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induced by cholinergic blockade or Ab25e35 peptide in mice
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Background: Alzheimer's disease (AD) has memory impairment associated with aggregation of amyloid
plaques and neurofibrillary tangles in the brain. Although anti-amyloid b (Ab) protein antibody and
chemical drugs can be prescribed in the clinic, they show adverse effects or low effectiveness. Therefore,
the development of a new drug is necessarily needed. We focused on the cognitive function of Panax
ginseng and tried to find active ingredient(s). We isolated panaxcerol D, a kind of glycosyl glyceride, from
the non-saponin fraction of P. ginseng extract.
Methods: We explored effects of acute or sub-chronic administration of panaxcerol D on cognitive
function in scopolamine- or Ab25-35 peptide-treated mice measured by several behavioral tests. After
behavioral tests, we tried to unveil the underlying mechanism of panaxcerol D on its cognitive function
by Western blotting.
Results: We found that pananxcerol D reversed short-term, long-term and object recognition memory
impairments. The decreased extracellular signal-regulated kinases (ERK) or Ca2þ/calmodulin-dependent
protein kinase II (CaMKII) in scopolamine-treated mice was normalized by acute administration of
panaxcerol D. Glial fibrillary acidic protein (GFAP), caspase 3, NF-kB p65, synaptophysin and brain-
derived neurotrophic factor (BDNF) expression levels in Ab25-35 peptide-treated mice were modulated
by sub-chronic administration of panaxcerol D.
Conclusion: Pananxcerol D could improve memory impairments caused by cholinergic blockade or Ab
accumulation through increased phosphorylation level of ERK or its anti-inflammatory effect. Thus,
panaxcerol D as one of non-saponin compounds could be used as an active ingredient of P. ginseng for
improving cognitive function.
© 2023 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Dementia is a common feared health obstacle in the elderly [1].
It could be grouped into Alzheimer's disease (AD), vascular de-
mentia or Lewy body disease, with AD accounting for the most
among all dementia patients [2]. Although it is prominent that

aggregation of amyloid b protein (Ab) and/or tangle of tau protein
[3] in the brain of an AD patient, the exact etiology of AD remains
unclear. Acetylcholinesterase (AChE) inhibitors such as donepezil
can be prescribed for treating AD patients to delay cognitive decline
through activation of the cholinergic neurotransmitter system in
the clinic [4]. Although AChE inhibitors can temporarily alleviate
the decline of cognitive function, they have adverse effects such as
diarrhea, anorexia, and dizziness [5]. Therefore, it is urgent to in-
vent a new drug that can delay the progression or the onset of
dementia with few adverse effects.

Panax ginseng Meyer (Araliaceae) has been applied as a tonic
agent in conventional herbal prescriptions in Eastern country,
especially, China, Japan, and Korea [6]. It has been well acknowl-
edged that P. ginseng can enhance immune function [7], cognitive
performances of elderly people [8], or AD patients [9]. Ginsenosides
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are primary working compounds of P. ginseng. Some of them can
reverse impaired cognitive function [10,11]. For example, ginseno-
side Rb1 and Re can reduce Ab production by activating peroxisome
proliferator-activated receptor g (PPAR-g) [12]. Ginsenoside Rg3 is
able to ameliorate memory deficit induced by lipopolysaccharide
through its anti-inflammatory activity [13]. Ginsenoside Rg1 can
inhibit g-secretase activity, resulting in reduction of Ab accumula-
tion in the brain [14]. As described above, most research studies on
P. ginsengwere focused on ginsenosides. However, studies on other
chemical groups of P. ginseng are limited except for gintonin with
respect to its effect on cognitive function [15]. In a pilot study, we
found that EtOAc fraction of P. ginseng had ameliorating activity
against cognitive disorder caused by cholinergic neurotransmitter
blocking in mice. Subsequently, we attempted to separate active
component(s) from EtOAc fraction and found panaxcerol D, a kind
of glycosyl glyceride. Panaxcerol D has anti-inflammatory effect by
inhibiting NO production or skin-whitening activity by inhibiting
melanin biosynthesis [16,17]. However, whether panaxcerol D can
reverse cognitive impairments has not been explored yet.

