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Abstract: Rhizoma Anemarrhena, a widely used traditional Chinese medicine, has previously been shown to have
neuroprotective effect. Sarsasapogenin-AA13 (AA13) is a novel synthetic derivative of Sarsasapogenin, which is
extracted from Rhizoma Anemarrhena. The aim of this study is to investigate the nootropic and neurotrophic effects
of AA13 and underlying mechanisms. In vitro, cell viability of rat primary astrocytes treated with AA13 and neurons
cultured with conditioned medium of AA13-treated rat primary astrocytes was tested by MTT assays. In vivo, a
pharmacological model of cognitive impairment induced by scopolamine was employed and spatial memory of the
mice was assessed by Morris water maze. This study found that AA13 increased cell viability of primary astrocytes
and AA13-treated astrocyte-conditioned medium enhanced the survival rate of primary neurons. Interestingly, AA13
markedly enhanced the level of BDNF in astrocytes. Furthermore, AA13 (6 mg/kg) improved the cognitive deficits
in animal models (p<0.05) and BDNF and PSD95 levels were increased in brain. Therefore, we hypothesize that
AA13 exerts nootropic and neurotrophic activities through astrocytes mediated upregulation of BDNF secretion. The
results suggest that AA13 could be a potential compound for cognitive impairment after further research.
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Introduction

Cognitive impairment occurs as a transitional
stage between normal aging and dementia.
Memory loss is usually one of clinical signs of
prodromal stage of Alzheimer’s disease (AD).
AD is a complex progressive neurodegenerative
brain disorder, which leads to cognitive deficits
and even death [1]. The pathological hallmarks
of the AD brain are AB plaques and neurofibril-
lary tangles [2]. Unfortunately, there are no effi-
cacious and available medicines for AD.

Neuroglia is important for the proper function-
ing of the central nervous system (CNS). The
fundamental function of neuroglia is to main-
tain the homeostasis, form myelin, provide sup-
port and protection for neurons, and defense
infection [3-5]. Astrocytes, the most numerous
and diverse neuroglial cells, play a crucial role
in neurotrophy, neural repair and brain homeo-

stasis. There are different types of astrocytes in
CNS like fibrous astrocytes, protoplasmic astro-
cytes and redial astrocytes [6-8]. Astrocytes
participate in the development of brain synapse
during initial establishment and remodeling [9].
Astrocytes secreted neural active substances
including neuromodulators, gliotransmitters
and trophic factor [10, 11], which are vital in
information transfer and neural plasticity. So
far, astrocytes have been proved to secret
numerous synaptic related molecules, includ-
ing interleukin [12], D-serine [13], neurotrophic
factor [14], estrogen [15], and tumor necrosis
factor alpha [16].

Neurotrophic factors are mainly produced by
astrocytes and neurons, especially by astro-
cytes, which play important roles in learning
and memory. And the reduction of neurotropic
factors has been found in many neurodegener-
ative diseases [17, 18]. Neuroglia is closely
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Figure 1. Chemical
Structure of Sarsa-
sapogenin-AA13.

associated with neuronal damage, and the
changes of astrocytes and microglia of the
brain were considered to be important in the
pathogenesis of AD [19]. In the brains of AD
patients, both the activation of astrocytes and
the damage of astrocytes were found, and
those changes often appeared before the for-
mation of neurofibrillary tangles and aggrega-
tion of B-amyloid (AB) [20]. In the studies of
mice and patients, astrocytes can gather and
phagocytose AB [21, 22]. AB aggregation and
plaque formation can promote activation of
astrocytes in AD animals [23, 24]. Similar astro-
cytes activation was also found in the brains
of AD patients [19, 25, 26]. Using fluorescent
tags to trace astrocytes, researchers found
that the astrocytes transplanted from healthy
mice could remove senile plagues and ph-
agocytose them [27], indicating pathological
changes of astrocytes play an important role in
the process of AD, which makes astrocytes a
promising therapeutic target.

Brain-derived neurotrophic factor (BDNF), a
well-understood trophic factor, is important in
many physiological courses in brains, such as
neuron maturation, synapsis plasticity and neu-
ral restoration [28]. BDNF decreased in the
brains of mild cognitive impairment patients
[29]. Furthermore, BDNF is lower in the brains
of AD patients than that of normal brains [30].
Researchers have found that BDNF could inhib-
it AB-induced neurotoxicity in vitro [31]. Since
extrinsic BDNF cannot across blood brain bar-
rier, using of compounds that promote the
expression of BDNF can be a feasible way in
the treatment of cognitive deficits or even AD.

