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Neurodegenerative diseases (NDD), such as Alzheimer’s
disease (AD), Parkinson’s disease (PD), and amyotrophic
lateral sclerosis (ALS), are one of leading causes of death
all over the world. Traditional medicine (TM), especially
traditional Chinese medicine (TCM), usually having good
clinical tolerability, is applied to treat NDD in China based
on TCM or modern pharmacological theories. This issue on
TM for treatment of NDD compiles 12 exciting manuscripts,
most of which reported the efficacy and possible mechanisms
of action of TM or active constituents on AD, PD, and ALS
both in clinical and experimental levels.

The effects of TCM on AD both in clinical and experi-
mental levels are addressed in ten manuscripts. Dr. P. Wang
et al. performed a survey of TCM treatment for AD, including
Chinese herbal compound prescriptions (Danggui-Shaoyao-
San, Yokukansan, and Bushenhuatanyizhi instant granules)
and Chinese materia medica ingredients, and confirmed the
certain complementary cognitive benefits of TCM therapy.
This paper is accompanied by other 8 manuscripts associated
with TM or TCM.

For clinical study, Dr. W. Pan et al. evaluated the effects of
Shen-Zhi-Ling oral liquid on the behavioral and psychologi-
cal symptoms of dementia in 98 patients with AD. Moreover,
Dr. L. An et al. reported an updatedmeta-analysis of placebo-
controlled RCTs of Huperzine A on patients with AD and
vascular dementia (VD).

For experimental study, Dr. Z. Zhang et al. reported
the potential suppressing effects of a new type of Ginkgo
biloba extract, GBE50, on activated microglia by inhibit-
ing signal transduction through the NF-𝜅B p65 and p38

MAPK pathways, which suggest the potential role of GBE on
neuroinflammation related AD. Dr. L.-B. Zou et al. studied
that xanthoceraside, a triterpene extracted from the husks
of Xanthoceras sorbifolia Bunge, ameliorates mitochondrial
dysfunction contributing to the improvement of learning and
memory impairment in mice with intracerebroventricular
injection of A𝛽1-42. Dr. L. Zhang and L. Li found that
cornel iridoid glycoside (CIG), an ingredient extracted from
a traditional Chinese herb Cornus officinalis, attenuated
tau hyperphosphorylation at multiple AD-related sites by
increasing the activity of protein phosphatase 2A (PP2A)
in SK-N-SH cells. Dr. R. Pan et al. reported that the crude
extract of Polygala tenuifolia improved memory function of
the aged mice probably via its antioxidant properties and
decreased the activities of MAO and AChE. Dr. S.-J. Song
et al. developed a bioactivity-oriented screening platform
based on a modified Ellman’s method and HPLC-QTOF MS
technique and rapidly screened and confirmed some active
compounds of Anemarrhena asphodeloides Bge. Dr. W.-X.
Zhou and Y.-X. Zhang reported that Danggui-Shaoyao-San,
could alleviate cognitive dysfunction in female senescence-
accelerated mouse prone 8 (SAMP8) via modulation of
estradiol.

In addition to AD, two manuscripts reported the
effects of TCM on PD and ALS, respectively. Dr. C.-F.
Wu et al. reported that pseudoginsenoside-F11 (PF11), a com-
ponent ofPanax quinquefolius (American ginseng),markedly
improved the locomotor, motor balance, coordination, and
apomorphine-induced rotations in 6-OHDA lesioned rats,
and suggested its potent anti-Parkinson’s property through
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inhibiting free radical formation and stimulating endogenous
antioxidant release. Dr. W. Pan et al. investigated the use
of integrative therapies (vitamins, Chinese herb decoctions,
Chinese herb compounds, massage therapy, and acupunc-
ture) in patients with ALS in Shanghai, China.

As for the experimental model to evaluate the effect
of TCM on NDD, Dr. KS Cho reviewed the successful
application of Drosophila models, to evaluate the effects of
SuHeXiang Wan, Gardenia jasminoides Ellis components,
and Gastrodia elata Blume extract, celastrol as well as cur-
cumin.

By compiling these papers, we hope to enrich our readers
and researchers with respect to the recent advancement of
traditional medicine therapy on NDD.

Chun Fu Wu
Wenxia Zhou

Chuthamanee Suthisisang
Jing Yu Yang
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The effects of xanthoceraside on learning and memory impairment were investigated and the possible mechanism associated
with the protection of mitochondria was also preliminarily explored in Alzheimer’s disease (AD) mice model induced by
intracerebroventricular (i.c.v.) injection of A𝛽1-42. The results indicated that xanthoceraside (0.08–0.32mg/kg) significantly
improved learning and memory impairment in Morris water maze test and Y-maze test. Xanthoceraside significantly reversed the
aberrant decrease of ATP levels and attenuated the abnormal increase of ROS levels both in the cerebral cortex and hippocampus in
mice injectedwithA𝛽1-42.Moreover, xanthoceraside dose dependently reversed the decrease of COX, PDHC, andKGDHCactivity
in isolated cerebral cortex mitochondria of the mice compared with A𝛽1-42 injected model mice. In conclusion, xanthoceraside
could improve learning and memory impairment, promote the function of mitochondria, decrease the production of ROS, and
inhibit oxidative stress.The improvement effects onmitochondriamay be throughwithstanding the damage of A𝛽 tomitochondrial
respiratory chain and the key enzymes in Kreb’s cycle. Therefore, the results from present study and previous study indicate that
xanthoceraside could be a competitive candidate for the treatment of AD.

1. Introduction

Alzheimer’s disease is a progressive neurodegenerative dis-
ease. As themost common form of irreversible dementia, it is
forming an increasing and considerable burden on patients,
families, and society [1]. AD is characterized by 𝛽-amyloid
(A𝛽) deposition, neurofibrillary tangles, synaptic loss, and
selective loss of neurons with the clinical features of recogni-
tion impairment, memory damage, and personality changes.
A𝛽 is a self-aggregating peptide produced by cleavage of
a transmembrane amyloid precursor protein (APP) [2, 3].
The senile plaque extracellularly formed by A𝛽 fibrils was
one of the hallmarks of AD [2, 4]. It is widely recognized
that A𝛽 fibrils exhibited neurotoxicity contributing to the
progress of AD. In contrast to original thinking, recent
studies showed that soluble A𝛽 oligomers displayed more
potent neurotoxicity since they had a better correlation with

AD severity. Moreover, more and more research proposed
the intracellular toxic mechanism of A𝛽 [5, 6]. Overall, A𝛽
aggregation and the resulting cascade prompted the progress
of AD.

Currently, many researchers assumedmitochondrial dys-
function as the early event in AD development and the
toxicity of A𝛽 tomitochondria have been attractingmore and
more attention of the researchers. Mitochondria are dynamic
organelles providing most of the cellular ATP demand by
oxidative phosphorylation, maintaining Ca2+ homeostasis,
and taking part in apoptosis [7–9]. Mitochondrial dysfunc-
tion has been found in brains of both AD patients and AD
transgenic mouse models, as well as in cell-lines expressing
mutant APP or treated with A𝛽 [8–10]. It is by far reported
that mitochondrial abnormality occurs during the AD pro-
cess and contributes to its onset and progression; however,
whether mitochondrial deficits are the primary cause of
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Figure 1: The chemical structure of xanthoceraside.

the neuronal damage or a secondary response caused by other
pathologies is an unresolved issue by now. Studies found
selective reduction of mitochondrial cytochrome c oxidase
(COX) activity with age and in postmortem AD brains [11,
12]. Chronic injection of sodium azide (NaN

3
), inhibition of

COX, caused cognitive deficit in rats. Some studies proposed
that COX deficiency drives increased oxidative damage and
predisposes for the formation of A𝛽 [13], while others denied
this notion and concluded that COX defect is rather a conse-
quence of A𝛽 [14, 15]. Consistently, A𝛽may affect the enzyme
activity in mitochondrial inspiratory chain or Kreb’s cycle,
such as PDHC (pyruvate dehydrogenase complex), KGDHC
(𝛼-ketoglutarate dehydrogenase complex), and ABAD (A𝛽-
binding alcohol dehydrogenase) [8, 13, 16].The ROS (reactive
oxygen species) production induced by A𝛽 may lead to
the deleterious mitochondrial function and result in ROS
increase to form a vicious circle. Moreover, A𝛽 may induce
mutations of mitochondrial DNA and RNA or influence the
mitochondrial dynamics [17, 18].

Xanthoceras sorbifolia Bunge (XSB) is a special woody
oil plant which is given priority to develop as bioenergy
plant in 21st century in China. The seeds of XSB are the
raw material to produce biodiesel; however, the husk of
XSB usually is discarded as processing remains, which is a
huge waste of resources. The medical benefits of XSB have
been recorded since ancient time in China and extracts
of XSB seeds have been developed as the drug to treat
pediatric enuresis in recent years. Based on the fact above,
we did a series of research about xanthoceraside (Figure 1),
a triterpene extracted from the husks of XSB, on its anti-
amnesic and neuroprotective effects. Our results showed that
xanthoceraside had significant protective effects on learning
and memory impairment in several AD animal models such
as A𝛽25-35 induced ADmicemodel [19, 20].Themechanism

may involve antioxidative stress and antiapoptosis. However,
it is unclear whether improvement of mitochondrial function
is involved in the ameliorative effects of xanthoceraside on
learning and memory impairment. In the present study, we
used water maze test and Y-maze test to confirm the effects
of xanthoceraside on learning and memory impairment
induced by aggregated A𝛽1-42. We specially examined its
effect on mitochondrial function including the ATP level,
ROS level in cerebral cortex and hippocampus in mice, and
activities of key mitochondrial related enzymes in isolated
cerebral cortex mitochondria.

2. Materials and Methods

2.1. Materials. Xanthoceraside was provided by Shenyang
Institute of Applied Ecology, Chinese Academy of Sciences
(Shenyang, China), and its chemical structure is shown
in Figure 1. It was dissolved in distilled water for oral
administration by gavage. Amyloid 𝛽-protein 1-42 (A𝛽1-42)
was purchased from Sigma (St. Louis, MO, USA). Huperzine
A (Shanghai Fuhua, China) was used as positive control in
this study.

2.2. Animals. Male Kunming mice (6 weeks old) were
obtained from Changsheng Biotechnology Co., Ltd, Liaon-
ing, China.Themicewere housed in polyacrylic cages (5mice
per cage) under individual ventilated caging (IVC) system,
and they were kept in a regulated environment (23 ± 2∘C,
50 ± 5% humidity) with a 12/12 h light/dark cycle. Food and
water were provided ad libitum. All the animal studies were
performed in strict accordance with the guiding principles
for the care and use of laboratory animals in China and
the guidelines established by the Institute for Experimental
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Animals of Shenyang Pharmaceutical University. All efforts
were performed to minimize the suffering of the animals
throughout the study. Behavioral experiments were carried
out in a sound-attenuated and air-regulated experimental
room, in which mice were habituated beforehand for at least
1 h.

2.3. Treatment. A𝛽1-42 was dissolved in sterile physiological
saline and aggregated by incubating at 37∘C for 5 days
before the injection. The mice were anesthetized with chlo-
ral hydrate (300mg/kg i.p.) and placed on a stereotaxic
apparatus with a mouse adaptor. 3𝜇L aggregated A𝛽1-42
(≈410 pmol/mouse) was injected into the right cerebroven-
tricle (−0.5mm anteroposterior, 1.0mm mediolateral from
bregma, and −3mm dorsoventral to dura) according to
the atlas in [21] on day 0. Control animals were injected
with equivalent volumes of vehicle by the same operation
[22, 23]. On day 1, the A𝛽1-42 injected mice were divided
into 5 groups, xanthoceraside-treated groups (0.08, 0.16,
or 0.32mg/kg), huperzine A-treated group (0.039mg/kg),
and model group (distilled water), and they were treated
by gavage once daily until the last day of the study. Each
group consists of 12 mice. The three doses of xantho-
ceraside were determined according to our previous study
[20].

2.4. Morris Water Maze Test. The Morris water maze test
was performed from day 8 to day 11. The apparatus consisted
of a round water pool (100 cm in diameter and 50 cm in
height) and a removable platform. The water temperature
was controlled at 22∘C ± 1∘C and the depth was 30 cm. The
platform (10 cm in diameter) was placed 1 cm below the
water surface in the fourth quadrant [20, 24]. Mice were
trained two trials a day for four consecutive days with an
intertrial interval of 3 h. During the training period, each
mouse was gently placed at one of the two different positions
in the first quadrant and allowed to swim escaping onto the
platform, and the escape latency (the spending time to find
the platform) was recorded for 60 s. After 60 s, if the mouse
failed to locate on the platform, it was then placed on the
platform for 10 s stay. On the fourth day, the mice were given
a probe test, in which the platform was taken away, and each
mouse was placed at one point in the first quadrant. The
mouse was allowed to explore in the water pool for 60 s. The
swimming time and the swimming distance in the fourth
quadrant were calculated. In this test, the swimming trails of
eachmouse were tracked by a video camera and the data were
recorded automatically with computer software (designed by
Institute of Materia Medica, Chinese Academy of Medical
Science).

2.5. Spontaneous Alternation in the Y-Maze. The Y-maze test
was performed on day 12. The Y-maze apparatus consisted
of three identical arms (each arm was 40 cm long, 12 cm
high, 5 cm wide at the bottom, and 10 cm wide at the top)
which were converged at the central equilateral triangle area
to allow the mice to freely enter into any of the arms. Mice
were placed at the end of one arm and allowed to explore

freely for 5min. The sequence of arm entries was recorded.
Alternation was defined as entering into three different
arms consecutively. The spontaneous alternation behavior
(%) was calculated according to the following formula [3,
19]:

Spontaneous alternation behavior (%)

=

number of alternation
totalnumber of arm entries − 2

× 100%.
(1)

2.6. ATP Levels. After the decapitation, the cerebral cortex
and hippocampus of mice were rapidly dissected on ice,
followed by adding a suitable volume of lysate, respectively.
The tissue solutions were homogenized using an ultrasonic
crusher and centrifuged at 18000 g for 20min at 4∘C. The
supernatant was collected and used for the determination
of ATP level with an ATP assay kit utilizing a microplate
luminometer (Centro XS3 LB960, Berthold Technologies).

2.7. ROS Levels. The cerebral cortex and hippocampus of
the mice were dissected individually and minced in 2mL
medium 1 (NaCL 138, KCL 5.4, Na

2
HPO
4
⋅12H
2
O 0.22, glu-

cose 5.5, and sucrose 58.4 all in mmol/L, PH 7.35), further
dissociated by trituration through a mesh (pore diameter
75 𝜇m). The dissociated cells were washed twice in medium
2 (NaCL 110, KCL 5.3, CaCL

2
1.8, MgCL

2
1, glucose 25,

sucrose 70, and HEPES 20 all in mmol/L PH 7.4) through
centrifugation at 1000 g for 3min at 4∘C. After washing, the
cells were resuspended in 6mL DMEM and 250 𝜇L aliquots
were added to black 96-well plates followed by incuba-
tion with fluorescent probe H

2
-DCFDA (final concentration

10 𝜇mol/L) for 30min at 37∘C. After washing twice with
Hank’s balance solution (KCL 5.33, KH

2
PO
4
0.44, NaHCO

3

4, NaCL 138, and Na
2
HPO
4
⋅12H
2
O 0.34 all in mmol/L)

[25], the formation of the fluorescence was detected at
485 nm excitation/535nm emission using aThermo Scientific
Varioskan Flash microplate reader.

2.8. Mitochondria Isolation. Mice brain mitochondria were
isolated by Percoll density gradient centrifugation method
described by Sims and Anderson [26–28] with a number
of major modifications. Briefly, on day 13, the mice were
decapitated and the cerebral cortex tissues were rapidly
removed (within 1 minute) to ice-cold isolation buffer con-
taining 225mMmannitol, 75mM sucrose, 1mMEGTA, 0.2%
BSA, and 20mM HEPES (PH 7.4). The tissues were finely
minced with scissors and homogenized by hand in all-glass
homogenizer, followed by centrifugation at 2000 g for 4min.
The supernatant was collected and centrifuged at 12000 g
for 10min producing a loose pellet as crude mitochondria.
The pellets were resuspended in 15% Percoll and layered on
25% Percoll above 40% Percoll to form discontinuous density
gradient, which were centrifuged at 30000 g for 10min.
The fraction accumulating near the interface of the lower
two layers was collected and washed once to acquire pure
mitochondria. All the steps above should be performed on
ice. Mitochondria protein content was determined by the
Bradford assay.
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2.9. Transmission Electron Microscope Observation. The iso-
lated mitochondria pellets were fixed in 2.5% glutaraldehyde
at 4∘C. The ultrastructure of mitochondrial inner mem-
branes, out membranes, matrix, and cristae was observed
using transmission electron microscope [29].

2.10. Mitochondrial Respiratory Chain Complex IV Activity
Assay. The mitochondrial respiratory chain complex IV
(cytochrome c oxidase, COX) activities were determinedwith
a cytochrome c oxidase kit (GENMED). Briefly, a suitable
volume ofmitochondria solution containing 2 𝜇g protein was
added to the assay buffer in each reaction well of 96-well
plates. After adding the reaction solution, changes in OD
values at 550 nm were recorded immediately using a kinetic
program with 10 s interval for 60 s and totally 7 readings
were obtained using a Thermo Scientific Varioskan Flash
microplate reader [16, 25].

2.11. PDHC and KGDHC Activity Measurement. The mito-
chondrial PDHC and KGDHC activity was determined with
corresponding assay kits (GENMED). Each reaction well in
96-well plate contained 25 𝜇g mitochondrial protein and the
OD values at 0 min and 5min after the reaction started were
recorded at 600 nm [30].

2.12. Statistical Analysis. All data were expressed as the mean
± SEM. Data were analyzed using one-way or two-way
ANOVA followed by LSDmultiple comparison test with SPSS
17.0 software.𝑃 < 0.05was considered statistically significant.

3. Results

3.1. Effects of Xanthoceraside on the Spatial Memory Impair-
ment Induced by A𝛽1-42 in Water Maze Test. Water maze
test was performed to test the spatial memory ability of
the mice. During the training period, A𝛽1-42 injected mice
consistently spend longer time to find the platform compared
to the control group; meanwhile the escape latency of all
the mice was getting shorter and shorter as the learn-
ing was proceeding. Compared with the A𝛽1-42 injected
group, treatment with xanthoceraside (0.08–0.32mg/kg) or
huperzine A obviously decreased the escape latency of the
mice; moreover, the effects of xanthoceraside were getting
significant on the 5th, 6th, and 7th trail, and the improving
effects of huperzine A were significant on the 5th and 7th
trail (Figure 2). In the probe test, after the platform was
removed, the swimming time and the swimming distance
in the fourth quadrant of the A𝛽1-42 injected mice were
significantly shortened compared with the control mice,
whilemice in the xanthoceraside-treated groups or huperzine
A-treated group spent more time and traveled longer length
to search in the fourth quadrant compared to the A𝛽-injected
mice, indicating a better spatial memory ability. The effect
of xanthoceraside is in a dose dependent manner and there
are statistic significances at 0.16, 0.32mg/kg xanthoceraside
group and 0.039mg/kg huperzine A group (Figure 3). No
significant differences in the swimming speed were observed
among the animal groups.
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Figure 2: Protective effects of xanthoceraside against A𝛽1-42-
induced spatial memory impairment in learning period of water
maze test inmice. Escape latency to find that the safety platformwas
recorded during 60 s swimming. The data are presented as means ±
SEM (𝑛 = 9–11). ##

𝑃 < 0.01, #
𝑃 < 0.05 compared with control

group; ∗∗𝑃 < 0.01, ∗𝑃 < 0.05 compared with model group. Xan:
xanthoceraside; Hup A: huperzine A.

3.2. Effects of Xanthoceraside on the Working Memory Impair-
ment Induced by A𝛽1-42 in Y-Maze Test. Y-maze test was
performed to determine the working memory ability in
mice. A𝛽1-42 injected mice showed significant reduction
of spontaneous alternation behavior compared with control
group. Treatment with xanthoceraside (0.16, 0.32mg/kg)
or huperzine A 0.039mg/kg significantly attenuated the
impairment of spontaneous alternation behavior in A𝛽1-42
injected mice. The effect of xanthoceraside was in a dose
dependent manner.The total numbers of arm entries showed
no difference in all the groups, showing that the treatment did
not influence the spontaneous activity of the mice (Figure 4).

3.3. Effects of Xanthoceraside on ATP Levels in the Cerebral
Cortex and Hippocampus of the Mice Induced by A𝛽1-42.
The cellular ATP levels reflect the functional state of mito-
chondria, so we tested the ATP levels in cerebral cortex
and hippocampus tissue cells of the mice to confirm the
mitochondrial functions. The results showed that A𝛽1-42
injected mice showed a significant decrease of ATP levels in
the cerebral cortex and hippocampus compared with con-
trol group, indicating the impaired mitochondrial function.
However, treatmentwith xanthoceraside (0.16, 0.32mg/kg) or
huperzine A 0.039mg/kg significantly reversed the aberrant
decrease of ATP levels in the cerebral cortex and hippocam-
pus (Figure 5), improving the mitochondrial function.

3.4. Effects of Xanthoceraside on ROS Levels in the Cere-
bral Cortex and Hippocampus of the Mice Induced by A𝛽1-
42. We further determined the ROS levels in the cere-
bral cortex and hippocampus tissue cells of the mice
to confirm the impaired mitochondrial function and the
resulting ROS overproduction. It showed that, compared
with control group, ROS levels in the cerebral cortex and
hippocampus of A𝛽1-42 injected mice were significantly
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Figure 3: Protective effects of xanthoceraside against A𝛽1-42-induced spatial memory impairment in probe test of water maze test in mice.
(a) Time spent in the fourth quadrant where the platform has been located. (b) Percentage of the swimming distance in the fourth quadrant
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group; ∗∗𝑃 < 0.01, ∗𝑃 < 0.05 compared with model group. (c) Characteristic swimming trails of the mice in probe test. (A) Control; (B)
model; (C) xanthoceraside 0.08mg/kg; (D) xanthoceraside 0.16mg/kg; (E) xanthoceraside 0.32mg/kg; and (F) huperzine A 0.039mg/kg.

increased. Xanthoceraside (0.08–0.32mg/kg) dose depen-
dently attenuated the increase of ROS levels both in the
cerebral cortex and hippocampus induced by A𝛽1-42 in
mice. Huperzine A group (0.039mg/kg) showed significant
decrease of ROS aswell comparedwithA𝛽1-42 injected group
(Figure 6).

3.5. Mitochondrial Preparations. To identify the status of the
obtained mitochondria, the ultrastructure morphology was
observed by transmission electron microscope. The results
showed that almost all the obtained mitochondria exhibited
intact mitochondrial membranes, uniform matrix, and a
clear structure of cristae, suggesting that the mitochondria
used in current study were intact and healthy. Moreover,
the view of the photo was filled with mitochondria with

very little contamination of synaptosome and other cellular
components as shown in Figure 7.

3.6. Effects of Xanthoceraside on Mitochondrial Respiratory
Chain Complex IV Activity in Isolated Cerebral Cortex
Mitochondria of the Mice. Mitochondrial respiratory chain
complex IV (COX) is the key enzyme in the terminal step
of mitochondrial electron transport chain. Its activity is
critical for mitochondrial respiration, ATP production, and
cell survival. Therefore, we tested its activity in the isolated
mitochondria of cerebral cortex in mice. The results showed
that A𝛽1-42 injection led to a significant decrease of COX
activity comparedwith control group. Administration of xan-
thoceraside (0.08–0.32mg/kg) dose dependently attenuated
the abnormal decrease of COX activity induced by A𝛽1-42.
Likewise, the decrease of COX activity in A𝛽1-42 injection
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Figure 5: Effects of xanthoceraside on ATP levels in the cerebral cortex and hippocampus of the mice induced by A𝛽1-42. (a) The ATP
concentration in cerebral cortex. (b)TheATP concentration in hippocampus.The data are presented as means ± SEM (𝑛 = 7-8). ###

𝑃 < 0.001

compared with control group; ∗∗𝑃 < 0.01, ∗𝑃 < 0.05 compared with model group.

group was also alleviated by the treatment of 0.039mg/kg
huperzine A (Figure 8).

3.7. Effects of Xanthoceraside on PDHC and KGDHC Activ-
ity in Isolated Cerebral Cortex Mitochondria of the Mice.
PDHC and KGDHC are key matrix enzymes in mito-
chondrial Kreb’s cycle; therefore, we further determined
the effects of xanthoceraside on the activity of PDHC and
KGDHC. The results showed that A𝛽1-42 injected model
mice showed significant decrease in bothPDHCandKGDHC
activity. Xanthoceraside (0.16, 0.32mg/kg) and huperzine A
0.039mg/kg significantly reversed the decrease of PDHC and
KGDHC activity in isolated cerebral cortex mitochondria

of the mice compared with A𝛽1-42-injected model group
(Figure 9).

4. Discussion

Based on the research results, it was recognized that soluble
A𝛽 species especially A𝛽 oligomers rather than the final
plaques may possess more severe neurotoxicity, since it is
more correlated to the cognitive deficits in AD patients
[31]. Therefore, the animal models obtained after soluble A𝛽
peptide injection in the brain may be seen as an alternative
to transgenic animals to study the AD mechanism and drug
development, despite the fact that there is no presence of
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Figure 6: Effects of xanthoceraside on ROS levels in the cerebral cortex and hippocampus of the mice induced by A𝛽1-42. (a) The ROS level
in cerebral cortex. (b) The ROS level in hippocampus. The data are presented as means ± SEM (𝑛 = 7-8). ##
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Figure 7: Representative electron micrograph of mice brain mitochondria isolated by the method described in Section 2.8. (a) Mitochondria
magnified by 10000 times; (b) mitochondria magnified by 15000 times. Scale bar = 500 nm.

plaques in the brain of the model animals. Indeed, data
showed that i.c.v. administration of incubatedA𝛽 inmice/rats
could induce memory deficits, inhibit LTP, and lead to oxida-
tive stress and neuronal loss [32, 33]. Additionally, this model
is rather suitable and efficient to test compounds which could
act at early stages of AD. Since mitochondrial dysfunction is
also considered as the early event of AD, we tended to choose
the A𝛽1-42 injected (i.c.v.) mice model in the present study.
Many researchers identified that 400 pmol or higher doses
of A𝛽1-42 i.c.v. injection could induce learning and memory
deficits in rodents. Therefore, we chose 410 pmol A𝛽1-42
as inducing dose in the model group, which is employed
before by other researchers and also proved reliable in our
previous studies [23, 33]. Water maze test and Y-maze test

were used to measure the learning and memory ability of
the mice. The results clearly demonstrated that A𝛽1-42 could
significantly induce the learning and memory deficits which
is consistent with the results of other researchers [23, 33].
And xanthoceraside significantly attenuated the learning and
memory deficits induced by A𝛽1-42; however, it did not affect
the spontaneous activity in mice (data not shown).

As the positive control, huperzine A was shown to
improve learning and memory deficits in our present study.
Huperzine A is a potent reversible inhibitor of acetyl-
cholinesterase and has been proved to improve learning and
memory performance in AD patients in China [34, 35].
Recent studies indicated its neuroprotective effects including
inhibition of A𝛽 neurotoxicity [35–37], which is likely to
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involve prevention of oxidative stress and improvement
of mitochondrial function [38, 39]. Therefore, we chose
huperzine A as the positive control and our results further
proved its effects on alleviating mitochondrial dysfunction,
inhibiting oxidate stress, and attenuating energy depletion.

Our previous studies indicated that xanthoceraside could
reverse A𝛽-induced ROS overproduction and inhibit A𝛽-
induced apoptosis in SH-SY5Y cells [40] and it also had the
effect of antioxidative stress and antiapoptosis in A𝛽-injected
mice model (to be published), which could be the underlying
mechanism of xanthoceraside to improve learning andmem-
ory impairment. However, we have not found the inhibitory
effects of xanthoceraside on acetylcholinesterase (AchE) in
the hippocampus of control mice (to be published). There-
fore, the mechanisms of xanthoceraside on improving learn-
ing andmemory deficits need further elucidation.Mitochon-
drial dysfunction has been found in many diseases including
AD, PD, and cancer with different mechanisms involved [41,
42]. Researchers have found the direct interaction between
A𝛽 and mitochondria; for example, A𝛽 and ABAD interact
in brain mitochondria of AD patients and transgenic mice
overexpressing ABAD leading to mitochondrial dysfunction
[7, 43]; the causality of A𝛽 and COX deficiency are also
under debate by now.Therefore, based on our previous study,
we proposed that xanthoceraside may possibly attenuate
mitochondrial dysfunction induced by A𝛽1-42, which may
contribute to its antioxidative stress and antiapoptosis effects.
The results of present study would help to further expound
the mechanisms of xanthoceraside on improving learning
and memory deficits in AD.

One of the most important roles of mitochondria is to
supply energy to the cells with ATP as energy molecules.
The brain has very high energy requirement for neurotrans-
mission and maintaining calcium homeostasis; therefore, the
ATP depletion in the brain has devastating influence on the
neural activities [13]. Our results showed that xanthoceraside

could significantly attenuate theATPdepletion in the cerebral
cortex and hippocampus comparedwithmodelmice induced
by A𝛽1-42, improving the mitochondrial dysfunction. Some
studies reported that the interaction between A𝛽 and ATP
synthesis may result in ATP deletion [44]. Furthermore,
a subsequent study reported that A𝛽 could decrease the
activity of cytochrome c oxidase (COX) and inhibit the
mitochondrial respiratory function, finally, leading to the
ATP deletion and ROS overproduction.