In the current study, we inspected whether panaxcerol D could
ameliorate cognitive impairment in scopolamine- or Ab25-35
peptide-induced AD mice model. We performed several behavioral
tests such as the Y-maze test, the novel object recognition test
(NORT), the passive avoidance test (PAT) to probe effects of pan-
axcerol D on cognitive functions. In addition, we explored the un-
derlying mechanism of panaxcerol D by investigating signaling
pathway(s) associated with cognitive functions.

2. Materials and methods

2.1. Animals

Six-week-old CD-1 mice (27-30 g body weight) were procured
from Orient Co., Ltd. (Gyeonggi-do, Korea). Mice were housed in
cages (5mice/cage) and supplied food andwater freely accessible in
a university animal care facility. The animal room was maintained
under a 12 h light/dark cycle (light on from 07:30-19:30) at a
keeping temperature of 23 ± 1 �C with a relative humidity of
60 ± 10%. Animals were cared in line with the Animal Care and Use
Guidelines printed by Kyung Hee University. After acclimation in
the animal room for one week, mice were used for experiments. All
experimental processes using animals were authorized by the
Institutional Animal Care and Use Committee of Kyung Hee Uni-
versity (approval number: KHSASP-21-567).

2.2. Materials

Scopolamine hydrobromide, donepezil hydrochloride and
avertin (2,2,2-tribromoethanol) were obtained from Sigma-Aldrich
Co. (St. Louis, MO, USA). tert-Amyl alcohol (2-methyl-2-butanol)
was bought from Thermo Fisher Scientific Co. (Waltham, MA, USA).
Ab protein fragment 25-35 (Ab25-35) was bought from BACHEM Co.
(Bubendorf, Switzerland). Rabbit polyclonal anti-phosphorylated
extracellular signal-regulated kinase (pERK), anti-ERK, and anti-
phosphorylated p65 antibodies were obtained from Cell Signaling
Technology (Danvers, MA, USA). Rabbit polyclonal anti-
phosphorylated Ca2þ/calmodulin-dependent protein kinase II
(pCaMKII), mouse monoclonal anti-CaMKII, anti-p65, and anti-b-
actin antibodies were bought from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA). Rabbit polyclonal anti-brain-derived neuro-
trophic factor (BDNF), anti-synaptophysin, and mouse monoclonal
anti-caspase 3 antibodies were acquired from Abcam (Cambridge,
UK). Rabbit polyclonal anti-glial fibrillary acidic protein (GFAP)
antibodies were bought from GeneTex, Inc. (Irvine, CA, USA). For
column chromatography, Sephadex LH-20 (Amersham Pharmacia

Biotech, Amersham), silica gel (70e230 mesh, Merck, Kenilworth,
NJ, USA) and LiChroprep RP-18 (40e63 mm, Merck, Kenilworth, NJ,
USA) were purchased. All other materials were purchased from
normal commercial sources. They were of the highest quality
available. Panaxcerol D was used after it was resolved in 10% Tween
80 solutionwith 3% dimethyl sulfoxide. Scopolamine and donepezil
were used after they were resolved in 0.9% saline solution.

2.3. Isolation of panaxcerol D

Dried roots of P. ginseng were bought from a local market
(Chungcheongnam-do, Korea) and verified by one of the authors,
Prof. DS Jang. A voucher specimen (PAGI-2019) of the raw material
was retained in the Laboratory of Natural Product Medicine, College
of Pharmacy, Kyung Hee University, Seoul, Republic of Korea.

