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Introduction
The world population is rapidly aging. In aging-related dis-
eases, neurons and neurites become dystrophic and undergo 
progressive degeneration, resulting in neuronal loss. Howev-
er, the underlying mechanisms are poorly understood, and 
clinical treatments show only limited effectiveness. Recently, 
it has been reported that oral administration of ginsenosides 
significantly reduces the levels of amyloid beta peptide in the 
brains of mouse models of Alzheimer’s disease (Chen et al., 
2006). Ginsenoside Rb1 is one of the active components of 
ginseng, and accumulating evidence shows that ginsenoside 
Rb1 possesses neurotrophic and neuroprotective properties 
in many different cell lines, as well as having anti-amnestic 
and anti-aging effects (Cheng et al., 2005). For example, it 
facilitates memory acquisition and retrieval, and ameliorates 
memory loss and cognitive deficits under various patho-
logical conditions such as cerebral ischemia and dementia 
(Wen et al., 1996; Mook-Jung et al., 2001; Wang et al., 2001; 
Wang et al., 2010). Studies in vivo have also demonstrated 
that ginsenoside Rb1 improves spatial learning and increases 
hippocampal synaptophysin levels in mice (Mook-Jung et 
al., 2001), and upregulates plasticity-related proteins in the 
hippocampus of the senescence accelerated mouse-prone 8 
(SAMP8) model (Zhao et al., 2001). In addition, pretreat-

ment of ginsenoside Rb1 can attenuate amyloid beta-in-
duced phosphorylation of tau protein (Li et al., 2005; Xie 
et al., 2007; Chen et al., 2008; Jia et al., 2011). However, the 
mechanisms underlying these actions are poorly understood. 
Cellular signaling is involved in many physiological and 
pathological processes such as neurite outgrowth, cellular 
survival and death. There are two distinct and separa-
ble signaling pathways: the phosphatidylinositol 3-kinase 
(PI3K)/Akt pathway and the mitogen-activated protein ki-
nase (MAPK) pathway. The PI3K/Akt signaling pathway is 
well-known for its role in cell survival and anti-apoptosis. 
The MAPK pathway has been implicated in hippocampal 
synaptic plasticity and hippocampus-dependent memory 
formation (Liu et al., 2011). There are three major MAPK 
groups: extracellular signal-regulated kinase 1/2 (ERK1/2), 
c-Jun N-terminal kinases, and p38 MAPK (Peti et al., 2013). 
Recently, the neuroprotective effects of ginsenoside Rb1 
and tau hyperphosphorylation were blocked by LY294002, 
a PI3K inhibitor, in cultured cortical neurons (Zhao et al., 
2011). Furthermore, ginsenoside Rb1 was shown to attenu-
ate amyloid beta (25–35)-induced tau hyperphosphorylation 
in cortical neurons via inhibition of cyclin-dependent ki-
nase-5 activity and through the c-Jun N-terminal kinase/p38 
MAPK pathway (Chen et al., 2008; Song et al., 2008).
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Hippocampal neurons are vulnerable under various patho-
logical conditions. The hippocampus plays a major role in 
learning and memory, and is the region where senile plaques 
generate in patients with Alzheimer’s disease. However, the 
mechanisms underlying the effects of ginsenoside Rb1 on 
hippocampal neurons are unclear. In the present study, we 
investigated the effects of ginsenoside Rb1 on neurite out-
growth and amyloid beta (25–35)-induced neurotoxicity in 
cultured hippocampal neurons and explored whether the 
Akt and ERK1/2 signaling pathways were involved in these 
biological processes.

Materials and Methods
Animals
Sixty newborn Sprague-Dawley rats (30 female, 30 male, 
average 2 g, less than 24 hours old), were purchased from 
the Shanghai Institute of the Chinese Academy of Science in 
China (license No. SCXK (Hu) 2007–0003). Animal care and 
experimental protocols were approved by the Chinese Acad-
emy of Sciences, China, ensuring that animal numbers and 
suffering were kept to a minimum. All experiments were per-
formed according to the Guidelines laid down by the Nation-
al Institutes of Health in the US regarding the care and use of 
animals for experimental procedures, and were approved by 
the Ethics Committee of Tongji University in China.

