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Abstract: Alzheimer’s disease (AD) is the most common form of dementia and lacks disease-altering treatments.
Ginsenoside Rb1 (GsRb1), the key active compounds of ginsenoside found in ginseng. The present study aimed
to determine whether GsRb1 could prevent cognitive deficit and take neuroprotective effects in AB, 4induced rat
model through apoptotic signaling pathway. Injection of soluble ABMO into the hippocampus caused impairment
in learning and memory. Daily administration of Rb1 (12.5, 25, and 50 mg/kg, i.p.) for 14 consecutive days. All
rats were tested for their capabilities of spatial navigation and memorization by Morris water maze. Apoptosis was
tested using TUNEL staining in hippocampus neuronal cells. RT-PCR, immunohistochemical staining and western
blotting were employed to confirm the expressions of Bcl-2, Bax and Cleaved Caspase-3. The results showed that
Rb1 administration could prevent cognitive deficit, and significantly decreased the levels of Bax and Cleaved Cas-
pase-3 meanwhile up regulation the level of Bcl-2 in the hippocampus. We suggest that GsRb1 may be effective for
preventing or slowing the development of Alzheimer’s disease, which improving cognitive and memory functions by
inhibiting the levels of pro-apoptosis mediators and improving the levels of anti-apoptosis mediators in the rat brain.

Keywords: Ginsenoside Rbl1, Alzheimer’s disease, apoptosis, B-cell lymphoma-2 (Bcl-2), Bcl-2 associated X protein
(Bax), cysteinyl aspartate specific proteinase-3 (Caspase-3)

Introduction which leads to AD [5]. Therefore, it implies that

a reduced AB level should render a neuropro-

Being the most common form of senile demen-
tia, Alzheimer’s disease (AD) affects more than
35 million individuals across the globe [1]. The
manifestation of the degenerative neurological
disorder include the presence of senile plaques
(SP) around reactive microglia, abundant in-
traneuronal neurofibrillary tangles (NFT), and
selective neuronal death in the brains of affect-
ed patients [2, 3]. Fibrillar B-amyloid (AB) pro-
teins such as AB, ,, and AB, ,, are the primary
constituents of such plaque [2]. Research by
Luo, D et al. suggested that the overproduction
and accumulation of B-amyloid (AB) protein has
been a crucial cornerstone in the pathogenesis
of AD [4]. It is believed that the formation of
neurofibrillary tangles, inflammation, axonal
injury, synapse loss, and neuronal apoptosis,

tective effect against AD.

In addition, apoptosis also plays a pivotal role in
the pathophysiology of AD [6]. Apoptosis is a
sophisticated biological mechanism by which
the body eliminate unwanted cells. The Bcl-2
family, which composed of a wide variety of
anti-apoptosis protein such as Bcl-2 and pro-
apoptotic protein such as Bax, is an important
regulator of apoptosis, and it has expanded sig-
nificantly with both pro- and anti-apoptotic mol-
ecules included. The presence of an anti-apop-
totic molecule such as Bcl-2 or Bel-xl can inhibit
the activation of Bax following a death signal
[7]. Caspase-3, the effector caspase and final
executor of apoptosis, can cleave cytoskeletal
and nuclear proteins [8].
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In search of a curative formula, Panax ginseng,
which had traditionally been utilized as a tonic
remedy in the thousands of years’ history of
Chinese medicine, caught the eyes of many
researchers. Among the key active compounds
of ginsenoside found in ginseng, Ginsenoside
Rb1l (GRb1l) has been demonstrated to have
the ability of enhancing cholinergic function
and increasing synaptophysin levels in the hip-
pocampus, and thereby, it's thought to have
ameliorable effects on memory and learning
[9]. Recent literatur indicated that GRb1 plays
a significant neuronal protection role during
brain’s response to ischemia [10-12]. In vivo
evidences suggested that GRb1 may increase
the expression of anti-apoptotic genes after the
brain undergone transient cerebral ischemia.
Previous studies have also shown that GRb1l
may scavenger toxic species, such as gluta-
mate and hydrogen peroxide [13, 14]. Since
oxidative stress significantly contributes to neu-
ronal apoptosis in patients with AD, which
prompts the researchers to speculate whether
GRb1 plays a role in cellular defending oxida-
tive stress and neuronal apoptosis induced by
AB at cellular level. The authors of these stud-
ies suggested that the inhibition of the activa-
tion of caspase-3 maybe a result of enhanced
Bcl-2 to Bax protein ratio which is attributed to
the effect of Rb1.

