholinesterase (A) and

choline acetyltransferase (B) activities in the cerebral cortex of aged mice. Values are expressed as mean ± SD. (n = 5)

Table 1 Effect of RGE and

BGE on comet parameters of

the lymphocytes of peripheral

blood in aged mice

Group Tail ratio (% DNA) Olive tail moment Tail Length (lm)

Control 10.85 ± 1.07a 5.48 ± 1.27a 16.56 ± 2.52a

RGE 7.02 ± 0.73b 2.71 ± 0.30b 11.35 ± 1.54b

BGE 6.01 ± 0.91b 2.76 ± 0.85b 9.70 ± 1.20b

RGE: red ginseng extract, BGE: black ginseng extract, 200 mg/kg, p.o., respectively
aValues are expressed as means ± SD (n = 5)
bValues with different superscripts within the same row are significantly different at p\ 0.05
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145%) and BGE group (76, 153%), respectively, compared

to the control group [Fig. 2(B)] (p\ 0.001). The results of

this study therefore suggest that red and black ginseng may

be a useful natural herbal medicine for age-related memory

loss via an enhancement of hippocampal neuroplasticity.

As shown in Fig. 2(C), the levels of NGF and BDNF in

the hippocampus were significantly greater by treatment

with RGE (44, 28%) and BGE (59, 33%), respectively,

compared to the control group (p\ 0.01). Ginsenosides

Rb1 and Rg1 have been reported to facilitate ACh release

and increased ACh receptors, ChAT, NGF mRNA, and

hippocampal synaptic density [23]. Recently, treatment

with ginsenosides Rg5 and Rh3 isolated from heat-pro-

cessed ginseng was found to result in memory improve-

ments in mice via inhibition of AChE and by increasing

BDNF expression [24]. Based on these results, RGE and

BGE might be a useful candidate for the prevention of age-

related memory impairments.
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