In the present study, we also found that A𝛽 could increase
the ROS level in the cerebral cortex and hippocampus
of model mice and xanthoceraside had alleviative effects.
Many studies prompted that oxidative stress occurs in very
early stages of AD ahead of massive A𝛽 deposits. Oxidative
stress causes lipid oxidation, protein modification, and DNA
mutation and therefore generates a huge damage to many
organelles including mitochondria [45, 46]. Several lines
of evidence suggest that increased mitochondrial ROS are
responsible for changes in mitochondrial structure and func-
tion including mitochondrial membrane damage, mitochon-
drial fission/fusion imbalance, and mitochondrial enzyme
inhibition [47]. As the natural by-product of mitochondrial
electron transfer, ROSwasmostly produced inmitochondria.
ROS deriving frommitochondria further damage mitochon-
dria to form a vicious cycle, which could contribute to the AD
progression. The decrease of ROS caused by xanthoceraside
could be a contributory mechanism to its neuroprotective
effects.

It was pointed out that increased ROS and the resulted
oxidative stress damage are inevitable outcomes ofmitochon-
drial respiratory deficits [46, 48]. Research data showed that
mitochondrial respiratory chain complex IV (cytochrome c
oxidase, COX) activity was decreased in AD transgenic mice
and synthetic A𝛽1-42 specifically inhibited the COX activity
in a dose dependent manner [49]. In fact, a reduced activity
of COX has been reported in different brain regions of AD
patients. In the present study, we found that A𝛽1-42 led to
a significant decrease of COX activity and administration
of xanthoceraside attenuated the abnormal decrease of COX
activity induced by A𝛽1-42, which could be one of the pos-
sible reasons for xanthoceraside to lower the ROS level and
improve the mitochondrial function. However, we should
mention that the massive oxidative stress in AD not only
is due to the ROS overproduction but also is due to the
decrease of ROS elimination by mitochondrial antioxidant
defense system [47, 50]. Our previous studies showed that
xanthoceraside could also significantly increase the activity
of catalase and the ratio of GSH/GSSG impaired by A𝛽1-42,
elevating the cellular antioxidant ability. We certainly cannot
exclude other possible mechanisms which participate in the
oxidative stress induced by A𝛽 and the possible effects of
xanthoceraside.

Several positive emission tomography (PET) scan studies
revealed reduced glucose metabolism in the brains of AD
patients, indicating the decreased glucose metabolism [9].
Many biochemical studies found the decline of several mito-
chondrial enzymes such as PHC and KGDHC in the brain of
AD patients. PHC is the key rate-limiting enzyme to initiate
the mitochondrial Kreb’s cycle and the reaction catalyzed by
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Figure 9: Effects of xanthoceraside on PDHC and KGDHC activity in isolated cerebral cortex mitochondria of A𝛽1-42-induced mice. (a)
The activity of PDHC and (b) the activity of KGDHC. The data are presented as means ± SEM (𝑛 = 7-8). ##

𝑃 < 0.01 compared with
control group; ∗∗𝑃 < 0.01, ∗𝑃 < 0.05 compared with model group. PDHC: pyruvate dehydrogenase complex; KGDHC: 𝛼-ketoglutarate
dehydrogenase complex.

KGDHC is the crucial spot to produce energy in Kreb’s cycle.
In fact, they serve as the regulatory switch coupling glucose
utilization to oxidative phosphorylation [51]. In present study,
we found that xanthoceraside could reverse the decrease
of PDHC and KGDHC activity in isolated cerebral cortex
mitochondria of the mice induced by A𝛽1-42. It was reported
that A𝛽 may induce the decrease of PDHC and KGDHC
activity by the overproduction of ROS.The exact mechanism
needs further studies.

To exclude the disturbance of cytoplasmic protein and
other cellular components, we used isolatedmitochondria for
the COX, PDH, and KGDHC detection. The mitochondria
were prepared using Percoll density gradient centrifugation
method developed by Sims and Anderson [26–28], which
is wildly accredited to acquire highly metabolically mito-
chondrial fractions with good respiratory coupling and little
contamination with synaptosomes or myelin. We observed
the ultrastructure of obtained mitochondria by the electron
microscope, and the preparations of cerebral cortex mito-
chondria in the present study appeared homogeneous and
intact with very little contaminations. All of which ensured
the reasonability of our research.

Altogether, these results showed that xanthoceraside
can ameliorate the working memory and spatial learning
and memory impairments induced by A𝛽1-42 probably
through alleviating mitochondrial dysfunction, inhibiting
oxidate stress, and attenuating energy depletion. Actually,
more work needs to be done to elucidate the mechanism
for xanthoceraside to improve mitochondrial dysfunction,
such as the effects on mitochondrial dynamic (balance of
mitochondrial fusion/fission), interaction of A𝛽 and ABAD,
and mitochondrial axonal transport [52–54].

Our preliminary toxicological assessment showed that
xanthoceraside has no adverse effect on general behavior
and motor coordination ability and no synergistic effect with
pentobarbital sodium in mice (data not shown). At dose of

400 times of effective dose, xanthoceraside did not cause
the death of the tested mice and no macroscopic changes
were found in the main viscera organs in mice. In addition,
the oil extracted from XSB fruits used to be cooking oil,
all suggesting that xanthoceraside has a good safety profile.
Taken together, xanthoceraside has the potential to be a
competitive candidate drug for the treatment of AD.
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We evaluated the effects of the traditional Chinese medicine (TCM) Shen-Zhi-Ling oral liquid (SZL) on the behavioral and
psychological symptoms of dementia (BPSD) in patients with Alzheimer’s disease (AD). Among 98 patients with AD and BPSD
enrolled (mean age, 57.2± 8.9 years old), 91 (M = 55, F = 36; mean age, 57.2± 9.7 years old) completed the study. Patients took either
SZL (𝑛 = 45) or placebo granules (𝑛 = 46) in a double-blindmanner for 20weekswhilemaintaining other anticognitivemedications
unchanged. Changes in BPSD between week 0, week 10, week 20, and week 25 were assessed using the behavioral pathology in
Alzheimer’s disease (BEHAVE-AD) rating scale and the neuropsychiatric inventory (NPI), detrended fluctuation analysis (DFA)
represented by diurnal activity (DA), evening activity (EA), and nocturnal activity (NA) according to actigraphic recordings. SZL
but not placebo oral liquid delayed the development of BPSD significantly according to the changes in some of the clinical scores
and the EA and NA parameters of DFA at week 20 compared with week 0. No side effects were observed in laboratory tests. The
results indicate that SZL might delay the development of BPSD in AD patients and thus is a potentially suitable drug for long-term
use.

1. Introduction

Cognitive deficits and behavioral and psychological symp-
toms of dementia (BPSD) are typical features of patients
with dementia such as Alzheimer’s disease (AD), vascular
dementia (VD), and other forms of senile dementia [1].
The symptoms include agitation, aberrant motor behavior,
anxiety, elation, irritability, depression, apathy, disinhibition,
delusions, hallucinations, and sleep or appetite changes.
BPSD constitute a major component of the dementia syn-
drome irrespective of its subtype. The current limits of the
effectiveness of pharmacotherapies highlight the value in

delaying the progression of the disease and the functional
decline [2].

Herbal remedies have a long history of use (particularly
in East Asian countries) for alleviating various symptoms and
have been increasingly used as alternative medicines world-
wide, including the United States [3]. Traditional Chinese
medicines (TCM) ameliorate various symptoms, particularly
ageing-related symptoms [4, 5], and hence are likely to be
beneficial for neurodegeneration diseases such as Parkinson’s
disease and motor neuron disease [6–8]. Good compliance
for long-term use with few side effects may be another merit
of TCM suitable for AD patients.
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Table 1: Characteristics of the patients with Alzheimer’s disease before and after additional treatment.

Characteristic Shen-Zhi-Ling group
1st week (𝑛) 10th week (𝑛) 20th week (𝑛) 25th week (𝑛)

Age (years) 57.2 ± 9.7

Sex (M/F) 28/17
Duration of VD (years) 5.7 ± 4.9

MMSE 13.4 ± 1.8 12.9 ± 3.1 12.0 ± 2.3 11.8 ± 1.6

Huperzine A (𝜇g/d) 323.30 ± 173.9 (32) 334.41 ± 169.3 (32) 319.29 ± 168.6 (31) 349.32 ± 188.4 (31)
Aniracetam (mg/d) 489.6 ± 179.3 (28) 491.7 ± 166.8 (28) 490.5 ± 183.4 (29) 497.6 ± 112.3 (29)
Memantine hydrochloride (mg/d) 6.67 ± 5.28 (28) 6.81 ± 4.47 (30) 6.83 ± 4.96 (29) 6.92 ± 5.67 (30)
Donepezil hydrochloride (mg/d) 8.21 ± 3.76 (16) 8.49 ± 4.02 (15) 8.73 ± 2.69 (15) 9.33 ± 6.94 (15)
Rivastigmine (mg/d) 3.38 ± 1.26 (23) 3.47 ± 1.72 (14) 3.55 ± 2.09 (13) 3.75 ± 1.66 (14)
Galantamine reminyl (mg/d) 25.89 ± 22.63 (26) 25.31 ± 23.61 (25) 25.87 ± 21.39 (26) 26.82 ± 22.91 (26)

Characteristic Placebo group
1st week (𝑛) 10th week (𝑛) 20th week (𝑛) 25th week (𝑛)

Age (years) 56.9 ± 10.2

Sex (M/F) 27/19
Duration of VD (years) 5.9 ± 5.2

MMSE 14.1 ± 1.5 13.3 ± 2.7 12.07 ± 3.5 11.2 ± 2.8

Huperzine A (𝜇g/d) 358.30 ± 191.4 (34) 334.41 ± 169.3 (34) 327.03 ± 179.8 (33) 358.30 ± 191.4 (32)
Aniracetam (mg/d) 506.6 ± 108.7 (26) 498.8 ± 171.2 (25) 505.5 ± 192.3 (27) 517.2 ± 119.3 (27)
Memantine hydrochloride (mg/d) 6.71 ± 4.47 (29) 6.67 ± 5.09 (30) 6.59 ± 5.09 (29) 6.98 ± 4.47 (30)
Donepezil hydrochloride (mg/d) 8.23 ± 6.74 (14) 8.37 ± 5.33 (15) 8.66 ± 2.71 (16) 8.92 ± 7.58 (15)
Rivastigmine (mg/d) 3.45 ± 1.65 (25) 3.51 ± 1.08 (24) 3.61 ± 1.87 (25) 3.67 ± 1.72 (25)
Galantamine reminyl (mg/d) 26.12 ± 22.84 (29) 26.08 ± 21.65 (29) 25.59 ± 20.41 (29) 27.51 ± 19.66 (29)
AD: Alzheimer’s disease; MMSE: Mini-Mental State Examination.

In this study, we evaluated the effects of the TCM Shen-
Zhi-Ling oral liquid (SZL) on the symptoms of BPSD in AD
patients. Pan et al. adopted a recently developed method
analyzing scores of wrist activity measured with a motion
logger [9] and showed that analysis of diurnal activity (DA),
nocturnal activity (NA), and evening activity (EA)may reflect
the fluctuational degrees of BPSD and can provide a useful
assessment of BPSD accompanied by clinical scores for AD.
The aim of the present study was to evaluate the ameliorating
effects of SZL on impaired BPSD of AD patients using the
quantitative and objective parameters recorded by a Micro-
Mini-Motionlogger (Ambulatory Monitoring Inc.).

2. Methods

2.1. Subjects. Subjects with Mini-Mental State Examination
(MMSE) scores between 10 and 24 and satisfying the fourth
edition of the Diagnostic and Statistical Manual of Men-
tal Disorders DSM-IV-TR Fourth Edition (DSM-IV) for
dementia from January 2010 to October 2013 at the Depart-
ment of Neurology of Shuguang Hospital Affiliated to the
Shanghai University of TCM were recruited into the study.
We examined 198 patients who had been diagnosed with
cognitive disorders; however, only 98 patients who suffered
fromAD (mean age ± SD, 57.2±8.9 years old, mean duration
of illness, 5.9 ± 5.1 years) were found to be suitable for
this research. Current diagnostic options in living patients
include a combination of clinical history, the exclusion of

other causes of cognitive impairment, and cognitive and
mental state examination [10]. Structural imaging techniques
with computed tomography (CT), magnetic resonance imag-
ing (MRI), single-photon emission computed tomography
(SPECT), positron emission tomography (PET), and/or with
clinical signs and symptoms were used as an aid to diagnosis
and to help differentiate AD from other types of dementia,
such as vascular dementia, frontal temporal dementia, and
Parkinson’s disease with dementia. The patients were ran-
domly assigned to the SZL (𝑛 = 49, 64.27 ± 11.8) or placebo
group (𝑛 = 49, 63.91 ± 13.9) (Table 1) and given random
numbers by a study coordinator, who also encoded the drugs
withmatching randomnumbers. Neither the patients nor the
researchers monitoring the outcome knew which patient was
receiving which treatment, until the study was over and the
random code was broken. Antidementia drug administration
was not changed throughout the experiment. The study was
approved by The Ethics Committee of Shuguang Hospital
Affiliated to Shanghai University of TCM and performed
under the principles outlined in the Declaration of Helsinki.
All subjects provided informed consent in accordance with
institutional requirements prior to participation in the study.

2.2. Additional Treatment. Sheng-Zhi-Ling oral liquid (SZL),
the TCM used in this study, is an oral liquid consisting of 10
kinds of traditional Chinese medicine: Codonopsis pilosula,
Cassia Twig, Paeonia lactiflora, honey-fried Licorice root,
Poria Cocos, Rhizoma Zingiberis, Radix Polygalae, Acorus
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tatarinowii, Ossa Draconis, and Concha Ostreae. SZL is
commonly used in treating for “insufficiency of vitality (Qi)
and innutrition of the mind (heart)” in China. Placebo oral
liquid consisted of one-tenth of the volume of SZL together
with an added bitterant and it hadno TCM activity. Patients
were instructed to take one bottle (10 cc, including 500mg
crude drug) of SZL or placebo soluble liquid (10 cc, including
50mg crude drug) three times a day at least 30min before or
after the ingestion of other drugs for 20 consecutive weeks.
The shape and color of SZL and the placebo oral liquid were
very similar and could not be distinguished from one another
by appearance or aqueous solution taste. SZL and the placebo
oral liquids were made by ShandongWohua Pharmaceuticals
Co., Ltd. The trial was carried out as a randomized, double-
blind, parallel group study.

2.3. Assessments. Behavioral pathology in Alzheimer’s dis-
ease (BEHAVE-AD) [11]: BEHAVE-AD addresses delusions,
hallucinations, activity disturbances, aggressiveness, diurnal
rhythm disturbances, affective disturbances, and anxieties
and phobias. The BEHAVE-AD scores of all patients were
evaluated 4 times on the day before the actigraph recordings
in the series time windows during the 25 weeks of follow-
up by the same neurologists, such as before taking additional
TCMmedicine and inweek 10, week 20, andweek 25 (5weeks
after stopping the additional treatment).

Neuropsychiatric inventory (NPI) [12]: NPI was used
to assess 10 behavioral disturbances occurring in patients:
delusions, hallucinations, dysphoria, anxiety, agitation/aggre-
ssion, euphoria, disinhibition, irritability/ability, apathy, and
aberrant motor activity. The NPI scores were assessed based
on information from the patients or caregivers using the same
time windows as when evaluating BEHAVE-AD.

Analysis of actigraphy: all patients wore a small watch-
type activitymonitor equippedwith a computer (Micro-Mini-
Motionlogger, Ambulatory Monitoring, Inc., Ardsley, New
York) on the wrist of their nondominant hand for 7 consecu-
tive days in the series time windows (10 weeks each and then
5 weeks) during the 25-week follow-up. Data acquired during
the diurnal activity (DA, between 6 a.m. and 6 p.m.), evening
activity (EA, between 6 p.m. and 9 p.m.), and nocturnal
activity (NA, between 9 a.m. and 6 a.m.) periods were used
in the analyses [9]. Discontinuous data were combined
using an integrative method and then analyzed by detrended
fluctuation analysis (DFA), which evaluates the correlations
between time scales and magnitudes of fluctuation (standard
deviations) within each time scale [13, 14]. We compared the
fluctuation of these parameters in the series time windows
during the 25 weeks of follow-up.

For the safety assessments, each patient underwent a
physical examination by a physician and laboratory tests for
blood counts and biochemistry and urinalysis at each visit.

2.4. Statistical Analysis. Repeated-measure ANOVA was
conducted to test the differences among week 0, week 10,
week 20, and week 25 for the scores of BEHAVE-AD,
NPI, and the actigraph parameters in the SZL and placebo
groups. When a significant difference was detected, a post

hoc test (Bonferroni test) was conducted between the SZL
and placebo groups. A significant difference was defined as
𝑃 < 0.05. SPSS windows version 17.0 was used for statistical
analyses. All data are expressed as the mean ± standard
deviation.

3. Results

Seven patients dropped out of the study; two patients in the
SZL group were unable to tolerate the bitter taste of SZL,
while two in the SZL group and three in the placebo group
dropped out due to a conflict with other TCM prescribed
for concomitant diseases. Neither physical examination nor
laboratory tests revealed any adverse changes after additional
treatment in either group at the end of the study.

The post hoc test revealed no significant differences
at baseline (week 0) and other each time point (week 10,
week 20, and week 25) in age, duration of AD, MMSE,
BEHAVE-AD, NPI scores, actigraph parameters, or in the
dosages of huperzine A, aniracetam, memantine hydrochlo-
ride, donepezil hydrochloride, rivastigmine, and galantamine
reminyl, between the SZL and placebo groups (Tables 1 and
2).

No significant changes were observed at week 10 by
checking the clinical scores and DFA parameters for the two
groups. When the effects of SZL at week 20 were evaluated
by BEHAVE-AD scores, significant and persistent improve-
ments were found in hallucinations, activity disturbances,
aggressiveness, and anxieties and phobias compared with the
placebo group. Except for paranoid and delusion ideation, all
BEHAVE-AD scores at week 20 had improved in the placebo
group compared with week 0, while there was little change in
the SZL group. At week 20, half of the NPI mean scores, such
as for delusions, hallucinations, agitation, aberrant motor
behavior, and sleep disturbances in the SZL group, weremuch
lower (less improvement) compared with the placebo group,
while these scores in the placebo group were significantly
higher at week 20 compared with those in the patients at
week 0. Interestingly, the EA and NA scores for the DFA
actigraph recordings showed significantly lower values for
the SZL group compared with the placebo group at week 20,
while these patients in the placebo group had significantly
improved values compared with the DFA values at week 0,
and the effects in the SZL group were maintained for 5 weeks
at the endpoint of the research (Table 2). The appetites of
patients in both the SZL and placebo groups at week 20 and
week 25 showed almost no changes compared with week 0.

4. Discussion

We previously demonstrated that the changes of EA and NA
in the DFA, which is in accordance with the improvement
of the BEHAVE-AD and NPI scores, might be quantitative
predictors for evaluating the severity of BPSD in dementia
[9]. In this study, we demonstrate that SZL, a TCM, ame-
liorated the disability associated with BPSD in AD patients
using the analysis of DFA of the actigraph records together
with the more conventional BEHAVE-AD and NPI scores.
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Table 2: Results of clinical evaluation between before and after the additional treatment of Sheng-Zhi-Ling Oral liquid (SZL) and placebo.

Parameter Week 0 Week 10 Week 20 Week 25
SZL Placebo SZL Placebo SZL Placebo SZL Placebo

BEHAVE-AD
Paranoid and delusion
ideation 3.11 ± 0.38 3.06 ± 0.36 3.12 ± 0.29 3.26 ± 0.66 3.15 ± 0.71 3.31 ± 1.06 3.21 ± 1.04 3.49 ± 1.23

Hallucinations 3.72 ± 0.59 3.79 ± 0.61 3.75 ± 1.48 3.95 ± 0.61 3.82 ± 0.91
∗
4.23 ± 1.38

#
3.91 ± 0.91

△
4.48 ± 1.51



Activity disturbances 6.51 ± 0.28 6.48 ± 0.71 6.53 ± 0.41 6.74 ± 0.85 6.61 ± 1.37
∗
7.34 ± 1.93

#
6.69 ± 1.58

△
7.76 ± 1.78



Aggressiveness 5.06 ± 0.30 5.02 ± 0.39 5.13 ± 1.02 5.41 ± 0.99 5.36 ± 1.32
∗
6.02 ± 1.59

#
5.52 ± 1.46

△
6.48 ± 1.91



Diurnal rhythm
disturbances 2.61 ± 0.33 2.59 ± 0.47 2.76 ± 0.83 3.15 ± 0.42 3.11 ± 0.76 3.55 ± 0.92

#
3.24 ± 0.89 3.84 ± 0.78



Affective disturbances 3.15 ± 0.23 3.18 ± 0.35 3.23 ± 0.59 3.31 ± 0.35 3.34 ± 0.64 3.88 ± 0.72# 3.41 ± 0.58 4.17 ± 0.86

Anxieties and phobias 2.22 ± 0.33 2.19 ± 0.52 2.38 ± 0.41 2.69 ± 0.58 2.57 ± 0.57∗ 3.02 ± 0.38# 2.71 ± 0.46△ 3.36 ± 0.47

NPI mean score
Delusions 1.54 ± 0.59 1.53 ± 0.54 1.58 ± 0.61 1.82 ± 0.57 1.75 ± 0.89

∗
2.13 ± 0.96

#
1.86 ± 1.02

△
2.41 ± 1.62



Hallucinations 3.72 ± 0.59 3.79 ± 0.61 3.75 ± 1.48 3.95 ± 0.61 3.82 ± 0.91
∗
4.23 ± 1.38

#
3.91 ± 0.85

△
4.59 ± 1.61



Agitation 5.32 ± 0.91 5.41 ± 0.46 5.45 ± 0.96 6.48 ± 0.88 6.28 ± 1.09
∗
7.48 ± 0.88

#
6.89 ± 1.36

△
7.97 ± 1.53



Depression 4.21 ± 0.81 4.23 ± 0.16 4.26 ± 1.01 4.19 ± 0.72 4.19 ± 1.42 4.29 ± 0.38 4.37 ± 1.32 4.46 ± 0.81

Anxiety 2.34 ± 0.69 2.33 ± 0.41 2.38 ± 0.97 2.42 ± 0.86 2.43 ± 1.13 2.46 ± 1.04 2.39 ± 1.65 2.51 ± 1.42

Euphoria 3.63 ± 0.62 3.62 ± 0.68 3.73 ± 0.89 3.72 ± 0.56 3.75 ± 0.61 3.80 ± 0.69 3.81 ± 0.35 3.83 ± 0.92

Apathy 3.31 ± 0.72 3.29 ± 0.48 3.29 ± 0.84 3.33 ± 0.83 3.39 ± 0.97 3.27 ± 0.66 3.43 ± 0.77 3.39 ± 0.69

Disinhibition 2.74 ± 0.57 2.79 ± 0.49 2.76 ± 0.36 2.91 ± 0.55 2.73 ± 0.69 2.89 ± 0.58 2.81 ± 0.37 2.85 ± 0.84

Ignitability 3.26 ± 0.75 3.27 ± 0.77 3.29 ± 0.82 4.17 ± 0.52 3.85 ± 0.76 4.08 ± 0.83 3.72 ± 0.53 3.98 ± 0.56

Aberrant motor
behavior 4.28 ± 0.69 4.25 ± 0.87 4.27 ± 0.74 4.63 ± 0.73 4.26 ± 1.09

∗
5.12 ± 1.26

#
4.31 ± 0.96

△
5.33 ± 1.09



Sleep disturbance 5.32 ± 0.83 5.25 ± 0.68 5.38 ± 1.23 6.07 ± 0.79 5.87 ± 1.73
∗
6.69 ± 1.28

#
5.91 ± 1.65

△
7.06 ± 1.37



Appetite 4.08 ± 0.57 4.11 ± 0.36 4.12 ± 0.87 4.28 ± 0.31 4.18 ± 0.39 4.17 ± 0.61 4.24 ± 0.57 4.03 ± 0.55

DFA of actigraph activity
Diurnal activity 0.84 ± 0.11 0.83 ± 0.24 0.83 ± 0.19 0.84 ± 0.17 0.85 ± 0.15 0.88 ± 0.13 0.84 ± 0.19 0.89 ± 0.21

Evening activity 0.85 ± 0.12 0.86 ± 0.09 0.86 ± 0.13 0.91 ± 0.14 0.86 ± 0.35
∗
0.95 ± 0.11

#
0.88 ± 0.27

△
0.98 ± 0.23



Nocturnal activity 0.92 ± 0.13 0.91 ± 0.14 0.94 ± 0.15 0.99 ± 0.16 0.95 ± 0.16
∗
1.08 ± 0.15

#
0.97 ± 0.13

△
1.28 ± 0.17



∗
𝑃 < 0.05, compared with week 20 of placebo group; #𝑃 < 0.05, compared with week 0 of placebo group; △𝑃 < 0.05, compared with week 30 of placebo group;

𝑃 < 0.05, compared with week 0 of placebo group.

SZL induced no significant adverse effects and was tolerable
by more than 92% of the participants.

The treatment of BPSD is as important as the treatment of
core symptoms such as memory disturbance and disorienta-
tion. Acetylcholinesterase (AChE) inhibitors and N-methyl-
d-aspartate (NMDA) receptor noncompetitive antagonists
are commonly used for the treatment of AD. They are
effective at treating core symptoms and in BPSD treatment
[15–17]; however, the effects are not completely satisfactory.
They can cause adverse effects such as nausea, extrapyra-
midal symptoms, drowsiness, and other symptoms [18].
Many researchers have attempted to identify more effective
medicines from traditional therapy or translational therapy
for serious neurodegeneration disease [19–21]. The present
preliminary data have replicated the previous finding that
SZL could protect neurons by reducing the expression of APP
mRNA in cerebral cortex and hippocampus and decreasing
the expression of caspase-3 to reduce the apoptosis of neurons
[22]. In TCM theory, insufficiency of body vitality (Qi) might

cause abnormal body physical activity and a loss of the ability
to control body movements. Innutrition of the mind (heart)
may cause affective disorders andpoor cognitive function and
result in fatigue of the mind. These patients will present with
hallucinations, activity disturbances, aggressiveness, diurnal
rhythm disturbances, anxieties and phobias, agitation, aber-
rant motor behavior, depression, and even sleep disturbance
[23]. Among the 10 components of SZL, Codonopsis pilosula
and Cassia Twig might increase the vitality of the body and
warm the body, thus providing more energy to control “Qi”
properly [24, 25]. Radix Polygalaeand Acorus tatarinowii are
both sedatives and heart invigorating and can also modify
cognitive function [26, 27]. Ossa Draconis and Concha
Ostreae are well-known sedatives, and researchers in many
countries have demonstrated that they have a sleep-inducing
function for treating sleep disorders [28]. The remaining
herbs in the SZL concoction can increase blood circulation
in the brain (Paeonia lactiflora, honey-fried Licorice root,
and Poria Cocos) [29, 30]. Whether the components of SZL
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contain inhibitory effects on fibril formation has not been
demonstrated. Although the groups consisted of only small
numbers of patients that resulted in differences at baseline
despite randomization, it was unlikely that this altered the
outcome, given the magnitude of change from baseline with
SZL treatment. SZL is tolerable for long-term administration
and hence is likely a suitable choice as an additional drug for
long-term control of the symptoms of BPSD for AD. DFA,
which determines the deviations in 3 parameters (DA, EA,
and NA) obtained by actigraph recordings, can be quanti-
tatively used for assessing the severity of BPSD in patients
suffering from AD. The small sample size is a limitation of
our pilot study. In addition, normative data for both healthy
elderly and BPSD patients need to be established. Actigraphy
may be feasible and useful when predicting a prognosis or
making therapeutic decisions related to patients with AD-
BPSD.
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Alzheimer’s disease (AD) is a neurodegenerative disease characterized by progressive memory loss and cognitive impairment.
Cholinesterase inhibitors are widely used for the symptomatic treatment of Alzheimer’s disease to enhance central cholinergic
transmission. In this study, a bioactivity-oriented screening platform based on a modified Ellman’s method and HPLC-QTOF MS
technique was developed to rapidly screen active agents of Anemarrhena asphodeloides Bge. The 60% ethanol fraction from an
ethyl acetate extract exhibited the most potential anticholinesterase activity. Fifteen steroid saponins were identified by the mass
spectrum, standards and literature reports. Twenty-five compounds were isolated from the active fraction. The results showed
that compounds with the C

6
–C
3
–C
6
skeleton probably had both AChE and BuChE inhibitory activities. Xanthone and benzene

derivatives exhibited no or little activity. Lignans showed weak BuChE inhibitory activity. The steroidal saponins demonstrated
moderate or weak AChE inhibitory activity.

1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder of the central nervous system (CNS), characterized
by deposits of aberrant proteins, namely, 𝛽-amyloid (A𝛽)
and 𝜏-protein, loss of synapses, death of cholinergic neurons,
and oxidative stress [1, 2]. The etiopathogenesis of AD still
remains unknown, although the neurodegeneration leads
to remarkable reduction of neurotransmitter acetylcholine
at the synaptic clefts [3, 4]. An effective strategy to slow
down the progression of deterioration in AD patients is using
anticholinesterase inhibitors.

Acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE) constitute the group of cholinesterases. AChE
hydrolyses acetylcholine (ACh) and is mainly associated with
nerves and muscles, being typically found on the synapses.
AChE inhibitors are widely used for the symptomatic

treatment of AD to enhance central cholinergic transmission.
BuChE hydrolyses butyrylcholine (BuCh) and is synthesized
by the liver, being found in large concentration in serum [5].
In healthy brains, AChEhydrolyzes themajority ofAChwhile
BuChE plays a secondary role. However, as AD progresses,
BuChE can compensate for AChE when the activity of AChE
is inhibited by AChE inhibitors. Thus, BuChE hydrolyses the
already depleted levels of ACh in these patients [6]. It has
been proposed that individuals with low activity of BuChE
can sustain cognitive functions better than individuals with
normal BuChE activity. Furthermore, BuChE inhibitors have
been reported to produce a significant increase in brain
extracellular AChE without triggering severe peripheral or
central side effects [7].

Anemarrhena asphodeloides Bge, which belongs to the
family Liliaceae, is widely distributed in China [8]. The rhi-
zomes ofAnemarrhena asphodeloides Bge have been reported
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to have the cholinesterase inhibitory activity relevant to
treatment of AD [9]. In order to find the candidate of a
drug treating AD, the activities of fractions and compounds
were assayed. Screening and identification of bioactive con-
stituents in traditional Chinese medicines (TCMs) are the
keys of the development of TCMs [10, 11]. However, the
complexity and variability of TCMs present a challenge to
the identification of their structures. Now more and more
attention has been attracted to bioactivity-based LC-MS/MS
identification technology owing to its high efficiency andhigh
specificity [12, 13].

In this work, we used a bioactivity-oriented screening
strategy, which was based on amodified Ellman’smethod and
high performance liquid chromatography quadrupole-time-
of-flight mass spectrometer (HPLC-QTOF MS) technique.
The 60% ethanol fraction from an ethyl acetate extract
showed the most potential anticholinesterase activity. Fif-
teen steroid saponins were identified by the mass spec-
trum, standards, and literature reports. Twenty-five com-
pounds were isolated from the active fraction. Compounds
with the C

6
–C
3
–C
6
skeleton probably had both AChE and

BuChE inhibitory activities. Xanthone and benzene deriva-
tives exhibited no or little activity. Lignans showed weak
BuChE inhibitory activity. The steroidal saponins demon-
strated moderate or weak AChE inhibitory activity.

2. Materials and Methods

2.1. Plant Material. The rhizomes of Anemarrhena asphode-
loides Bge were purchased from Beijing Tongrentang phar-
macy. The plant materials were identified by Professor Jincai
Lu, Department of Traditional Chinese Materia Medica,
Shenyang Pharmaceutical University.

2.2. General Instrumental Equipment. HPLC system (Agilent,
USA) consisted of a model G1276A pump, model G1367B
Autosampler and model G1316A UV detector. The chro-
matograph was equipped with a reversed-phase C18 column
of Grace Alltima (250mm × 4.6mm, 5 𝜇m). The QTOF-
MS system (Bruker, Germany) with an ESI source was
performed. HPLC separations were performed on a Hitachi
655-15 series pumping system equipped with a Hitachi L-
2490 refractive index detector using a YMC-Park ODS-A
column (250× 10mm I.D, S-5 𝜇m, and 12 nm). NMR spectra
were performed on a Bruker ARX-300, ARX-400, and ARX-
600 spectrometer using trimethylchlorosilane as the internal
standard. Column chromatography was performed on a
200–300mesh silica gel (Qingdao Marine Chemical Factory,
People’s Republic of China). Column chromatography was
performed using YMCODS-A gel (12 nm S-75𝜇m, YMCCo.,
Ltd., Japan) andD-101macroporous adsorption resin (Shang-
hai Hualing Resin Factory, People’s Republic of China).
TLC was performed with precoated silica gel GF

254
plates

(Qingdao Marine Chemical Factory, People’s Republic of
China). Microplate reader (Thermofisher Scientific, Finland)
was used to test the activities. Acetylthiocholine iodide, S-
butyrylthiocholine iodide, AChE, and BuChE were bought
from Sigma Company.

2.3. Extraction Procedures. Dried rhizomes of Anemarrhena
asphodeloides Bge were powdered into a homogeneous size
by a disintegrator and then sieved (60 mesh). The materials
were extracted by three different techniques (ultrasonic,
heat reflux, and cold soak techniques). Various solvents
including petroleum ether, dichloromethane, ethyl acetate,
acetone, methanol, 95% ethanol, 70% ethanol, 50% ethanol,
30% ethanol, and water were used for preparing active
fractions. Accurate 5.0 g of the Anemarrhena asphodeloides
Bge powders was weighted into ten Erlenmeyer flasks con-
taining the mentioned ten solvents of 500mL individually
and then extracted with ultrasonic-assisted method twice
(30min each). After filtering, the filtrates were amalgamated
and evaporated to dryness by rotary evaporator (50∘C). For
the heat reflux, the powders of 5.0 g were soaked in different
solvents of 50mL each for 30min. Then, the heated reflux
extraction experiments were conducted in water bath (90∘C)
for 2 h. The solutions were filtrated when they were still hot.
Extractions were carried out for three times and the filtrates
were evaporated to dryness. Lastly, 5.0 g of the powders was
accurately weighed and soaked in 500mL solvents overnight
and then evaporated the filtrates to dryness.

2.4. AChE and BuChE Inhibitory Assay. Cholinesterase
inhibitory activity was evaluated using the modified method
of Ellman. For AChE inhibitory assay, the reaction mixture
consisted of 50 𝜇L of 100mM PBS, pH 8.0, 25 𝜇L of 15mM
acetylthiocholine iodide, and 25 𝜇L of agents (1mg/mL for
extracts, 0.1mg/mL for compounds) in a 96-well plate. The
mixture was preincubated in 4∘C for 10min, and after that,
25 𝜇L of AchE (0.226U/mL) and 125 𝜇L of 3mM DTNB
were added. The reactions were kept in 37∘C for 20min and
then scanned at 412 nm with a microplate reader. For BuChE
inhibitory assay, the same procedures were followed except
for the use of substrate and enzyme, and S-butyrylthiocholine
iodide and BuchE were used, respectively [14]. All of the
experiments were repeated at least three times.

2.5. Structure Characterization and Identification of Active
Fraction. The ethyl acetate extract dealt with by the ultra-
sonic method was applied to a D-101macroporous resin
column and eluted with ethanol and water to give 0%, 20%,
40%, 60%, 80%, and 95% ethanol fractions. The constituents
of active fraction were assayed by HPLC-QTOF-MS. HPLC
system (Agilent, USA) consisted of a model G1276A pump, a
model G1367B Autosampler, and a model G1316A UV detec-
tor. The chromatograph was equipped with a reversed-phase
C18 column of Grace Alltima (250mm × 4.6 mm, 5𝜇m)
eluted with a gradient mobile phase. Mobile phases were
water with 0.1% of formic acid (A) and acetonitrile (B). The
gradient used was as follows: 0min, 5% B; 0–10min, 5% to
15%B; 10–18min, 15% to 20%B; 18–23min, 20% to 23%B; 23–
30min, 23% to 25% B; 30–48min, 25% to 30% B; 48–55min,
30% to 50% B; 55–80min, 50% to 100% B. The injection
volume of sample was 5 𝜇L. The flow rate was 0.8mLmin−1
and the column temperature was ambient temperature. The
QTOF-MS system (Bruker, Germany) with an ESI source was
performed in positive mode.The parameters of ESI-MS were
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Figure 1: The isolation procedure of Anemarrhena asphodeloides Bge.

set as follows: the capillary voltage (+3800V), the nebulizer
gas pressure (1.2 bar), the dry gas flow rate (8.0 Lmin−1), and
temperature (180∘C). MS conditions were corrected by direct
infusion of sodium formic acid solution (1mML−1) delivered
by a syringe pump at a flow rate of 3 𝜇Lmin−1. The data were
analyzed by Bruker Daltonics Data Analysis 3.4 software.

2.6. Isolation and Purification of Compounds from Ane-
marrhena asphodeloides Bge. The extract of Anemarrhena
asphodeloides Bge (400.0 g) was subjected to CC (macrop-
orous adsorption resin D-101; gradient EtOH/H

2
O 0 : 100 to

95 : 5) to afford six fractions (Frs. A–F). Fr. D (62.0 g) was
subjected to CC (silica gel; CH

2
Cl
2
/MeOH 100 : 0 to 0 : 100)

and afforded five fractions (Frs. D.1–D.5). Fr. D.2 (5.2 g) was
subjected to CC (reversed-phase C

18
silica gel; MeOH/H

2
O

30 : 70 to 100 : 0) to afford three fractions (Frs. D.2.1–D.2.3).
Fr. D.2.2 (0.7 g) was further purified by RP-HPLC with
MeOH/H

2
O as mobile phase (85 : 15) to afford compounds

13 to 15. Fr. D.3 (2.3 g) was subjected to CC (Sephadex LH-
20; MeOH) and then purified by RP-HPLCwithMeOH/H

2
O

as mobile phase (80 : 10) to afford compounds 1 to 7. Fr. D.4
(21.0 g) was subjected to CC (reversed-phase C

18
silica gel;

MeOH/H
2
O 30 : 70 to 100 : 0) and afforded four fractions. Fr.

D.4.2 (3.3 g) was subjected to CC (Sephadex LH-20; MeOH)
and then purified by RP-HPLC with MeOH/H

2
O as mobile

phase (50 : 50) to afford compounds 8 to 12. Fr. D.4.4 (9.7 g)
was subjected to CC (silica gel; CH

2
Cl
2
/MeOH 30 : 70 to

100 : 0) and then purified by RP-HPLC with MeOH/H
2
O as

mobile phase (70 : 30) to afford compounds 16 to 25. The
isolation procedure of Anemarrhena asphodeloides Bge is
shown in Figure 1.

2.7. Statistical Analysis. Data were expressed as means ±
S8EM and analyzed statistically by one-way ANOVA, fol-
lowed by post hoc (LSD) test. The results were considered
statistically significant at 𝑃 value < 0.05.

3. Results

3.1. The Activities of the Extracts. Screening the extracts
of Anemarrhena asphodeloides Bge dealing with three dif-
ferent techniques and ten kinds of solvents showed that
all the extracts demonstrated no AchE inhibitory activity
but exhibited BuChE inhibitory activity. The extract dealing
with dichloromethane, ethyl acetate, and acetone had much
more inhibition ratio than the others. The ultrasonic method
and the cold soak method were better than the heat reflux
method. It was found that Anemarrhena asphodeloides Bge
extracted with ethyl acetate by the ultrasonic technique had
the most potential anticholinesterase activity. The results
on the effects of the tested extracts on AChE and BuChE
inhibitory activities were summarized in Table 1.

3.2. Screening the Active Fraction. The extract dealing with
ethyl acetate by the ultrasonic method was applied to a D-101
macroporous resin column and elutedwith ethanol andwater
to give 0%, 20%, 40%, 60%, 80%, and 95% ethanol fractions.
Then they were tested on AChE and BuChE inhibitory
activities. It indicated that the extract was partitioned into six
fractions and active compounds were concentrated into 60%
ethanol fraction. The results were summarized in Figure 2.
Donepezil was used as positive drug with the inhibition ratio
of 98.2% and 79.8%.
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Table 1: The effects of the tested extracts on AChE and BuChE inhibitory activities.

Solvents AChE inhibition (%) BuChE inhibition (%)
Ultrasonic method Heat reflux method Cold soak method Ultrasonic method Heat reflux method Cold soak method

Petroleum ether — — — — — 1.6 ± 0.1
Dichloromethane — — — 41.5 ± 0.5 15.7 ± 0.7 41.2 ± 0.6
Ethyl acetate — — — 44.1 ± 0.5 27.7 ± 0.4 40.8 ± 0.8
Acetone — — — 38.8 ± 0.3 22.2 ± 0.3 37.9 ± 0.7
Methanol — — — 12.3 ± 0.4 5.4 ± 0.2 7.1 ± 0.3
95% ethanol — — — 4.9 ± 0.2 2.8 ± 0.1 3.9 ± 0.3
70% ethanol — — — 1.8 ± 0.1 — 1.6 ± 0.2
50% ethanol — — — 2.8 ± 0.1 — 0.5 ± 0.1
30% ethanol — — — 2.4 ± 0.1 — 1.8 ± 0.2
Water — — — — — —
AChE inhibition ratio of donepezil: 98.0 ± 0.5; BuChE inhibition ratio of donepezil: 80.2 ± 0.6.
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Figure 2: The effects of ethanol and water fractions on AChE and
BuChE inhibitory activities.

3.3. Structure Characterization and Identification of the Active
Fraction. The 20%, 40%, 60%, 80%, and 95% ethanol frac-
tions were analyzed by HPLC-QTOF-MS technique. The
water fraction was not tested for its inactivity. The total ion
chromatograms of the five fractions were shown in Figure 3.
As summarized in Table 2, a total of fifteen saponins from
the 60% ethanol fraction were identified and tentatively
characterized.

To obtain the information about precursor ions and
characteristic fragment ions of the compounds, six authentic
standardswere injected into the LC-MS system.The fragmen-
tation patterns for these authentic standards were discussed
in detail below. MS spectra of the authentic standards were
shown in Figure 4.

Timosaponin BII produced a precursor ion [M + Na]+
at 𝑚/𝑧 943.4872 (C

45
H
76
O
19
Na). As the C22 position was

an active site, it readily eliminated the 22-hydroxyl residue
to produce the thermal degradation ion [M + H – H

2
O]+

at 𝑚/𝑧 903.4982 (C
45
H
75
O
18
), which could generate an ion
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Figure 3: The total ion chromatograms of the five fractions.

at 𝑚/𝑧 741.4468 [M + H – H
2
O – 162]+ by further neutral

loss of a glucose moiety from the C26 position. At the same
time, the product ions at 579.3934 [M + H – H

2
O – 2×162]+

and 417.3251 [M + H – H
2
O – 3 × 162]+, which corresponded

to skeleton residues by successive losses of terminal hexose,
could also be clearly observed. Furthermore, the fragment
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Figure 4: MS spectra of the authentic standards.

ion at 𝑚/𝑧 273.2139 [417.3251 – C
8
H
16
O
2
]+ was attributed to

a skeleton residue by the cleavage of the C20–C22 and C17–
C20 bonds due to the presence of a 16,22-epoxy residue and a
22,26-epoxy residue, and then the ion continued to lose H

2
O

to yield an ion at 𝑚/𝑧 255.2030 [273.2139 – H
2
O]+. Major

fragmentations proposed for timosaponin BII were presented
in Figure 5.

Timosaponin BIII gave an [M + H]+ ion at𝑚/𝑧 903.4941
and an [M + Na]+ ion at 𝑚/𝑧 925.4793, corresponding to
an elemental composition C

45
H
74
O
18
. Its successive losses of

one galactosyl and two glucosyls from the protonated ion led
to the product ions at𝑚/𝑧 741.4482 [M +H – 162]+, 579.3948
[M + H – 2 × 162]+, and 417.3240 [M + H – 3 × 162]+. In

addition, the fragment ions found at𝑚/𝑧 273.2143 [417.3240 –
C
8
H
16
O
2
]+ and 255.2040 [273.2143 – H

2
O]+ were originated

from the consecutive elimination of the E-ring and H
2
O.

Timosaponin G produced a precursor ion [M + Na]+ at
𝑚/𝑧 779.4194. It showed a series of fragment ions at 𝑚/𝑧
595.3933 [M + H – 162]+, 433.3368 [M + H – 2 × 162]+, and
415.3244 [M+H–H

2
O– 2× 162]+, which could be attributed

to losses of one glucosyl, one galactosyl, and H
2
O from [M +

H]+ (𝑚/𝑧 757.4351). The fragment ions 273.2127 [415.3244 –
C
8
H
14
O
2
]+ and 255.2000 [273.2127 – H

2
O]+ were produced

by the consecutive elimination of the E-ring and H
2
O.

Anemarrhena saponin I yielded the sodic adduct ion [M+
Na]+ at𝑚/𝑧 781.4350, corresponding to itsmolecular formula
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Figure 6: The proposed structures of the fifteen compounds identified by Q-TOF-MS.

as C
39
H
66
O
14
. The main fragment ions at 𝑚/𝑧 741.4505 [M

+ H – H
2
O]+, 579.3817 [M + H – H

2
O – 162]+, 417.3410

[M + H – H
2
O – 2 × 162]+, and 399.2059 [M + H – 2 ×

H
2
O – 2 × 162]+ were produced directly from the parent

ion, which could be attributed to losses of H
2
O, one glucosyl,

one galactosyl, and H
2
O. Similarly, the fragment ions at 𝑚/𝑧

271.1636 [417.3410 – C
8
H
18
O
2
]+ and 253.1493 [271.1636 –

H
2
O]+ were also daughter ions produced from the parent

ions by consecutive elimination of the E-ring and H
2
O.

Timosaponin AIII displaying a series of fragment ions
at 𝑚/𝑧 579.3969 [M + H – 162]+, 417.3389 [M + H – 2
× 162]+, and 399.3294 [M + H – H

2
O – 2 × 162]+ could

be attributed to losses of one glucosyl, one galactosyl, and
H
2
O from 741.4406 [M + H]+. The characteristic fragment

ions at 𝑚/𝑧 273.2230 [417.3389 – C
8
H
16
O
2
]+ and 255.2105

[273.2230 – H
2
O]+ resulted from consecutive losses of E-ring

and H
2
O. Timosaponin AIV had the same formula and the

similar fragmentation behavior as timosaponin AIII.
Based on the exact mass, authentic standards, fragment

ions, retention time, and structures in the literature [15–24],
the structures of the fifteen compounds (Figure 6) from the
60% ethanol fraction (Figure 7) were deduced as follows.

Peak 1 presented [M + Na]+ ion with mass accuracy at
𝑚/𝑧 959.4833. The molecular mass was 16Da heavier than
that of timosaponin BII. It produced fragment ions at 𝑚/𝑧
919 [M + H – H

2
O]+, 757 [M + H – H

2
O – 162]+, 595 [M

+ H – H
2
O – 2 × 162]+, 433 [M + H – H

2
O – 3 × 162]+, and

415 [M + H – 2 × H
2
O – 3 × 162]+, which were attributed
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Figure 7: The peak numbers of 60% ethanol fraction.

to the sequential losses of H
2
O, one galactosyl, two glucosyls,

and H
2
O. Moreover, it was noteworthy that the fragment

ions at 𝑚/𝑧 271 [415 – C
8
H
16
O
2
]+ and 253 [271 – H

2
O]+

originating from the consecutive elimination of the E-ring
and H

2
O were observed in the MS/MS spectrum. It was

suggested that one more hydroxyl group substituent was at
C2 position. Based on the fragment ions and retention time,
it was tentatively identified as timosaponin N.

Peak 2, the major fragment ions at 𝑚/𝑧 901 [M + H –
H
2
O]+, 739 [M + H – H

2
O – 162]+, 577 [M + H – H

2
O – 2 ×

162]+, 415 [M + H – H
2
O – 3 × 162]+, 273 [415 – C

8
H
14
O
2
]+,

and 255 [273 – H
2
O]+, could be attributed to losses of H

2
O,

three hexosyl residues, one formula C
8
H
14
O
2,
and H

2
O from

the ion [M+Na]+ (𝑚/𝑧 941.4726).Therewas one double bond
at the C25 and C27 positions [8]. Peak 2 was identified as
timosaponin M.

Peak 3 was definitely identified as timosaponin BII
in comparison with an authentic standard. The precursor
ion [M + Na]+ at 𝑚/𝑧 943.4886 was the base peak in
ESI experiments. Peaks 4 and 5 showed the same formula
and similar fragment ions as peak 3. Based on the chro-
matography behavior of steroidal saponin on a C

18
column,

peak 4 was tentatively identified as the C25R stereoisomer
of timosaponin BII. While peak 5 was identified as 25S-
officinalisnin-I or its isomer [8].

Peak 6, peak 7, and peak 8 were identified as timosaponin
BIII, timosaponin G, andAnemarrhena saponin I in compar-
ison with authentic standards.

Peak 9 showed [M + Na]+ (𝑚/𝑧 779.4189) and [M +
H – H

2
O]+ (𝑚/𝑧 739.4244) ions. The fragment ions at 𝑚/𝑧

577 [M + H – H
2
O – 162]+, 415 [M + H – H

2
O – 2 ×

162]+, 273 [415 – C
8
H
14
O
2
]+, and 255 [273 – H

2
O]+ were

produced, corresponding to the neutral losses of one glucosyl,
one galactosyl, E-ring, and H

2
O. It was tentatively identified

as isomer of timosaponin G.
Peak 10 presented [M + Na]+ ion with mass accuracy at
𝑚/𝑧 779.4184. In addition to the dehydrated product ion at
𝑚/𝑧 739 [M + H − H

2
O]+, a series of characteristic product

ions at 𝑚/𝑧 595 [M + H – 162]+, 433 [M + H – 2 × 162]+, 415
[M + H – H

2
O – 2 × 162]+, 271 [415 – C

8
H
16
O
2
]+, and 253

[271 – H
2
O]+ were also observed. It was tentatively identified

as 25(27)-ene-Anemarrhena saponin I.
Peak 11was calculated asC

39
H
64
O
14
based on the accurate

mass measurement [M + Na]+ (𝑚/𝑧 779.4187). The ions at
𝑚/𝑧 757 [M+H]+, 595 [M+H– 162]+, 433 [M+H–2× 162]+,
415 [M +H –H

2
O – 2 × 162]+, 271 [415 – C

8
H
16
O
2
]+, and 253

[271 – H
2
O]+ indicated one hydroxyl group substituent of the

aglycone. It was tentatively identified as timosaponin A
2
.

Peaks 12 and 13 were identified as timosaponin AIV and
timosaponin AIII by authentic standards. Peak 14 yielded the
sodic adduct ion [M + Na]+ at 𝑚/𝑧 763.4237. It displayed
a series of fragment ions at 𝑚/𝑧 579 [M + H – 162]+,
417 [M + H – 2 × 162]+, 273 [417 – C8H16O2]+, and 255
[273 – H2O]+. The retention time of steroidal saponins
with the 25R configuration was longer than those with the
25S configuration. Peak 14 was tentatively identified as 25R-
timosaponin AIII.

Peak 15 showed the [M + H]+ ion at 𝑚/𝑧 579.3892
(C
33
H
55
O
8
), 162 Da less than that of timosaponin AIII. The

product ions such as 𝑚/𝑧 417 [M + H – 162]+, 399 [M + H –
H
2
O – 162]+, 273 [417 – C

8
H
16
O
2
]+, and 255 [273 – H

2
O]+

could be found in their MS/MS spectrum. From this, peak 15
was identified as timosaponin A-I.

3.4. Isolation and Purification of Compounds from Ane-
marrhena asphodeloides Bge. Twenty-five compounds were
obtained after repeated isolation and purification. On the
basis of spectroscopic analysis (MS, 1H NMR, 13C NMR,
DEPT135, HSQC, HMBC, and NOESY spectra) and in com-
parison with the previously reported spectral data [25–34],
the structures of these compounds were shown in Figure 8.
All the isolates were subjected to the cholinesterase inhibitory
activity assay (Table 3).

4. Discussion

The anticholinesterase activity of the agents was tested in
the presence of a known concentration. It was one of the
approaches to study the effect of treating Alzheimer’s disease.
The anticholinesterase inhibition ratio of the agents was
expressed as percentage inhibition ratio based on the optical
density. The conditions of AChE and BuChE inhibitory
assay were confirmed by a series of literature reports and
experiments.

To determine which fraction has anticholinesterase activ-
ity, the rhizome of Anemarrhena asphodeloides was fraction-
ated further by a series of extractions with different solvents
and techniques. The findings revealed that more bioactive
components would be extracted by dichloromethane, ethyl
acetate, and acetone.The extracts dealt with by the ultrasonic
and cold soak method had higher inhibition ratio than the
extracts dealt with by the heat reflux method. It is proposed
that the molecular structures of the active constituents may
be destroyed at a high temperature.
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Figure 8: The structures of the isolated compounds.

The effect of ethyl acetate extract extracted by the ultra-
sonic method on inhibiting activity of cholinesterase was
better than those dealt with by other solvents and methods.
The ethyl acetate crude extract ofAnemarrhena asphodeloides
may also contain many compounds with differing polarities,
so it was fractionated further by a D-101 macroporous
resin column. The bioactive compounds of the 60% ethanol
fraction were analyzed by HPLC-QTOF-MS system.

The type of compounds in the 60% ethanol fraction could
be deduced by the MS data. If the ions [M + Na]+ and [M +
H − H

2
O]+ were detected and the [M+H]+ ion was not

observed, the saponin would be a furostanol saponin with
the C22 hydroxyl group. If the ions at 𝑚/𝑧 417, 255, and 273
were detected, there should be no substituent attached to the
sarsasaponin. If the ions at 𝑚/𝑧 433 and 415 were observed,
there should be one more hydroxyl group substituent on the
aglycone.The retention time of saponins would be affected by
the number, classes, and connection orders of sugar moieties
and the number and position of hydroxyl group substituent
at the aglycone. What is more, the retention time of steroidal
saponins with the 25R configuration was longer than those
with the 25S configuration on a C18 column.

Twenty-five compounds were isolated from the active
fraction. The structure-activity relationships were discussed
based on the results of cholinesterase inhibitory activity. It

showed that the compounds with the C
6
–C
3
–C
6
skeleton

probably had both AChE and BuChE inhibitory activities.
Compound 3 showed potential BuChE inhibitory activitity
with the inhibition ratio of 75.8%. Xanthone and benzene
derivatives exhibited no or little activity. Lignans showed
weak BuChE inhibitory activity. The steroidal saponins had
moderate or weak AChE inhibitory activity. It was supposed
that addingOHgroups to the steroidal saponinsmay increase
the effect a little. Although some of the individual compounds
exhibited potential in vitro activity, they were less effective
than the 60% ethanol fraction and this might be due to a
synergistic action among the active components ormaybe the
most active constituents have not been isolated by us.

Steroid saponins were considered as potentially drug
preventing and treating neurodegenerative diseases, such as
Alzheimer’s disease. However, we found that compounds
with the C

6
–C
3
–C
6
skeleton probably had both AChE and

BuChE inhibitory activities, especially compound 3. The
activity in vivo needs to be tested in the future.

5. Conclusion

AChE and BuChE inhibitory activities of Anemarrhena
asphodeloides Bge extracted with three different techniques
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Table 3: The effects of the twenty-five compounds on AChE and
BuChE inhibitory activities.

Compounds AChE inhibition (%) BuChE inhibition (%)
1 17.9 ± 0.3 37.6 ± 0.6
2 15.2 ± 0.2 28.1 ± 0.4
3 12.5 ± 0.4 75.8 ± 0.7
4 — —
5 14.1 ± 0.3 35.3 ± 0.5
6 17.9 ± 0.2 36.0 ± 0.4
7 14.2 ± 0.5 0.6 ± 0.1
8 — —
9 — —
10 0.9 ± 0.1 0.1 ± 0.1
11 7.9 ± 0.3 4.0 ± 0.2
12 1.7 ± 0.2 15.1 ± 0.3
13 18.5 ± 0.4 0.5 ± 0.1
14 27.2 ± 0.2 4.2 ± 0.2
15 21.6 ± 0.4 —
16 1.1 ± 0.1 —
17 13.2 ± 0.3 —
18 15.9 ± 0.4 —
19 23.5 ± 0.4 12.3 ± 0.6
20 18.4 ± 0.4 —
21 19.2 ± 0.3 —
22 17.3 ± 0.3 —
23 20.3 ± 0.5 7.3 ± 0.2
24 21.1 ± 0.6 —
25 22.4 ± 0.2 2.8 ± 0.2
Donepezil 98.2 ± 0.8 79.8 ± 0.7

and ten kinds of solvents were studied. Anemarrhena aspho-
deloides Bge extracted with ethyl acetate by the ultrasonic
technique had the most potential anticholinesterase activity.
The extract was partitioned into six fractions after applying to
a D-101 macroporous resin column, and active compounds
were concentrated into 60% ethanol fraction. Fifteen main
peaks of this fraction were identified and tentatively charac-
terized based on the HPLC-QTOF-MS technique, standards,
and literature reports. Twenty-five compounds were obtained
from 60% ethanol fraction after repeated isolation and purifi-
cation. The structure-activity relationships were discussed
based on the results of cholinesterase inhibitory activity.
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Drosophila is one of the oldest andmost powerful genetic models and has led to novel insights into a variety of biological processes.
Recently, Drosophila has emerged as a model system to study human diseases, including several important neurodegenerative
diseases. Because of the genomic similarity betweenDrosophila and humans,Drosophilaneurodegenerative diseasemodels exhibit a
variety of human-disease-like phenotypes, facilitating fast and cost-effective in vivo geneticmodifier screening and drug evaluation.
Using these models, many disease-associated genetic factors have been identified, leading to the identification of compelling
drug candidates. Recently, the safety and efficacy of traditional medicines for human diseases have been evaluated in various
animal disease models. Despite the advantages of the Drosophilamodel, its usage in the evaluation of traditional medicines is only
nascent. Here, we introduce theDrosophilamodel for neurodegenerative diseases and some examples demonstrating the successful
application of Drosophilamodels in the evaluation of traditional medicines.

1. Introduction

The fruit fly Drosophila is considered the most useful animal
genetic model, because of its high fecundity, short life cycle,
and low cost ofmaintenance.Drosophila eggs grow into fertile
adults within twoweeks, and the females lay about 800 eggs in
their lifetime [1]. Moreover, because they are tiny, they can be
maintained in a small space, thereby lowering research costs.
In addition, fruit flies can be quickly modified and tested,
which offers several advantages over themore frequently used
cell culture systems or mouse models that are expensive and
require more time for experimental manipulation.