Rhizoma Anemarrhena is a famous Chinese
herb, which was often applied in the therapy of
diabetic, thrombus and depression [32-34].
Recent studies have shown that Rhizoma
Anemarrhenae has neuroprotective and anti-
inflammatory effects [35, 36]. Saponin mixture
of Rhizoma Anemarrhenae ameliorated memo-
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ry deficits induced by amyloid B-peptide [37].
Sarsasapogenin-AA13 (AA13), a novel synthet-
ic derivative of sarsasapogenin, was found to
have neuroprotective effect, but its underling
mechanism has not been determined. AA13 is
a new compound which was tested for neuro-
protection from synthetic derivatives of sar-
sasapogenin. In our previous study, the anti-
inflammatory effects of AA13 were demon-
strated in RAW264.7 cells and peritoneal mac-
rophages [38].

In this study, we found the potential neuro-
trophic activity of AA13 both in vivo and in vitro.
Moreover, AA13 had the function of promoting
the expression of BDNF, which could be a
potential therapy in nerve damage for further
research.

Materials and methods
Reagents

Ham’s/F12 (F12) medium, Dulbecco’s modified
Eagle’s medium (DMEM) and Roswell Park
Memorial Institute (RPMI)-1640 media were
obtained from Hyclone (Logan, UT, USA). B27
and Neurobasal-A Medium were obtained from
Gibco BRL (Carlsbad, CA, USA). Protease in-
hibitor cocktail, Phenylmethanesulfonyl fluo-
ride (PMSF), Fetal bovine serum (FBS) and Poly-
L-lysine were obtained from Sigma-Aldrich
(St Louis, MO, USA). Thiazolyl blue (MTT), Ph-
osphatase inhibitor complex lll, and electro-
chemiluminescence (ECL) reagent kit were
obtained from Sangon Biotech (Shanghai,
China). Rabbit anti-BDNF polyclonal antibody,
rabbit anti-Bcl2 polyclonal antibody, rabbit
ant-Bax polyclonal antibody and rabbit anti-
GAPDH polyclonal antibody were obtained from
Proteintech Group, Inc (Rosemont, IL, USA).
Rabbit anti-PSD95 monoclonal antibody was
from Abcam (Shanghai) Company Ltd (Pudong,
Shanghai, China). Secondary antibodies were
obtained from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). AA13 (Figure 1) was syn-
thesized by Lei Ma's lab from East China
University of Science and Technology.

Animals

Sprague Dawley rats and male ICR mice (30 g)
were obtained from Shanghai Sippr-bk
Laboratory Animal Co., LTD (Shanghai, China).
All rats and mice were group-housed in clean
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and dry cages at 25 + 1°Cona 12 h light 12 h
dark automatic lightening with food and water
ad libitum. All the experiments were complied
with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals in
Shanghai, China. All the experiments were per-
formed with the permission of the Ethics
Committee on Laboratory Animal Care of the
East China University of Science and Tech-
nology.

CHO cells and Hela cells culture

CHO cells (Type Culture Collection of the
Chinese Academy of Sciences, Shanghai,
China) were cultured with DMEM: Ham’'s/F12
(D/F12) containing 10% FBS in incubator at
37°C. Cells were transfered to 96-well or 6-well
plates at a concentration of 1x10%/mL before
experiments. Experiments were carried after
cells attached the bottom of the culture dis-
hes.

Hela cells (Type Culture Collection of the
Chinese Academy of Sciences, Shanghai,
China) were cultured with RPMI-1640 media
containing 10% FBS in incubator at 37°C. Cells
were transfered to 96-well or 6-well plates at
a concentration of 1x10%/mL before experi-
ments. Experiments were carried after cells
attached the bottom of the culture dishes.