Primary culture of hippocampal neurons
Primary hippocampal neurons were prepared as described 
previously (Banker et al., 1997), with some modifications. In 
brief, hippocampi from newborn rats were dissected in cold 
modified Krebs-Ringer solution. After removal of meninges, 
the tissue was roughly minced by chopping with a scalpel 
blade, and trypsinized (0.25% bovine trypsin; Sigma Aldrich, 
St. Louis, MO, USA) for 9–10 minutes at 37°C. The dissociated 
cells were then washed in the presence of DNAse I and soy-
bean trypsin inhibitor (Sigma Aldrich) and gently triturated 
through a series of fire-polished constricted Pasteur pipettes. 
The cells were cultured in Neurobasal™ medium and sup-
plemented with 2% B27 supplement, 10 µL/mL penicil-
lin-streptomycin, 1% glutamax, 0.4% bovine serum albumin 
and 20 mmol/L N-2-hydroxyethylpiperazine-N′-2-ethanesul-
fonic acid at 37°C in a humidified 5% CO2 incubator (Thermo 
Fisher Scientific Inc, Waltham, MA, USA) for 24 hours.

Neurite outgrowth of hippocampal neurons in vitro 
To observe neurite outgrowth by immunocytochemical stain-
ing, primary hippocampal neurons were plated at a density 
of 1 × 104/cm2 onto coverslips precoated with 10 mg/mL         
poly-L-lysine in 24-well plates. After 24 hours of culture, 
the medium was refreshed and the test cells were treated 
with 50 µmol/L ginsenoside Rb1 in the presence or absence 
of 10 µmol/L API-2 (Akt inhibitor; Tocris Cookson Inc., 
Ellisville, MO, USA) or 10 µmol/L PD98059 (MAPK kinase 
(MEK) inhibitor; Tocris Cookson Inc.) for 24 hours. 

The cells were divided into groups: (1) untreated group 
(normal control): no treatments for 48 hours; (2) ginseno-
side Rb1 group: treated with 50 µmol/L ginsenoside Rb1 for 
the second 24 hours of incubation; (3) ginsenoside Rb1 and 

PD98059 group: treated with 50 µmol/L ginsenoside Rb1 + 
10 µmol/L PD98059 for the second 24 hours of incubation; 
(4) ginsenoside Rb1 and API-2 group: treated with 50 µmol/L 
ginsenoside Rb1 + 10 µmol/L API-2 for the second 24 hours 
of incubation. Ginsenoside Rb1 was dissolved in 0.9% NaCl 
at a concentration of 2 mmol/L as stock solution and stored 
at –80°C. PD98059 and API-2 were dissolved in dimethyl 
sulfoxide to a concentration of 25 mmol/L and stored at 
–80°C. Ginsenoside Rb1 and inhibitors were added to the 
culture medium at corresponding final concentrations. The 
inhibitors were added to the medium immediately after gin-
senoside Rb1 treatment. 

For western blot assay and enzyme-linked immunosorbent 
assay analyses, the primary hippocampal neurons were seed-
ed in 60 mm diameter flasks precoated with 10 mg/mL po-
ly-L-lysine at 2 × 105/cm2 for 24 hours. Then the medium was 
refreshed and cultures were treated as described above. After 
a further 24 hours of culture, the supernatants were collected 
and stored at −80°C for enzyme-linked immunosorbent assay, 
and the cell pellets were collected for western blot assay.

Growth-associated protein-43 immunocytochemical 
staining
After primary neurons were treated with ginsenoside Rb1 
and inhibitors for 24 hours in 24-well plates as described 
above, the cells were fixed in 4% paraformaldehyde for 30 
minutes at room temperature and incubated with blocking 
solution (5% bovine serum albumin) for further 30 minutes, 
at 37°C in a moisture chamber, to block nonspecific binding. 
The cells were then incubated with anti-rat growth-associ-
ated protein-43 (Santa Cruz Biotechnology Inc., Santa Cruz, 
CA, USA; 1:1,000 dilution) overnight at 4°C. After washing 
with PBS three times for 5 minutes each time, cells were then 
incubated with peroxidase-conjugated rabbit anti-mouse 
IgG secondary antibody (Beyotime Institute of Biotechnol-
ogy Co., Ltd., Haimen, China; 1:100 dilution) at 37°C for 2 
hours. Finally, the cells were incubated with avidin-biotin 
complex (Beyotime; 1:100 dilution) at 37°C for 1.5 hours. 
Diaminobenzidine (Sigma Aldrich) was used as a chromo-
gen for light microscopy. A negative control was carried out 
using the same procedures without primary antibody. Four 
separate experiments were performed. 

Neurite outgrowth in cell cultures was analyzed under a 
light microscope (Nikon, Tokyo, Japan) by an investigator 
blinded to the groups. The neuronal cell bodies were count-
ed (n = 100 each well) and the lengths of neurites from the 
cell bodies were measured. The ratio between the lengths of 
neurites and the numbers of cell bodies was used as an esti-
mate of the average neurite length. 