In addition, work with Drosophilamutants benefits from
a legacy of powerful genetic tools for investigating genes of
interest, screening for interacting proteins, and establishing
tissue-specific and temporally regulated expression of foreign
genes. An important method used in genetic studies is
P-element-mediated mutagenesis that allows the creation
of genome-wide mutations. Specifically, the P-element is a
Drosophila transposon that has the ability to excise itself from
and insert itself into various locations within the genome [2],
thereby disrupting specific genes based on the presence of

insertion sites. Currently, a large majority of the Drosophila
genes, including most of the orthologs of neurodegenerative
disease-causing genes, has been associated with at least one
P-element mutant through several genome-wide P-element
insertion projects [3, 4].

In contrast to P-element-mediated gene disruption, the
yeast-based UAS-GAL4 system is a method for activating
gene expression [5]. The expression of the gene of interest
is linked to an upstream activation sequence (UAS) modu-
lated by the GAL4 protein, which is regulated by a tissue-
specific promoter. In this system, the UAS is an enhancer
that is specifically targeted by the GAL4 protein; however,
Drosophila lacks endogenous targets for the UAS. The UAS-
GAL4 system is an efficient bipartite approach in the acti-
vation of gene expression [6]. One of the advantages of this
system is that disease-causing toxic genes, such as A𝛽42
and mutant 𝛼-synuclein (𝛼-syn), are only expressed when
the GAL4 protein is bound to the UAS located upstream
from the genes. This allows flies carrying the inactivated
form of a toxic gene to survive normally. Another advantage
of this system is that the effects of various genes can be
studied through their overexpression or aberrant expression
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in various tissues and/or developmental stages using an
array of known tissue-specific promoters. The analysis of the
Drosophila melanogaster genome revealed the existence of
orthologs for about 75% of human disease genes [7]. This
striking genetic similarity has extended the use of Drosophila
from basic developmental studies to effective modeling of
human diseases. Moreover, Drosophila models can also be
used for rapid screening of dietary components, drugs, and
drug-administration regimens.The current review focuses on
the utility of Drosophila neurodegenerative disease models
for studying Chinese traditional medicines and the potential
advantages of these models.

2. Drosophila as a Model System for
Neurodegenerative Diseases

2.1. Representative Drosophila Models of Alzheimer’s Disease.
Drosophila has emerged as an excellent model system for a
variety of neurodegenerative diseases including Alzheimer’s
disease (AD) and Parkinson’s disease (PD) because of genetic
homology, ease of genetic manipulation, and well-conserved
disease-associated genes. Drosophila geneticists have suc-
cessfully used these models to identify many novel disease-
associated genes, which sheds light on our understanding of
the pathology of these diseases.

AD is the most common neurodegenerative disease,
which causes a deficiency in memory and other cognitive
functions [8]. The primary event in AD pathogenesis is the
accumulation of amyloid 𝛽-peptide 42 (A𝛽42), a form of 𝛽-
amyloid precursor protein (APP) proteolytically processed
by 𝛾-secretase [8]. Aggregates of abnormally phosphory-
lated tau, a microtubule-binding protein, are also shown
to be closely associated with neuronal loss in AD [9]. The
Drosophila genome contains genes that encode orthologs of
APP, tau, and four major protein components of 𝛾-secretase
(presenilin, nicastrin, APH-1, and PEN-2). Transgenic flies
expressing human A𝛽42 or tau ectopically developed late-
onset neuronal degeneration and had a shortened lifes-
pan [10, 11]. Drosophila AD models present various easily
visible and quantifiable phenotypes such as eye degenera-
tion, developmental defects, shortened lifespan, locomotor
defects, increased oxidative stress sensitivity, and learning
and memory defects, which make it suitable for in vivo
genetic screening (Figure 1). The experimental methods for
analyzing these phenotypes are described in the following
section.

Based on genetic screening using Drosophila models of
AD, several biochemical processes such as secretion, choles-
terol homeostasis, and regulation of chromatin structure have
been found to be involved in mediating the toxic effects
of A𝛽42 [12, 13]. In tau-expressing models, kinases and
phosphatases comprised the major classes of modifiers of
the tauopathy [14], and cytoskeleton proteins and molecular
chaperones have been identified as modulators of mutant
tau-induced neurodegeneration [15]. More recently, DNA
damage-activated checkpoint kinase 2, histone deacetylase
6, and epidermal growth factor receptor (EGFR) have been

reported to be implicated in AD pathologies in Drosophila
ADmodels [16–18].

Moreover, several in vivo reporter systems for measur-
ing APP 𝛾-secretase activity were developed in Drosophila.
Among them, the transgenic system consisting of the human
APP and the yeast GAL4 fusion protein under the expression
of the eye-specific glass multimer reporter (GMR) promoter
has been applied as a powerful genetic screening tool for
isolating 𝛾-secretase activity-regulating molecules [19]. In
this reporter system, in the presence of 𝛾-secretase activity,
the intracellular domains of APP and GAL4 translocate to
the nucleus and induce GRIM expression, which results in
cell death in the eye. Therefore, genetic or pharmacological
modulators of 𝛾-secretase activity can be screened by simply
observing the eye degeneration phenotype. Several genetic
modulators of 𝛾-secretase activity were also identified using
this reporter system [20–22].

2.2. Representative Drosophila Models of Parkinson’s Disease.
PD is the second most common neurodegenerative disease,
the representative clinical feature being motor dysfunction
caused by the loss of dopaminergic (DA) neurons in the
substantia nigra [23].The pathological hallmark of idiopathic
PD is the formation of Lewy bodies, in which 𝛼-syn protein
accumulates abnormally [24]. Although most PD patients
have a sporadic disease, recent studies identified several
familial PD-related genes including SNCA (encoding 𝛼-syn
protein),UCH-L1 (encoding ubiquitin C-terminal hydrolase-
like 1 protein), PRKN (encoding parkin protein), LRRK 2
(encoding leucine-rich repeat kinase 2 protein), PINK 1
(encoding PTEN-induced kinase protein), and DJ-1 (encod-
ing DJ-1 protein) [25]. The Drosophila genome contains
homologs of all the PD-linked genes except for SNCA.
However, expression of human 𝛼-syn in fly neurons formed
Lewy body-like filamentous intraneuronal inclusions, and
the mutant flies showed loss of DA neurons and a locomotor
defect phenotype [26]. Subsequently, several mutants of
parkin, DJ-1, Pink1, and LRRK2 have been generated in
Drosophila and their phenotypes characterized [25]. These
Drosophila models of PD show various PD-like neurological
phenotypes such as locomotor defects, sensitivity to oxidative
stress, developmental defects, and reduced lifespan (Figure 1)
[27–35]. Moreover, the critical role of mitochondria in the
pathogenesis of PD has been discovered using these models
[36]. For example, parkin and PINK1 play an important
role in mitochondrial function and genetically interact in
this pathway [32, 33, 37, 38], and DJ-1 is also involved in
mitochondrial function [36, 39, 40].

These models have been adopted to discover the molec-
ular mechanisms underlying PD pathogenesis [41–44]. For
example, screening for genetic modifiers of Pink1/parkin
identified several factors that function in oxidative stress,
innate immune response, polyubiquitination, signal trans-
duction, and N-glycosylation [41, 43]. More recently, screen-
ing of chromosomal deletions combinedwith a genome-wide
RNAi screen identified TRAP1, a mitochondrial chaperone
protein, as a suppressor of a disease-linked form of 𝛼-syn
([A53T] 𝛼-syn)-induced DA neuron loss and behavioral
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Figure 1: Representative neurological phenotypes of the Drosophila neurodegenerative disease models. elav-GAL4, GMR-GAL4, and TH-
GAL4 are drivers that regulate gene expression in neurons, developing eyes, and DA neurons, respectively. elav > A𝛽42 and GMR > A𝛽42
represent flies expressingA𝛽42 in the neurons and developing eyes, respectively.TH >GFP represents flies expressingGFP in theDAneurons.
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activation sequence.

defect [44]. In this study, the inhibitory effect of TRAP1
on 𝛼-syn toxicity was also confirmed in several mammalian
cell types including rat primary cortical neurons, suggesting
that the role of TRAP1 in the health of DA neurons is
well conserved in insects [44]. Moreover, subsequent studies
showed that TRAP1 rescues the mitochondrial impairments
of both parkin and PINK1mutants [45, 46].

2.3. Representative Neurological Phenotypes of Drosophila
Models of AD and PD. Drosophila neurodegenerative disease
models show a variety of phenotypes, which are very similar
to the symptoms of human patients and closely linked
with the neuropathology of the diseases. These phenotypes

include a wide range of biological processes, from cellular
phenotypes to behaviors (Figure 1). These prominent and
easily observable phenotypes make Drosophila a valuable
model for drug screening and discovery of novel disease-
associated genes.

2.3.1. Accumulation of A𝛽42 and 𝛼-syn. One of the major
characteristics of AD is the accumulation of amyloid protein
in the cerebral cortex [8]. Mutation in APP, Presenilin 1,
and Presenilin 2 genes or other factors increases A𝛽42
production and accumulation [8]. Consequently, increased
A𝛽42 oligomerization and deposition injure the neurons,
causing neuronal dysfunction and cell death. These AD-like
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phenotypes can also be observed in Drosophila AD models.
Overexpression of A𝛽42 in the nervous system induces
neuronal loss accompanied by the accumulation of A𝛽42 in
the adult brain. Similarly, PD as a neurodegenerative disease
is characterized by the loss of nigrostriatal DA neurons
and the accumulation of Lewy bodies in neurons [47].
Overexpression of 𝛼-syn gene in the nervous system of the fly
model results in the death of DA neurons and the formation
of Lewy body-like filamentous intraneuronal inclusions [26].

2.3.2. Increased Reactive Oxygen Species Level. Excessive
reactive oxygen species (ROS) induce tissue damage and cell
death by oxidizing lipids, proteins, and DNA [48]. The brain
is particularly sensitive to oxidative stress and it has been
reported that oxidative stress is increased in the brain in the
presence of neurodegenerative diseases [49]. The increased
ROS damage has been identified in specific brain areas such
as the cortex and hippocampus of AD patients and in the
substantia nigra of PD patients [49]. As in human patients,
the ROS level in the brain increased in Drosophila AD and
PD models [31, 50, 51]. Moreover, flies expressing A𝛽42 or
tauR406W are more sensitive to oxidative stress, and genetic
and pharmacological upregulation of antioxidant defenses
suppressed the neurological impairments in the A𝛽42- or
tauR406W-expressing flies [13, 52].

The level of oxidative stress was measured in Drosophila
neurodegenerative disease models by several methods [31,
50, 53]. Among them, dihydroethidium (DHE) staining
is one of the simplest, in which the DHE penetrates the
cell membrane and forms 2-hydroxyethidium by interacting
with intracellular O

2
[54]. Because the 2-hydroxyethidium

is fluorescent at specific wavelengths, increased expression
of this fluorescence indicates rising levels of oxidative stress
[54].

2.3.3. Eye Degeneration. Although the central nervous sys-
tem is the main target of neurodegenerative diseases such as
AD, PD, and Huntington’s disease (HD), functional defects
in these diseases are not restricted to the brain [55, 56]. For
example, extensive ganglion cell loss was observed in the
central retina of AD patients [57], and visual dysfunction
caused by retinal degeneration has been found in multiple
transgenic ADmouse lines [55]. Thus, tissues other than that
of the brain can be used to identify the function of genes
related to neurodegenerative diseases.

Eyes are prominent organs in the body of Drosophila.
Therefore, an ocular phenotype is easily distinguishable and
facilitates simple, easy, and efficient genetic or pharmaco-
logical screening. Moreover, the developing Drosophila eye
contains the photoreceptor neurons. Drosophila has two
compound eyes, each consisting of about 800 ommatidia and
bristles. These ommatidia are arranged very regularly [58].
Using the UAS-GAL4 system, the expression of a human
disease-related transgene in the fly eye creates a fly model
for neurodegenerative disease as well as helps to discover the
function of the gene. For example, overexpression of theA𝛽42
and tau genes involved in AD or the 𝛼-syn gene involved in

PD induces apoptotic eye degeneration, reduced eye size, and
deformed ommatidia [26, 59].

2.3.4. Neuronal Loss. One of the most prominent neuronal
degeneration phenomena is the loss of DA neurons in PD.
Although the numbers of DA neurons are relatively few, these
neurons play a crucial role in motor control, motivation, and
working memory in the substantia nigra pars compacta of
the midbrain by synthesizing dopamine [60]. Surprisingly,
DAneurons and dopamine-associated pathways arewell con-
served between humans and Drosophila [61–63]. In addition,
the DA neurons appeared to be destroyed in many of the
mutant fly models of PD [26, 28, 34, 37, 40, 42].

On the other hand, one of the major pathomorphological
changes of AD is neuronal degeneration in the frontal and
temporal lobes and in the hippocampus, the latter being
a crucial region for learning and memory [64, 65]. Inter-
estingly, the mushroom body performs a crucial function
in learning and memory in Drosophila [66, 67], similar to
the hippocampus in humans. Severe neuronal loss occurs
in the Kenyon cell layer, intrinsic neurons composing the
mushroom body, in the AD model fly [11]. This suggests
that Drosophila is an appropriate model for recapitulating
neuronal loss in humans. Therefore, the loss of DA and hip-
pocampal neurons, which are important disease phenotypes,
can be explored by using fly models, leading to insights into
the pathogenesis and mechanisms underlying PD and AD.

2.3.5. Developmental Defects and Shortened Lifespan. Human
neurodegenerative diseases are mostly late-adult onset dis-
orders in which proteins such as 𝛼-syn and A𝛽42 aggregate
with age, resulting in toxicity [68, 69]. However, Drosophila
neurodegenerative disease models artificially created for
experiments are thought to have toxic protein aggregation
beginning in the embryonic stage, not the adult stage. This
results in developmental defects in the flies. For example,
A𝛽42 expression in neurons induces apoptosis, thereby
reducing the survival rate [70]. Despite these limitations,
dramatic phenotypes from various stages, from larva to early
adult, can be produced and are useful for determining the
toxic activity of disease-causing proteins such as 𝛼-syn and
A𝛽42 [71, 72].

Aging is a comprehensive phenomenon that results from
constant physiological degeneration over the lifetime of
almost all organisms [73, 74]. Because of this, neurodegen-
erative diseases carry a risk of reduction in lifespan [74]. In
accordancewith this expectation,many studies have reported
that the lifespan of patients with neurodegenerative diseases
such as AD, PD, and HD is decreased [75]. For example,
people with dementia are two to four times more likely to
die at a given age than individuals without dementia of the
same age [76]. Interestingly, fly models of neurodegenerative
disease also have a reduced lifespan compared to control flies
[13, 77, 78].This result can be interpreted as a parallel to those
seen in human neurodegenerative disease patients.

Overall, the developmental defects and shortened lifes-
pans of fly neurodegenerative diseasemodels can also be used
as representative phenotypes.
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2.3.6. Locomotor Defects. Most neurodegenerative diseases
are generally characterized by an age-dependent loss of
locomotor ability. PD especially is a movement disorder, four
fundamental features of which are tremor at rest, rigidity,
akinesia (or bradykinesia), and postural instability [23].
Although clinical criteria for the diagnosis of AD include
insidious onset and progressive impairment of memory and
other cognitive functions [79], disorders of movement such
as rigidity, slowness, and impaired gait have commonly
been observed to accompany AD [80]. Consistently, most
neurodegenerative disease fly models show reduced exercise
ability, as observed in human patients [11, 26, 27, 70, 81, 82].
Climbing assay is an experiment to test movement ability
based on a Drosophila trait, namely, the natural tendency to
go against gravity [26, 83]. In this method, exercise ability is
determined as the ratio of the number of flies that move to
the top of their container to the total number of flies. Using
this method, our laboratory and others have established that
neurodegenerative disease model flies exhibit a locomotor
defect and that the defect becomes more pronounced with
age [15, 26, 84].Therefore, the locomotor defect ofDrosophila
model flies can also be used as one of the representative
phenotypes.

2.3.7. Learning and Memory. Defects of learning and loss of
memory are the most devastating symptoms of AD [64]. In
AD patients, brain regions involved in learning and memory
formation, such as the frontal lobe, temporal lobe, and
hippocampus, exhibit reduced size as the result of loss of
neurons and degeneration of synapses [65]. This neuronal
loss and synaptic degeneration are caused by the presence of
plaques and tangles [85]. Consistently, several studies showed
thatDrosophila ADmodels are also impaired in learning and
memory [11, 86–88], which makes Drosophila a useful model
of the defective brain functions of AD.

Memory function and learning ability in Drosophila can
be assessed by its olfactory sense or courtship behavior [89,
90]. The test using olfaction is routinely performed in a T-
maze apparatus [71]. In this tool, two different odors are used.
Flies receive an electric shock in the presence of the first odor
but not in the presence of the second odor. To test the learned
memory of the odor, flies are moved to the T-maze choice
point, between the sources of the two odors. After training,
about 95% of the flies avoided the electric shock-associated
odor. Using this method, learning and memory ability can
be tested based on whether the fly associates the odor with
the shock and avoids it or not. Several studies have thereby
shown that Drosophila AD models are impaired in learning
and memory [11, 86–88].

2.4. Use of Drosophila Models for Drug Discovery. The tradi-
tional drug discovery process is based on the “one disease-one
target” hypothesis, in which high-throughput drug screening
approaches are mostly based on in vitro screening platforms
[71]. However, these cannot reflect the in vivo situation
that needs to consider absorption, distribution, metabolism,
excretion, and toxicity [71]. Therefore, the use of a simple
in vivo model like Drosophila as a whole-animal primary

screening platform would greatly increase the success rate in
the drug discovery process.

Several advantages associated with the use of Drosophila
make it a suitable model organism for drug screening. For
instance, Drosophila is smaller than other model organisms
such asmice and rats, requiring less space and a lower budget.
Therefore, it is possible to breed a large number of flies in
relatively smaller spaces, enabling the experimental figures to
be statistically more significant. The other beneficial feature
is the shorter time required to perform experiments with
Drosophila. The lifespan of mice is more than 24 months,
whereas that of Drosophila is less than 3 months under
laboratory conditions. Moreover, the time needed to express
the disease-like phenotypes in Drosophila models is much
shorter than that inmousemodels, whichmakes it possible to
measure drug efficacy in a reasonable period. Based on these
advantages, Drosophila neurodegenerative disease models
have been extensively adopted to screen or validate drugs.

Because accumulation of A𝛽42 in the brain is an impor-
tant cause of AD [8], blocking this accumulation has been
considered a promising way to treat AD. To date, several
molecules including curcumin, 1,4-naphthoquinone-2-yl-L-
tryptophan, glutaminyl cyclase inhibitor, and D737 have
been reported to block the accumulation to some extent,
thereby reducing the AD-like phenotypes in Drosophila AD
models [91–95]. D737 in particular was identified by high-
throughput screening for inhibitors of A𝛽42 aggregation
using a collection of 65,000 small molecules in cell culture.
Its efficacy was subsequently evaluated with a Drosophila AD
model [95].

Another factor that influences the formation of A𝛽42
oligomers is the abnormal expression of 𝛾-secretase, which
has been associated with the increased level of A𝛽42 and
the pathology of AD [8]. Therefore, 𝛾-secretase inhibitors
are considered candidate therapeutic agents for AD. As
expected, a study has reported that treatment with a 𝛾-
secretase inhibitor, L-685,458, significantly reduced AD-like
phenotypes such as memory dysfunction, defects of motor
ability, and neuronal cell death in aDrosophilaADmodel that
expresses both human APP and the 𝛽-secretase (BACE) gene
[96].

In addition, AD patients show abnormal signal transduc-
tions such as activation of c-Jun N-terminal kinase (JNK),
extracellular signal-regulated kinase (ERK), and glycogen
synthase kinase-3, which induce neurological impairments
including cell death and memory defects [97–100]. There-
fore, inhibitors of these signaling molecules are potentially
therapeutic drugs. Indeed, when Drosophila AD models
were treated with inhibitors of JNK or ERK, their AD-like
phenotypes were alleviated [70, 101].

The efficacies of a variety of potential PD drugs also have
been tested in Drosophila PD models. Among them, several
drugs including mannitol, cinnamon extract precipitate,
isorhynchophylline, and inhibitors of the silent information
regulator 2 (Sir2) were shown to inhibit 𝛼-syn aggregation
[102–105].Mannitol, a 6-carbon polyol isolated from Fraxinus
ornus [106], possesses blood-brain barrier-disrupting proper-
ties, and treatments with mannitol reduced motor defects in
Drosophila PD models [105]. A herbal substance, cinnamon
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extract precipitate, was also reported to ameliorate PDmodel
phenotypes and to significantly decrease the accumulation of
agglomerated 𝛼-syn in the brain [103]. Isorhynchophylline,
which is a natural alkaloid isolated from the Chinese herbal
medicine Uncaria rhynchophylla, promoted the degradation
of 𝛼-syn in neuronal cells by inducing autophagy [104]. In
addition, inhibitors of Sir2 suppressed 𝛼-syn toxicity and
aggregation forms in a Drosophila PD model [102].

Neurodegenerative diseases including PD are correlated
with oxidative stress, and ROS have been reported to cause
neuronal injury [107]. Therefore, drugs that possess antiox-
idant properties may have beneficial effects against neu-
rodegenerative diseases. Indeed, L-ascorbic acid (vitamin C)
has antioxidant properties and partially rescues the PD-like
phenotypes of theDrosophilaPDmodel [108]. Another group
of promising antioxidant drugs includes the polyphenols.The
survival and motor defects of PDmodel flies were rescued by
polyphenol treatments [109], which suggests that antioxidant
therapy is a promising way to treat neurodegenerative disease
including PD.

3. Effects of Traditional
Medicine on Drosophila Models of
Neurodegenerative Diseases

Although Drosophila is one of the most well studied model
animals and has been extensively used to create neurodegen-
erative diseasemodels, a surprisingly small number of studies
investigating the beneficial effects of traditional medicine in
Drosophila models of neurodegenerative diseases has been
performed to date. This might be due to the disparity in
metabolic and physiological systems between insects and
mammals, which makes it challenging to study the effect
of herbal medicine in Drosophila. However, several recent
studies described in this review have demonstrated the
potential ofDrosophila as a usefulmodel for testing the effects
of traditional medicines on neurodegenerative diseases.

3.1. Effects of SuHeXiang Wan on Drosophila AD Models
Expressing Human A𝛽42. SuHeXiang Wan (SHXW) is a
Chinese traditionalmedicinal prescription that has been used
for treating depression, seizures, infantile convulsion, and
stroke [110]. The original prescription of SHXW consists
of 15 crude herbs [110]. Among them, nine herbs have the
term “Xiang” (fragrance) in their Chinese names, which
implies that the essential oils in SHXW may be important
for exerting its beneficial effects. Recently, a modified ver-
sion of SHXW is being used because some constituents of
the original prescription, such as cinnabar, Styrax benzoin,
Saussurea lappa, and Boswellia carterii, have been prohibited
due to their toxicity [84, 111]. A previous study showed
that oral administration of SHXW reduced stress-hormone
levels in an immobilization-stress assay using rodents [112].
In a later study, inhalation of essential oils from SHXW
was found to inhibit convulsions by acting on GABAergic
neurotransmission, GABA transaminase activity, and brain
lipid peroxidation.

The beneficial effects of a modified version of SHXW,
KSOP1009, onADhave been investigated inDrosophilamod-
els [84, 101] (Figure 2). In these studies, SHXWwas extracted
with n-hexane, and the extract was added to the standard
cornmeal-soybean fly medium. Feeding with SHXW extract
strongly suppressed the eye-degeneration phenotype induced
by human A𝛽42 expression in the flies [84]. A𝛽42-induced
cell death in the developing eye imaginal disc was also
inhibited by SHXW intake [84]. This is possibly due to the
suppression ofA𝛽42-mediated neurotoxic effects as observed
in mammalian cells. However, in some ways these results
from the Drosophila eye model are more relevant to human
disease than the results frommammalian cells, because these
results strongly suggest that SHXW enters the animal body
from the gut, targets neurons, and exerts its protective effect
not only on cells but also on tissues. Accordingly, SHXW
intake significantly improved the developmental defects and
motor activity of flies expressing A𝛽42 in neurons [84]. The
neuroprotective effect of SHXWagainstA𝛽42 insult observed
inDrosophila can be replicated inmammalian cells andmice.
In the cell studies, the viability of A𝛽42-treated SH-SY5Y
cells in the SHXW essential oil-treated group was much
higher than that of the group receiving only A𝛽42 [111, 113].
Moreover, both inhalation and oral administration of SHXW
essential oil alleviated A𝛽42-induced memory impairment
in mouse AD models [111, 113]. These results indicate the
usefulness of the Drosophila model for screening or testing
traditional remedies for neurodegenerative diseases.

In addition to their use in testing the efficacy of SHXW,
Drosophila models were also used to study the molecular
mechanisms by which the medicine exerts its beneficial
effects. It has been well established that mitogen-activated
protein kinases (MAPKs), JNK, ERK, and p38MAPK are
hyperactivated in the brains of animal models of AD and
patients who chronically express A𝛽42 [98, 114]. Consistent
with the human patient and mammalian models, chronic
expression ofA𝛽42 inDrosophila resulted in the hyperactiva-
tion of JNK and ERK [70, 84, 101, 115]. Moreover, inhibition
of the JNK or EGFR/ERK signaling pathways ameliorated
theA𝛽42-induced defective phenotypes, including theA𝛽42-
induced lethality and locomotor defects [70, 101]. These
results suggest that not only the neurological phenotypes
but also the pathophysiology of AD are well conserved in
Drosophila ADmodels.

SHXW treatment suppressed the eye degeneration
induced by activation of JNK, which is closely associated
with the A𝛽42-induced cytotoxicity [84]. Moreover, the level
of JNK phosphorylation in eye imaginal discs overexpressing
JNK kinase (JNKK) was decreased by SHXW treatment [84],
which suggests that SHXW has inhibitory activity against
JNKK. The inhibitory effect of SHXW on the JNK signaling
pathway was confirmed in a study using the A𝛽42-treated
mouse model, in which the inhalation of SHXW essential oil
completely suppressed the A𝛽42-induced phosphorylation
of JNK [111]. This suggests that the pathophysiology of
fly AD models is similar to that of the mouse. In a series
of studies, SHXW also exhibited therapeutic effects on
the neurological phenotypes in Drosophila AD models by
inhibiting the EGFR/ERK pathway [101]. SHXW intake
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Figure 2: The effects of SHXW on the neurological phenotypes of a Drosophila AD model. AD: Alzheimer’s disease; SHXW, SuHeXiang
Wang (adapted from [101]).

significantly decreased ERK phosphorylation levels in
the head and suppressed a wing vein formation defect
in A𝛽42-expressing flies [101]. These studies suggest
that SHXW may contain some components that act as
inhibitors of the JNK and EGFR/ERK signaling pathways.
For example, Myristica fragrans, a component herb of
SHXW, contains macelignan, which has been reported to
inhibit cisplatin-induced hepatocytotoxicity by abolishing
the phosphorylation of JNK and ERK [116]. Additionally,
SHXW suppressed A𝛽42-induced glial cell proliferation
[117], which may further indicate its association with the
pathophysiological neuroinflammation of the AD brain.
Interestingly, glial cell proliferation induced by A𝛽42 is
not related to JNK or ERK activation [101], which suggests
that SHXW has another mechanism besides JNK and ERK
inhibition for providing neuroprotection against A𝛽42-
associated neuronal pathology. Based on the variety of
neuronal phenotypes and pathophysiologies of Drosophila
AD models, which are reasonably similar to those of human
patients and the availability of numerous useful genetic tools
in this organism, the various beneficial effects of SHXW
were successfully evaluated. A series of studies showed
that SHXW exerts its beneficial effects through various
therapeutic pathways [84, 101, 111, 113]. This can be explained
by the nature of SHXW, which is a mixture of several herbs
like the other traditional Chinese medicines. As an herbal
mixture medicine, SHXW may contain numerous beneficial

components that are effective against AD. Therefore, SHXW
may have a higher probability of treating a disease that has
complex pathological pathways, such as AD. This idea is
supported by the results from several recent studies, which
showed that combination drug therapy is more effective than
monotherapy for the treatment or prevention of AD [118–
120].This emphasizes the potential of traditional medicine as
a combination drug therapy for neurodegenerative diseases.

3.2. Effect of Gardenia jasminoides Ellis Components and
Gastrodia elata Blume Extract on Drosophila AD Models.
Gardenia jasminoides Ellis is an evergreen shrub distributed
widely in the tropical and subtropical regions of the world,
growing on mountain slopes or roadsides as an ornamen-
tal plant [121]. Gardeniae fructus, the dried ripe fruits of
this plant, is widely used in Asian countries as a natural
colorant and as a traditional Chinese medicine for its anti-
inflammatory, analgesic, and antipyretic effects [122, 123].

It contains geniposide and crocin as itsmain components.
These components have various beneficial effects includ-
ing antioxidation and neuroprotection [124, 125]. Crocin
antagonizes the inhibitory effect of ethanol on NMDA
receptor-mediated long-term potentiation in rat hippocam-
pal neurons [124] and inhibits the oxidative stress caused
by serum/glucose deprivation in PC12 cells [125]. Moreover,
crocetin, the aglycone of crocin, has been shown to have
protective effects against retinal damage via inhibition of the



8 Evidence-Based Complementary and Alternative Medicine

increase in caspase-3 and -9 activities that occur after retinal
damage [126].