The raw material (40.53 kg) was extracted with 70% acetone
twice at room temperature for 3 days. The solvent was evaporated
at 42 �C. The extract (857.66 g) was then suspended in H2O and
partitioned with EtOAc to yield EtOAc extract (86 g) and water-
soluble extract (772 g), respectively. The EtOAc-soluble fraction
(84 g) was separated by column chromatography (CC) using silica
gel (70e230 mesh; 4 6.5 � 48.0 cm) as stationary phase with a
gradient system of n-hexane-EtOAc gradient (95:5 to 80:20, v/v) to
give 24 fractions (E1 e E24). Fraction E18 (7.87 g) was fractionated
further using Sephadex LH-20 CC (4 5.5 � 65.3 cm,
CH2Cl2eMeOH¼ 50:50) to yield eight subfractions (E18-1e E18-8).
Subfraction E18-3 was separated by LiChroprep RP-18 (ODS-A 12
nm S-150 mm, 4 4.0 � 43.0 cm, acetone-H2O ¼ 75:25 to 100:0 v/v)
to obtain panaxcerol D (714.2 mg). The purity of the panaxcerol D
isolated was over 98% by DART-MS and NMR analysis. The structure
of panaxcerol D was identified based on spectroscopic data, espe-
cially based on 1D NMR and DART-MS studies with the literature
[16]. The structure of panaxcerol D is presented in Fig. 1.

2.4. Ab25-35 peptide injection

Ab25-35 peptide injection mouse model has been used for
memory impaired animal model became Ab25-35 peptide induces
multiple disturbances in cellular integrity [18,19]. Ab25-35 peptide
was resolved in filtered sterilized 0.05 M PBS (1 mg/ml) and incu-
bated at 38 �C for 72 h for aggregation. After anesthesiawith avertin
(5 mg/kg, i.p.), mice were injected with aggregated Ab25-35 peptide
or vehicle (3 ml/3 min) into the right lateral ventricle at stereotaxic
coordinates (AP,�0.2 mm; ML,þ1.0 mm; DV,�2.5 mm) taken from
the atlas of the mouse brain [20]. Backflow was minimized by
holding the needle for 2 min after injection. Mice were then placed
in a warm (32-33 �C) incubator and kept until they awoke.

2.5. Drug administration

For acute treatment studies, panaxcerol D (3, 10 or 30 mg/kg),
donepezil (5 mg/kg) or vehicle was administered 1 h before Y-
maze, the acquisition trial in PAT, or the training session of NORT.

To explore the memory improvement of sub-chronic treatment
with panaxcerol D, the mice were administered of panaxcerol D (30
mg/kg), donepezil (5 mg/kg) or vehicle once a day for 7 days from
the day after Ab25-35 injection. In addition, the administration of
panaxcerol D, donepezil or vehicle was continuously conducted
during behavioral tests. The administration was performed 1 h
before the Y-maze task, habituation and training session in NORT,
acquisition trial in PAT. Also, the administration of panaxcerol D or
donepezil was performed after probe session in NORT, and reten-
tion trial in PAT, as presented in Fig. 3.
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2.6. Y-maze test

The Y-maze test has been employed for measuring
hippocampus-dependent spatial working and short-term memory
of mouse [21]. The Y-maze has Y-shaped armswith equal length (40
cm-long, 4 cm-wide, 11 cm-high walls) and distance, apart from
one another by 120� angles as described previously [22]. Mice were
positioned in the center of themaze. Theywere let tomovewithout
restraint. They were recorded for 6 min with a video camera. The
successive order and number of arm entries were manually coun-
ted (i.e. ABCBCBA). An actual alternation was determined as a
mouse enter three different arms successively (i.e., ABC, BAC, or
CBA). The percentage of spontaneous alternationwas defined as the
following formula: alternation (%) ¼ [(number of real alternations)/
(total arm entries-2)] � 100.

2.7. NORT

NORT has been used for measuring the recognition memory in
mouse [23]. NORT was executed carried for 4 days: 2 days for
habituation, 1 day for training and the final day for probe test as
described previously [24]. In the habituation session, mice were
placed to habituate for 10 min in a NORT box (25 � 25 � 25 cm),
Mice were let to move without restraint within the NORT box
without any object. In the training session, mice were introduced
into the test box for habituation. After habituation for 5 min, two
indistinguishable objects were placed in slanted corners of the test
box. Mice were let to perceive objects for 5 min. The following day
after the training session, the probe session was executed. After
habituation for 5 min, one of two familiar objects was substituted
with a novel object that had a nonidentical shape with comparable
material to the familiar object. Mice were let to move freely for 5
min. Their exploring behaviors were recorded with a video camera.
They were completely dried before each test. The discrimination
ratio (%) was defined as the following formula: [(Tnovel - Tfamiliar)/
(Tnovel þ Tfamiliar)] � 100.