Primary astrocytes culture

Primary rat astrocytes were acquired from the
cortex of 1-2 days’ neonatal rats according to
previously description [39, 40]. Rat pups were
immersed in 75% alcohol for 5 min, and then
washed with D-Hank’s. The head of neonatal
rats were cut off quickly and cerebral cortex
was isolated on ice. After removing meninx and
large blood vessels neatly, cortex was minced
mechanically in D/F12 medium containing 10%
FBS and 100 U/mL antibiotics. After trituration
and digestion with papain (2 mg/mL) at 37°C
for 30 min, suspension liquid was filtered
through a 100 pM sterile filter. Cell suspension
liquid was centrifuged at 200 g for 5 min and
deposits were mixed in a new culture medium.
Cells were counted and density of cells was
adjusted to 1x10° cells/mL. Cells were infused
into dishes and incubated at 37°C and 5%
CO,. When cells reached confluence, microglia
was removed by shaking at 200 rpm for at least
24 h.
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Primary neurons preparation

1-2 days’ neonatal Sprague Dawley rats were
doused in 75% alcohol for 5 min, and then
washed with D-Hank’s. Hippocampus was dis-
sected after removing meninges and blood ves-
sels in ice-cold neurobasal-A medium. The
hippocampus was cut into a cubic millimeter
pieces and digested by 2 mg/mL papain and
0.05 mg/mL DNAase for 30 min in serum-free
medium. The tissue suspension was mixed with
neurobasal-A medium with B27 (1%), penicillin
(50 U/mL), streptomycin (50 U/mL) and gluta-
mine (0.5 mmol/L) in sterile 50 mL centrifuge
tube and gently pipetted to disperse the cells.
After filtering through 100 uM sterile filter, den-
sity of cells was adjusted to 4x10° cells/mL.
Then the cells were incubated in a poly-lysine-
treated plate at 37°C and 5% CO,. After 4
hours, the medium was removed and new neu-
robasal-A medium with B27 (1%), glutamine
(0.5 mmol/L), penicillin (50 U/mL) and strepto-
mycin (50 U/mL) was added in the plate.

Astrocyte-conditioned medium preparation
and treatments

Primary astrocytes were cultured in 6-well
plate at a concentration of 2x10° cells/mL. As-
trocytes were administered with AA13 at the
concentration of 5 yM and 10 pM. After 24 h,
the culture medium of astrocytes was collected
in 50 mL centrifuge tube and centrifuged at
1000x%g to discard floating cells and debris.
Replace half the neurobasal-A medium of neu-
ronal cells with conditioned medium from astro-
cytes. After 48 h, the activity of neuronal cells
was evaluated by MTT assay.

MTT assay

MTT assay is a sensitive measurement of cell
viability, depending on the activity of mitochon-
drial enzymes. Cells were cultured in 96-well
plates. After treatments, MTT solution was
added into the culture medium. The formazan
crystals formed in cells was dissolved suffi-
ciently with dimethylsulfoxide 4 hours later.
The absorbance was quantified at 490 nm and
540 nm with a Synergy 2 Multi-Mode Microplate
Reader (BioTek, Winooski, VT).

Western blot analysis

After treatment, cells were washed by ice-
cooled D-Hank’s for three times. Western blot
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Figure 2. Sarsasapogenin-AA13 increased the cell viability of rat primary astrocytes. A. Primary astrocytes; B. CHO
cells; C. Hela cells were treated by AA13 for 24 h at the concentration of 1, 5 and 10 uM. The viability of cells was
detected by MTT assays. The results are shown as a percentage of the control group. Date are presented as mean
+ SEM (n=3). p<0.05 is considered significant; *p<0.05; **p<0.01; ***p<0.001 vs. AA13 (0 uM).

lysing buffer containing multiple protease inhib-
itors were added into 6-well plate and lysed for
30 min on ice. Brian tissues were also washed
with ice-cooled D-Hank’s, and broke down
mechanically by glass homogenizer for 30 min
on ice. After enough lysed, cells and tissue
samples were centrifuged at 10000xg for 10
min. the supernatant was carefully collected in
clean centrifuge tube and boiled at 100°C with
loading buffer for 5 min. Samples were sepa-
rated through SDS-PAGE and then the protein
in gel were moved onto polyvinylidene difluo-
ride (PVDF) membranes. After blocking in 5%
Bull Serum Albumin (BSA), the target protein on
membranes were probed with primary anti-
bodies first and then horseradish peroxidase
labeledsecondaryantibodies. Immunoreactivity
was detected after using ECL reagent kit and
the light was detected by cameras that capture
image of medical X-ray film.