Besides geniposide and crocin, various glucosides and
quinic acid derivatives have been isolated from the fruits
of Gardenia jasminoides Ellis [121, 127]. Their short-term-
memory-enhancement activities were evaluated recently
in an A𝛽 transgenic Drosophila model [121, 127]. Among
19 tested compounds, 13 showed short-term-memory-
enhancement activities in AD flies [121, 127]. Interestingly,
polyphenolics such as phenylpropanoid glycosides and
lignans have been identified as neuroprotective agents in
various neurodegenerative disease models including models
of AD and PD, which suggests that Gardenia jasminoides
Ellis may be beneficial in these diseases [128].

The neuroprotective effect of the aqueous extract of
the rhizome of Gastrodia elata Blume (GE) on A𝛽-induced
toxicity was also investigated in Drosophila models [129].
Traditionally, the tubers of GE are widely used to treat
some syndromes or diseases attributed to “wind blowing
on the brain,” such as dizziness, convulsion, hypertension,
and stroke, and the possible active ingredients are gastrodin,
vanillin, and an extract of the fungus Armillaria mellea [130].
The beneficial effects of GE extract or its pure components
on A𝛽-induced toxicity have been demonstrated by in vitro
studies [131, 132]. The ethyl ether fraction of GE protects
against A𝛽 peptide-induced cell death in IMR-32 neuroblas-
toma cells [131], and theGEmethanol extract, gastrodin, or 4-
hydroxybenzyl alcohol (an aglycone of gastrodin) suppressed
A𝛽-induced cell death and showed a regulatory effect on
endoplasmic reticulum stress proteins in BV-2 microglial-
derived cells [132].

More recently, an in vivo study demonstrated a protective
effect of GE aqueous extract against A𝛽42-induced damage
using Drosophila AD models [129]. In this study, both 1 and
5 mg of GE aqueous extract per gram of Drosophilamedium
significantly increased the median and maximum lifespan of
A𝛽 flies by 12.0% and 26.9%, respectively, and improved the
locomotor activity of A𝛽42-expressing flies of various ages
[129]. Moreover, the neurodegeneration in the ommatidia of
eye-specific A𝛽42-expressing flies was also reduced by GE
aqueous extract treatment [129]. These results suggest that
GE extract ameliorates the developmental and locomotor
defects of A𝛽42-expressing flies by protecting cells from
A𝛽42 cytotoxicity. Consistently, GE aqueous extract showed
antiapoptotic and antioxidative effects against A𝛽-induced
damage in a dose dependent manner in mammalian PC12
cells [129].

3.3. Effect of Celastrol on a Drosophila PD Model. Triptery-
gium wilfordii Hook, also known as the Thunder God Vine,
is a perennial vine that contains a variety of therapeuti-
cally active compounds such as terpenoids, alkaloids, and
steroids [133, 134]. These compounds are traditional Chi-
nese medicines, which have been used in the treatment of
various diseases since the 1960s. Celastrol is a potent anti-
inflammatory and antioxidant triterpene that is extracted
from the root bark of Tripterygium wilfordii. Many studies
have demonstrated that celastrol has anti-inflammatory and

antioxidant effects in many in vivo models of diseases such
as allergic asthma, amyotrophic lateral sclerosis, cancer,
neurodegenerative diseases, multiple myeloma, and rheuma-
toid arthritis [135–141]. In particular, several studies have
demonstrated that celastrol prevents the production of A𝛽42
by reducing BACE expression through NF-𝜅B inactivation
[138]. Celastrol also suppressed overactivation of microglia
in the brain of a mouse model of AD, thereby significantly
improving learning and memory [135, 138].

The powerful anti-inflammatory and antioxidant activ-
ities of celastrol also protected DA neurons and dopamine
level in aDrosophilamodel of PD [137]. In this study, the effect
of celastrol was evaluated in vivo bymeasuring the survival of
DA neurons and the dopamine content in the brain of DJ-1𝛼
RNAi model flies. Similar to patients with PD, the decreased
DJ-1 level in DA neurons resulted in an age-dependent
reduction in the number of DA neurons and in dopamine
level [137]. RNAi based reduction in the expression of DJ-
1𝛼 in Drosophila resulted in a decrease in the number of DA
neurons within the dorsomedial cluster (DMC) of 25-day-
old PD model flies to 62.6% of that of age-matched control
flies, while 1-day-old PD model and control flies showed
no significant difference [137]. The reduction of dopamine
level in the PD model fly brain was more prominent, such
that at 10 days of age PD model flies showed a more than
50% reduction of brain dopamine level compared to control
flies [137]. The number of DA neurons in the DMC of PD
model flies treated with 5 𝜇g/mL of celastrol was significantly
increased over that in the DMC of untreated control flies
[137]. Moreover, treatment of flies with 5 𝜇g/mL of celastrol
significantly increased the dopamine level [137].

The neuroprotective effect of celastrol was also demon-
strated in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-injected mouse model of PD [142]. Celastrol sig-
nificantly attenuated the DA neuron loss in the substantia
nigra pars compacta and the depletion of striatal dopamine
induced byMPTP.More recently, a study has shown that pre-
treatment with celastrol enhanced cell viability and decreased
cell apoptosis in rotenone-treated SH-SY5Y cells [143]. In
this study, celastrol increased the LC3-II/LC3-I ratio, indicat-
ing that celastrol activated autophagic pathways. Moreover,
inhibiting autophagy with 3-methyl adenine abolished the
protective effects of celastrol, suggesting that celastrol pro-
tects SH-SY5Y cells from rotenone-induced injuries through
induction of autophagy [143].

The effects of celastrol on locomotor activity and
oxidative stress response were also investigated using the
Drosophila DJ-1𝛼 RNAi PD model. As observed in other
Drosophila PD models [26–28, 81], the DJ-1𝛼 RNAi PD
model flies exhibited locomotor dysfunction asmeasured by a
reduction of climbing activity [137]. After celastrol treatment
for 20 days, the climbing activity of theDJ-1𝛼RNAi PDmodel
flies was significantly improved [137]. Moreover, celastrol
also significantly improved the survival of the DJ-1𝛼 deletion
mutant,DJ-1𝛼Δ72, underH

2
O
2
-induced oxidative stress [137].

Collectively, the studies in Drosophila and mammalian PD
models suggest that celastrol can protect DA neurons against
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insults caused by various genetic or chemical factors and
that Drosophila PD models are valuable for pharmacological
studies.

3.4. Effect of Curcumin on Drosophila Models of AD and
PD. Curcumin, a polyphenol extracted from the rhizome of
the plant Curcuma longa, is widely used in Southeast Asia,
China, and India for food and medicinal purposes [144].
Interestingly, an epidemiological study of Indian populations
in which curcumin is consumed on a continual basis showed
that the incidence of AD was 4.4-fold lower in these pop-
ulations than in the USA [145], and numerous studies have
established the neuroprotective effect of curcumin in vivo and
in vitro [144]. In Drosophila, consumption of curcumin or its
active metabolite tetrahydrocurcumin extends lifespan [146,
147] as in mice [148] and suppresses neurological phenotypes
produced in the flies by chronic exposure to acrylamide and
by reducing neuronal damage [149].

Recently, the potency of curcumin in alleviating A𝛽 neu-
rotoxicity was investigated in transgenic Drosophila models
of AD [94]. Curcumin feeding significantly improved the
lifespan and locomotor activity of wild type or E22G mutant
A𝛽42-expressing flies [94]. Interestingly, curcumin accel-
erated amyloid oligomer-to-fibril conversion in Drosophila
brain, and consistent with this result, in vitro aggregation
of A𝛽42 was enhanced in the presence of curcumin, which
suggests that curcumin exerts its neuroprotective activity
against A𝛽42 by aggregating the neurotoxic oligomers into
amyloid fibrils [94].

In addition, several studies have shown that curcumin
also has therapeutic effects against PD and has anti-
inflammatory and antioxidant activity in various in vitro and
in vivomodels of PD [150–153]. Curcumin rescued rotenone-
induced cell death in SH-SY5Y cells and inhibited the
aggregation and oligomerization of 𝛼-syn in SH-SY5Y cells
[150, 153]. Moreover, treatment with curcumin remarkably
improved behavioral disorders and survival of DA neurons in
theMPTPmousemodel of PD [154, 155].Theneuroprotective
effect of curcumin has also been evaluated in Drosophila
PD models [152, 153]. Curcumin promoted the survival of
rotenone-treated PDmodel flies by reducing the intracellular
and mitochondrial ROS levels [153] and ameliorated PD-like
phenotypes by reducing ROS levels and inactivating LRRK2,
a PD-associated protein [152]. Curcumin rescued the loss of
DA neurons and reduction of dopamine levels in the brain
of the PD fly and significantly improved climbing ability, of
which loss is one of the representative phenotypes of PD
[152, 153]. Moreover, in 𝛼-syn-expressing PD flies, increased
brain oxidative stress and apoptosis and sleep-deprivation-
induced long-term learning deficits were successfully pre-
vented when the flies were treated with curcumin throughout
their lives [156, 157]. These results suggest that curcumin
could be used for treating or preventing various types of
PD.

Taken together, these studies show that the beneficial
effect of curcumin against both AD and PD has been
well established in several model systems. Among them,
Drosophila has played an important role in this achievement.

4. Conclusion

Because it is an excellent genetic model system, Drosophila
has been widely adopted for studies on most biological
processes, including the pathology of human diseases. Based
on the availability of various powerful tools of both genetics
andmolecular biology, the fly system should be a useful alter-
native model for pharmacological studies on the effects of
traditional medicines on the pathology of neurodegenerative
diseases. Yet surprisingly, only a limited number of studies
have been performed to date in this field using Drosophila
models. This may be due to relatively low physiological
coherence between Drosophila and human compared to
coherence betweenmouse or human cell models and human.
In addition, the difference in diet between Drosophila and
mammals also complicates the use of Drosophila in the study
of traditional medicines, which are mostly dependent on
natural nutrients. Despite these obstacles, a growing body
of evidence supports the notion that a large portion of
the pathophysiology of neurodegenerative diseases is well
conserved in Drosophila. Moreover, Drosophila is a simple in
vivo metazoan model, which can be used for evaluating the
efficacy of a drug at various levels: whether it enters an animal
body, targets neurons, or exerts its protective effect in not
only cells but also in tissues. Therefore, Drosophila has been
successfully used for identifying new drug candidates for the
neurodegenerative diseases and for evaluating the efficacy
and safety of these candidates.These successes in drug devel-
opment highlight the enormous potential of Drosophila as a
tool for the pharmacological study of traditional medicines.
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Overactivated microglia contribute to a variety of pathological conditions in the central nervous system. The major goal of the
present study is to evaluate the potential suppressing effects of a new type of Ginko biloba extract, GBE50, on activated microglia
which causes proinflammatory responses and to explore the underlying molecular mechanisms. Murine BV2 microglia cells, with
or without pretreatmentof GBE50 at various concentrations, were activated by incubation with lipopolysaccharide (LPS). A series
of biochemical andmicroscopic assays were performed tomeasure cell viability, cell morphology, release of tumor necrosis factor-𝛼
(TNF-𝛼) and interleukin-1𝛽 (IL-1𝛽), and signal transduction via the p38MAPK and nuclear factor-kappa B (NF-𝜅B) p65 pathways.
We found that GBE50 pretreatment suppressed LPS-induced morphological changes in BV2 cells. Moreover, GBE50 treatment
significantly reduced the release of proinflammatory cytokines, TNF-𝛼 and IL-1𝛽, and inhibited the associated signal transduction
through the p38 MAPK and NF-𝜅B p65 pathways. These results demonstrated the anti-inflammatory effect of GBE50 on LPS-
activated BV2 microglia cells, and indicated that GBE50 reduced the LPS-induced proinflammatory TNF-𝛼 and IL-1𝛽 release by
inhibiting signal transduction through the NF-𝜅B p65 and p38MAPK pathways. Our findings reveal, at least in part, the molecular
basis underlying the anti-inflammatory effects of GBE50.

1. Introduction

Microglia (MG) cells are a major type of immunoreactive
cells in the central nervous system (CNS) and account
for about 5–20% of the total glial cells. Overactivated MG
cause serious neuronal damage [1] and lead to abnormal
immune responses in neurodegenerative diseases [2]. Various
autoimmune responses caused by hyperactivated MG are
believed to contribute to neuronal death and brain injury.
Activated MG release proinflammatory and/or cytotoxic
factors such as IL-1, IL-6, TNF-𝛼, NO, and ROS [3–5]
that damage neurons in the CNS. IL-1𝛽 was reported to
increase neuronal cholinesterase expression and enzyme
activity causingCNS cholinergic systemdysfunction and glial
cells in mixed culture to release an excitatory neurotoxin
glutamate that leads to oligodendrocyte cell death [6, 7].
IL-6 binds to hippocampal neuron N-methyl-D-aspartate

receptors (NMDA R) which causes neuronal Ca2+ influx
by the activation of the JAKs/STATs pathway and leads to
overphosphorylation of the Tau protein that promotes nerve
fiber tangles (NFT) formation [8]. In Alzheimer’s disease
(AD), the interaction of TNF-𝛼 and A𝛽 promotes each
other’s secretion, forming a vicious cycle and aggravating
the pathological changes observed in AD [9]. Activated MG
release not only cytokines, but also adhesion molecules and
chemokines. All of these factors are able to cause neuronal
damage and apoptosis that lead to further activation of the
MG and a vicious cycle that further exacerbates the neuronal
injury [10].

Ginkgo biloba extract 50 (GBE50) is a new type of ginkgo
leaf extract that has been patented in the USA and other
countries. GBE50 contains 44.1% ginkgo-flavone glycosides
(including kaempferol, quercetin, and isorhamnetin deriva-
tives) and 6.4% lactones (including ginkgolides A, B, C, and

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2014, Article ID 368598, 9 pages
http://dx.doi.org/10.1155/2014/368598

http://dx.doi.org/10.1155/2014/368598


2 Evidence-Based Complementary and Alternative Medicine

J and bilobalide), and the adverse ingredient ginkgo acid
content is smaller than 5 ppm. Some studies have shown
that GBE50 has antioxidative and anti-inflammatory effects
[11, 12] and has been used in the prevention or treatment
of cardiovascular diseases in aging populations. However,
little is known about the role of GBE50 in the nervous
system. This study investigated the anti-inflammatory effects
of pretreatment with GBE50 on LPS-induced murine BV2
microglial cells. Our results provide an experimental basis
for the anti-inflammatory application ofGBE50 in combating
neuronal diseases.

2. Materials and Methods

2.1. Drugs and Reagents. GBE50 and EGB761 were kindly
provided by Shanghai Xing Ling Technology Pharmaceutical
Co., Ltd. (Shanghai, China). Dulbecco’s modified Eagle’s
medium (DMEM), fetal calf serum (FCS), horse serum (HS),
and penicillin-streptomycin were purchased from Gibco
(Grand Island, NY, USA). Paraformaldehyde and LPS were
purchased from Sigma (St. Louis, MO, USA). The murine
specific enzyme-linked immunosorbent assay (ELISA) kit
was purchased from R&D Systems (Minneapolis, MN, USA).
Rabbit anti-rat antibodies against p38 MAPK, phospho-p38
MAPK, NF-𝜅B p65, I𝜅B𝛼, and 𝛽-tubulin were purchased
from Cell Signal Technology (Beverly, MA, USA). Alexa
488 donkey anti-rabbit IgG was purchased from Jackson
ImmunoResearch Laboratories (West Grove, PA, USA). The
BCA protein assay kit and enhanced chemiluminescence
(ECL) detection system were purchased from Beyotime
(Shanghai, China).

2.2. Cell Culture and Treatments. The mouse BV2 microglial
cells were purchased from the Chinese Academy of Medical
Sciences, Beijing, China. BV2 cells were grown at 37∘C in 5%
CO
2
in DMEM (high glucose) supplemented with 10% FCS

and 1% penicillin-streptomycin, and the media were changed
every 2 or 3 days. Adherent cells at the logarithmic growth
phase were digested by D-Hank’s solution containing 0.25%
trypsin, seeded, and cultured for 24 h before treatments.
The cells were pretreated with GBE50 at 0.01, 0.1, 1, 10, and
100 𝜇g/mL or with EGB761 at 10𝜇g/mL for 2 h and then
activated with 1 𝜇g/mL LPS for 22 h. The BV2 cells treated
only with solvent for 24 h and only with LPS were used as
controls and the model.

2.3. MTT Assay. Cultured BV2 cells in 96-well dish (1 × 104
cells/well) were treated with GBE50 at 0.01, 0.1, 1, 10, and
100 𝜇g/mL orwith 10𝜇g/mLEGB761 for 2 h and then exposed
to LPS (1 𝜇g/mL) for 22 h. Then 20𝜇L of MTT solution
(5mg/mL) was added to each well and cells were incubated
for additional 4 h at 37∘C. Subsequently, the medium was
removed and the crystals were dissolved in 150𝜇L of dimethyl
sulfoxide (DMSO). The cell viability was quantified by mea-
suring the optical density (OD) at 570 nm using a microplate
reader.

2.4. Morphological Changes of LPS-Activated BV2 Cells. Cul-
tured BV2 cells in 24-well dish (5× 104 cells/well) were treated
with GBE50 at 0.01, 0.1, 1, 10, and 100𝜇g/mL or with EGB761
(10 𝜇g/mL) for 2 h and then exposed to LPS (1𝜇g/mL) for
22 h. The control group was treated with a solvent for 24 h.
After treatment, themediumwas removed, and the cells were
fixed with 4% formaldehyde for 15mins at room temperature.
Fixed BV2 cells were washed with 0.01M phosphate-buffered
saline (PBS) twice for 10mins, and the cell morphology was
observed using a light microscope.

2.5. ELISA Assay. BV2 cells were seeded in 24-well dish
(2 × 104 cells/well). Cells were then incubated with GBE50 or
EGB761 for 2 h before treatment with LPS (1𝜇g/mL) for 22 h.
The control group was only treated with the same amount of
solvent for 24 h. The cell culture medium was collected and
used to measure TNF-𝛼 and IL-1𝛽 levels by using murine
specific ELISA kits according to themanufacturer’s suggested
protocol.

2.6. Immunofluorescence Staining. BV2 cells were seeded in
a 24-well dish (3 × 104 cells/well) and cultured for 24 h. The
cells were then incubated with GBE50 or EGB761 for 2 h
before treatment with LPS (1 𝜇g/mL) for 22 h. The control
group was treated only with the same amount of solvent
for 24 h. The cells were fixed with 4% paraformaldehyde in
0.1M phosphate buffer (PB) for 20mins at room temper-
ature. After rinsing with 0.01M PBS, the cells were fixed
and permeabilized with 0.2% Triton X-100 in 0.01M PBS
for 30mins. Cells were washed three times with 0.01M
PBS (5mins/wash), blocked with 5% horse serum at room
temperature for 30mins, and incubated with rabbit an anti-
mouse NF-𝜅B p65 antibody (1 : 50 dilution) overnight at
4∘C. In the following day, cells were incubated with the
secondary antibody DyLight 488 donkey anti-rabbit IgG
(1 : 100 dilution) for 2 h at room temperature, washed three
times with 0.01M PBS (15mins/wash), and incubated with
100 ng/mL DAPI for 3mins. All images were captured with a
fluorescencemicroscope (Leica). Results presented here show
representative images from three independent experiments.

2.7. Immunoblot Analysis. BV2 cells of different
groups were lysed with ice-cold RIPA lysis buffer and
phenylmethylsulfonyl fluoride (PMSF) to extract cytoplasmic
proteins. The protein concentrations of cell lysates were
determined by bicinchoninic acid (BCA) assay. Equal
amounts of total cellular protein (20𝜇g per lane) were
used for 12% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto immunoblot polyvinylidene
difluoride (PVDF) membranes. The membranes were
blocked with 5% nonfat milk in Tris-buffered saline
containing 0.1% Tween 20 (TBST) for 1 h and incubated
with rabbit anti-mouse antibodies against NF-𝜅Bp65, p38
MAPK, P-p38 MAPK, I𝜅B𝛼 (1 : 1,000 dilution), or 𝛽-tubulin
(1 : 3,000 dilution) overnight at 4∘C. The membranes were
then washed three times (5mins/wash) with TBST and
incubated with a 1 : 2,000 dilution of horseradish peroxidase-
conjugated secondary antibodies for 2 h at room temperature.
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Figure 1: The effect of GBE50 on viability of BV2 cells. (a) The effect of various GBE50 concentrations on BV2 cell viability. No significant
difference was observed (𝑃 > 0.05). (b) The effect of different concentrations of GBE50 on BV2 cell viability activated by LPS. No significant
difference was observed (𝑃 > 0.05).

The blots were again washed three times (15mins/wash)
in TBST and developed using the ECL detection system
(A : B = 1 : 1) for 2–5mins at room temperature. Normalized
bands densities were analyzed using the Gel-Pro Analyzer
software and expressed as ratios to 𝛽-tubulin.

2.8. Statistical Analysis. All data are presented as mean ±
standard deviation (SD). SPSS 17.0 software was used to
perform statistical analyses. Differences among means were
measured by one-way analysis of variance (ANOVA) for
multiple comparisons. A 𝑃 < 0.05 was considered significant
and 𝑃 < 0.01 was considered highly significant.

3. Results

3.1. The Effect of GBE50 on the Cell Viability of BV2 Cells.
Since the influence of GBE50 on the cell viability of BV2 cells
was unclear, we first performed an MTT assay to compare
the cell viability of BV2 cells treated with or without GBE50.
Our results showed that there were no significant differences
between the control group and GBE50 groups treated with
various concentrations (Figure 1(a), 𝑛 = 6, 𝑃 > 0.05). These
data suggest that GBE50 does not significantly alter the cell
viability of BV2 cells within the concentration range.

3.2. The Effect of GBE50 on the Cell Viability of LPS-Activated
BV2 Cells. We tested whether GBE50 altered the cell viability
of LPS-activated BV2 cells. There was no significant change
in the cell viability among each group (Figure 1(b), 𝑛 = 6,
𝑃 > 0.05). These data indicate that GBE50 had no significant
effect on the cell viability of LPS-activated BV2 cells.

3.3. The Effect of GBE50 on the Morphology of LPS-Activated
BV2 Cells. Themorphological changes of LPS-activated BV2
cells with or without GBE50 pretreatment were analyzed

using a Zeiss microscope. As shown in Figure 2, BV2 cells in
the control group exist in a resting state, with smaller bodies
and longer pseudopodia (Figure ??), while LPS-activatedBV2
cells exist in an amoeba-like state, with larger cell bodies and
shorter branch (Figure ??). When BV2 cells were pretreated
with increased concentrations of GBE50 and then exposed
to LPS (Figures ??–??), the morphology of BV2 cells was
more similar to that observed during the resting state, with
smaller cell bodies and longer branches. The morphology of
the EGB761 treated cells was similar to that observed for the
control group (Figure ??). These results suggest that GBE50
can suppress LPS-stimulated BV2 cells’ activation.

3.4. The Effect of GBE50 on TNF-𝛼 and IL-1𝛽 Released by
LPS-Activated BV2 Cells. The content of TNF-𝛼 and IL-1𝛽
wasmeasured by ELISA. As shown in Figure 3, LPS-activated
BV2 cells showed a significant increase in TNF-𝛼 and IL-1𝛽.
Pretreating cells with GBE50 at 10 or 100𝜇g/mL significantly
reduced TNF-𝛼 and IL-1𝛽 secretion; a similar effect was
observed for the EGB761 treated group (Figures 3(a) and
3(b)). These results reveal that GBE50 can reduce the level
of TNF-𝛼 and IL-1𝛽 proinflammatory cytokines released by
activated BV2 cells in a dose-dependent manner.

3.5. The Effect of GBE50 on NF-𝜅B p65 Nuclear Translocation
in LPS-Activated BV2 Cells. The NF-𝜅B signaling pathway
has been implicated in LPS-inducedmicroglial activation and
production of proinflammatory cytokines [5]. To understand
the molecular mechanism of the anti-inflammatory effect of
GBE50, we analyzed the activation of the NF-𝜅B signaling
pathway by measuring the NF-𝜅B p65 nuclear translocation.
As shown in Figure 4, activation of BV2 cells resulted in
almost the complete translocation of NF-𝜅B p65 from the
cytoplasm to the nucleus (Figure 4). Pretreatment of cells
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Figure 2:The effect of GBE50 on the morphology of BV2 cells between treated and untreated groups. (a)Themorphology of BV2 cells in the
control group. (b)Themorphology of BV2 cells activated by LPS. (c)–(g)The effect of GBE50 at indicated concentrations on the morphology
of BV2 cells activated by LPS. (h) The effect of EGB761 (10 𝜇g/mL) on the morphology of BV2 cells activated by LPS. All images were low
magnification (10x objective lens) photomicrographs of unstained BV2 cells. Scale bar = 50 𝜇m.

with GBE50 showed a dose-dependent influence on NF-
𝜅Bp65 nuclear translocation. The inhibitory effects were
clearly observed when GBE50 concentrations were at 1,
10, and 100 𝜇g/mL; EGB761 treated cells also demonstrated
notable inhibitory effects (Figure 4). These data indicate
that GBE50 treatment can reduce NF-𝜅B p65 activation by
inhibiting the translocation ofNF-𝜅Bp65 from the cytoplasm
to the nucleus.

3.6. The Effect of GBE50 on NF-𝜅B p65 and I𝜅B𝛼 Pro-
tein Expression in LPS-Activated BV2 Cells. The NF-𝜅B p65
protein expression levels in each group were measured by
immunoblot analysis. LPS activation significantly increased
NF-𝜅B p65 expression. Pretreatment of GBE50 at 0.01 or
0.1 𝜇g/mL did not significantly alter the NF-𝜅B p65 expres-
sion level. However, when GBE50 concentration was raised
to 10 or 100 𝜇g/mL, NF-𝜅B p65 and I𝜅B𝛼 protein expres-
sion were reduced significantly, which were similar to that

observed for the EGB761 treated group (𝑃 < 0.05 ∼ 0.01)
(Figures 5(a)–5(d)).

3.7. The Effect of GBE50 on P38 Phosphorylation in LPS-
Activated BV2 Cells. The p38 MAPK signaling pathway
was also implicated in LPS-induced BV2 cells activation
[5]. To explore the potential changes of the p38 MAPK
signaling pathway caused by GBE50 pretreatment, we mea-
sured the p38 protein and P-p38 protein expression levels
by immunoblot analysis. We found that LPS and GBE50
did not significantly alter the p38 protein expression level
(Figure 5(e)). However, the P-p38 of BV2 cells was signif-
icantly increased by LPS, and GBE50 pretreatment sup-
pressed P-p38 in a dose-dependent manner (Figure 5(c)).
When the GBE50 concentration was 100𝜇g/mL, the P-
p38/total p38 ratio was significantly reduced compared with
LPS group (𝑃 < 0.05) (Figure 5(f)). Taken together, our find-
ings indicate that GBE50 can suppress the phosphorylation of
p38.
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Figure 3: The effect of GBE50 on TNF-𝛼 and IL-1𝛽 in BV2 cells activated by LPS. (a) The effect of GBE50 on TNF-𝛼 in BV2 cells activated
by LPS. GBE50 significantly reduced TNF-𝛼 at doses of 10 and 100 𝜇g/mL. (b) The effect of GBE50 on IL-1𝛽 in BV2 cells activated by LPS,
GBE50 significantly reduced IL-1𝛽 at doses of 10 and 100 𝜇g/mL. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus control and #

𝑃 < 0.05, ##𝑃 < 0.01 versus LPS
group.

4. Discussion

Recent studies have demonstrated that GBE has an extensive
role in the CNS. GBE could regulate cholinergic function,
act as an antioxidant and scavenge-free radicals [13], promote
the recovery from nerve cell damage, and slow any dementia
caused by a decline in cognitive ability. Additionally, GBE
could reduce the expression of nitric oxide synthase (NOS)
[14], IL-1𝛽 [15], cyclooxygenase-2 (COX-2), TNF-𝛼 [16], and
IL-6 [17].

EGB761 is a standard extract from the leaves of Ginkgo
biloba containing 24% ginkgo-flavone glycosides and 6%
terpene lactones. The GBE50 used in our study is a new
type of Ginkgo biloba extract developed independently and
patented inmultiple nations.GBE50hasmore ginkgo-flavone
glycosides and terpene lactones than EGB761. Our previous
studies showed that GBE50 prevented age-related learning
and memory impairment and reduced the expression of
several proinflammatory cytokines, including IL-1𝛽 and IL-
6, in hippocampal cells [12, 18].

Microglia are a major type of inflammatory cells in the
CNS [19, 20], which exist mainly in two forms: resting and
amoeba-like states. In normal conditions, the microglia cells
are in a resting state; however, specific stimuli, such as infec-
tion, activate these cells, causing their morphology to change
into the amoeba-like state [21, 22]. In this study, we observed
that GBE50 suppressed LPS-induced morphological changes
in BV2 cells, which indicated that GBE50 inhibitedmicroglial
activation induced by LPS.