2.8. PAT

PAT has been used for assessment of the long-term memory of
mouse [25]. PAT was executed for two continuous days as acqui-
sition and retention trials in a device configuring two connected
same chambers (20 � 20� 20 cm), a light chamber and a dark
chamber, divided by a guillotine door (5� 5 cm) as reported pre-
viously [26]. The light chamber had a light source (50 W bulb).
However, the dark chamber had no light source. A stainless steel
grid (diameter: 2 mm) was set in the floor of chambers. At the day
of the acquisition trial, each mouse was positioned softly in the
light chamber. The guillotine door was opened carefully 30 s after
placing the mouse. When mice went inside the dark chamber, the
door was get down and mice were given an electric foot shock (0.5
mA, 3 s) through steel rods. The retention trial was performed by
placing mice in the light chamber at 24 h after the acquisition trial.

The guillotine door was gently lifted after 30 s and the latency that a
mouse went in the dark chamber was recorded. The step-through
latency was recorded up to 300 s.

2.9. Western blot analysis

The day after PAT, mice were sacrificed by cervical dislocation at
1 h after administration of panaxcerol D (3, 10 or 30 mg/kg, p.o.) or
donepezil (5 mg/kg, p.o.) with 30 min after administration of
scopolamine (1 mg/kg, i.p.) and their brains were removed. Isolated
whole cortex and hippocampus were homogenized in ice-cold Tris-
HCl buffer (20 mM, pH 7.4) containing 1 mM phenylmethylsulfonyl
fluoride, 1 mM orthovanadate, 1 mM sodium fluoride, 1 mM EDTA,
0.32 M sucrose, complete protease inhibitor (1 tablet / 50 mL of
buffer) and a phosphatase inhibitor cocktail (1 tablet / 10 mL). The
homogenized tissue was centrifuged twice at 14,000 rpm for 20
min at 4 �C. The supernatant was collected separately. Quantified
proteins (15 mg) were loaded onto sodium dodecyl sulfate poly-
acrylamide gel electrophoresis gels (10% or 12%) under reduced
conditions. After transfer, polyvinylidene difluoride (PVDF) mem-
branes were incubated in 5 % skim milk for 2 h at room tempera-
ture. They were then incubated with primary antibodies (1:1000
dilution in 3 % skim milk) at 4 �C overnight. After membranes were
washed with Tris-buffered saline (20 mM, pH 7.4) containing
Tween-20 (TBST) six times for 10 min each, they were incubated
with secondary antibodies (1: 5,000 dilution) suitable for each
primary antibody at room temperature for 2 h. After membranes
were washed with TBST six times for 10 min each, immunoblots
were developed with enhanced chemiluminescence (Amersham
Life Science, Arlington Heights, IL, USA) and analyzed using a Mo-
lecular Image Gel Doc XR þ system (Bio-Rad Laboratory, Berkeley,
CA, USA).

2.10. Statistical analysis

Data are presented as mean ± standard error of the mean
(S.E.M.). Results of the Y-maze test, PAT, and Western blot analysis
were analyzed by one-way analysis of variance (ANOVA) with the
Newman-Keuls multiple comparison test. Two-way ANOVA fol-
lowed by Bonferroni's post hoc test was used to analyze the object
preference ratio in NORT. Differences between groups were
considered significant at P < 0.05. All statistical analyses were
performed with Prism 5.0 software (GraphPad, La Jolla, CA, USA).
Researchers who were blinded to each treatment analyzed
behavioral data.

3. Results

3.1. Panaxcerol D improves cognitive impairment caused by
cholinergic neurotransmitter blocking in behavioral tests

Y-maze test was employed to evaluate effects of panaxcerol D on
working memory and short-term memory. There were significant

Fig. 1. The chemical structure of panaxcerol D.
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group differences in spontaneous alternation [F [5,50] ¼ 5.099,
P¼ 0.0007; Fig. 2A]. The spontaneous alternationwas decreased by
injection of scopolamine. However, it was significantly recovered
by panaxcerol D administration (P < 0.05), as observed in
donepezil-administered group (P < 0.05). Total arm entries showed
no significant group differences (data not shown), suggesting that
panaxcerol D did not affect their spontaneous locomotor behavior
[27].