In this study, we hypothesized that Rb1 may act
as a positive modulator for neurons undergoing
AB-induced injury. We aimed to provide new
insights into the examination of the effects of
Rb1 on AB-induced neurons apoptosis and to
determine the potential apoptosis-related sig-
naling mechanisms.

Materials and methods
Materials

Ginsenoside Rb1l was purchased from Boyun
biotechnology co., Ltd. (Shanghai, China) in the
form of white powder-like crystals, with a mo-
lecular weight of 1108, general formula C54-
H92023. Rat AB, ,, were purchased from Sig-
ma (St.Louis, MO, USA). Donepezil (Aricept) was
purchased from the Eisai Pharmaceutical Cl.,
Ltd. (Batch number 100223A) and used as pos-
itive control. Polyclonal rabbit anti-rat Bcl-2,
Bax and Caspase-3 antibodies were purchased
from Wuhan Boster Biological engineering Co.,
Ltd (Wuhan, China). SP immunohistochemistry
kit and DAB staining kit were purchased from
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Bioss (Beijing, China). Total protein extraction
reagents and BCA protein assay kit were pur-
chased from Pierce (USA). TRizol reagent was
purchased from Shenggong biological engi-
neering co., LTD (Shanghai).

Animals and animal preparation

Eighty-four male Sprague-Dawley (SD) rats (bo-
dy weight 250 + 20 g, 3months old) were pro-
vided by Shanghai slack laboratory animal co.,
LTD (license no. SCXK [Lu] 2012-002). Animals
were housed in a room maintained at 23°C
with a 12-hour light-dark cycle, and were all-
owed free access to food and water. All animal
experiments were conducted in accordance
with the Guide for the Care and Use of La-
boratory Animals issued by National Academy
of Sciences, Institute of Laboratory Animal
Resources, Commission on Life Sciences, and
National Research Council. All procedures used
in this study were approved by the local ethical
committee for animal research. Rats were ran-
domly divided into 7 groups after 1 week adap-
tion as follows: they are normal control group
(O+NS), sham operation group (NS+NS), model
group (AB+NS), Aricept group (Aricept), ginsen-
oside Rb1 low (L-Rb1), medium (M-Rb1), high
dosage group (H-Rb1), with 12 animals in each
group. The rat model of AD was prepared as
described previously [15, 16], AB, ,, was diluted
in double distilled H,0 (ddH,0) to a final con-
centration of 2.5 pg/ml. Rats were anesthe-
tized with chloral hydrate (3-4 mi/kg, intraperi-
toneally) and fixed on a rat brain stereotaxic
instrument. The scalp was incised, and the
bregma and biparietal suture were exposed.
Holes were drilled in the skull using a dental
drill, 3.0 mm behind the bregma and 1.5 mm
from the biparietal suture. A microsyringe was
then advanced 3.0 mm under the dura mater
for injection of both hippocampal CA1 regions.
In addition to the control group, the rest of the
use of various bilateral hippocampal were in-
jected with 2 pl soluble AB, ,, at a rate of 0.5
pl/min, whereas the sham operation group
received equal ddH,O. The syringe was re-
moved 10 min after injection. After operation,
the scalp was sutured, and iodophor was used
on the wound to prevent infection.

Treatment
Two days after the operation, the intragastric

administration started by the dosage of 10 ml/
kg/d, lasting 14 consecutive days, the control,
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sham operation and model group were given
a gavage of corresponding dosage of normal
saline. Ginsenoside Rbl1 high, medium, low
dosage group were given by 50 mg/kg/d, 25
mg/kg/d, 12.5 mg/kg/d. Aricept dosage is
1.67 mg/kg/d. The treatment occurred once a
day at 10:00 am.

The morris water maze detection

Spatial learning and memory of rats was as-
sessed in Morris water maze as published pre-
viously [15] by two investigators completely
blind to the treatment of the animals. The
Morris water maze consisted of a circular pool
(160 cm diameter and 50 cm deep) filled with
warm water (23 + 1°C) to a depth of 27 cm and
an escape platform (10 cm diameter) sub-
merged 1 cm below the surface of the water.
Swimming activity of the rats was monitored via
a video camera mounted overhead and auto-
matically recorded via a video tracking system.