TNF-𝛼 and IL-1𝛽 are two important proinflammatory
cytokines that lead to widespread toxicity in the CNS. TNF-
𝛼 derived from LPS-activated microglia plays a crucial role,
not only in apoptosis but also during inflammatory and
immune responses. TNF-𝛼 causes the activation ofmicroglia,

promotes the expression of IL-1𝛽, IL-6, and iNOS, and
also induces TNF-𝛼 production. Moreover, LPS-activated
microglia express more TNF-𝛼 than microglia treated with
TNF receptor 1 (TNFR1)—specific antagonist.These findings
suggest that the TNF-𝛼 produced by BV2 cells involves an
autocrine mechanism [23]. TNF-𝛼 binding to the tumor
necrosis factor receptor (TNFR) in neurons regulates down-
stream apoptotic cascades [24]. Stellwagen and Malenka [25]
reported that synaptic injury is mediated by glial TNF-𝛼. IL-
1𝛽, another major proinflammatory cytokine, induced neu-
ronal and synaptic damage. In the inflamed hippocampus,
IL-1𝛽 and IL-1RI were expressed mainly in microglia and
neurons, respectively. IL-1𝛽 inhibits N-methyl-D-aspartate-
(NMDA-) induced outward currents through p38 MAPK
signaling and increases the excitability of hippocampal neu-
rons [26]. Rossi and Tanaka [27, 28] confirmed that IL-1𝛽
caused synaptic hyperexcitability in multiple sclerosis and
induced Parkinson’s disease. When such activated microglia
were placed in coculture with primary neocortical neurons,
a significant increase in neuronal tau phosphorylation was
accompanied by a decline in synaptophysin levels [29]. IL-
1𝛽 activated microglia secreted increased amounts of proin-
flammatory cytokines, which resulted in greater damage to
the CNS.

In this study, TNF-𝛼 and IL-1𝛽 were reduced by pretreat-
ing cells with GBE50 in a dose-dependent manner. These
findings suggested that GBE50 could significantly reduce
proinflammatory cytokine release and prevent neuronal
damage in the CNS.

The expression of proinflammatory cytokines and other
harmful signaling molecules is regulated by p38 MAPK and
NF-𝜅B pathways in the CNS [30–32]. LPS-inducedmicroglial
cell activation and production of proinflammatory mediators
IL-6, IL-1𝛽, and TNF-𝛼 are regulated by NF-𝜅B signaling
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Figure 4: The effect of GBE50 on NF-𝜅B p65 nuclear translocation in LPS-activated BV2 cells. (a) There is almost no expression of NF-𝜅B
p65 in the nucleus of the control group. (b) In the LPS group, there is almost complete translocation of NF-𝜅B p65 from the cytoplasm to
the nucleus. (c)–(g) NF-𝜅Bp65 nuclear translocation was gradually inhibited at GBE50 concentrations of 1, 10, and 100𝜇g/mL. (h) EGB761
also had the obvious inhibitory effects on NF-𝜅B p65 nuclear translocation. Confocal microscopy images of BV2 cells were stained with an
antibody against NF-𝜅B p65 (green) and counterstained with DAPI (blue) to label nuclei. Confocal images were captured through the center
of control and WAVE2-KD acini immunostained for E-cadherin (green) and counterstained with Alexa-568 phalloidin (red) to label actin
filaments and DAPI (blue) to label nuclei. White arrowheads showed that NF-𝜅B p65 mainly localized in the cytoplasm and red arrowheads
indicated the nuclear translocation of NF-𝜅B p65. Scale bar = 10 𝜇m.

pathway and phosphorylation of MAPKs (ERK, p38, and
JNK) [5]. Additionally, the activation of the MAPK/NF-𝜅B
signaling pathway also generates ROS that may contribute to
neuronal damage [4]. Involvement of the p38MAPKpathway
in generating anti-inflammatory cytokines and an inflam-
matory response in the CNS are also supported by studies
with the p38 MAPK inhibitor. Liu et al. [33] found that LPS
induced overproduction of nitric oxide synthase (iNOS) in
microglia and the expression of iNOS was reduced if the cells
were pretreated with a p38MAPK inhibitor.Wilms and other
researchers [34] showed that injection of alpha-synuclein
protofibrils into the substantia nigra of adult rats led to a
profound activation of microglia and adjacent neuronal cell
loss, which could be attenuated by the MAP kinase inhibitor.
These findings supported a role for the p38 MAPK pathways
in neurotoxicity caused by activated microglia.

In addition to p38 MAPK inhibitor, the NF-𝜅B inhibitor
also showed an effect on reducing the release of proinflam-
matory cytokines and other harmful signaling molecules
from activated microglia. Wang et al. [35] observed that
saturated fatty acids could initiate microglial activation and
stimulate the TLR4/NF-𝜅B pathway to trigger the production
of proinflammatory mediators such as TNF-𝛼, IL-1𝛽, IL-6,
and NO, and these effects could be attenuated by an NF-
𝜅B inhibitor. Therefore, the activation of the NF-𝜅B p65
and p38 MAPK pathways was involved in the production of
proinflammatory cytokines in activated microglia.

Consistent with the involvement of the NF-𝜅B p65 and
p38 MAPK pathways in proinflammatory responses, in acti-
vated microglia, we found that GBE50 reduced LPS-induced
NF-𝜅B p65 expression and nuclear translocation, which
were accompanied by parallel reductions in the degradation
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Figure 5: The effect of GBE50 on NF-𝜅B p65, I𝜅B𝛼, and P-p38/p38 of BV2 cells activated by LPS. (a)The effect of GBE50 on a representative
blot of NF-𝜅B p65 protein expression in BV2 cells activated by LPS. (b) The effect of GBE50 on NF-𝜅B p65 between treated and untreated
groups. (c)The effect of GBE50 on a representative blot of the ratio of I𝜅B𝛼 in BV2 cells activated by LPS. (d)The effect of GBE50 on the ratio
of I𝜅B𝛼 between treated and untreated groups. (e)The effect of GBE50 on a representative blot of the ratio of P-p38/p38 in BV2 cells activated
by LPS. (f) The effect of GBE50 on the ratio of P-p38/p38 between treated and untreated groups. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus control and
#
𝑃 < 0.05, ##𝑃 < 0.01 versus LPS group.

of I𝜅B𝛼. Furthermore, our western blot results revealed
that GBE50 attenuated LPS-induced phosphorylation of p38
protein. These findings suggest the anti-inflammatory effects
of GBE50 on activated microglia.

Taken together, these data from our present study showed
that GBE50 inhibited the LPS-induced I𝜅B𝛼/NF-𝜅B p65

and p38 MAPK signal transduction, reduces the release
of proinflammatory TNF-𝛼 and IL-1𝛽 from LPS-activated
microglia cells, and suppresses the LPS-induced microglia
activation.These findings provide an experimental and theo-
retical basis for the further examination of GBE50 as an anti-
inflammatory agent in CNS.
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Previous studies showed that Danggui-Shaoyao-San (DSS), a traditional Chinese medicinal prescription, could alleviate cognitive
dysfunction of Alzheimer’s disease (AD) patients. However, the mechanisms remain unclear; we have now examined the effect of
DSS on SAMP8 and elucidated the possible mechanism. Animals were treated with DSS for 2 months, and step-down test and
Morris water maze (MWM) test were used to evaluated cognitive abilities. The estradiol (E2), NO, and glycine in blood plasma or
in hippocampus were detected to explore the possible mechanisms. The latency of SAMP8 in step-down test was shorter than that
of age-matched SAMR1, and DSS increased the latency especially in female animals. In MWM test, we got similar results; SAMP8
spent more time to find the platform, and DSS decreased the time before finding the platform, with little effect on swim velocity,
during the training sessions. During test session, DSS increased the time spent in target quadrant especially in female SAMP8. In
female SAMP8, plasma E2, NO, and glycine were elevated in plasma or hippocampus tissue. In conclusion, DSS could ameliorate
deterioration of cognition in SAMP8, especially in female animals. Increasing E2, NO, and glycinemight contribute to the cognitive
improvement effect of DSS in female SAMP8.

1. Introduction

Alzheimer’s disease (AD) is the most prevalent neurodegen-
erative disorder of the central nervous system in old people
[1]. Many studies have showed that women are more vulner-
able to AD than men [2–4]. Furthermore, AD pathology [5–
7] and AD-related cognitive decline [4, 5, 8–10] are greater
in women than in men. Previous studies demonstrated that
women with lower level of estrogen have higher risk for
AD compared with age matched controls [11–13]. In animal
models, experimental depletion of sex steroid hormones by
ovariectomy (OVX) could increase A𝛽 accumulation, and E2
has preventive effects against OVX inducedA𝛽 accumulation
[13–17].

Danggui-Shaoyao-San (DSS), a traditional Chinese
medicinal prescription, is used widely in oriental countries,
such as China, Japan, and Korea [18–22]. DSS was initially
recorded in “Synopsis of Prescriptions of the Golden
Chamber,” which was compiled by Zhong-Jing Zhang

during the Han dynasty. This prescription was traditionally
used to relieve menorrhagia and other abdominal pains of
women; modulation of estrogen is believed to be one of its
mechanisms. DSS could increase the estrogen level in OVX
rats [23] and stimulates estrogen production in vitro [24].

In the 1980s, the therapeutic effect of DSS on ADwas first
reported by researchers in Japan [25]. Many researchers try
to unveil the underlying mechanisms of DSS on AD; mod-
ulation of cholinergic system, monoaminergic system, and
neurotransmitters are believed to be some of themechanisms
[26–30]. In our previous study, we found DSS and one of
its fractions (JD-30) have protective effects on some animal
model for AD [31, 32]. Although we havemade great progress
in understanding how DSS affects AD, the mechanisms need
further explorations.

Based on previous studies, we presume that modulation
of estrogen is one of the mechanisms for DSS against AD.
In this study, we used senescence-accelerated mouse prone
8 (SAMP8) as AD model to examine our hypothesis.
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Figure 1: Effects of DSS on step-down test. Effects of DSS on passive avoidance ability during the step-down test in SAMP8 for all animals
(male and female SAMP8, 𝑛 = 19–20) (a), male animals (𝑛 = 9-10) (b), and female animals (𝑛 = 9-10) (c); ∗𝑃 < 0.05, compared with SAMR1;
#
𝑃 < 0.05, compared with SAMP8. The data are expressed as the mean ± SEM.

2. Materials and Methods

2.1. Preparation of DSS. DSS is composed of the following
6 raw herbs: Angelica sinensis (Oliv.) Diels (Umbelliferae),
Paeonia lactiflora Pall. (Ranunculaceae), Ligusticum chuanx-
iong Hort. (Umbelliferae), Poria cocos (Schw.) Wolf (Polypo-
raceae),Atractylodes macrocephalaKoidz. (Compositae), and
Alisma orientalis (Sam.) Juzep. (Alismataceae). These mate-
rials purchased from Tongrentang Pharmaceutical Company
(Beijing, China) were authenticated by Dr. Y. M. Zhao and
Dr. Q. Y. Ma, both being botanists in the Department of
Phytochemistry in our institute.The voucher specimens were
deposited in the Department of Phytochemistry, Beijing
Institute of Pharmacology and Toxicology.

The 6 raw herbs were mixed in the dry weight ratio
of 3 : 16 : 8 : 4 : 4 : 8, and the mixture was left in 95% ethanol
(1 : 5 w/v) overnight at room temperature and boiled twice
for 2 h each time. After filtration and centrifugation, the
extract was concentrated and referred to as DSS-A (10.36%,

w/w). The residue was boiled with distilled water twice for
1 h each time and filtered to obtain the filtrate. The filtrate
was concentrated and lyophilized to obtain the preparation
referred to as DSS-W (13.84%, w/w). DSS-A and DSS-Wwere
mixed and concentrated to 1 g/mL, known asDSS extract, and
stored at 4∘C.

2.2. Animals Groups and Drug Administration. Senescence-
accelerated mouse resistant 1 (SAMR1) and SAMP8 mice
were kindly provided by Dr. T. Takeda at Kyoto University,
Japan. The mice were maintained in the Beijing Institute of
Pharmacology and Toxicology under a 12 h light/12 h dark
cycle at a constant temperature of 25 ± 1∘C, with a humidity
of 55 ± 5%, and were fed a standard rodent diet. They were
allowed free access to water and food. The animal treatment,
husbandry, and experimental protocols in this study were
approved by the institute’s Animal Care and Use Committee
(IACUC) of the National Beijing Center for Drug Safety
Evaluation and Research (NBCDSER).
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Figure 2: Effects of DSS onMWM test. Velocity of SAMR1 and SAMP8 during the test sessions of the Morris water maze performance (male
and female, 𝑛 = 19-20) (a), time spent in the target quadrant during test session for all animals (male and female SAMP8, 𝑛 = 19-20) (b),
male animals (𝑛 = 9-10) (c), and female animals (𝑛 = 9-10) (d); ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with SAMR1;#𝑃 < 0.05, compared with
SAMP8. Data values are expressed as mean ± SEM.

Seven-month-old SAMP8 mice were separated into 4
groups at random, each group contains 20 mice (10 males
and 10 females). DSS was administrated by intragastric at 1.6,
3.2, 4.8 g/kg bodyweight. Control group and the age-matched
SAMR1 (10males and 10 females) were given an equal volume
of distilled water. Behavioral tests were performed 8 weeks
after drug administration, and the drugs administration
lasted until all tests were finished.

2.3. Step-Down Test. The tests were carried out between 8:00
and 12:00 AM.The apparatus was a 50 × 25 × 25 cm3 Plexiglas
box featuring a grid floor (3mm stainless steel rods set 5mm
apart) with a wooden platform (7 × 7 × 1.7 cm3) in the center
of the grid floor. In training session, each mouse was gently
placed on the wooden platform set in the center of the grid
floor. When the mouse stepped down and placed four paws
on the grid floor, a 36V shock was delivered for 2 s and
step-down latency was recorded. Tests were taken 24 h after

training; each mouse was again placed on the platform, and
the latency was recorded with an upper cut-off time of 180 s.

2.4. MorrisWater-Maze Task. Theprocedure ofMorris water
maze (MWM)was described previously [33]. Briefly, a plastic
platform (diameter: 10 cm; height: 30 cm) was placed at the
center of one quadrant in a poolwith a diameter of 100 cmand
height of 40 cm. Before the experiment, the pool was filled
with sufficient water so that the platform was approximately
1-2 cm beneath the water surface, and the water temperature
was fixed at 22±1∘C.During the experiment, all objects in the
room were fixed in place to provide additional cues to enable
the animals to locate the platform. Each animal was subjected
to 4 trials per day for 6 consecutive days. After 6 days of
training, the platform was removed from the pool and each
animal was then placed in the pool at the same position and
was allowed to swim for 1 minute. The swim velocity, latency
in finding the platform, and time in the target quadrant were
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Figure 3: Effects of DSS on E2 in blood plasma. The effects of DSS
on the plasma E2 concentration in female SAMP8. ∗𝑃 < 0.05,
compared with SAMR1; ###𝑃 < 0.001, compared with SAMP8; data
are expressed as mean ± SEM, 𝑛 = 6–10.

analyzed using the Any-maze. After 1 minute, the animal was
removed from the maze, dried with a towel, and returned to
its cage beside an electric radiator.

2.5. E2 Radioimmunoassay. Trunk blood was collected and
the plasma was stored at −30∘C until assayed. Plasma levels of
E2were quantified by anultrasensitive radioimmunoassay. E2
were assayed using commercially available RIAkits (Shanghai
Institute of Biological Product, Shanghai, China). The mean
intra- and interassay coefficients of variation for E2 were
5.78% and 6.96%, respectively.

2.6. Measurement of Glycine NO. Measurements of the
stable end products of NO, nitrite and nitrate, provide a
qualitative measure of NOS activity and NO production
[34–36]. Nitrite and nitrate were determined following the
reduction of nitrate to nitrite using nitrate reductase and the
NADPHregenerating system (G-6-P/G-6-PDH) as described
previously [37]. In brief, samples were incubated with reac-
tion mixture (nitrate reductase 30mU; NADPH 3 𝜇M; G-
6-P 750𝜇M; G-6-PDH 48mU in a final reaction volume
of 100 𝜇L) for 90min at room temperature in a 96-well
microtiter plate. At the end of incubation, 30 𝜇L of 0.62N
HCl and after 10min 30 𝜇L of 1.4 N NaOH were added to
the incubation mixture. The fluorescence was measured at
𝜆ex 360 nm and 𝜆em 450 nm using a microtiter plate reader
(PerkinElmer, USA). Tissue NO levels were expressed as
nmoles/mg of cytosolic protein, and plasma NO levels were
expressed as 𝜇M.

2.7. Measurement of Glycine. Amino acids levels were mea-
sured by using high-performance liquid chromatography
(HPLC) as previously reported [38]. Briefly, the brain tis-
sues were homogenized in 20 volumes of methanol on ice.
The homogenates were centrifuged at 4500 g for 10min,
and 20𝜇L of supernatant was evaporated to dryness at

40∘C. To the residue, 20𝜇L of water (H
2
O), 20𝜇L of 0.1M

borate buffer (pH 8.0), and 60 𝜇L of 50mM 4-fluoro-7-nitro-
2,1,3-benzoxadiazole (NBD-F) in acetonitrile (CH

3
CN) were

added.The reactionmixturewas then heated at 60∘C for 1min
and immediately supplemented with 100 𝜇L of H

2
O/CH

3
CN

(90/10) containing 1% trifluoroacetic acid to stop the reaction.
Ten microliters of the resultant solution was injected into the
HPLC system.

2.8. Statistical Analysis. All data are expressed as mean ±
SEM. Origin 7.5 (Originlab Co., USA) and SigmaStat 3.5
(Systat Software, Inc, USA) were used to plot and analyze
data by Student’s 𝑡-test for 2 groups, and one-way analysis
of variance (ANOVA) was used for >2 groups, followed by
a Student-Newman-Keuls (SNK) post hoc test; the escape
latency during the training sessions of MWM test was
analyzed by two-way repeated-measures ANOVA followed
by a SNK post hoc test. 𝑃 < 0.05 was taken as statistically
significant.

3. Results

3.1. Effects of DSS on Step-Down Test. In the step-down test,
the latency of SAMP8 is shorter than age-matched SAMR1,
especially in female animals. DSS increased the latency in
female SAMP8 significantly at the dose of 4.8 g/kg (Figures
1(a), 1(b), and 1(c)).

3.2. Effects of DSS on MWM Test. In the Morris water maze
performance training sessions, SAMP8 took more time to
find the platform compared with SAMR1. DSS shortened the
latency significantly, especially for female SAMP8 (Tables 1, 2,
and 3). Meanwhile, SAMP8 swam more slowly than SAMR1,
and DSS has little effect on the swim velocity of SAMP8
(Figure 2(a)).

On the day of probe trial following the final day of
training trial, SAMP8 spent less time in the quadrant, where
former platform was placed, than SAMR1; DSS increased the
time spent by SAMP8 in the target quadrant, especially in
female animals (Figures 2(b), 2(c), and 2(d)).

3.3. Effects of DSS on E2 in Blood Plasma. Compared with
SAMR1, E2 level was decreased in SAMP8, and DSS elevated
the plasma E2 in female SAMP8 significantly (Figure 3).

3.4. Effects of DSS on NO in the Blood Plasma and Hippocam-
pal Tissue. Compared with SAMR1, NO level was lower in
both plasma and hippocampus tissue in SAMP8, especially
in hippocampus. DSS elevatedNO level both in blood plasma
and hippocampus tissue (Figure 4).

3.5. Effects of DSS on Glycine in Hippocampal Tissue. There
is no difference of glycine in hippocampal tissue between
SAMP8 and SAMR1. DSS increased the glycine level in
SAMP8 significantly (Figure 5).
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Figure 4: Effects of DSS onNO in the blood plasma and hippocampal tissue.The effect of DSS on theNO level in plasma (a) and hippocampus
(b) of female SAMP8. ∗∗𝑃 < 0.01, compared with SAMR1; #𝑃 < 0.05, compared with SAMP8; data values are expressed as mean ± SEM,
𝑛 = 9-10.

Table 1: Effects of DSS on the latency during the training trial sessions for all animals (male and female SAMP8).

Day
Escape latency (s)

SAMR1 SAMP8 SAMP8 + DSS (g/kg)
1.6 3.2 4.8

1 28.65 ± 2.38 39.14 ± 3.41 35.56 ± 2.60 32.96 ± 2.87 37.24 ± 3.12

2 22.40 ± 3.04 40.52 ± 3.73∗∗ 30.26 ± 3.61 31.85 ± 2.58 29.86 ± 3.61#

3 21.84 ± 2.96 38.97 ± 2.98∗∗ 33.00 ± 3.42 29.77 ± 2.96#
32.03 ± 4.53

4 14.33 ± 1.96 33.85 ± 3.80∗∗ 30.97 ± 3.36 32.89 ± 3.31 27.90 ± 4.02

5 11.62 ± 1.35 29.88 ± 3.63∗∗ 22.20 ± 3.44 21.10 ± 1.84#
28.72 ± 4.21

6 10.67 ± 1.77 30.02 ± 4.06∗∗ 23.76 ± 3.46 20.88 ± 2.55 28.64 ± 4.48

∗∗
𝑃 < 0.01, compared with SAMR1; #𝑃 < 0.05, compared with SAMP8. Data values are expressed as mean ± SEM, 𝑛 = 19-20.

4. Discussion

SAM was originally developed from the AKR/J strain mice
in 1968 in the laboratory of Professor Toshio Takeda in
Kyoto, Japan, based on the data of the grading score of
senescence, life span, and pathologic phenotypes [39, 40].
SAMP8 is characterized by early onset of deficits in learning
and memory, cholinergic deficit in the hippocampus, age-
related increase in A𝛽-like deposition, and amyloid plaques
[41–43]. A comparison of the properties of SAMP8 and
the characteristic features of AD shows some similarities,
suggesting that SAMP8 serves as a good animal model to
investigate the fundamental mechanisms of AD and assess
the action of drugs [44, 45]. In this study, we found that
plasma E2 is decreased in female SAMP8 compared with
female SAMR1, and the cognitive ability also declined greater
in female SAMP8 than males. These results indicated that
female SAMP8 could be considered as an animal model for
female AD patients.

Deposition of amyloid-beta (A𝛽) in the brain is believed
to be the critical step at AD onset [46]; the ability of
estrogens to reduce A𝛽 accumulation may be their most
important neuroprotective action against AD [47, 48]. E2 can

increase the nonamyloidogenic pathway by promoting the
production of 𝛼-APPs and, as a consequence, can reduce the
amount ofA𝛽 generated [49–53]. In addition, estrogens could
regulate other processes against AD, including spine density
[54], long-term potentiation [55], neurotransmitter systems
[56], protection against neuron cell death [57, 58], and tau
hyperphosphorylation [48]. After menopause, the level of
estrogens dropped sharply, and this caused women to be
more vulnerable toAD.Many observational and clinical trials
in human suggested that hormone treatment is associated
with reduced incidence of AD [59–63]. So the increasing of
estrogen in female SAMP8 might be one of the mechanisms
for cognition enhancement effects of DSS.

Nitric oxide (NO) liberated from postsynaptic neurons
may travel back to presynaptic terminals to cause LTP
expression [64] and play an important role in synaptic
transmission. In AD patient, eNOS and NFTs and SPs have a
significant negative correlation [65]. Estrogens could induce
NO production via estrogen receptors (ERs) [66]. In this
study, we found that DSS could increase the content of NO
in the hippocampal tissue of SAMP8 at dose of 1.6 g/kg and
3.2 g/kg, so modulation of NO might be another mechanism
for DSS against AD. It is unclear why DSS has no effect
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Table 2: Effects of DSS on the latency during the training trial sessions for male SAMP8.

Day
Escape latency (s)

SAMR1 SAMP8 SAMP8 + DSS (g/kg)
1.6 3.2 4.8

1 30.53 ± 2.35 38.66 ± 5.48 37.43 ± 3.57 32.03 ± 4.77 37.13 ± 5.31

2 24.01 ± 4.78 35.94 ± 5.40 30.56 ± 5.73 33.53 ± 3.39 33.61 ± 5.03

3 21.18 ± 4.37 34.68 ± 3.93 35.68 ± 5.80 34.60 ± 3.97 36.92 ± 6.76

4 16.47 ± 3.95 30.27 ± 4.64∗ 26.38 ± 4.40 37.42 ± 4.63 32.89 ± 6.07

5 13.04 ± 2.16 24.35 ± 3.25∗∗ 17.73 ± 5.19 20.43 ± 3.03 34.16 ± 5.91

6 13.01 ± 3.09 23.55 ± 4.45 26.51 ± 5.82 22.93 ± 4.30 36.65 ± 7.11

∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with SAMR1; data values are expressed as mean ± SEM, 𝑛 = 9-10.

Table 3: Effects of DSS on the latency during the training trial sessions for female SAMP8.

Day
Escape latency (s)

SAMR1 SAMP8 SAMP8 + DSS (g/kg)
1.6 3.2 4.8

1 26.57 ± 4.35 39.66 ± 4.19∗ 33.70 ± 3.68 33.90 ± 3.17 37.36 ± 3.32

2 20.62 ± 3.80 45.61 ± 4.84∗∗ 29.96 ± 4.41# 29.99 ± 4.06# 25.70 ± 5.11#

3 19.25 ± 4.03 43.73 ± 4.17∗∗ 30.32 ± 3.41# 24.39 ± 3.88## 26.60 ± 5.76##

4 11.95 ± 2.45 37.83 ± 6.17∗∗ 35.55 ± 4.61 27.86 ± 4.38 22.35 ± 4.84

5 10.04 ± 1.48 36.02 ± 6.37∗∗ 26.67 ± 4.01 21.84 ± 2.13 22.67 ± 5.63

6 8.06 ± 1.14 38.10 ± 6.44∗∗ 21.00 ± 3.52# 18.61 ± 2.57# 19.75 ± 3.67#

∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with SAMR1; #𝑃 < 0.05. ##𝑃 < 0.01 compared with SAMP8. Data values are expressed as mean ± SEM, 𝑛 = 9-10.
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Figure 5: Effects of DSS on glycine in hippocampal tissue.The effect
of DSS on the glycine level in hippocampus of female SAMP8. #𝑃 <
0.05, compared with SAMP8; data values are expressed as mean ±
SEM, 𝑛 = 9-10.

on the level of NO at the dose of 4.8 g/kg. Some materials
contained in DSSmight inhibit NO production. It is reported
that Paeoniflorin, a small molecular compound inDSS, could
inhibit NO level in some experimental conditions [67, 68].

NMDA receptors are essential for cognitive abilities. In
1986, Morris reports the first evidence that NMDA receptors
are necessary for spatial learning [69]. These results were
confirmed by another study showing that a knock-out of
the NMDA receptor in CA1 results in deficits in LTP and

NOFemale
SAMP8

DSS

Estrogen
LTP
Learning
Memory

Glycine

Figure 6: Proposed mechanisms of DSS on cognition improving
effects in female SAMP8.

spatial memory [70]. Recently, many reports have indicated
that the function of NMDA receptors decreases in AD,
including gene expression [71], neurotransmitters (such as
glutamate) [72], and coactivator of NMDA receptor (such
as D-serine) [73]. Deficits in glutamatergic system were also
observed in animal models, such as senescence-accelerated
mouse/prone 8 (SAMP8) [74, 75]. Glycine is a coagonist
of NMDA receptors, and increasing glycine concentration
in the synaptic cleft can improve cognitive impairment in
animal models of AD [76] indicating that increasing glycine
is beneficial for AD. A previous study showed that DSS could
elevate glycine in female SAMP8 [77], and we got the same
results in this study. Estrogen was proved to stimulate glycine
incorporation [78], and increasing glycine in hippocampal
tissue might contribute to the protective effects for DSS
against AD.

In conclusion, DSS has better effects on female SAMP8
than males. Plasma E2 in female SAMP8 was increased by
DSS in a dose dependent manner. These results have good



Evidence-Based Complementary and Alternative Medicine 7

consistency with our hypothesis, indicating that DSS might
be more effective in female patients than males. DSS plays its
protective role against AD via modulation of estrogen, NO,
and glycine in plasma or hippocampal tissue (Figure 6).
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Learning and memory disorders arise from distinct age-associated processes, and aging animals are often used as a model of
memory impairment. The root of Polygala tenuifolia has been commonly used in some Asian countries as memory enhancer and
its memory improvement has been reported in various animal models. However, there is less research to verify its effect onmemory
functions in aged animals. Herein, the memory-enhancing effects of the crude extract of Polygala tenuifolia (EPT) on normal aged
mice were assessed by Morris water maze (MWM) and step-down passive avoidance tests. In MWM tests, the impaired spatial
memory of the agedmice was partly reversed by EPT (100 and 200mg/kg; P < 0.05) as comparedwith the aged controlmice. In step-
down tests, the nonspatial memory of the aged mice was improved by EPT (100 and 200mg/kg; P < 0.05). Additionally, EPT could
increase superoxide dismutase (SOD) and catalase (CAT) activities, inhibit monoamine oxidase (MAO) and acetyl cholinesterase
(AChE) activities, and decrease the levels of malondialdehyde (MDA) in the brain tissue of the aged mice. The results showed that
EPT improved memory functions of the aged mice probably via its antioxidant properties and via decreasing the activities of MAO
and AChE.

1. Introduction

As a result of increased human life expectancy, age-related
learning andmemory disorders have become prevalent in the
aging population, even in the absence of neurodegenerative
diseases such as Alzheimer’s and Parkinson’s disease. To
tackle such a major global healthcare issue, it is vital to
develop effective prophylactic and therapeutic agents for
enhancing and maintaining memory functions before the
onset of memory impairments [1–3].