Next, we conducted NORT to investigate the effect of panaxcerol
D on object recognition memory in scopolamine-induced memory
impaired mice. Two-way ANOVA showed significant group differ-
ences in object preference ratio [object, F (1, 102) ¼ 10.41,
P ¼ 0.0017; treatment, F (5, 102) ¼ 15.40, P < 0.0001; interaction
object x treatment F (5, 102) ¼ 0, P ¼ 1; Fig. 2B]. The increase of pref-
erence ratio to familiar object of scopolamine-treated group was
significantly recovered after administration of panaxcerol D
(P < 0.0001), as observed in donepezil-administered group.

PAT was also executed to measure effects of panaxcerol D on
long-term memory in memory impairment induced by cholinergic
blockade. There were no significant group differences in step-
through latency in the acquisition trial [F [5,54] ¼ 1.937,
P ¼ 0.1033, Fig. 2C]. However, there were significant group differ-
ences in the latency between groups in the retention trial [F
[5,54] ¼ 41.07, P < 0.0001; Fig. 2C]. The latency in the scopolamine-
administered group was significantly decreased compared to that
in the control group (P < 0.001). However, treatment with pan-
axcerol D at 30 mg/kg significantly (P < 0.001) reversed such
decrease of latency caused by scopolamine treatment. The effect of
panaxcerol D was similar to that of donepezil.

3.2. Sub-chronic administration of panaxcerol D ameliorates
cognitive dysfunction impaired by Ab25-35 peptide injection in
behavioral tests

In the acute treatment study, panaxcerol D reversed memory
impairment induced by cholinergic blockade. Therefore, we next
explored whether sub-chronic treatment with panaxcerol D could
rescue cognitive dysfunction induced by Ab25-35 peptide injection.
There were no significant difference in spontaneous alternation
behavior among groups in Y-maze test [F [3,38] ¼ 2.433,
P ¼ 0.0813; Fig. 3A]. Total arm entries were not significantly
different across groups either (data not shown).

In NORT, there were significant group differences in object
preference ratio based on two-way ANOVA [object, F (1,
70) ¼ 234.5, P < 0.0001; treatment F (3, 70) ¼ 14.50, P < 0.0001;
interaction object x treatment F (3, 70)¼ 0, P ¼ 1; Fig. 3B]. The decrease
of novel object preference ratio by Ab25-35 peptide treatment was
significantly recovered by panaxcerol D administration (P < 0.001),
as observed in donepezil-administered group.

In PAT, there were no significant group differences in the
acquisition trial [F [3,38] ¼ 1.790, P ¼ 0.1670; Fig. 3C]. On the other
hands, there were significant group differences in the retention
trial [F [3,38] ¼ 29.47, P < 0.0001; Fig. 3C]. The latency in the Ab25-
35-treated group was significantly lower than in the sham group.
However treatment with panaxcerol D significantly reversed such

Fig. 2. Effects of panaxcerol D on cognitive function measured by Y-maze test, NORT,
and PAT in mice
The spontaneous alternation (A) in Y-maze test, the object preference ratio (B) in
NORT, and the step-through latencies in the acquisition trial and retention trial (C) in
PAT were presented. Data were presented means ± S.E.M. (n ¼ 8-10/group)
(***P < 0.001 versus the vehicle-administered group; #P < 0.05 versus the scopol-
amine administered group; ###P < 0.001 versus the scopolamine administered group).
Con, control.
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decrease in latency by Ab25-35 peptide treatment. The effect of
panaxcerol D on latency was similar to that of donepezil.