Drug treatment on mice

All the mice were divided into five groups: vehi-
cle-treated group (saline), scopolamine-treated
group, donepezil hydrochloride-treated group,
AA13 (6 mg/kg)-treated group and AA13 (30
mg/kg)-treated group. Donepezil hydrochloride
was used as a positive drug. Scopolamine
and donepezil hydrochloride were dissolved in
saline, while AA13 was dissolved in saline sus-
pended 0.3% sodium carboxymethyl cellulose.
Donepezil hydrochloride and AA13 were given
intragastrically (i.g.) for 15 days. At day 15, all
groups of mice except the vehicle-treated mice
were administered intraperitoneally (i.p.) with
scopolamine 25 min before probe test (see
Figure 5A).

Morris water maze test

The effects of AA13 on memory impairment in
mice were detected by Morris water maze test
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as previously described [40, 41]. The experi-
mental equipment (AniLab Software & In-
struments Co., Ltd, China) includes a circular
metal pool with a diameter of 150 cm and a
depth of 50 cm (22 + 1°C). The water was
opaque with non-toxic black granules above.
The pool was divided into four quadrants with
fixed visual cues. A platform (10 cm in diame-
ter) was placed at the midpoint of target quad-
rant under the surface of the maze. The eq-
uipment was placed in a behavior room main-
tained at 25°C. To test the swimming ability and
the escape motivation of mice, each mouse
received four visible platform tests before be-
havioral experiment: each mouse was given 60
s to swim freely and climb onto the platform
that was 1 cm above the water surface. In day
9-14, hidden platform trials were performed
four times per day. The mouse was put into the
pool facing the edge of the pool at randomized
positions and allowed to swim for 60 s to find
the platform and stay for another 20 s. The
mice that cannot find the platform within 60 s
were leaded by experimenter to the platform
and allowed to stay 20 s. Probe trial was in day
15 (See timeline in Figure 5A). The platform
was taken away and all the mice swim individu-
ally in the pool for 60 s. Time spent in the plat-
form quadrant for each mouse was collected by
video analysis system. After the experiment,
mice were sacrificed and the brains were
isolated.

Statistical analysis

Dates were displayed as mean + SEM. The sta-
tistical significance was evaluated by SPSS
15.0 version. The data was analyzed by One-
way analysis of variance test, and multiple com-
parisons were assessed by a post hoc (LSD)
test. Escape latency in Morris water maze
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Figure 3. Sarsasapogenin-AA13 increased the relative ratio of Bcl2/Bax
in rat primary astrocytes. A. Expression of Bcl2. B. Bax were measured
by Western blot analysis. C. Relative ratio of Bcl2/Bax. D. Relative protein
levels were analyzed by gray value. Date are presented as mean + SEM
(n=3). p<0.05 is considered significant; *p<0.05; **p<0.01; ***p<0.001
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Figure 4. Sarsasapogenin-AA13 increased the surviv-
al of rat primary neurons mediated by astrocytes. Rat
primary astrocytes were administered with AA13 (10
uM) for 24 h, and the cultured medium of astrocytes
were collected as conditioned medium (CM). Then
rat primary neurons were treated with the condi-
tioned medium. Date are presented as mean + SEM
(n=3). p<0.05 is considered significant. **p<0.01
vs. Control; ###p<0.001 vs. AA13 (0O pM)-CM.

was analyzed by two-way analysis of variance
(ANOVA). P value of <0.05 was considered
significant.
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AA13

As shown in Figure 2, AA13
increased the cell viability of
rat primary astrocytes obvi-
ously at the concentration of 5
UM and 10 pM (Figure 2A). To
confirm above mentioned eff-
ect was tissue-specific, we
tested the effect of AA13 on
CHO and Hela cells. The result
indicated that AA13 cannot
affect the viability of CHO cells (Figure 2B) and
slightly inhibited Hela cell growth in the concen-
tration of 5 yM and 10 uM (Figure 2C).

(HM)

Besides, proteins related to proliferation like
Bcl2/Bax were also detected. The results
showed that the relative ratio of Bcl2/Bax was
increased after AA13 treatment at the concen-
tration of 5 yM and 10 uM (Figure 3).