Hippocampal neurons exposed to amyloid beta (25–35) in 
vitro
The primary hippocampal neurons were prepared as de-
scribed above, and plated onto poly-L-lysine-coated cov-
erslips at 4 × 104/cm2 in 24-well plates. After 24 hours 
of culture, the medium was refreshed, and the cells were 
divided into groups: (1) untreated group (normal con-
trol); (2) amyloid beta group: cells treated with 20 µmol/L 
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amyloid beta (25–35) (Tocris Cookson Inc.) for 48 hours; 
(3) insulin-like growth factor-1-positive group: 50 ng/mL 
insulin-like growth factor-1 (Tocris Cookson Inc.) was add-
ed to the medium after treatment with 20 µmol/L amyloid 
beta (25–35) for 30 minutes; (4) ginsenoside Rb1 group: 
50 µmol/L ginsenoside Rb1 (The National Institute For the 
Control of Pharmaceutical and Biological Products, Beijing, 
China) was added to the medium after treatment with 20 
µmol/L amyloid beta (25–35) for 30 minutes; (5) ginseno-
side Rb1 + PD98059 group: 50 µmol/L ginsenoside Rb1 and                                                                   
10 µmol/L PD98059 were added to the medium after treat-
ment with 20 µmol/L amyloid beta (25–35) for 30 minutes; 
(6) ginsenoside Rb1 + API-2 group: 50 µmol/L ginsenoside 
Rb1 and 10 µmol/L API-2 were added to the medium af-
ter treatment with 20 µmol/L amyloid beta (25–35) for 30 
minutes. API-2 and PD98059 were added immediately after 
ginsenoside Rb1 treatment. All cultures were then incubat-
ed for an additional 48 hours. The cells were fixed by 4% 
paraformaldehyde for 30 minutes at room temperature for 
Hoechst-33258 staining. IGF-1 was dissolved in sterile ion-
ized water at a concentration of 100 µg/mL and 3 mmol/L as 
stock solution and stored at −20°C. 

For the western blot assay, the primary hippocampal 
neurons were plated onto poly-L-lysine coated coverslips at         
2 × 105/cm2 in 60 mm flasks. After 24 hours, the cells were 
treated with amyloid beta (25–35) and then treated with 
ginsenoside Rb1 and inhibitors as described above. After 48 
hours, the supernatants were collected and stored at −80°C 
for enzyme-linked immunosorbent assay; the cell precipi-
tates were collected for western blot assay. 

Hoechst-33258 staining 
For nuclear staining, Hoechst-33258 (Beyotime) was added 
to the medium and incubated at 37°C for 15 minutes. Fluo-
rescence images were obtained with an inverted fluorescence 
microscope (Nikon). Apoptotic and viable cells (n = 200 
each well) were counted blindly and the percentage of apop-
totic neurons was calculated, i.e., apoptotic rate = apoptotic 
cells/(apoptotic cells + viable cells) × 100%. Four separate 
experiments were performed.

Western blot assay
Cells were washed in ice-cold PBS and lysed in radioim-
munoprecipitation assay lysis buffer containing 50 mmol/L
Tris (pH 7.4), 150 mmol/L NaCl, 2 mmol/L ethylenedi-
aminetetraacetic acid, 25 mmol/L NaF, 0.1% sodium dodecyl 
sulphate, 1% NP-40, 0.5% Na-deoxycholate, 1 mmol/L 
Na3VO4, 1 mmol/L phenylmethyl sulfonylfluoride and 
1 µg/mL leupeptin, aprotinin, pepstatin each for 30 min-
utes at 4°C followed by centrifugation at 18,514 × g for 
30 minutes at 4°C. The supernatant was collected and pro-
tein content was determined with a bicinchoninic acid 
protein assay kit (Beyotime). Samples (50 µg protein) were 
dissolved in sample buffer and boiled for 5 minutes prior 
to loading onto polyacrylamide gels. The concentrations of 
separation gel and stacking gel were 12% and 5%, respective-
ly. Proteins were then transferred to polyvinylidene fluoride 
membranes (Beyotime), and blocked with 5% non-fat dry 