3.3. Effects of panaxcerol D on phosphorylation levels of ERK and
CaMKII in memory impairment mice model induced by cholinergic
blockade

We examined phosphorylation levels of ERK and CaMKII in the
hippocampus after panaxcerol D administration. Expression levels
of each signaling molecule in the hippocampus were analyzed by
one-way ANOVA [p-ERK, F [5,30] ¼ 18.25, P < 0.0001; p-CaMKII, F
[5,30] ¼ 9.804, P < 0.0001]. Panaxcerol D administration signifi-
cantly increased levels of p-ERK and p-CaMKII compared to
scopolamine administration (P < 0.05, Fig. 4), as shown in
donepezil-treated group.

3.4. Effects of panaxcerol D sub-chronic administration on
expression levels of ERK, synaptophysin, GFAP, caspase 3, NF-kB, and
BDNF in Ab25-35 peptide-injected AD mice model

We inspected expression levels of GFAP, caspase 3, synapto-
physin, and BDNF, and phosphorylation levels of ERK and NF-kB in
the cortex after panaxcerol D administration. Expression levels of
each signaling molecule were analyzed by one-way ANOVA in the
cortex [GFAP, F [3,20] ¼ 6.137, P ¼ 0.0039; caspase 3, F
[3,18] ¼ 4.800, P ¼ 0.0125; p-ERK, F [3,20] ¼ 3.620, P ¼ 0.0310; p-
p65, F [3,20] ¼ 5.068, P ¼ 0.009; BDNF, F [3,20] ¼ 8.628,
P ¼ 0.0007]. In the cortex, panaxcerol D administration (30 mg/kg)
significantly decreased GFAP and caspase 3 expression levels
(P < 0.05, Fig. 5). Panaxcerol D administration (30 mg/kg) signifi-
cantly decreased phosphorylation levels of NF-kB p65, but
increased BDNF expression levels (P < 0.05, Fig. 5). Panaxcerol D
administration (30 mg/kg) also significantly increased synapto-
physin expression levels and phosphorylation levels of ERK
compared to Ab25-35 peptide treatment (P < 0.05, Fig. 5). However,
expression levels of in GFAP, caspase 3, ERK, NF-kB p65, and BDNF
in the hippocampus showed no significant changes
(Supplementary Fig. S1).

4. Discussion

In the current study, we discovered that panaxcerol D alleviated
scopolamine- or Ab25-35 peptide -induced cognitive dysfunction
through several behavioral tests as well as the Y-maze test, PAT and
NORT. Additionally, administration of panaxcerol D enhanced ERK
or CaMKII signaling pathway in the hippocampus under a hypo-
cholinergic state and normalized GFAP, caspase 3, NF-kB p65,
synaptophysin, and BDNF levels in the cortex after injection with
Ab25-35 peptide.

It has been reported that P. ginseng has an improving effect on
AD in animal models [28,29] and patients [30e32]. In addition,
ginsenosides are known to be main active components of P. ginseng
in terms of cognitive function [33]. Recently, in the pilot study, we
found that the non-saponin fraction of P. ginseng extract could
improve cognitive dysfunction in mouse model induced by
scopolamine using a PAT (Supplementary Fig. S2), suggesting that
non-saponin compound(s) as well as ginsenosides might play
important roles in cognitive function of P. ginseng. Thereafter, we
explored which compound(s) could have memory improving effect
in the non-saponin fraction of P. ginseng and isolated panaxcerol D.
It has been reported that panaxcerol D has anti-inflammatory ac-
tivity in vitro [16]. However, any pharmacological effect of pan-
axcerol D on cognitive function has not been inspected to the best
of our knowledge.

In behavioral tests, acute or sub-chronic administration of
panaxcerol D improved long-term memory and recognition mem-
ory measured by PAT and NORT in both scopolamine and Ab25-35
peptide-treated cognitive impairment mouse models. In the Y-