Sarsasapogenin-AA13 increased the survival
of rat primary neurons mediated by astrocytes

To study the neurotrophic activity of AA13 on
neurons, we tested the effects of astrocytes
conditioned medium (with/without treatment
of AA13) on primary neurons. The result dem-
onstrated non-AA13 treated astrocytes condi-
tioned medium (AA13 (0 upM)-CM) could mark-
edly increase the survival rate of primary
neurons compared with the control group
(p<0.01). Furthermore, AA13 (10 uM)-treated
astrocytes conditioned medium significantly
raised the survival rate of primary neurons
compared with AA13 (O uM)-CM group
(p<0.001). AA13 (10 uM) alone had no effect
on the survival rate of primary neurons (Figure
4).
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Figure 5. Sarsasapogenin-AA13 attenuated scopolamine-induced cognitive impairment. A. Experimental timeline of
Morris water maze test. Mice were administrated with AA13 (6 mg/kg, 30 mg/keg, i.g.) and donepezil (3 mg/kg, i.g.).
Cognitive deficits were induced by injection of scopolamine (2 mg/kg, i.p.) at the last day of Morris water maze test
(the 15" day). B. Swimming track of mice. C. Latency of mice in hidden platform trials. D. Time in the target quad-
rant. E. Swimming speed of mice in probe trials. Date are presented as mean + SEM (n=10). p<0.05 is considered

significant. *p<0.05 vs. Control; #p<0.05 vs. Scopolamine.

Sarsasapogenin-AA13 reversed scopolamine
induced amnesia

Morris water maze test was used to evaluate
the nootropic activities of AA13 on scopol-
amine-induced cognitive impairment in mice
model. In the training sessions, the latencies of
AA13 (6 or 30 mg/kg) and donepezil treated
groups are shorter than that of the control
group (non-treated) without significant differ-
ence though (Figure 5C). In probe trial (the 7t
day of training), the mice of scopolamine treat-
ment spent shorter in the platform quadrant,
and the mice of AA13 (6 mg/kg) and donepezil
treatment stayed significantly longer in the plat-
form quadrant compared with scopolamine-
treated group (p<0.05). The time spent in AA13
(30 mg/kg) treated group was also increased in
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the target quadrant even though the difference
was notsignificance (Figure 5B, 5D). Meanwhile,
swimming speed of all the groups was of no dif-
ference (Figure 5E).

Sarsasapogenin-AA13 increased the expres-
sion of BDNF in vitro and in vivo

To determine whether BDNF involved in the
effects of AA13, we first detected the expres-
sion of BDNF in vitro. Primary astrocytes were
cultured in 6-well plate at a concentration of
2x10% cells/mL. After attached, cells were
treated with different concentration of AA13 (O,
1, 5, 10 yM) for 24 h. The level of BDNF was
detected by western blot analysis. As shown in
Figure 6A, AA13 increased the level of BDNF at
a concentration dependent manner with the
statistical significance at 10 uM.
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Figure 6. Sarsasapogenin-AA13 increased the expression of BDNF in vitro and in vivo. A. Expression of BDNF in
AA13-treated primary astrocytes were measured by Western blot analysis. After two weeks’ AA13 treatment, brain
tissues of mice were separated. B, C. BDNF in cortex and hippocampus were detected by western blot analysis.
Date are presented as mean + SEM (n=3). p<0.05 is considered significant. *p<0.05, **p<0.01, ***p<0.001 vs.

Control.

Next, the effect of AA13 on the expression of
BDNF in mice brain was measured by Western
blot analysis. After two weeks’ oral administra-
tion of AA13 (6 mg/kg, 30 mg/kg), the BDNF
levels were significantly increased in cortex
(Figure 6B) and hippocampus (Figure 6C), com-
pared with the control group.

Sarsasapogenin-AA13 increased the expres-
sion of PSD95 in cortex and hippocampus

To further investigate the effect of AA13 on syn-
aptogenesis which somewhat reflecting the
function of neurons, the expression of PSD95
in cortex and hippocampus were detected. The
result showed AA13 significantly increased the
expression of PSD95 in cortex (Figure 7A, 7C)
and hippocampus (Figure 7B, 7E). Meanwhile,
AA13 did not increase the level of NeuN in
cortex (Figure 7A, 7D) and hippocampus (Figure
7B, TF).