milk in Tris-buffered saline/0.05% Tween-20. The mem-
branes were incubated with primary antibodies (1:1,000 di-
lution) against phospho-ERK1/2 (Thr202/Tyr204), ERK1/2 
(rabbit anti-rat phospho-ERK1/2, rabbit anti-rat ERK1/2; 
Cell Signaling Technology, Beverly, MA, USA), phospho-Akt 
(Ser473) and Akt (rat anti-human phospho-Akt, rat anti-hu-
man Akt; Cell Signaling Technology), followed by incubation 
with horseradish peroxidase-conjugated goat anti-rabbit or 
anti-rat IgG (Cell Signaling Technology; dilution 1:3,000) 
for 1 hour at room temperature and visualized using an en-
hanced chemiluminescence kit (Beyotime). Quantification 
of protein bands was achieved by densitometric analysis 
using Gelpro 32 image analysis software. The ratio of phos-
pho-ERK1/2 and ERK1/2, phospho-Akt and Akt to the total 
absorbance of the respective proteins of GAPDH was nor-
malized to 1. Three separate experiments were performed. 

Enzyme-linked immunosorbent assay  
The concentrations of nerve growth factor, neurotrophin-3 
and brain-derived neurotrophic factor in the above super-
natants were detected using biotinylated goat anti-rat nerve 
growth factor, biotinylated goat anti-human neurotrophin-3 
and mouse monoclonal anti-brain-derived neurotrophic 
factor antibodies, respectively (all 1:1,000 dilution; all from 
R&D Systems Inc., Minneapolis, MN, USA) in a double an-
tibody sandwich ABC-enzyme-linked immunosorbent assay 
kit (Beyotime) according to the manufacturer’s instructions. 
The absorbance value of the colored product was read at 
450 nm in a microplate reader (Bio-Rad Laboratories, Rich-
mond, CA, USA) within 30 minutes. The concentrations of 
nerve growth factor, neurotrophin-3, and brain-derived neu-
rotrophic factor were calculated based on a standard curve. 
Four separate experiments were performed.  

Statistical analysis
Results were expressed as mean ± SD. Data were analyzed 
using SPSS 18.0 software (SPSS, Chicago, IL, USA). One-
way analysis of variance was conducted followed by Stu-
dent-Newman-Keuls test to assess the differences between 
the relevant control and each experimental group. A value of     
P < 0.05 was considered statistically significant.

Results
Ginsenoside Rb1 promoted neurite outgrowth in 
hippocampal neurons, and this effect was reversed by 
PD98059 and API-2 
Ginsenoside Rb1 treatment enlarged cell bodies and in-
creased the number of neurites and the length of neurites 
compared with untreated cells (Figure 1). After treatment 
with ginsenoside Rb1 plus PD98059 for 24 hours, cells 
showed irregular margins and condensed cell bodies, con-
sistent with nutritional deficiency. Moreover, after treatment 
with ginsenoside Rb1 plus API-2 for 24 hours, the majority 
of hippocampal neurons were fragmented into debris, with 
very few viable cells. The small number of viable cells that 
were detected had short neurites. Statistical analysis showed 
that the length of neurites of cells treated with ginsenoside 
Rb1 was significantly greater than those of untreated cells, 
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and this effect was completely reversed by API-2 (P < 0.01), 
and partly reversed by PD98059 (P < 0.05). 

Ginsenoside Rb1 increased phosphorylation of Akt and 
ERK1/2 in cultured hippocampal neurons
To further confirm whether ginsenoside Rb1-induced 

neurite outgrowth involved the Akt and ERK1/2 signaling 
pathways, phosphorylation levels of Akt and ERK1/2, in-
cluding phosphorylated-Akt (p-Akt) and phosphorylated 
extracellular signal-regulated kinase 1/2 (p-ERK1/2) were 
measured by western blot assay. p-Akt and p-ERK1/2 levels 
in hippocampal neurons were significantly greater in cells 

Figure 1 Ginsenoside Rb1 (Rb1) promotes neurite outgrowth in hippocampal neurons.
(A–D) Hippocampal neurons immunostained with growth associated protein-43 antibody. (A) Untreated primary hippocampal neurons cultured 
for 48 hours. (B) Primary hippocampal neurons cultured for 24 hours then incubated with Rb1 for 24 hours show enlarged cellular bodies and 
more numerous and longer neurites. (C) Primary hippocampal neurons cultured for 24 hours then incubated with Rb1 plus PD98059 (MEK1/2 
inhibitor; 10 µmol/L) for 24 hours show irregular margins and condensed bodies, consistent with nutritional deficiency. (D) Primary hippocampal 
neurons cultured for 24 hours then incubated with Rb1 plus API-2 (Akt inhibitor; 10 µmol/L) for 24 hours show very few viable cells with few and 
short neurites. Scale bars: 200 µm. (E) Neurite length in primary hippocampal neurons after incubation with Rb1 in the presence or absence of 
10 µmol/L API-2 or 10 µmol/L PD98059, immunostained for growth associated protein-43. The ratio between the lengths of neurites and the 
number of cell bodies was used as an estimate of the average neurite length. Relative value of neurite length was calculated by the average neurite 
length of the treatment group divided by that of the control group. Data are expressed as mean ± SD (n = 9; one-way analysis of variance and Stu-
dent-Newman-Keuls test). *P < 0.05, vs. control group (untreated cells); #P < 0.05, ##P < 0.01, vs. Rb1. 