At the beginning of each trial, the rats were
placed into the water facing the wall of the pool
at one of the four quadrants. Each rat was
allowed 60 s to find and mount the platform.
When the rat found the platform, it was kept on
the platform for 10 s. The rats were given four
trials per day and the average time to find the
platform of the 4 trials (escape latency) was
recorded by video tracking software. The rats
were then towel dried and placed in a cage with
a heating pad underneath until totally dry and
being replaced to their home cage. The training
session was conducted for 4 consecutive days
in which the platform was never moved. The
shorter escape latency, the stronger spatial
learning ability.

Memory retention was evaluated by the plat-
form-cross number in a probe trial. On the 5th
day, the platform was removed. In this probe
trial, the rats were put into the pool and allowed
to swim freely in the pool for 60 s. The times for
rats crossing the location of the platform were
recorded.

Working memory was evaluated by the Traill/
Trail4 index. On the 6th, 7th, and 8th days, we
placed the platform on the opposite quadrants.
The rats were put into the pool and the total
distance traveled was recorded until the rats
found the platform. The rats were given 4
consecutive trials every day, and the interval
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between 2 trials was less than 2 min. The dis-
tance was recorded as traill, trail2, trail3, and
trail4, and the ratio from traill to trail4 (Traill/
Trail4) indicates the ability of working memory.

Brain tissue fixed and cryopreserved

After the three days’ behavioral tests, rats were
sacrificed and immediately perfused through
the heart with 0.9% NaCl, which was followed
with 4% PFA-0.1 M phosphate buffer (PH 7.2-
7.4). Then the half of rats in each group were
removed and placed into 4% paraformaldehyde
fixed fluid, stored at 4°C. The rests of the group
were directly isolated cortex and hippocampus,
stored at -80°C.

Immunohistochemistry

The hippocampus were removed and proce-
ssed for 4 ym paraffin sections for immunohis-
tochemistry. Sections were dewaxed and sub-
jected to 3% H,0, for 10 min, several washes in
distilled water were followed with 2 times. Then
subjected heat-mediated antigen retrieval with
0.01 M citric acid buffer (pH 6.0). Following
several washes in PBS, sections were blocked
with 10% goat serum (30 min), and then incu-
bated with rabbit anti-rat Bax antibody (1:1000),
Bcl-2 antibody (1:2000) and Caspase-3 anti-
body (1:1000) at 4°C overnight. After incuba-
tion with the goat secondary antibody, at room
temperature for 2 h. After detected with a DAB
staining kit, the sections were counterstained
with hematoxylin. 6 sections were selected
from each group and randomly observed 5 hori-
zons in each section, precisely selected all of
the positive particles to the vision and the
computer automatically integrated option den-
sity (IOD) and area. OD was used to quantify
immunohistochemical positive reaction, by us-
ing IPP6.0 image analysis system.

Western blotting

A western blot analysis was performed as
described previously [16]. The hippocampus
from 12 individual rats in each group were
stored in -80°C, homogenized and total pro-
teins were quantified by the BCA protein assay
Kit. Proteins were separated by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophore-
sis, transferred onto a polyvinylidene fluoride
membrane, which were washed in TBST before
incubation in 5% skim milk (diluted in ddH,0) at
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Day 1

Escape latency(s)
Escape latency(s)

Escape latency(s)
Escape latency(s)

Figure 1. The comparison of escape latency in rats. In 4 d training trials,
the rats escape latencies were measured to assess the rats memory abil-

Day 2

follows: Bax forward primer
5’CCCGAGAGGTCTTCTTCCG3,
reverse primer 5° GAAGTCCA-
GTGTCCAGCCCA 3’, Bcl-2 for-
ward primer 5 GTGAACTGG-
GGGAGGATTGT 3’, reverse pri-
mer 5’ GCATCCCAGCCTCCGTT-
A3’, caspase-3 forward primer
5 CGAAACTCTTCATCATTCAG-
GC3’, reverse primer 5AGTA-
AGCATACAGGAAGTCGGC3'.
The real-time PCR was per-
formed by using SYBR | (20%*)
according to the manufactur-
er’'s instructions. The amplifi-
cation conditions were as fol-
lows: 4 min at 95°C for de-
naturation followed by 35 cy-
cles of 20 s at 94°C, 30 s at
60°C and 30 s at 72°C. Then
the signal was detected at
72°C.

ity, and the bar charts show the Aricept and Rb1 group were significant de-

creased in escape latency. “*P<0.01, compared with sham-operation group;

Tunel assay

A4pP<0.01, compared with AB+NS group; 4P<0.05, compared with AB+NS

group; *#P<0.01, compared with AB+NS group. Data are presented as
mean * standard deviation (n = 6). NS: normal saline; AB: amyloid-B; L-Rb1:
Ginsenoside Rb1 low dosage group; M-Rb1: Ginsenoside Rbl medium

dosage group; H-Rb1: Ginsenoside Rb1 high dosage group.