Traditional ChineseMedicine (TCM)has been frequently
used for treatingmemory and cognitive deficits for thousands
of years. The root of Polygala tenuifolia, a well-known
medicinal plant in TCM, named as “Yuan Zhi,” has been
commonly used as memory enhancer in China, and it is also
included in some traditional prescriptions treating central
nervous system disturbances, such as amnesia and dementia
[4]. Recently, a number of studies have revealed that the root
of Polygala tenuifolia could improve learning and memory
function in animal models induced by scopolamine [5],

KCN [6], 𝛽-amyloid peptide [7], stress, hypoxia [8], and
accelerated senescence [9]. However, there is less research to
verify thememory-enhancing effects of Polygala tenuifolia on
the normal aged animals.

In the present study, we aim to investigate the effects of
the crude extract of Polygala tenuifolia (EPT) on learning
andmemory impairments of the normal agedmice. Learning
and memory parameters are evaluated by using Morris water
maze and step-down passive avoidance tests. Additionally,
potential mechanisms are also examined. Our results provide
evidence that the improvement of learning and memory
functions in normal aged mice by EPT may be via antago-
nizing oxidative damages as well as decreasing the activities
of MAO and AChE.

2. Materials and Methods

2.1. Preparation of EPT. Air-dried roots of Polygala tenuifolia
Willd. were purchased from theCompany of ChineseMateria
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Figure 1: Experimental procedure.

Medica in Beijing and identified by Professor Bengang
Zhang from the Institute of Medicinal Plant Development,
Chinese Academy of Medical Sciences (Beijing, China).
A voucher specimen (no. 20090815) has been deposited
in the Herbarium of the Institute. The dried roots (2 kg)
were cut into small pieces and extracted exhaustively with
boiling water for three times, each time for 1 h. The filtered
liquid was loaded to a column of macroporous resin D101
(6 kg) (Cang Bon Adsorber Technology Co., Ltd., China)
and eluted successively with water and ethanol-water (9 : 1,
v/v), respectively. The ethanol-water liquid was evaporated
in vacuo to yield a pale yellow residue (105 g), which is
designated the crude extract of Polygala tenuifolia (EPT).

2.2. Drugs and Reagents. The test kits of malondialde-
hyde (MDA), superoxide dismutase (SOD), catalase (CAT),
monoamine oxidase (MAO), and acetyl cholinesterase
(AChE) were all purchased from Nanjing Jiancheng Bioengi-
neering Institute (Nanjing, China). All the other reagents
were of analytical grade from Sigma.

2.3. Animals. Female C57BL/6J mice (Sixty 15-month-old
mice and twelve 3-month-oldmice) were purchased from the
Laboratory Animal Institute of Chinese Academy of Medical
Science (Certification no. SCXK 2004-0006, Beijing, China).
They were housed in groups of five animals per cage under a
12 : 12 h light-dark cycle at constant temperature (23∘C ± 2∘C)
and humidity (50% ± 10%). The animals had free access to
standard chow diet and sterilized drinking water in the SPF
animal house. The 3-month-old mice were used as the nor-
mal control group. The 15-month-old mice were randomly
assigned into six groups, including the normal control group,
the aged control group, galantamine (3mg/kg) group, and the
various concentrations of EPT (50, 100, and 200mg/kg, resp.)
groups. The drug administration and behavioral assays were
performed using a double-blind method. All animal exper-
iments were conducted in compliance with the “Guide for
the Care and Use of Laboratory Animals” of the Institute of
Medicinal Plant Development, Chinese Academy of Medical
Science and Peking Union Medical College.

2.4. Experimental Procedures. After 2 days of habituation,
mice received orally water (the normal control group and
the aged control group), galantamine (3mg/kg), or various
concentrations of EPT (50, 100, and 200mg/kg) for a period
of 4 weeks before behavioral measurement was assessed.

Locomotive activities of mice were tested in open-field on
the first day of behavioral test. Morris water maze tests were
carried out on day 2 to day 8 and day 23 to day 25; step-down
passive avoidance tests were valued on day 15 to day 16 and
day 28, respectively.Then, the mice were decapitated, and the
brain tissues were dissected quickly on ice for detection of the
content of MDA and the activities of SOD, CAT, MAO, and
AChE. The procedure was presented in Figure 1.

2.5. Open-Field Test. The effect of EPT on mice locomotor
activities was evaluated automatically using an open-field
computer-aided controlling system as described in the lit-
eratures [10, 11]. The apparatus consists of four metal tanks
(30 cm in diameter and 40 cm in height) with a video camera
fixed at the top, and the apparatus was illuminated by a light
source of 120 Lux on the ceiling. Experimentswere performed
in a quiet room; four mice were tested simultaneously.Thirty
minutes after drug administration, each mouse was placed at
the center of the metal tank and allowed to explore freely for
5min. Then, the distance traveled by mouse was measured
for 10min, which was recorded to evaluate the locomotive
activity of the mouse.

2.6. Morris Water Maze Test

2.6.1. Apparatus. The apparatus (developed by Institute of
Medicinal Plant Development, Chinese Academy of Medical
Sciences, and Chinese Astronaut Center, Beijing, China)
is a circular water pool (100 cm in diameter and 40 cm
in height) with constant clues external to the maze for
spatial orientation of the mice. The water was made opaque
by adding black ink to prevent animals from seeing the
submerged platform. The water temperature was kept at 24–
26∘C during the whole experiment. An invisible platform
(6 cm in diameter and 15 cm in height) providing the only
escape from water was placed 1.5 cm below the water surface.
The pool was divided into four quadrants by a computerized
tracking and image analyzer system. Two principal axes of
the maze intersect perpendicularly to one another to create
an imaginary “+.”The end of each line demarcates one of the
four cardinal points: north (N), south (S), west (W), and east
(E).

2.6.2. Test Procedure. On days 2 to 8 of behavioral mea-
surement, Morris water maze was used to assess the spatial
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reference memory consisting of an acquisition phase and a
probe trial. Memory retention of the mice was tested on days
23 to 25.

In the acquisition phase, mice were placed in the pool
containing platform to adapt to the environment before
training. Then mice were subjected to two trials each day for
6 days to find the submerged platform that was located in the
center of the SE quadrant of the pool and remained at the
same position throughout the whole experiment. Two-day
training of four trials contributed to a session. For each trial,
the mouse was placed for 15 sec on the platform for learning;
then, it was gently released into the pool facing the wall. Four
different release points (NE, SE, SW, and NW) were varied
randomly for each session. Animals were given a maximum
of 60 sec to find the platform. If the mouse failed to find the
platform within 60 sec, it was gently guided to the platform
and stayed there for 10 sec, and its escape latencywas recorded
as 60 sec. If an animal found the platform within 60 sec, it
was allowed to remain there for 10 sec and was then placed
into a cage until next trial. After completion of daily training,
the animals were returned to their cages for rest. Escape
rate, escape latency, and swimming speed were collected to
evaluate the ability of learning andmemory function of mice.

On the 8th day of behavioral measurement, the spatial
probe trials were tested.The platform was removed, and each
mouse was placed into the water on the opposite side of the
SE quadrant. They were allowed to swim freely for 120 s. The
crossing numbers over the position at which the platformhad
been located, the swimming time, and the swimming distance
spent in the target quadrant were recorded as measures for
spatial memory.

Two weeks after Morris water maze tests, memory reten-
tion tests were given. Neither the platform nor the starting
point was fixed; mice were released in the opposite quadrant.
This training had been performed 2 times each day for 3
days. The average of two trials during a day was determined
as escape latency for the purpose of evaluating memory
retention abilities of mice.

2.7. Step-Down Test. Step-down passive avoidance tests were
carried out in a chamber to evaluate the effects of EPT on
learning and memory function of the aged mice. The floor
of the chamber consisted of copper rods and a well-insulated
platform made of rubber in one corner of the chamber. The
animals were placed in the chamber for 3min adaptation at
the beginning of training. After adaptation, mice were placed
on the floor and received an immediate mild electrical shock
for 5 minutes (25V). To avoid the shock, mice displayed
an instinctive reaction to jump back onto the platform. The
latency to step down on the grid with all four paws was
measured. The time on the safe zone (on the platform) and
time on the error zone (on the grid) were recorded within
4min. The tests consisted of three phases of acquisition,
consolidation, and retrieval, which were carried out on day
15, day 16, and day 28, respectively.

2.8. Preparation of Brain Tissue Samples and Biochemical
Evaluation. After behavioral measurements, all the mice
were sacrificed by decapitation; the brain tissues were quickly

removed, washed with cold saline solution, followed by
50mM Tris-HCl buffer (pH 7.4), and weighed. Then, it was
placed into a glass bottle, labeled, and stored in a deep freezer
(−25∘C) until processing (maximum 10 hrs). The tissues were
homogenized in four volumes of ice-cold Tris-HCl buffer
(50mM, pH 7.4) using a glass Teflon homogenizer (Elektro-
crafts, Mumbai) for 2min at 5000 rpm after cutting it into
small pieces. The homogenate was then centrifuged (Remi,
India) at 1000 rpm for 10min to remove the debris. The clear
upper supernatant fluid was extracted with an equal volume
of ethanol and centrifuged at 17000 rpm for 30min; the clear
upper ethanol layer was taken and used for biochemical
assay. All the preparations were performed at 4∘C, and then
MDA, SOD, CAT, MAO, and AChE were estimated using
commercial kits according to the manufacturer’s protocols.

2.8.1. Determination of MDA Content in the Brain Tissue of
Mice. The method of detecting MDA was based on a stable
chromophoric product formed by reaction with thiobarbi-
turic acid (TBA), which could be measured at the wavelength
of 532 nm [12]. The calculation is MDA level (pmol/mg
prot) = (absorbance of test tube − absorbance of blank
tube)/(absorbance of standard tube−Absorbance of standard
blank tube) × 10 nmol/mL × dilution multiple/protein level
(mg prot/mL).

2.8.2. Determination of SOD Activity in the Brain Tissue
of Mice. The assay of total SOD was based on its ability
to inhibit the oxidation by the xanthine-oxidase xanthine
system [13]. The activities were quantified by measuring the
amount of hydroxylamine nitrite produced by the oxida-
tion of oxymin. The absorbance of the reaction product
was measured at 550 nm. The calculation is SOD activity
(U/mg prot) = (absorbance of control tube − absorbance
of test tube)/absorbance of control tube/50% × dilution
multiple/protein level (mg prot/mL).

2.8.3. Determination of Catalase Activity in the Brain Tissue
of Mice. The CAT activities were assessed by measuring the
disappearance of hydrogen peroxide at 405 nm [14, 15]. All
procedures complied with the manufacturer’s instructions.
One unit (U) of CAT corresponds to the amount of the
enzyme that hydrolyses 1mmol of hydrogen peroxide per
minute at 25∘C.The catalase activity was expressed as nmoles
of H
2
O
2
metabolized/mg protein/h.

2.8.4. Determination of MAO Activity in the Brain Tissue of
Mice. The activity of MAO was based on the production of
benzyl aldehyde from the reaction and its specific substrate,
aniline hydrochloride [16]. Briefly, the protein concentra-
tions were determined by the Lowry method using bovine
serum albumin as a standard. The homogenate was then
incubated (37∘C, 30min) in reaction buffer containing aniline
hydrochloride. The absorbance of the reaction product was
measured at 242 nm. One unit (U) of MAO activity was
defined as the amount that increased the absorbance by 0.01
at 37∘C. Therefore, MAO activity was expressed as U/mg
protein.
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2.8.5. Determination of AChE Activity in the Brain Tissue
of Mice. AChE activity was determined as described by
Ellman et al. [17] with some modifications. In brief, 30 𝜇L
of diluted homogenate was added to the reaction mixture,
which contained 100mM phosphate buffer (pH 8.0) and
1.0mM 5, 5-dithiobis-2-nitrobenzoic acid (DTNB) in 2mL,
and incubated at 37∘C for 6min. Hydrolysis was monitored
by the formation of the thiolate dianion of DTNB at 412 nm
for 2-3min with a spectrophotometer. AChE was calculated
from the quotient between lymphocyte AChE activity and
protein content. One unit (U) of enzyme activity was defined
as 1 micromole of ACh hydrolyzed per hour and per mg of
brain homogenate or per mL of blood (pH 8.0, 25∘C).

2.9. Data Analysis. All tests were analyzed using the Sta-
tistical Package SPSS 16.0 (SPSS Inc., Illinois, Chicago,
USA). Data were expressed as mean ± standard error of
mean (S.E.M) and analyzed by one-way analysis of variance
(ANOVA) followed by Dunnett’s 𝑡-test. A value of 𝑃 < 0.05
was considered statistically significant.

3. Results

3.1. Effect of EPT on Mouse Locomotive Activities in the Open-
Field. As shown in Figure 2, no significant effect of EPT
(50, 100, and 200mg/kg) on mouse locomotive activities was
observed in the open-field test. But galantamine 3mg/kg
reduced the total distance significantly compared with the
aged control group (𝑃 < 0.05).

3.2. Effect of EPT on the Aged Mice in Morris Water Maze Test

3.2.1. Acquisition Trials. As shown in Figures 3(a) and 3(b),
the escape latency deceased and the escape rate increased over
the course of training trials in all groups, which indicated that
learning and memory functions of mice improved with the
extension of training. Significant differences were observed
between the normal control group (3-month mice) and the
aged control group (15-month mice) at sessions 2 and 3 on
the escape latency and at sessions 1 and 2 on escape rate in
the training trials. The results indicated that 15-month mice
took a longer time to locate the platform than 3-month mice
did and 15-month mice had already undergone deterioration
of the spatial memory ability. No significant differences
appeared on the escape rate at session 3 when over 80% mice
could find the platform. However, EPT could notably shorten
the escape latency and raise the escape rate of the aged mice.
Significant differences were observed in the EPT (200 and
100mg/kg) treated groups as compared with the aged control
group (𝑃 < 0.05 or 𝑃 < 0.01). Similarly, the treatment
with galantamine (3mg/kg), a positive agent, showed little
influence on the escape latency and escape rate. However,
there were no significant differences on swimming speed in
the whole training trials among all the groups (Figure 3(c)).

3.2.2. Probe Trials. As shown in Figure 4(b), the crossing
numbers were significantly lower in the aged control mice
than those in the normal control mice (𝑃 < 0.01).
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Figure 2: Effect of EPT on locomotive activities of mice. Data
represent the mean ± S.E.M, 𝑛 = 8–10 in each group. Gal represents
galantamine 3mg/kg group. The total distance traveled by mice
was measured after repeated administrations of EPT (50, 100, and
200mg/kg) for 4 weeks. ∗𝑃 < 0.05 compared with the aged control
group.

By contrast, EPT (100 and 200mg/kg) and galantamine
(3mg/kg) increased the crossing numbers markedly (𝑃 <
0.05). Additionally, the shorter swimming time in the target
quadrant in the aged mice was significantly reversed by EPT
(100 and 200mg/kg). (Figure 4(a), 𝑃 < 0.05). A similar result
was also observed for the swimming distance in the target
quadrant (Figure 4(c), 𝑃 < 0.05). Meanwhile, the swimming
speed of all mice showed no differences in the probe trials
(Figure 4(d)).

3.2.3. Memory Retention Test. As shown in Figure 4(e), 15-
month mice had much longer escape latency than 3-month
mice in all the memory retention tests (𝑃 < 0.01 in session
1 and 𝑃 < 0.05 in sessions 2 and 3, resp.). By contrast,
the aged mice treated with different concentrations of EPT
obviously cut down the escape latency as compared with the
aged control mice. This indicated that EPT could promote
memory retention ability of the aged mice to certain extent,
and the significant differences were observed as shown in
Figure 4(e) (𝑃 < 0.05 or 𝑃 < 0.01).

3.3. Effect of EPT on the Aged Mice in Step-Down Task. In
the acquisition trials, the aged control mice revealed marked
differences for the latency (Figure 5(c)), the time spent in the
safe zone, and on the electric grid (Figures 5(b) and 5(a)) as
compared with the normal control mice (𝑃 < 0.05 or 𝑃 <
0.01). By contrast, EPT (100 and 200mg/kg) and galantamine
(3mg/kg) could shorten the latency and the time spent on the
electric grid and increase the time spent in the safety zone
significantly (𝑃 < 0.01 or 𝑃 < 0.05).

In the consolidation trials, the aged mice had longer time
on the electric grid than the normal control mice (𝑃 <
0.01). By contrast, EPT (100 and 200mg/kg) and galantamine
(3mg/kg) could decrease the time on the electric grid of the
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Figure 3: Effect of EPT on the acquisition phase inMWMtests of the agedmice. Training trials were carried out on day 2 to day 7 of behavioral
tests, (a) escape latency, (b) escape rate, and (c) swimming speed. Gal 3mg/kg represents galantamine 3mg/kg group. Values represent mean
± S.E.M (𝑛 = 8–10 in each group). #

𝑃 < 0.05 compared with the normal group; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with the aged control
group.

agedmice obviously as comparedwith that of the aged control
mice (𝑃 < 0.01 or 𝑃 < 0.05) (Figure 5(e)). However, no
significant differences were observed in all groups on the time
in safety zone (Figure 5(d)).

In the retrial tests, the aged control mice still displayed
significant differences for the latency, the time spent in the
safety zone, and the time spent on the electric grid as com-
pared with the normal control mice. But by treatment with
EPT and galantamine, learning and memory performances
were manifestly improved, except low EPT group (50mg/kg)
(𝑃 < 0.01 or 𝑃 < 0.05) (Figures 5(f)–5(h)).

3.4. Effect of EPT onMDA Levels and CAT and SOD Activities
in the Brain Tissue of Mice. As shown in Figure 6(a), the
MDA levels in the aged control mice were higher than
those in the normal control mice (𝑃 < 0.01). Galantamine
(3mg/kg) and EPT (100 and 200mg/kg) decreased the MDA
levels significantly as compared with the aged control mice

(𝑃 < 0.05). EPT (50mg/kg) had the same tendency without
statistical difference. As can been seen in Figures 6(b) and
6(c), both CAT and SOD activities of brain tissue in the aged
control mice decreased significantly as compared with the
normal control mice (𝑃 < 0.05). However, mice treated with
EPT (200mg/kg) and galantamine (3mg/kg) showed high
CAT and SOD activities as compared with the aged control
mice (𝑃 < 0.05 or 𝑃 < 0.01). There was a slight increase of
both SOD and CAT activities in EPT (50, 100mg/kg) groups,
but no significant differences were observed compared with
the aged control group except the group of EPT (100mg/kg)
for SOD activity (𝑃 < 0.05).

3.5. Effect of EPT on MAO and AChE Activities in the Brain
Tissue of Mice. As could be seen in Figures 7(a) and 7(b),
the aged mice showed significant differences in MAO and
AChE activities as compared with the normal control mice
(𝑃 < 0.05). On the contrary, treated with EPT (100 and
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Figure 4: Effect of EPT on the probe and memory retention in MWM tests of the aged mice. The probe trial was performed 24 h after the
acquisition test, (a) swimming time in target quadrant, (b) crossing numbers, (c) swimming distance in target quadrant, (d) swimming speed,
and (e) escape latency on memory retention test. Gal 3mg/kg represents galantamine 3mg/kg group. Values represent mean ± S.E.M (𝑛 =
8–10 in each group). #

𝑃 < 0.05 and ##
𝑃 < 0.01 compared with the normal control group; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with the aged

control group.
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Figure 5: Effect of EPT on memory deficits of the aged mice in the step-down passive avoidance test. Figures 5(a)–5(c), 5(d) and 5(e), and
5(f)–5(h) represent the tests of acquisition, consolidation, and retrial, respectively. Figures 5(a), 5(e), and 5(f) show the time spent on electric
grid; Figures 5(c) and 5(h) show latency; and Figures 5(b), 5(d), and 5(g) show the time spent in safety zone. Values represent mean ± S.E.M
(𝑛 = 8–10 in each group). Gal 3mg/kg represents galantamine 3mg/kg group. #

𝑃 < 0.05 and ##
𝑃 < 0.01, versus the normal control group;

∗

𝑃 < 0.05 and ∗∗𝑃 < 0.01, versus the aged control group.

200mg/kg) and galantamine (3mg/kg), the activities ofMAO
and AChE could markedly decrease (𝑃 < 0.05 or 𝑃 < 0.01).

4. Discussion

Learning andmemory abilities are important functions of the
brain in humans and rodents. Aging in humans is associated
with deterioration of cognitive performance, particularly,
learning and memory abilities [18]. Aging animals have
traditionally been used as a model of memory impairments
[19]. Behavioral tests are one of the most reliable methods
to investigate learning and memory abilities of animals.
Generally, the animal’s behavioral changes are detected by
using Morris water maze and step-down and step-through
tests [20–22]. The extract of Polygala tenuifolia (EPT) has
been used as memory enhancer in Asia for thousands of
years. Various animal models have demonstrated that EPT
could improve brain functions [5–9]. In the present study, the

memory-enhancing effects of EPT on the normal aged mice
have been investigated by using Morris water maze and step-
down passive avoidance tests.

Morris watermaze is generally accepted as an indicator of
spatial learning and reference memory. In the present study,
spatial learning was assessed by repeated trials and evaluated
by escape latency and escape rate; reference memory was
determined by the preference of the platform area when
the platform was absent and recorded by crossing numbers,
swimming time, and swimming distance in the target quad-
rant; memory retention was measured by escape latency.
In acquisition phase, different indexes revealed different
sensitivities to evaluating learning and memory functions.
When using the escape latency as an index, the learning
and memory deterioration in aged control group appeared
obviously different from the normal control group in all 3
sessions, but it could be counteracted partly by EPT (100 and
200mg/kg) in session 2 and session 3 (Figure 3(a)). When
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Figure 6: Effect of EPT on the changes of MDA levels and CAT and SOD activities in mice brain tissue. (a) MDA levels, (b) CAT activity,
and (c) SOD activity. Values represent the mean ± S.E.M (𝑛 = 8–10 in each group). Gal represents galantamine 3mg/kg group. #

𝑃 < 0.05 and
##
𝑃 < 0.01, versus the normal control group; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01, versus the aged control group.

using the escape rate as an index, EPT showed strong improv-
ing effects in all 3 sessions, but there was almost no difference
among all groups in session 3 (Figure 3(b)). During the probe
trials, EPT (100 and 200mg/kg) significantly increased the
swimming time and distance in the target quadrant (Figures
4(a) and 4(c)). This effect was not due to a different motor
activity, for the mean swimming speed was not significantly
different among all groups (Figure 4(d)). Moreover, the aged
control group and EPT-treated groups showed comparable
locomotor activity and emotional reactivity in the open-field
test, which can also suggest that the amelioration of learning
andmemory in agedmice was not provoked by sensorimotor
effects. In memory retention test, treatment with different
concentrations of EPT on the aged mice obviously cut down
the escape latency as compared with the aged control mice
(Figure 4(e)).

Step-down passive avoidance task, which is a test of
fear motivated inhibitory avoidance indicating nonspatial

learning and memory [23], was performed to confirm the
effects of EPT on another type of learning andmemory ability
of the aged mice. The results demonstrated that EPT could
improve the memory impairment of the aged mice (Figure 5)
and further proved the therapeutic effects of EPT. Moreover,
latency, the time spent on the electric grid, and the time spent
on the safety zone presented mutual support in acquisition
and retrial trials. However, in consolidation trial, the time
spent in the safety zone showedno obvious differences among
all groups (Figure 5(d)), which might be related to the short-
term memory because the consolidation test was carried out
just 24 h after training trial. Taken together, EPT (100 and
200mg/kg) improved the memory performances of the aged
mice with multiple data in MWM and step-down tests.

It is well known that learning and memory deficits are
accompanied by aging. The exact mechanisms responsible
for the memory impairments with aging are still unclear,
but evidence has accumulated that oxidative stress plays an
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Figure 7: Effect of EPT on the changes of MAO (a) and AChE (b) activities in mice. Each value represents the mean ± S.E.M (𝑛 = 8–10 in
each group). Gal represents galantamine 3mg/kg group. #

𝑃 < 0.05, versus the normal control group; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01, versus the
aged control group.

important role [24–26]. Oxidative stress occurs when pro-
oxidant and antioxidant levels become imbalanced. With
aging, there is an increased production of reactive oxy-
gen species (ROS) and diminished endogenous antioxidant
enzyme levels, leading to an increased oxidizing cellular
environment. Both SOD and CAT are the main endogenous
antioxidant enzymes, playing an important role in the intra-
cellular antioxidant defense in the brain. MDA, an important
lipid peroxidation product, can be taken as an indicator for
the state of oxidative damage of membranes under condition
of oxidative stress. Two antioxidant markers SOD and CAT
along with one oxidative stress marker MDA were measured
in the current study. The results showed that the increasing
MDA content and the decreasing activities of SOD and CAT
in the aged mice could be partly reversed by EPT (100,
200mg/kg) (Figure 6). These findings demonstrated that the
memory enhancing effects of EPT on the aged mice may be
via antioxidant system.

Aging is often accompanied by some alterations in
the neurotransmitter systems such as acetylcholine and
monoamine transmitters [27, 28]. And the transmission
of these neurotransmitters in the brain has been long
considered an important modulator of synaptic plasticity,
memory consolidation, and other cognitive processes [29,
30]. Under normal condition, the metabolic controls, which
are responsible for maintaining the levels of ACh and
monoamine transmitters, are catalyzed by AChE and MAO,
respectively [31, 32]. Our experimental data suggest that
the EPT-mediated enhancement in spatial and non-spatial
learning and memory abilities could be, at least partially,
due to the decreasing activity of AChE and MAO in aged
control mice (Figure 7), which were consistent with multiple
behavioral tendencies.

In summary, administration of EPT not only ameliorated
learning and memory deficits in the aged mice, but also
generated antioxidant effect via the endogenous enzymatic
system. Our results supported the fact that EPT possesses

memory-enhancing effects in healthy [33] and elderly vol-
unteers [34]. Although the mechanisms for the memory
enhancing effects of EPT are still unclear, evidence is asso-
ciated with complicated changes of neural network system
and antiaging effects. Potential mechanismswhichmake EPT
an effective agent for treating learning and memory disor-
ders might be partially related to improved antioxidation
and reduced activities of AChE and MAO. By combining
analytical chemistry and chemogenomics [35] in the future,
we aim to identify the memory-enhancing phytochemicals
within EPT and elucidate their molecular mechanisms.
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The objective of our studywas to perform an updatedmeta-analysis of placebo-controlled RCTs ofHuperzineA (HupA) on patients
with Alzheimer’s disease (AD) and vascular dementia (VD), in order to provide the basis and reference for clinical rational drug
use.The primary outcomemeasures assessed wereminimental state examination (MMSE) and activities of daily living scale (ADL).
Eight AD trials with 733 participants and two VD trials with 92 participants that met our inclusion criteria were identified. The
results showed that Hup A could significantly improve the MMSE and ADL score of AD and VD patients, and longer durations
would result in better efficacy for the patients with AD. It seemed that there was significant improvement of cognitive function
measured by memory quotient (MQ) in patients with AD. Most adverse effects in AD were generally of mild to moderate severity
and transient. Compared to the patients with AD, Hup A may offer fewer side effects for participants with VD in this study.
Therefore, Hup A is a well-tolerated drug that could significantly improve cognitive performance in patients with AD or VD, but
we need to use it with caution in the clinical treatment.

1. Introduction

Global population aging has been increasingly evident
throughout recent decades, and dementia will become a
worldwide problem. Alzheimer’s disease (AD) and vascular
dementia (VD) are the principal causes of dementia in late
life, affecting approximately 10% of people aged at least 65
years worldwide [1]. AD is a devastating, widely distributed,
and age-related neurodegenerative disorder and presenting
with impaired memory accompanied by a decline in living
skills as the main symptom. Currently, the leading approach
to symptomatic therapy of AD is based on cholinergic
enhancement strategies. Augmentation of cholinergic neuro-
transmission with the use of cholinesterase inhibitors (ChE-
Is) produces a modest improvement in cognitive function for
some patients [2, 3]. VD is a type of dementia caused by a
variety of cerebral vascular diseases such as cerebral hemor-
rhage, cerebral infarction, and subarachnoid hemorrhage [4].
More interestingly, cholinergic agents, includingChE-Is, have
shown considerable benefits in VD therapy [5]. Therefore,

ChE-Is are the standard drugs for treatment of patients with
AD and VD.

Huperzine A (Hup A), a new alkaloid and highly
reversible ChE-I, is isolated from Huperzia serrata. It selec-
tively inhibits acetylcholinesterase activity and thus facilitates
the increase in acetylcholine levels in the brain thereby
improving cognitive function in patients with dementia. Hup
A was first approved for the treatment of AD in China in
1994. Some studies have shown thatHupA induces significant
improvement in the memory of elderly people and patients
with AD or VD [6–8]. Furthermore, both animal and human
safety evaluations have demonstrated that Hup A is devoid of
unexpected toxicity [9]. When compared with galantamine,
donepezil, tacrine, and so forth, it has longer duration of
action, better penetration of the blood-brain barrier, higher
oral bioavailability, fewer adverse reactions, and many other
advantages [10].

Although many clinical trials have claimed that Hup A
appears to offer benefits for some patients with AD or VD
without severe adverse effects, a report stated that there
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was inconclusive evidence showing Hup A to be beneficial
for AD or VD [11]. Another review of Hup A for AD
[12] concluded that although available trials indicated some
benefits from Hup A, the trials were generally small and
of limited quality. In addition, only a few are randomized
controlled clinical trials with different treatment durations
and assessment outcomes. Four recent [1, 13–15] systematic
reviews had presented beneficial effect of Hup A on AD or
VDpatients, but some of them includedChinese articles only,
and other studies discussed separately AD or VD. Therefore,
the purpose of our study was to perform an updated meta-
analysis of placebo-controlled RCTs of Hup A in patients
with AD and VD, including clinical trials without language
limitation, in order to provide the basis and reference for
clinical rational drug use.