Figure 3 Ginsenoside Rb1 (Rb1) prevents apoptosis of hippocampal neurons and involves Akt and ERK1/2 signaling.
Primary hippocampal neurons were cultured for 24 hours and amyloid beta (25–35) (Aβ25–35) was added to the cultures for 30 minutes, then Rb1 with or 
without 10 μmol/L API-2 (Akt inhibitor) or 10 μmol/L PD98059 (MEK1/2 inhibitor) was added to the cultures for 48 hours. Insulin-like growth fac-
tor-1 (IGF-1) was added as a positive control. Cells without Aβ25–35 treatment were considered normal controls. Hoechst-33258 staining was used to 
evaluate the apoptotic (condensed bright fluorescence, indicated by arrows) and viable (pallid blue fluorescence) nuclei. (A) Hippocampal neurons 
cultured for 3 days under inverted phase contrast microscope. (B) Hippocampal neurons cultured for 24 hours followed by exposure to Aβ25–35 for 
48 hours under inverted phase contrast microscope. (C) Hoechst 33258 staining shows apoptotic (arrows) and viable cells.  (A–C) Scale bars: 200 μm. 
(D) Percentage of apoptotic cells. Data expressed as mean ± SD (n = 9; one-way analysis of variance and Student–Newman-Keuls test). *P < 0.05, 
**P < 0.01, vs. Aβ25–35; ##P < 0.01, vs. Rb1. Rb1 prevented apoptosis of hippocampal neurons after exposure to Aβ25–35. This effect was blocked by 
PD98059 and API-2.

A B D 200

150

100

50

0
–
–
–
–
–

+
+
–
–
–

+
–
+
+
–

+
–
–
–
–

+
–
+
–
–

+
–
+
–
+

Aβ25–35
IGF-1
Rb1
PD98059
API-2

A
po

pt
os

is
 (%

 o
f t

he
 

A
β 2

5–
35

 tr
ea

te
d)

C

** **

##

*

##

A Rb1

Rb1 + PD98059

Control

Rb1 + API-2C

B E

200

150

100

50

0

N
eu

rit
e 

le
ng

th
 (%

 o
f c

on
tro

l)

Control       Rb1 Rb1 + 
PD98059

Rb1 + 
API-2

D

*

#

##



947

Liu J, et al. / Neural Regeneration Research. 2014;9(9):943-950.

Figure 2 Ginsenoside Rb1 (Rb1) increases expression of phosphorylated Akt (p-Akt; A, B) and extracellular signal-regulated kinase 1/2 
(p-ERK1/2; C, D) in cultured hippocampal neurons. 
Primary hippocampal neurons were cultured for 24 hours, then 50 µmol/L Rb1 with or without 10 µmol/L API-2 (Akt inhibitor) or 10 µmol/L 
PD98059 (MEK1/2 inhibitor) was added to the medium for culture for an additional 24 hours. Absorbance ratio of p-ERK1/2 /total ERK1/2 
(t-ERK1/2) and of p-Akt /total Akt (t-Akt) were detected by western blot assay. **P < 0.01, vs. control group; ##P < 0.01, vs. Rb1. Data are expressed 
as mean ± SD (n = 9; one-way analysis of variance and Student-Newman-Keuls test). 

treated with ginsenoside Rb1 for 24 hours than in control 
(untreated) cells (P < 0.01; Figure 2). By contrast, p-Akt 
levels were significantly lower after treatment with ginse-
noside Rb1 and API-2 than after ginsenoside Rb1 alone, 
and even lower than those in untreated cells. In addition, 
after treatment with ginsenoside Rb1 and PD98059 for 
24 hours, p-ERK1/2 levels were notably decreased com-
pared with those after ginsenoside Rb1 alone (P < 0.01),         
suggesting that ginsenoside Rb1 activated Akt and ERK1/2 
signaling.  