37°C for 2 h, and reacted with the primary an-
tibodies, such as rabbit anti-Bcl-2 (1:1,000),
rabbit anti-Bax (1:1,000) or rabbit anti-Cas-
pase-3 (1:1000), overnight at 4°C. A horse-
radish peroxidase-conjugated goat-anti-mouse
IgG (1:5,000) was used as a secondary anti-
body at 37°C for 2 h. Immunoreactive bands
were inspected by enhanced chemilumines-
cence and exposed to x-ray film. Bands were
analyzed by Quantity One software. Values ob-
tained were normalized basing on density val-
ues of internal B-actin.

Real-time PCR

Quantitative gene expression was measured by
real-time PCR. Total RNA was extracted from
the hippocampus, using Trizol reagent, and
cDNA was synthesized with reverse transcrip-
tase (The Bioneer). Primers were designed by
Primer Premier 5.0 according the mRNA se-
quences of Bax, Bcl-2 and caspase-3 genes
retrieved from GenBank, and synthesized by
the Shanghai Rui Jingsheng Biological En-
gineering Co.,Ltd. Primer sequences were as
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To detect cells undergoing ap-
optosis, TUNEL technique was
performed according to the
manufacturer’s protocol sup-
plied within the TUNEL-pod kit
(Roche, USA). At first, the brain sections of cor-
tex were immersed in xylene and dehydrated
with serial dilutions of alcohol followed by a
wash in distilled water. After treatment with
3% H,0, for 10 min at room temperature, the
sections were incubated with proteinase K for
20 min at 37°C to enhance the permeability.
Then, the sections were incubated for 60 min
with TUNEL reaction mixture and for 30 min
with converter-POD at 37°C. At last, after incu-
bated for 10 min with DAB substrate solution
(Zymed, USA), the sections were counterstain-
ed with haematoxylin, to be examined under a
light microscope. Positive and negative con-
trols were carried out on slides from the same
block. Stained slides were randomly observed
at a high-power field (x400 magnification) and
the pathological changes near the injection
needle were photographed. The image pictures
were processed by the America IPP6.0 soft-
ware and the apoptotic ratio was calculated
according to the following formula: apoptotic
ratio = the number of TUNEL-positive cells/the
total number of cells.

Am J Transl Res 2018;10(3):796-805
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Figure 2. The comparison of platform-cross numbers and Traill/Trail4 in
rats. On Day 5, the platform-cross number in a probe trial was aim to evalu-
ate the memory retention. On Day 6 to Day 8, the Trail1/Trail4 were indicat-
ed the ability of working memory for each group. “*P<0.01, compared with
sham-operation group; 44P<0.01, compared with AB+NS group; 4P<0.05,
compared with AB+NS group; #P<0.01, compared with AB+NS group. Data the AB
are presented as mean + standard deviation (n = 6). NS: normal saline; AB:
amyloid-B; L-Rb1: Ginsenoside Rb1 low dosage group; M-Rbl: Ginsenoside
Rb1 medium dosage group; H-Rb1: Ginsenoside Rb1 high dosage group.

Statistical analysis

All data were expressed as mean + standard
deviation and were analyzed by the SPSS16.0
software. One-way analysis of variance (ANOVA)
was used to analyze the expression of Bax,
Bcl-2 and Cleaved Caspase-3 in different gro-
ups. Pairwise comparisons were homogeneity
using LSD test, it was not homogeneity using
DunnettT3 test. p values less than 0.05 were
considered statistically significant.