Fig. 3. Effects of sub-chronic panaxcerol D treatment on Ab25-35 peptide-induced
memory impairment in Y-maze test, NORT, and PAT in mice
The spontaneous alternation (A) in Y-maze test, the object preference ratio (B) in
NORT, and the step-through latencies in the acquisition trial and retention trial (C) in
PAT were presented. Data were presented means ± S.E.M. (n ¼ 9-10/group)
(***P < 0.001 versus the vehicle-administered group; ##P < 0.01 versus the scopol-
amine administered group; ###P < 0.001 versus the scopolamine administered group).
Con, control.
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maze test, acute administration of panaxcerol D significantly
recovered the memory dysfuntion induced by scopolamine. How-
ever, sub-chronic administration of panaxcerol D did not show a
significant effect on memory impairment of Ab25-35 peptide-
injected mouse. It is unclear why panaxcerol D did not attenuate
short-term memory in the Ab25-35 peptide-treated mouse model.
The Y-maze test has been employed for measuring hippocampus-
dependent spatial working and short-term memory of mouse
[21]. It has been reported that hippocampus dependent behavioral
changes can be observed at 3 - 4 weeks after injection of Ab peptide
[34,35]. However, in our studies, we injected Ab25-35 peptide into
cerebral ventricles of mice and performed experiments at oneweek
after injection. Therefore, no changes in the Y-maze test after
administration of panaxcerol D in Ab peptide-treated mice might
not have enough time to affect the hippocampal function associ-
ated with short-term memory of mice. No changes of signaling
molecules in the hippocampus could also support results of Y-maze
test using Ab peptide-treated mice (vide infra).

It has been reported that ERK and CaMKII contribute to neuronal
or synaptic plasticity [36]. Recently, we observed that phosphory-
lation levels of ERK and CaMKII were decreased in a scopolamine-
induced cognitive impairment mouse model [37]. In the current
study, we found that phosphorylation levels of ERK and CaMKII in
the hippocampus were decreased by injection of scopolamine, but
increased by administration of panaxcerol D or donepezil. These
results suggest that panaxcerol D could ameliorate cognitive
function through activation of ERK-CaMKII signaling pathways in a
hypocholinergic state. In addition, in the brain of Ab-induced
memory impairment animal model, the level of GFAP expression
was increased, consistent with our and other's report [38,39]. It is
known that upregulation of GFAP controls damage of CNS diseases
[40]. For example, GFAP levels are increased in brains of patients
with AD [41] or multiple sclerosis [42]. In addition, caspase 3-
mediated GFAP proteolysis could induce degeneration of astro-
cytes in brains of AD patients [43]. To investigate changes of mol-
ecules associated with AD pathology, we explored GFAP and
caspase 3 expression levels. GFAP and caspase 3 expression levels
were increased in Ab25-35 peptide-injected group, but decreased by
panaxcerol D administration. These results mean that administra-
tion of panaxcerol D could normalize impaired expression levels of
GFAP and caspase 3 observed in AD patients [43]. In the present
study, anti-inflammatory effect of panaxcerol D was observed via
the Western blot analysis of GFAP, however, specific brain areas
associated with such effect were hard to clarify. Further researches
should be investigated to know the expression of GFAP and
microglia activation associated with neuroinflammation and AD
with immunohistochemistry analysis. In addition, it has been re-
ported that Ab peptides can stimulate ROS production, resulting in
activation of NF-kB with phosphorylation of p65 and dysregulated
expression of various genes including BDNF [44]. In the current
study, the BDNF expression level was increased and the phos-
phorylation level of p65 was decreased in panaxcerol D adminis-
tration group. Additionally, we inspected that the phosphorylation
level of ERK was normalized in panaxcerol D administrated group,
as in scopolamine-induced animal model, suggesting that pan-
axcerol D treatment could restore synaptic plasticity. These
increased phosphorylation levels of ERK and CaMKII might be
associated with the activation of TrkB. BDNF bound with TrkB
activated downstream signaling pathways including ERK and
CaMKII, thereafter, promote the expression of BDNF. Although the
administration of panaxcerol D did not increase the activation of
TrkB significantly, it showed a tendency to increase the phosphor-
ylation level of TrkB (Supplementary figure S3) and significantly
increased the phosphorylation level of ERK and CaMKII. Therefore,
panaxcerol D might exert its pharmacological activities after

binding with TrkB. Further study is needed to clarify the receptor of
panaxcerol D. Synaptophysin plays a critical role in synaptic plas-
ticity [45]. Expression levels of synaptophysin are decreased in AD