Ginsenoside Rb1 prevented apoptosis of hippocampal 
neurons after exposure to amyloid beta (25–35) and this 
effect was blocked by PD98059 and API-2 
After hippocampal neurons were treated with amyloid beta 
(25–35) for 2 days, fewer viable cells and fewer or no neu-
rites were observable in the culture using inverted phase 
contrast microscopy; in contrast, viable cells with longer 
and more numerous neurites were observed in the untreat-
ed group (Figure 3A, B). Apoptotic and viable nuclei were 
visualized using Hoechst-33258 staining (Figure 3C). Viable 
cells exhibited regular and round nuclei with pallid blue 
fluorescence, whereas apoptotic cells were characterized by 
condensation and fragmentation of nuclei. The number of 
apoptotic cells after amyloid beta treatment was significantly 
greater than that of untreated cells (Figure 3D; P < 0.01). 

There were significantly fewer apoptotic cells after treatment 
with ginsenoside Rb1 than after amyloid beta (Figure 3D;    
P < 0.05). However, this protective effect of ginsenoside Rb1 
against amyloid beta exposure was reversed by PD98059 and 
API-2 (Figure 3D; P < 0.01).

Ginsenoside Rb1 reversed amyloid beta (25–35)-induced 
inactivation of Akt and ERK1/2 in hippocampal neurons 
in vitro
As reported above, ginsenoside Rb1 treatment protected 
against amyloid beta-induced apoptosis and this effect was 
blocked by PD98059 and API-2. To confirm the possible link 
between the Akt and ERK1/2 signaling pathways and ginse-
noside Rb1-mediated neuroprotection, we measured p-Akt 
and p-ERK1/2 expression by western blotting. Amyloid beta 
treatment significantly decreased p-Akt and p-ERK1/2 lev-
els compared with untreated (control) cells (Figure 4; P < 
0.01), indicating that amyloid beta inhibits the activation of 
ERK1/2 and Akt. Insulin-like growth factor-1 is a neuronal 
survival factor and prevents amyloid beta-induced apoptosis 
(Jimenez et al., 2006). As a positive control in the present 
study, insulin-like growth factor-1 increased p-Akt and 
p-ERK1/2 levels compared to amyloid beta treatment (Figure 
4; P < 0.01). Ginsenoside Rb1 treatment significantly in-
creased p-Akt and p-ERK1/2 levels compared with amyloid 
beta treatment (P < 0.01), but these effects were completely 
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blocked by API-2 (Figure 4; P < 0.01).  

Neurotrophins may not mediate the effects of ginsenoside 
Rb1 on cultured hippocampal neurons
Neurotrophins, mainly comprising nerve growth factor, 
brain-derived neurotraphic factor and neurotrophin-3, are 
crucial for neurite outgrowth and survival of neurons. Thus, 
to determine whether the observed effects of ginsenoside 
Rb1 on hippocampal neurons are implicit in increasing neu-
rotrophin secretion in these neurons, we used enzyme-linked 
immunosorbent assay to measure the content of neurotro-
phins in the supernatants from the neurite outgrowth and 
amyloid beta (25–35) exposure experiment. Interestingly, 
no significant differences in neurotrophin-3, nerve growth 
factor or brain-derived neurotraphic factor were detected 
among the groups (data not shown).

Discussion
Here, we demonstrate, for the first time, that ginsenoside 
Rb1 promotes neurite outgrowth of cultured hippocampal 
neurons and exerts a neuroprotective effect against amyloid 
beta (25–35) exposure in hippocampal neurons through Akt 
and ERK1/2 signaling. 

Previous reports have shown that ginsenoside Rb1 induces 

significant neurite outgrowth in human neuroblastoma SK-
N-SH cells and potentiates nerve growth factor-induced 
neurite outgrowth in cultured chick embryonic dorsal root 
ganglia (Zou et al., 2002; Nishiyama et al., 1994). Our find-
ings that ginsenoside Rb1 promotes neurite outgrowth of 
hippocampal neurons in vitro suggest a role for ginseng as 
a preventative therapy for aging-related diseases such as 
Alzheimer’s. Contrary to our results, Radad et al. (2004a) 
reported that ginsenoside Rb1 could not promote neurite 
outgrowth of mesencephalic dopaminergic cells in vitro. 
This difference may arise from different kinds of neurons. 
We observed that API-2 not only abrogated ginsenoside 
Rb1-induced neurite outgrowth, but also induced apoptosis 
of many cells, and that PD98059 only neutralized ginseno-
side Rb1-induced neurite outgrowth. Moreover, ginsenoside 
Rb1 significantly enhanced p-Akt and p-ERK1/2 and this 
effect was completely blocked by API-2. However, PD98059 
reversed ginsenoside Rb1-induced ERK1/2 activation. Taken 
together, these results indicate that ERK1/2 and Akt signaling 
are involved in ginsenoside Rb1-induced neurite outgrowth 
in hippocampal neurons. 