Results

Effects of Rb1 on learning and memory capa-
bility in AD rats

In the Morris water maze test, all animals were
able to swim normally and find the hidden plat-
form during the training trials. After being
trained four times per day for four consecutive
sessions, normal control and sham-operation
rats were able to reach the hidden platform
in a shorter time during the training. However,
the learning and memory abilities of AB, -
injected rats were significantly impaired com-
pared with the sham-operation group (P<0.01)

800

4

@

Q

5 -

c 3 104

w =

g s

3 s

k-]

=

o

&

P o &
x x x
o Q"’ v&

(Figure 1). A significant de-

crease in escape latency was

observed in the Aricept or

Rb1 group compared with the
YO AB, ,,-injected group (P<0.01)
and at dose of 25 mg/kg/d
showed the maximum decline
(Figure 1). In the probe trial of
the Morris water maze test,
injection of AB, ,, had a sig-
nificant effect on the platform-
cross number compared wi-
th the sham-operation group
(P<0.01). Compared with the
AB, ,,injected group, Aricept
or Rbl-treated rats displayed
more platform-cross number
(P<0.05) (Figure 2). In the Mo-
& rris water maze test, injec-
tion of AB,,, had a signifi-
cantly lower effect on the
Traill/Trail4 index compared
with the sham-operation gro-
up (P<0.01). Compared with
Laoinjected group, Ar-
icept or Rbl-treated rats dis-
played higher Traill/Trail4 in-
dex (P<0.05) (Figure 2).

Effects of Rb1 on Bcl-2, Bax and Caspase-3
expression in immunohistochemistry

The effects of Rb1 to Bcl-2, Bax and Caspase-3
in the hippocampus were investigated by im-
munohistochemical staining. Distinct yellow
stains for Bcl-2, Bax and Caspase-3 were ob-
served in the cytoplasm and membranes of the
cone-shaped cells of the hippocampus (arrows
in Figure 3). Compared with the sham-opera-
tion group, injection of AB, , 'in the hippocam-
pus highly increased the expression of Bax
and Caspase-3 and decreased the expression
of Bcl-2 (P<0.01). Compared with the injection
of AB,,, group, Aricept or Rbl group signifi-
cantly decreased the expression of Bax and
Caspase-3 and increased the expression of
Bcl-2 (P<0.01).

Effects of Rb1 on Bcl-2, Bax and Caspase-3
expression in western blot

Western blot analysis for Bcl-2, Bax and
Caspase-3 were shown in Figure 4. Compared
with the sham-operation group, the protein lev-
els of Bax and Cleaved Caspase-3 were highly
increased and the protein levels of Bcl-2 were

Am J Transl Res 2018;10(3):796-805



GsRb1 inhibit apoptosis in experimental Alzheimer’s disease

Sy
A

RN,
et

ht
v, T
8

g giee o
B some o R

AL adbY g “;
deiit s ¥0) 9 L N
- 2L

: »
7

o DR

&

> N N N
LSS S

&
B
F R @ V¥

S

Figure 3. Immunohistochemical staining of the CA1 region of the hippocampus (x200). A: a, b, and c,
immunohistochemical staining for Bcl-2, Bax, and Caspase-3 protein expression in hippocampus, respectively. 1,
2,3,4,5, 6, 7: control, sham operation, normal saline, Aricept, ginsenoside Rb1 low, medium, high dosage groups,
respectively. B: Comparison of Bcl-2, Bax and Caspase-3 optical density levels in the hippocampus for each group.
“*P<0.01, compared with sham-operation group; 44P<0.01, compared with AB+NS group; #P<0.01, compared with
AB+NS group. Data are presented as mean * standard deviation (n = 6). NS: normal saline; AB: amyloid-B; L-Rb1:
Ginsenoside Rb1 low dosage group; M-Rb1: Ginsenoside Rb1 medium dosage group; H-Rb1: Ginsenoside Rb1 high

dosage group.

significantly decreased after injection of AB, ,,
(P<0.01). After treatment with Aricept or Rb1,
the protein levels of Bax and Cleaved Capase-3
were significantly decreased and the protein
levels of Bcl-2 were highly increased at differ-
ent degrees (P<0.01). Among the three doses
of Rb1, the Rb1 25 mg/kg rats (M-Rb1 group)
shown the better effects, which was compara-
ble to Aricept positive control.

Effects of Rb1 on AB-induced expression of
Bcl-2, Bax and Caspase-3 mRNAs in the hip-
pocampus

The effects of Rb1 on the expression of Bcl-2,
Bax and Caspase-3 mRNA were investigated
by real-time PCR. Compared with the sham-
operation group, injection of AB,,  in the
hippocampus highly increased the expression
of Bax mRNA and Caspase-3 mRNA and decr-
eased the expression of Bcl-2 mRNA (P<0.01).
Compared with the injection of AB, ,  group,
Aricept or Rb1 group significantly decreased

the expression of Bax mRNA and Caspase-3
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MRNA and increased the expression of Bcl-2
MRNA (P<0.01) (Figure 5).