Discussion

Development of potential nootropic and neuro-
trophic agents is a promising strategy for treat-
ment of cerebral injury, neurodegenerative
diseases and even encephalodysplasia [42].
Rhizoma anemarrhenae has been used in Ch-
ina for centuries. Based on the saponins iso-
lated from Rhizoma anemarrhenae which are
of multiple pharmacological activities, dozens
of sarsasapogenin derivatives were synthetized
and preliminarily screened. We have previously
reported AA13, one of the sarsasapogenin de-
rivatives, could attenuate H,O,- or AB-induced
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neurons and glia injuries, LPS-stimulated
inflammation and cognitive deficiency. In this
study, we found AA13 improved the spatial
memory of scopolamine treated mice in Morris
water maze performance. Similar cognitive
improving efficacy was also found in the mice
model of AB-induced memory impairment in
our previous study [43]. In vitro study showed
increased viability of rat primary astrocytes,
which indicated AA13 could increase the prolif-
eration of astrocytes. Besides, Bcl2 up-regula-
tion, Bax down-regulation also support this
idea. To figure out if the effect is astrocyte spe-
cific, two different cell lines, CHO cell and Hela
were tested. Result shown that the proliferation
was not affected in CHO and even slightly
suppressed in Hela cells, which suggests that
the effect on proliferation is astrocyte specific
(Figure 2).

Then we tested the effects of AA13 on rat pri-
mary neurons. Unlike astrocytes, we found that
direct-addition of AA13 into the medium of pri-
mary cultured neurons could not enhance neu-
ronal survival (Figure 4). Astrocytes were con-
sidered as a nutrition of the brain’s nerve cells
and neural repair [44]. So, we treated neurons
with conditioned medium from the rat primary
astrocytes cultures in which AA13 or vehicle
was added. Results showed both conditioned
medium of AA13 or vehicle treated could sig-
nificantly increase the survival rate of rat pri-
mary neurons. AA13 treated conditioned medi-
um was stronger (Figure 4). These evidences
implied some certain component in the culture
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Figure 7. Sarsasapogenin-AA13 increased the expression of PSD95 in brains of mice. A, C, D. Levels of PSD95 and NeuN were detected in cortex. B, E, F. In hip-
pocampus. Date are presented as mean + SEM (n=3). p<0.05 is considered significant. **p<0.01, ***p<0.001 vs. Control.
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medium of astrocytes improved neuronal sur-
vival, and AA13 could enhance it.

BDNF is prominent in the survival, growth,
maintenance of neurons and modulating syn-
aptic-plasticity in brains. BDNF is a ligand for
activation of TrkB, which results in PSD-95-TrkB
complexes [45], and induces transport of PSD-
95 to dendrites and synapses [46]. Our data
showed that AA13 markedly enhanced the level
of BDNF in cultured rat astrocytes and mice
brain tissues (Figure 6). We hypothesize, AA13
exerts neurotrophic role through BDNF which is
astrocyte mediated. The effect of AA13-treated
conditioned medium from the rat primary astro-
cytes on rat primary neurons supported this
hypothesis to some degree.

In the behavioral experiments, the neuropro-
tective activity of AA13 on scopolamine-in-
duced memory impairment might also be asso-
ciated with the increase of BDNF. Scopolamine
is a relatively specific antagonist of muscarinic
receptors. Hu et al reported that sarsasapoge-
nin increased the muscarinic M1 receptor den-
sity during cell aging through CREB [47], which
was regulated by BDNF and might contribute to
the nootropic effect [47, 48]. Researchers also
reported that scopolamine-induced memory
impairment was improved by the up-regulation
of BDNF [49-51].

It's been reported that synaptic dysfunction
takes a part in neurodegenerative disorders.
And BDNF is a key neurotrophic factor in synap-
tic plasticity and synaptogenesis [52, 53]. Our
data showed that NeuN, a neuronal nuclear
antigen used as a biomarker for neurons [54],
was similar between groups while the level of
PSD95 in mice brains were obviously increased
after continuous administration of AA13, which
might be related to BDNF enhancement.

In addition, 30 mg/kg of AA13 was a little effec-
tive on the scopolamine-induced memory im-
pairment which might indicated an off-target
effects. Since there is no significant difference
between two dose groups, there can be statisti-
cal limitations due to the small sample size.
Furthermore, the expression of BDNF and
PSD95 in brain tissue of mice was increased
after AA13 (30 mg/kg) treatment.

In conclusion, our study suggests that AA13

exerts nootropic and neurotrophic activities
through astrocytes mediated upregulation of
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BDNF secretion. Therefore, AA13 should be fur-
ther optimized and investigated as a therapeu-
tic possibility of cognitive impairments or even
neurodegenerative diseases.
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