There are differing reports concerning the neuroprotective 
effect of ginsenoside Rb1 against various insults. Liao et al. 
(2002) reported that ginsenoside Rb1 protected spinal cord 

Figure 4 Ginsenoside Rb1 (Rb1) reverseds amyloid beta (25–35) (Aβ25–35)-induced inactivation of Akt and extracellular signal-regulated kinase 
1/2 (ERK1/2) in hippocampal neurons.
Expression levels of Akt/phosphorylated Akt (p-Akt; A, B) and ERK1/2/phosphorylated ERK1/2 (p-ERK1/2; C, D) detected by western blot assay 
in injured hippocampal neurons. After primary hippocampal neurons were cultured for 24 hours, Aβ25–35 was added to the cultures for 30 minutes. 
Rb1 in the presence or absence of API-2 or PD98059 was added for 48 hour culture. In addition, insulin-like growth factor-1 (IGF-1) was added to a 
further group as a positive control. Cells without Aβ25–35 treatment were considered normal controls. Relative expression of p-ERK1/2 and p-Akt were 
detected by western blot assay. Data are expressed as mean ± SD (n = 9; one-way analysis of variance and Student-Newman-Keuls test). **P < 0.01, vs. 
Aβ25-35; ##P < 0.01, vs. Rb1.
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neurons from the excitotoxicity induced by glutamate and 
kainic acid, as well as oxidative stress induced by H2O2 (Liao 
et al., 2004). Lee et al. (2002) also showed in vivo that ginse-
noside Rb1 inhibited cell death caused by kainic acid in both 
the CA1 and CA3 regions of rat hippocampus and protected 
hippocampal neurons from ischemia (Lee et al., 2004). By 
contrast, Radad et al. (2004a, b) demonstrated that ginseno-
side Rb1 (pre-treated or post-treated) could not prevent the 
dopaminergic cell loss produced by glutamate and MPP+. 
The failure of these ginsenosides to antagonize cell loss by 
MPP+ may be attributed to the inability of these ginseno-
sides to block the selective uptake of MPP+ by dopamine 
neurons via a high-affinity dopamine transporter or to over-
come its inhibitory effects on mitochondria and production 
of overt free radicals or due to their inability to antagonize 
N-Methyl-D-aspartic acid receptor over-activation by gluta-
mate particularly at the early stage. In the present study, we 
have shown that ginsenoside Rb1 reverses amyloid beta-in-
duced apoptosis, and that this effect is blocked by PD98059 
and API-2. All of this showed that different cells would be 
led to different biological effects through different pathways. 
Other researchers showed that ginsenoside Rb1 significantly 
decreased cortical neuron apoptosis induced by amyloid 
beta (25–35) or amyloid beta (1–42) in a dose-dependent 
manner (Qian et al., 2009; Xie et al., 2010; Zhao et al., 2011). 
Additionally, other reports have shown that ginsenoside Rb1 
protection against amyloid beta neurotoxicity appears to 
have an anti-neuroinflammation effect and that this effect is 
likely mediated by cyclin-dependent kinase 5 in rat models 
of Alzheimer’s disease (Chen et al., 2008; Wang et al., 2011). 
Taken together, these results suggest that ginsenoside Rb1 
may prevent hippocampal neuronal apoptosis induced by 
amyloid beta (25–35) and that the Akt and ERK1/2 signaling 
pathways may be involved in ginsenoside Rb1 neuroprotec-
tion against amyloid beta (25–35) neurotoxicity.  