Tunel assay results

Microscopic inspection of the cortical sections
from normal control and sham-operation rats
revealed morphologically normal neurons with
no TUNEL reaction. Compared with the control
group, the number of apoptotic cells was sig-
nificantly increased in the model group (P<0.01;
Figure 6). After treatment with donepezil or
Rb1, the number of TUNEL-positive cells were
significantly reduced, compared with the model
group (P<0.01). Of the Rb1 treatment, a dose
of 25 mg/kg/per day produced the strongest
effect, which was comparable to that 12.5 mg/
kg/per day or 50 mg/kg/per day.

Discussion

AD is a specific form of dementia in aged
humans, affecting more than 35 million indi-
viduals worldwide [1]. The disease is character-

Am J Transl Res 2018;10(3):796-805
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Figure 4. Protein expression of Bcl-2, Bax, and Caspase-3 in the hippocampus CA1 area. A: Western blotting for Bcl-
2, Bax, and Caspase-3 in the hippocampus CA1 area in each group, the gels were run under the same experimental
conditions. The Original images are available in Figure S1. B: Optical density values of Bcl-2, Bax, and Caspase-3
expressions are quantified and analyzed in each group. **P<0.01, compared with sham-operation group; 44P<0.01,
compared with AB+NS group; #P<0.01, compared with AB+NS group. Data are presented as mean * standard
deviation (n = 6). NS: normal saline; AB: amyloid-B; L-Rb1: Ginsenoside Rb1 low dosage group; M-Rb1: Ginsenoside
Rb1 medium dosage group; H-Rb1: Ginsenoside Rb1 high dosage group.
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Figure 5. Hippocampus mRNA expression of Bcl-2, Bax and Caspase-3. The three panels show the quantification
results of Bcl-2, Bax and Capase-3 gene expression for each group. The Aricept and Rb1 group were significantly
decreased compare with AB+NS group. “"P<0.01, compared with sham-operation group; 44P<0.01, compared with
AB+NS group; #P<0.01, compared with AB+NS group. Data are presented as mean * standard deviation (n = 6). NS:
normal saline; AB: amyloid-B; L-Rb1: Ginsenoside Rb1 low dosage group; M-Rb1: Ginsenoside Rb1 medium dosage
group; H-Rb1: Ginsenoside Rb1 high dosage group.

ized by cognitive impairments, gradual memory factor, which can lead to mitochondrial dys-
loss and deterioration of language skills [17]. function and eventually cell death. Amyloid-
Although environmental and age factors might beta (AB), derived from APP, is a crucial initial
increase the risk of the disorder, genetic back- factor that triggers a complex pathological cas-
ground is significantly implicated in AD [18, 19], cade [20]. The deposition of aggregated AP trig-
the definite mechanisms of neuronal degene- gers a cellular stress response known as the
ration in AD are still unknown. Available data unfolded protein response (UPR); the UPR sig-
presents that in the amyloid precursor protein naling pathway is a cellular defense system for
(APP) metabolic abnormalities, as a causative dealing with the accumulation of misfolded pro-
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Figure 6. TUNEL staining showing cell apoptosis in the CA1 region of hippocampus (x400). A-G: Control, sham op-
eration, control model, Aricept, Rb1 low, medium, high dosage groups, respectively. Apoptosis was expressed as the
percentage of the number of TUNEL-positive cells to the total number of cells. The bar chart shows the apoptosis
ratio of hippocampus neuron for each group. Data are presented as mean + standard deviation (n = 6). “"P<0.01,
compared with sham-operation group in the same time point; 44P<0.01, compared with AB+NS group in the same
time point; #P<0.01, compared with AB+NS group in the same time point. 0+NS: normal control group; NS+NS:
sham-operated group; AB+NS: model control group; Aricept: treated with Aricept [1.67 mg/(kgd)]; L-Rb1: treated
with Rb1 (a low dose of 12.5 mg/(kgd)); M-Rb1: treated with Rb1 (a medium dose of 25 mg/(kgd)); H-Rb1: treated

with RB1 (a high dose of 50 mg/(kgd)).