Fig. 4. Effects of panaxcerol D on the scopolamine-induced phosphorylation levels of
ERK and CaMKII in the hippocampus
The immunoreactivity (A) and quantitative analysis of expression levels of ERK (B) and
CaMKII (C) were presented. Data were presented means ± S.E.M. (n ¼ 5-6/group)
(***P < 0.001 versus the vehicle-administered group; ##P < 0.01 versus the scopol-
amine administered group; ###P < 0.001 versus the scopolamine administered group).
Con, control.
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patients [46] and AD animal models [47,48] with decreased syn-
aptic plasticity [49]. In the present study, panaxcerol D adminis-
tration enhanced expression levels of synaptophysin in Ab25-35
peptide-induced AD mouse model, meaning that administration of
panaxcerol D could improve synaptic plasticity in Ab25-35 peptide-
induced AD mouse model. Taken together, these results suggest
that panaxcerol D could normalize impaired GFAP-caspase 3 and
NF-kB-BDNF signaling pathways and enhance synaptic plasticity by
increasing phosphorylation levels of ERK and synaptophysin
expression levels in an AD mouse model.

Regarding the effect of P. ginseng on cognitive function, most
studies have mainly focused on saponin components [50,51]. Be-
sides ginsenosides, non-saponin components of P. ginseng such as
panaxynol as a polyacetylene component [52] and gintonin as a
glycolipoprotein component [53] could improve cognitive function
[54,55]. In this study, we also observed that panaxcerol D would be
one of the active components of the non-saponin fraction of
P. ginseng. This is the first study to show that panaxcerol D is
effective in improving memory in scopolamine- and Ab-induced
cognitive impairment mouse models. However, the proportion of
panaxcerol D in the non-saponin fraction of P. ginseng is only about

1 %, suggesting that other components including panaxcerol D and
gintonin might also play roles in effects of P. ginseng on cognitive
function. Also, it is likely that panaxcerol D directly exerts its effects
in the brain because of its polarity and anti-inflammatory effect.
However, we did not have any data on the pharmacokinetic pa-
rameters of panaxcerol D, such as blood-brain barrier penetration.
Therefore, further researches on synergistic effects of panaxcerol D
with other non-saponin component(s) and pharmacokinetic
research of panaxcerol D are needed to explain the contribution of
panaxcerol D on cognitive function. Further research on synergistic
effects of panaxcerol D with other non-saponin component(s) is
needed to explain the contribution of panaxcerol D to effects of
P. ginseng on cognitive function.

In summary, we found that panaxcerol D, a glycosyl glyceride
isolated from P. ginseng, could enhance memory dysfunction
induced by scopolamine treatment or Ab25-35 peptide injection in
mice measured by several behavioral experiments. These memory
improvements were due to increased levels of phosphorylation of
ERK and CaMKII in a cholinergic blockade state. Decreases of
expression levels of GFAP and caspase 3 and phosphorylation levels
of p65 with increased phosphorylation of ERK and expression level

Fig. 5. Effects of sub-chronic treatment of panaxcerol D on Ab25-35 peptide-induced the expression level of GFAP and caspase 3 and phosphorylation level of ERK and p65 and
expression level of synaptophysin and BDNF in the cortex
The immunoreactivity (A) and the quantitative analysis (B) of expression levels of GFAP, caspase 3, synaptophysin and BDNF or phosphorylation levels of ERK and p65 were
presented. Data were shown as the means ± S.E.M. (n ¼ 5-6/group) (*P < 0.05 versus the vehicle-administered group; **P < 0.01 versus the vehicle-administered group; #P < 0.05
versus the Ab25-35 administered group; ##P < 0.01 versus the Ab25-35 administered group). PD, panaxcerol D; SYP, synaptophysin; Con, control.
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of synaptophysin and BDNF might have ameliorated memory
impairment in Ab25-35 peptide-induced AD mice model. Taken
together, these results suggest that panaxcerol D could be a
candidate for treating cognitive dysfunction observed in a hypo-
cholinergic or Ab deposition state such as in AD.
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