Notably, there are differing reports about the effects of 
amyloid beta exposure on p-Akt and p-ERK1/2 (Takashima 
et al., 1996; Takashima et al., 1998; Lesné et al., 2005; Zhao 
et al., 2011). Zhao et al. (2011) reported that Akt activation 
is inhibited in cells exposed to amyloid beta compared with 
untreated cells. Lesné et al. (2005) showed that early acti-
vation of Akt and ERK1/2 was initially induced by amyloid 
beta (25–35), followed by a rapid decrease of p-Akt to basal 
levels, but levels of ERK1/2 were not significantly different 
from those in untreated cells after exposure for 12 and 24 
hours, suggesting that longer amyloid beta (25–35) exposure 
inhibits activation of Akt, but does not affect activation of 
ERK1/2. By contrast, Rapoport and Ferreira reported that 
amyloid beta (1–40) activates ERK1/2 and sustains activated 
ERK1/2 in mature hippocampal neurons (Rapoport et al., 
2000). Amyloid beta peptide, a 39–43 amino acid β-sheet 
peptide, is the major protein component of senile plaques 
in the Alzheimer’s disease brain. Amyloid beta (25–35) is a 
short amyloid beta fragment that exhibits large β-sheet fibrils 
and retains the same neurotoxicity as the full-length pep-
tide (Benseny-Cases et al., 2012). Our present results show 
that amyloid beta treatment inhibits p-Akt and p-ERK1/2 
to levels below those in untreated cells, consistent with the 

majority of previous reports. This difference observed by 
Rapoport and Ferreira may result from characteristics of 
mature hippocampal neurons. Together, these results suggest 
that amyloid beta (25–35) exposure may lead to inactivation 
of Akt and may produce different effects on ERK1/2 signal-
ing depending on exposure time and different kinds of cells. 

In addition, ginsenoside Rb1 can increase p-Akt levels, 
an effect blocked by LY294002 (Zhao et al., 2011), also sug-
gesting that ginsenoside Rb1 protection against amyloid be-
ta-induced neurotoxicity is mediated by PI3K/Akt signaling. 
Consistent with these results, we have demonstrated that 
ginsenoside Rb1 reverses inactivation of Akt and ERK1/2 
induced by amyloid beta (25–35), and that these effects are 
completely abolished by API-2. Along with the increase in 
p-Akt and p-ERK1/2 observed after ginsenoside Rb1 treat-
ment, we also found that ginsenoside Rb1 could prevent the 
apoptosis induced by amyloid beta (25–35) exposure. There-
fore, we speculate that ginsenoside Rb1 prevents apoptosis 
of hippocampal neurons by activating the Akt and ERK1/2 
signaling pathways. In our experiment, IGF-1 was used as a 
positive control because it is a neuronal survival factor in the 
treatment of Alzheimer’s disease and prevents amyloid beta 
(25–35)-induced apoptosis (Jimenez et al., 2006). As expect-
ed, IGF-1 increased survival of hippocampal neurons and, in 
parallel, increased p-Akt and p-ERK1/2 levels in hippocam-
pal neurons after amyloid beta (25–35) exposure. 

However, how ginsenoside Rb1 affects Akt and ERK1/2 
signaling remained unclear. Neurotrophins are thought to be 
crucial for neurite outgrowth and for the survival of neurons 
in the developing nervous system and under various types 
of insult (Koh et al., 1995). They act at a set of high-affinity 
tyrosine kinase (Trk) receptors (Skaper, 2012). Upon acti-
vation, Trk receptors are autophosphorylated within tyro-
sine residues located at the cytoplasmic tails, which serve as 
docking sites for kinases such as PI3K. Therefore, we asked 
whether the effects of ginsenoside Rb1 on hippocampal neu-
rons occur by an increase in neurotrophin secretion. Howev-
er, no significant difference was detected, indicating that the 
observed ginsenoside Rb1-induced effects are not mediated 
by increases in neurotrophins in hippocampal neurons. Our 
previous experiments demonstrated that ginsenoside Rb1 
did increase brain-derived neurotraphic factor levels in rats 
following cerebral ischemia (Gao et al., 2010). In addition, 
ginsenoside Rb1 is known to increase TrkA mRNA in the 
basal forebrain and nerve growth factor mRNA in the hip-
pocampus (Salim et al., 1997). Therefore, our present results 
suggest that the increased neurotrophins induced by ginse-
noside Rb1 in previous studies might derive from glial cells 
in rats. To date, there is no report indicating that ginsenoside 
Rb1 can increase secretion of neurotrophins in neurons in 
vitro. Together, these results indicate that the mechanism 
underlying the neurotrophic and neuroprotective effects of 
ginsenoside Rb1 does not involve an increase in secretion of 
neurotrophins in hippocampal neurons. 

In summary, the present study is the first to reveal that 
ginsenoside Rb1 promotes neurite outgrowth in primary 
hippocampal neurons and protects these neurons against 
amyloid beta exposure via the Akt and ERK1/2 signaling 
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pathways. Activated Akt may be required for neurite out-
growth as well as survival of hippocampal neurons. Whether 
ginsenoside Rb1 crosses the cellular membrane and acts 
intracellularly or triggers a signaling cascade from the cell 
membrane remains to be explored.
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