teins, but switches to apoptosis when endo-
plasmic reticulum stress is prolonged [21] me-
anwhile the toxic effect of AR is manifested by
ROS generation, induction of apoptosis and
impaired memory [22]. In vivo and in vitro
experiments have indicated that soluble AB,
by reducing cytochrome oxidase activity and
increasing hydrogen peroxide generation, im-
pairs mitochondria metabolism [23]. As the
overproduction and accumulation of B-amyloid
(AB) protein has been proposed as a pivotal
event in AD pathogenesis [4], the injection of
AB, ,, into rat hippocampus provides an eff-
ective model to impair memory and to elicit
the pathologic changes of AD is feasible [24-
26]. In the present study, we found that AB, , -
injection can induce the impairment of spatial
learning and memory and Rb1 treatment can
also effectively ameliorate AB-induced memory
deficits.

The accumulation of AB can induce neuronal
apoptosis, which plays a pivotal role in AD pa-
thogenesis [27]. The conditions of inducing
apoptosis including serum starvation, reactive
oxygen species (ROS), nitric oxide (NO), UV and
y-irradiation, glucocorticoid and Bax overex-
pression are known as major factors to cause
redistribution of cytochrome c (cyt ¢) from the
intermembrane space of mitochondria to the
cytoplasm [28, 29]. Bcl-2 family of proteins
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tightly regulate the Cyt ¢ release [30]. The fam-
ily composed of a wide variety of anti-apoptosis
protein such as Bcl-2 and pro-apoptotic pro-
tein such as Bax. The general balance between
anti- and pro-apoptotic proteins determines
the activation of intrinsic apoptotic signals in-
volving mitochondria [31]. Caspase-9 is known
as an important factor in the development of
mammalian nervous system and is the main
initiator caspase in intrinsic apoptotic pathway
involving mitochondria [32]. When these up-
stream caspases are activated, they activation
triggers downstream effector caspases cleav-
age such as caspase-3, which can cleave cyto-
skeletal and nuclear proteins to induce apop-
tosis [33]. Caspase-3 is the effector caspase
and final executor of apoptosis [7]. In the pres-
ent study, we found that Rb1l can ameliorate
Alzheimer’s disease through apoptotic signal-
ing pathway, which could down regulate the ex-
pression of Bax and caspase-3 and increase
the expression of Bcl-2 in the hippocampus of
rats which with AB, . -induced.

1-40

Ginseng is one of the most widely used herbal
medicines in human. Ginsenosides are classi-
fied into three categories based on their struc-
tural differences. The panaxadiol group incl-
udes Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rh2, and Rs1
and panaxatriol group includes Re, Rf, Rgl,
Rg2, and Rh1. Ro is classified as oleanolic acid
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group [34]. With the deep study of AD in
decades, many pausible targets to treat AD
have been suggested as followings: 1) incre-
ase in the uptake of choline in central nervous
system, 2) release of acetylcholine from hippo-
campus, 3) increased activity or expression of
choline acetyltransferase, 4) protection against
the AB or tau protein-induced neurotoxic eff-
ects by several mechanisms including inhibi-
tion of neuroinflammation, increased produc-
tion of neurotrophic factor, and regulation of
apoptotic processes, 5) repair of AB-damaged
neuronal networks by increased neurogenesis
and synaptic plasticity, and 6) reducing the
level of AB by decreased production or in-
creased elimination [35]. The results of the
present study demonstrated that Rb1 can pro-
tect neurons against AB, , -induced apopto-
tic insults. Thus, we demonstrated that in vivo
treatment with G-Rb1 exerted protective eff-
ects against AB-induced injury in rat hippo-
campus.

In this study, we demonstrated that the treat-
ment of Rbl can effectively ameliorate the
Alzheimer’s disease, reduce Bax and Caspase-3
expression and increase Bcl-2 expression in
hippocampus of AD rats, especially the mid-
ginsenoside Rb1l (25 mg/kg/d). Levels of Bax
and Caspase-3 expression in hippocampus of
AD normal saline group were remarkably in-
creased, meanwhile the Bcl-2 expression in
this group is reduced, compared to any other
groups. Ginsenoside Rb1l may down-regulate
Bax and Caspase-3 expression, and increase
level of Bcl-2, then inhibit neuronal apoptosis
process. Moreover, further studies are needed
to explain other involved protective effects and
mechanisms of ginsenoside Rb1 on AD accord-
ing to clinical practice.
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Figure S1. Original western blot images for Figure 4 in the study.