2. Methods

2.1. Search Strategy. English-language electronic searches
were performed using Cochrane Library (Jan 1980–May
2013), Medline (Jan 1980–May 2013), and EMBASE (Jan
1980–May 2013) by two authors (Xing and Zhu) indepen-
dently. At the same time, Chinese-language literatures were
searched in the Chinese Biomedical Literature Database,
China National Knowledge Infrastructure (Jan 1980–May
2013), andWanfang database (Jan 1980–May 2013). Keywords
were “Huperzine A” (or its trademark names in China such
as Ha Bo Yin, Shuang Yi Ping) and “Alzheimer’s disease” or
“vascular dementia” and the limits were RCTs and human.
Recent published reports of clinical trials and review articles
identified for inclusion in the meta-analysis were examined
to identify additional potentially relevant studies. The inves-
tigators (Xing and Zhu) using the Jadad scale extracted the
data from the studies meeting the selection criteria.

2.2. Inclusion Criteria

2.2.1. AD. Inclusion criteria were as follows: (1) presented
original data from a randomized placebo-controlled study;
(2) participants withADandwithout current diagnosis of any
other psychiatric or neurological disorder, aged older than 50
years (all of them were diagnosed on the basis of standard-
ized criteria of Diagnostic and Statistical Manual of Mental
Disorders (DSM) III, III-R, and IV or the National Institute
of Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association Cri-
teria (NIDCDS/ADRDA) [16]); (3) outcome measures of
cognitive performance MMSE and ADL in AD patients;
(4) having a minimum treatment duration of 6 months, a
minimum number of participants of five per group, and the
availability of a full-text publication.

2.2.2. VD. Inclusion criteria were as follows: (1) presented
original data from a randomized placebo-controlled study;
(2) participants with VD and without current diagnosis of
any other psychiatric or neurological disorder (all of patients
were diagnosed on the basis of standardized criteria of DSM

IV and IV-R or National Institute of Neurological and Com-
municative Disorders and Stroke and Association Interna-
tionale pour la Recherche et L’Enseignement enNeuroscience
(NINCD/AIREN) [17]; (3) MMSE and ADL performed to
detect the cognitive performance of participants; (4) evidence
of cerebrovascular disease in brain imaging (CT or MRI);
(5) having a minimum treatment duration of 12 weeks, a
minimum number of participants of five per group, and the
availability of a full-text publication.

2.3. Exclusion Criteria. Enclusion criteria were as follows: (1)
AD or VD trials with fewer than 10 participants in each arm;
(2) patients with specific types of non-Alzheimer’s dementia
(non-AD) or nonvascular dementia (non-VD), such as Lewy-
body dementia or dementia due to Parkinson’s disease.

2.4. Data Extraction. Two independent investigators (Xing
and Zhu) extracted data from the collected reports, and
disagreements were resolved by discussion with another
investigator. The following data were documented from each
trial: trial name, publication year, number of participants,
sample size, diagnosis criteria, primary variable, and treat-
ment regimen. The primary analysis was to compare Hup
A versus placebo based on MMSE and ADL assessment. All
the endpoints outcome data in each trial were chosen for the
meta-analysis.

2.5. Statistical Analysis Methods. Statistical analysis was per-
formed by RevMan 5.0 software [18]. Mean difference in
the changes of mean score from baseline between Hup
A group and placebo group was used to evaluate Hup A
curative effects. Test of heterogeneity was assessed using
the 𝐼2 test, with 𝐼2 quantifying the proportion of the total
outcome variability attributable to variability among the
trials. 𝐼2 of at least 50%were taken as indicators of substantial
heterogeneity of outcomes. Homogenous data was calculated
using the fixed-effect model, and random-effect model was
employed when there was statistically significant heterogene-
ity. Considering that heterogeneity in treatments could be
related to the duration of trial, thus subgroup analysis was
used to explore possible sources of heterogeneity. Sensitivity
analysis was performed by excluding the trials which poten-
tially biased the results, and the stability of outcome was
tested by sensitivity analysis when necessary. Adverse effects
were tabulated and assessed with descriptive techniques. The
possible publication bias was assessed by visual asymmetry
of a funnel plot and the fail-safe N

0.05
(Nfs
0.05
). Nfs

0.05
=

𝐾(𝑍
2
− 1.645

2
)/1.645

2. Statistical data was expressed as 95%
confidence interval and with 𝑃 < 0.05 for the difference was
statistically significant.

3. Results

3.1. Literature Search

3.1.1. AD. The search strategy identified forty-two potential
studies from the databases (Figure 1(a)). Twenty-nine of
these articles were excluded according to our inclusion
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42 records identified through database searches

13 relevant articles for detailed review

8 articles included in quantitative meta-analysis

29 articles excluded

5 articles excluded

(1) Diagnose criteria uncertain 

(2) Included non-AD dementia 

(3) The methods of intervention did  

not meet the inclusion criteria

(a)

32 records identified through database searches

14 relevant articles for detailed review

2 articles included in quantitative meta-analysis

18 articles excluded 

12 articles excluded

(1) Did not have VD

(2) No (placebo) comparator was used 

(3) Lack of compatibility with any other 
study

(b)

Figure 1: Flow diagram of the study selecting process for AD (a) and VD (b).

criteria because they were clearly irrelevant to the objec-
tives of our meta-analysis. One trial [19] was excluded
because the AD patients were not diagnosed with AD
by DSM or NINCDS/ADRDA criteria. Two trails [20, 21]
were also excluded for including non-AD dementia. Two
positive controlled clinical trials [6, 22] were excluded
because the types of intervention did not meet the inclusion
criteria. Finally, eight trials were included in the meta-
analysis based on our inclusion criteria. A total of 733
participants were included in the eight studies, with 360
in the Hup A group and 373 in the control group. The
number of patients in the individual studies ranged from
28 to 197, and the durations of trial ranged from 8 to 24
weeks.

3.1.2. VD. Thirty-two potential studies were identified which
met the search strategy (Figure 1(b)). Eighteen of these
articles were excluded according to our inclusion criteria
because they were clearly irrelevant to the objectives of
our meta-analysis. In addition, the following trials were
excluded: in four trails [23–26], the participants did not
have VD; seven studies [27–33] were open-label; that is, no
(placebo) comparator was used; one study [34] with data
could not be included in the meta-analysis because of a lack
of compatibility with any other study. At last, two trials were
included in the meta-analysis based on our inclusion criteria.
A total of 92 participants were included in the two studies,
with 46 in the Hup A group and 46 in the control group.
The number of patients in the individual studies ranged from
14 to 78, and the durations of trial ranged from 12 to 24
weeks.

3.2. Study Quality Assessment and Treatment Regimen

3.2.1. AD. The Jadad quality scale was used for method-
ological quality assessment of each trial and a total score
was computed by summing the scores of all criteria (range:
0–5). Four studies had a Jadad quality score greater than
4 and the median score was 3.75. All selected trials were
randomized. Three trials were single-blind [35–37], and the
other five trials [38–42] were double-blind. Two trials [36, 39]
reported the explanation of withdrawing patients and only
one trial [39] used the full analysis set based on the intent-to-
treat principle.The description of the trial characteristics and
demographics of the participants in the studies were shown
in Table 1.

Patients in the Hup A group received Hup A tablets orally
for 8–24 consecutive weeks. At the same time, blank tablets
were supplied to the patients in the control group, except
those in the study [36] who received Salvia miltiorrhiza
tablets. In one trial [39], all participants received vitamin E
(100mg/day) as routine treatment.

3.2.2. VD. The Jadad quality scale was used for methodolog-
ical quality assessment of each trial and a total score was
computed by summing the scores of all criteria (range: 0–
5). Both of the two studies had a Jadad quality score greater
than 3 and the median score was 3.5. All selected trials were
randomized.One trial [43] was single-blind, and the other [4]
was double-blind. The description of the trial characteristics
and demographics of the participants in the studies were also
showed in Table 1.

Patients in the treatment group were treated orally with
Hup A. Patients received Hup A tablets or placebo orally for
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Figure 2: Forest plot with the weighted mean difference (WMD) on minimental state examination (MMSE) of Hup A relative to placebo in
AD with 95% CI of the trials included in meta-analysis.

12–24 consecutive weeks. At the same time, blank tablets were
supplied to the patients in the control group. In one trial [4],
patients in control were treated orally with 100mg of vitamin
C bid.

3.3. Meta-Analysis

3.3.1. AD. Figure 2 showed the comparison of change of
MMSE scores between Hup A and placebo groups. There
was a significant amount of heterogeneity (𝐼2 = 87%, 𝑃 <
0.00001); thus random-effect model was used to estimate
the pooled effect size. There was a beneficial effect of Hup
A in the improvement of general cognitive function for AD
(WMD: 2.79, 95% CI, 1.83∼ 3.74, 𝑃 < 0.00001). To further
explore heterogeneity, we performed subgroup analysis by
treatment duration (6 weeks, 8 weeks, 12 weeks, and 16
weeks). It was shown that Hup A was superior to placebo
in the improvement of MMSE at 6 weeks (WMD: 1.56;
95% CI, 0.68∼ 2.44, 𝑃 = 0.0005), 8 weeks (WMD: 1.95;
95% CI, 1.01∼ 2.89, 𝑃 < 0.0001), 12 weeks (WMD: 1.96;
95% CI, 0.66∼ 3.25, 𝑃 = 0.003), and 16 weeks (WMD:
2.79; 95% CI, 1.05∼ 4.54, 𝑃 = 0.002). Interestingly, the
pooled effect increased gradually with the prolongation of
the treatment duration. When taking the sensitivity analysis,
we found an article [41] that interferes the overall result very
much and has heterogeneity to other studies. But when we
removed this study, the heterogeneity still did not disappear
and the result did not change obviously (data not shown).
When omitting one study in each turn, we found that the
pooled effect ranges from 2.46 to 2.92 and the 𝐼2 value
ranges from 82% to 89%. The data above has indicated that
the main result was robustness. A funnel plot revealed a
significantly less asymmetrical distribution of studies for
MMSE (Figure 4(a)), and the Nfs

0.05
was 11. These results

showed that the possibility of publication bias was large.
Figure 3 showed the mean difference in the changes of

ADL score frombaseline betweenHupA and placebo groups.
The pooled effect size was −4.84 (95% CI, −7.27∼ −2.42, 𝑃 <
0.0001). A negative value indicated an improvement in

condition. The random effect model was used because of a
significant amount of heterogeneity (𝐼2 = 89% 𝑃 < 0.00001).
Thedifference of durations (6weeks, 8weeks, 12weeks, and 16
weeks) in the treatment regimens best explains the high het-
erogeneity among the studies.Therefore, we stratified trials in
4 subgroups according to the duration of treatment regimens.
The results of our study indicated that Hup A was superior to
placebo in the improvement ofADL at 6weeks (WMD:−2.36;
95% CI, −3.68∼ −1.04, 𝑃 = 0.0005), 8 weeks (WMD: −4.82;
95%CI, −6.43∼ −3.21, 𝑃 < 0.00001), 12 weeks (WMD: −5.50;
95% CI, −12.53∼1.54, 𝑃 = 0.13), and 16 weeks (WMD: −6.60;
95% CI, −8.38∼ −4.82, 𝑃 < 0.00001). Although there was
no significantly statistical difference between two groups at
12 weeks (𝑃 = 0.13), generally, it showed that longer duration
would result in better efficacy. When taking the sensitivity
analysis, we found an article [40] that interferes the overall
result very much and has heterogeneity to other studies.
When we removed this study, the heterogeneity decreased
and the result changed greatly (the pooled effect was −5.68),
so the study was notable and distinctive. Then a single study
involved in the meta-analysis was deleted each time to reflect
the influence of the individual data set on the pooled effects,
and the corresponding pooled effects were not materially
altered (data not shown). Visual inspection of the funnel plot
(Figure 4(b)) and the Nfs

0.05
(Nfs
0.05
= 37) showed that

evidence of publication bias existed in these studies, but the
publication bias was not large.

Weighted mean difference on Hasegawa dementia scale
(HDS) of Hup A relative to placebo in AD was shown
in Table 2. The pooled effect size was 2.80 (95% CI,
1.12∼ 4.49, 𝑃 = 0.001) indicating a beneficial effect of
Hup A. The significant amount of heterogeneity (𝐼2 = 83%,
𝑃 = 0.0007) also existed, so the random effect model was
used. Interestingly, when we removed the study [41], the
heterogeneity decreased but the result changed slightly (data
not shown). With all four included studies, no funnel plot
asymmetry was found, and the Nfs

0.05
was 12, indicating that

the result was less affected by publication bias. Table 2 showed
AD assessment scale-cognitive subscale (ADAS-Cog) of Hup
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Table 2: Other results of meta-analysis for the efficacy of Hup A for AD or VD patients.

Parameters 𝑁 Sample size (H/P) Heterogeneity Pooled effect 𝑍 Test
AD

HDS 4 116/123 𝜒
2 = 17.17, 𝑃 = 0.0007, 𝐼2 = 83% 2.80 [1.12, 4.49] 𝑍 = 3.26, 𝑃 = 0.001

ADAS-Cog 2 157/160 𝜒
2 = 5.58, 𝑃 = 0.02, 𝐼2 = 82% −3.01 [−8.24, 2.22] 𝑍 = 1.13, 𝑃 = 0.26

MQ 4 116/123 𝜒
2 = 3.03, 𝑃 = 0.39, 𝐼2 = 1% 7.44 [4.70, 10.19] 𝑍 = 5.31, 𝑃 < 0.00001

VD
MMSE 2 46/46 𝜒

2 = 2.69, 𝑃 = 0.10, 𝐼2 = 63% 4.92 [1.80, 8.04] 𝑍 = 3.09, 𝑃 = 0.002
ADL 2 46/46 𝜒

2 = 5.21, 𝑃 = 0.02, 𝐼2 = 81% −10.24 [−16.66, −3.83] 𝑍 = 3.13, 𝑃 = 0.002
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Figure 3: Forest plot with the weighted mean difference (WMD) on daily living scale (ADL) of Hup A relative to placebo in AD with 95% CI
of the trials included in meta-analysis.
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Figure 4: Funnel plot of comparison for AD: Hup A versus placebo; outcome: MMSE (a) and ADL (b).

A relative to placebo in AD. Since heterogeneities existed
between these studies (𝐼2 = 82%, 𝑃 = 0.02), the random
effect model was used. The two trials pooled effect size was
−3.01 (95% CI, −8.24∼ −2.22, 𝑃 = 0.26), suggesting no
significant difference between two groups. A funnel plot
asymmetry was found (data not shown). Compared to the
number of selected literatures, the publication bias existed
(Nfs
0.05
= −1). Table 2 showed the comparison of change of

memory quotient (MQ) scores between Hup A and placebo
groups. Significant evidence of heterogeneity between trials
was not observed (𝐼2 = 1%, 𝑃 = 0.39); thus a fixed-effects
model provided the same overall effect. And there was a sta-
tistical superiority for Hup A compared to placebo (WMD =
7.44, 95% CI: 4.70∼ 10.19, 𝑃 < 0.00001). The results of this
meta-analysis indicated that administration of Hup A leads
to a significant improvement in MQ of patients with AD.
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A funnel plot analysis was symmetrical on thewhole (data not
shown) and the Nfs

0.05
was 38, demonstrating no significant

publication bias.

3.3.2. VD. There was an improvement of 4.92 points (95%
CI: 1.80∼ 8.04, 𝑃 = 0.002) in the MMSE for the Hup A
group compared to the placebo group (Table 2). However,
heterogeneity was substantial (𝐼2 = 63%, 𝑃 = 0.10), so the
random-effect model was used to estimate the pooled effect
size. There were statistically significant differences in ADL
change scores between Hup A and placebo, with WMD =
−10.24 (95% CI: −16.66∼ −3.83, 𝑃 = 0.002) (Table 2). Again,
heterogeneity was substantial (𝐼2 = 81%, 𝑃 = 0.02), so the
random-effect model was also used to estimate the pooled
effect size. An examination of the funnel plot for our data
suggests strong evidence of publication bias for MMSE and
ADL in the meta-analysis (data not shown). Analogously,
the Nfs

0.05
both of them were 5, so more large-sample, high-

quality randomized studies are needed.

3.4. Safety and Tolerability—Incidence of Adverse Events

3.4.1. AD. Figure 5 showed the number of cases with side
effects in Hup A group versus placebo group. Significant evi-
dence of heterogeneity between trials was not observed (𝐼2 =
0%, 𝑃 = 0.57), so the fixed-effects model was used to provide
the pooled effect.There was no significant difference between
two groups (RR = 1.27, 95% CI: 0.97∼ 1.66, 𝑃 > 0.05). Of
those adverse effects, some mild peripheral cholinergic side
effects, such as drymouth, mild bellyache, and diarrhea, were
more likely to occur in the Hup A group than in the placebo
group (Table 3). No adverse effects on vital signs, blood test
results, or electrocardiogram results were observed. But it
was shown that there was significant difference in nausea or
vomiting between two groups (OR 3.20, 95% CI: 1.15∼ 8.90
𝑃 < 0.05).

3.4.2. VD. Themost frequently observed adverse effects were
gastrointestinal upset or constipation with no significant
difference between two groups. Only one patient in the Hup
A group experiencedmild nausea and dizziness.These symp-
toms resolved by themselves and did not affect continuation
of the treatment.

4. Discussion

4.1. AD. Studies on dementia treatment thus far have yielded
findings that suggest modest benefits using ChE-I in patients
with AD based on the effect sizes. The results from our
meta-analysis of eight randomized controlled trials showed
that Hup A could significantly improve the MMSE and ADL
score of AD patients. Although the study [39] might be a
confounded study, it is reported that there was no evidence
of the efficacy of vitamin E for people suffering from AD
and mild cognitive impairment [44]. Besides, in a trial [36],
participants in the control received Salviamiltiorrhiza tablets,
but there is no convincing evidence regarding its positive
efficacy. Therefore, it was considered as a placebo in our

analysis. The significant amount of heterogeneity existed
among the studies. There were some obvious differences
among the eight studies, such as the severity of AD and
mean MMSE scores before treatment and publication year,
as well as the duration of Hup A and mean age, all of which
might contribute to heterogeneity among the trials. From the
information available, we performed prespecified subgroup
analyses comparing patients with different durations for
each outcome. The treatment difference of both MMSE and
ADL on treatment duration showed that longer duration
would result in better efficacy. ForMMSE, sensitivity analysis
by omitting individual studies supported that the overall
result was robustness. Through the sensitivity analysis for
ADL, however, we found a trial [40] which was different
from others, since this study was conducted in USA and
the possible influence factors may include experimental
method, gene polymorphism, different races, and so forth.
For the two outcome mentioned above, the publication bias
was unavoidable if the related study cannot be collected
as required. It was possible to increase more large-sample,
high-quality randomized studies to assess the bias. In our
opinion, although the English trial was distinctive, we can still
consider that the treatment effect improved gradually with
the prolongation of the treatment duration.

In addition, it seemed that there was significant improve-
ment of cognitive functionmeasured byMQ.Themain result
was reliable and showed robustness. In the other study by Sun
et al. [45], the MQ scores between the placebo and Hup A
groups were statistically significant too. Moreover, the results
showed that there was significant improvement of cognitive
function measured by HDS. But the significant amount of
heterogeneity existed in HDS. One trial [41] was across the
midline in the Forest plot. The sensitivity analysis on the
comparison of HDS score changes showed that the influence
of the quality of the RCTs could reverse the results. Larger
high-quality trials would be needed to detect effects with any
reliability. Results showed that ADAS-Cog as an outcome
measure did not reach statistical significance. In this study,
ADAS-cog acted as an outcome measure only in 2 trials, and
there was significant difference between them.The result was
due to the limited amount of data of the included studies.
Thus, more evidence is needed to reach reliable conclusion.

Currently, there is insufficient data available to determine
the toxicity of Hup A in humans, although only mild to
moderate cholinergic side effects have been reported at
therapeutic doses [46].HupAwas shown to bewell-tolerated;
however, the results of our meta-analysis showed that there
was significant difference in nausea or vomiting between
two groups. Most adverse effects were related to cholinergic
activity of this class of drug, but most of them were generally
of mild to moderate severity and transient. In a word, Hup A
was a well-tolerated drug for AD, but we need to use it with
caution in the clinical treatment.

4.2. VD. In thewhole trial population, statistically significant
treatment effects in favor of Hup A were compared with
placebo in cognition. We observed that the MMSE and ADL
scores of patients with VD significantly improved after 12
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Table 3: Incidence of adverse events for AD.

Adverse event
Number of subjects (pooled occurrence)

Odd ratio (fixed)
95% CIHuperzine A

(𝑛 = 360)
Placebo
(𝑛 = 373)

Agitation 3 (0.83) 3 (0.80) 1.04 [0.21, 5.17]
Ankles edema 1 (0.28) 0 (0.00) 3.12 [0.13, 76.76]
Anorexia 12 (3.33) 6 (1.60) 2.11 [0.78, 5.68]
Bradycardia 0 (0.00) 1 (0.27) 0.34 [0.01, 8.48]
Constipation 4 (1.11) 0 (0.00) 9.43 [0.51, 175.77]
Diarrhea 5 (1.39) 2 (0.54) 2.61 [0.50, 13.55]
Dizziness 9 (2.5) 12 (3.21) 0.77 [0.32, 1.85]
Dry mouth 4 (1.11) 0 (0.00) 9.43 [0.51, 175.77]
Diaphoresis 4 (1.11) 0 (0.00) 9.43 [0.51, 175.77]
Dimness of vision 0 (0.00) 1 (0.27) 0.34 [0.01, 8.48]
Festinating gait 0 (0.00) 1 (0.27) 0.34 [0.01, 8.48]
Headache 2 (0.56) 4 (1.07) 0.52 [0.09, 2.83]
Hyperactivity 5 (1.39) 3 (0.80) 1.74 [0.41, 7.32]
Hypopraxia 0 (0.00) 1 (0.27) 0.34 [0.01, 8.48]
Hypersomnia 4 (1.11) 0 (0.00) 9.43 [0.51, 175.77]
Indigestion 5 (1.39) 2 (0.54) 2.61 [0.50, 13.55]
Insomnia 6 (1.67) 6 (1.60) 1.04 [0.33, 3.24]
Mild bellyache 6 (1.67) 0 (0.00) 13.70 [0.77, 244.02]
Nasal obstruction 4 (1.11) 4 (1.07) 1.04 [0.26, 4.18]
Nausea or vomiting 15 (4.16) 5 (1.34) 3.20 [1.15, 8.90]

Total (95% CI) 360 373 100.0%

10.10.01 10 100

Favours
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Figure 5: Number of cases with side effects in Hup A group versus placebo group for AD.

weeks of treatment with Hup A. But our results need to
be explained with caution because of the study of Xu et al.
[4] using vitaminC as placebo. It is reported that VitaminC is
probably beneficial for VD [47]. Our sample size was so small
that the results are uncertain and not showed robustness.
Since it was unclear whether most trials had used positive
drugs as control, compared with others trials, we had to select
the two more suitable trials. In two trials, the confidence
interval for the treatment effect estimate was wide, and it

included both clinically significant benefits and clinically
significant harms. In addition, our analysis included only
two trials with 92 participants, and one of them was single-
blinded, so more high-quality, large sample, randomized
placebo-controlled studies are needed to determine whether
there is worthwhile effect for VD. The insufficient num-
ber of studies prohibited us from meaningful sensitivity
analysis to illuminate how robust the results of the study
are.
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In the two trials, we found that only one patient experi-
enced mild nausea and dizziness. It was shown that Hup A
waswell-tolerated for VD, but as it just existed in our analysis,
larger and better quality evidence is required.

5. Conclusions

Themeta-analysis of HupA reported here highlights that this
treatment has certain significant improvement for patients
with AD or VD, and longer durations may result in better
efficacy for patients with AD. Compared to the patients with
AD, we found that Hup A may offer fewer side effects for
participants with VD in this study, which might exist as an
accidental phenomenon because of the insufficient number of
studies forVD.Comparedwith other previousmeta-analyses,
we increased the number of trails and more outcomes to
determine the effect of Hup A. Besides, we added the patients
with VD to review the role of Hup A in the treatment of VD.
But there are some limitations that existed in the analysis.
At first, the number of VD studies is quite small. Secondly,
there might be a publication bias in this review, and the
possible reason was publishing of unusually high proportions
of positive results [48]. Thirdly, it was because of lack of data
in the RCTs on quality of life and caregiver burden that we
were not able to draw conclusions about these important
outcomes. Furthermore, conference paperswere not included
in our study because most of the full text was unavailable,
so there might exist fugitive literatures. Finally, most of the
selected trials had no intention-to-treat analysis.Therefore, if
we want to research further studies, all of the above need to
be considered.
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Traditional Chinese medicine (TCM) is practiced in the Chinese health care system for more than 2,000 years. In recent years,
herbal medicines, which are used to treat Alzheimer’s disease (AD) in China based on TCM or modern pharmacological theories
have attracted considerable attention. In this paper, we discuss etiology and pathogenesis of AD, TCM therapy, and herbal extracts
for the treatment of AD.There is evidence to suggest that TCM therapy may offer certain complementary cognitive benefits for the
treatment of AD. Chinese herb may have advantages with multiple target regulation compared with the single-target antagonist in
view of TCM.

1. Introduction

Alzheimer’s disease (AD) is a disease of chronic and pro-
gressive intelligence damage which is considered as the most
common type of dementia among older people [1]. Its main
manifestations are functional disorders of language, memory,
cognition, emotion, character, and behavior in the elderly. At
present, there is more than 36 million people who are cur-
rently estimated to haveADand this number is expected to be
118 million by the year 2050 [2]. In China, it is estimated that
there are already approximately 9 million people affected by
AD and this number is likely to be 27million by the year 2050
[3, 4]. AD is developing a major problem of society andmed-
ical science, the therapy has become the key point of improv-
ing the life quality of the aged. Previous studies showed that
pathological characterization of AD includes extracellular
deposition of senile plaques; formation of intracellular neu-
rofibrillary tangles; lesions of cholinergic neurons together
with synaptic alterations in cerebral cortex, hippocampus,
and other brain regions [5]. And it is acknowledged that
multiple factors involved in the progress of AD are apop-
tosis, oxidative stress, mitochondrial dysfunction, inflam-
matory responses, and disturbance of energy metabolism

homeostasis. Current clinical drugs administered to slow
down the progress of the deterioration in AD patients
include cholinesterase inhibitors and agonists of N-methyl-
D-aspartate receptors (NMDA) [6, 7], but none of these ther-
apies has profound effects on halting the advancement of AD.

In China, traditional Chinese medicine (TCM) has a long
history of the treatment of AD. With thousands of years
of medical practice, TCM has accumulated rich theories
and a great deal of valuable experience in the prevention
and treatment of AD [8]. According to TCM, prescriptions
composed of complex variety ofmany different herbs are used
to treat AD clinically, such as Six Flavors Rehmannia Pills
(LiuWei DiHangWan), Nourish the Heart Decoction (Yang
Xin Tang), and Gastrodia and Uncaria Drink (Tian Ma Gou
Teng Yin) [9].

Meanwhile, lots of Chinese herbs including Acorus,
Polygala, Ginseng, Atractylodes, licorice, Astragalus, Pinellia,
Curcuma, Salvia, Ziziphus, Rehmannia, Lycium fruit, Cis-
tanche, Dioscorea, and hoelen are being used in AD as a
new pathway for improvement of memory and cognitive
function [10, 11]. Recent studies showed that TCM has been
widely investigated for the treatment of AD in China [12]. So,
it’s significant to understand the TCM therapeutics and the
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natural medicines from traditional medicinal plants for AD.
In this respect, we discuss etiology and pathogenesis of AD,
TCM therapy, and herbal extracts for the treatment of AD to
show the complementary cognitive benefits for the treatment
of AD.

2. Etiology and Pathogenesis for AD on TCM

In TCM, AD is categorized as chidai, jianwang, or daizheng.
Many disorders of memory and cognitive deficit are cor-
related to AD throughout TCM ancient literature. In the
book Jingyue Quanshu (Collected Works of Zhang Jingyue;
1624 A.D.), there is a chapter on dementia (chidai) which
describes the collapse of original qi (yuanqi) and the phlegm
obstruction of the meridians and orifices as the pathogenesis
of dementia. A formula is Qi Fu Yin for dementia, com-
prised of ginseng (Renseng), cooked rehmannia (Shudihuang),
Chinese Angelica (Danggui), ziziphus (Dazao), baked licorice
(Gancao), andPolygala (Yuanzhi), which is the earliest known
description in the world of a herbal therapeutic strategy for
dementia and still in present use for AD [13]. The book
Bianzheng Lu (Collected Works of Chen Shiduo; 1690 A.D.),
said that “treating phlegm is treating dementia” and suggested
formula Su Xin Tang, comprised of ginseng (Rensheng),
hoelen (Fulin), Pinellia (Banxia), Bupleurum (Chaihu), Coptis
(hulian), evodia (Wuzhuyu), gardenia (Zhizi), aconite (Fuzi),
Chinese Angelica (Danggui), peony (Shaoyao), and ziziphus
(Dazao) to treat AD [14].

According to the theory of TCM, the brain is an out-
growth of and is nourished by the kidney. Brain defects and
deterioration of the brainmay be prevented, limited, or halted
by the ingestion of kidney tonics. And, the energy from the
kidney, that is called kidney essence, can produce marrow
including cerebral marrow, spinal cord, and bone marrow.
As Huangdi’s Classics on Medicine said: “the brain is sea of
marrow” and “kidney stores essence to generate marrow”
[15].The cerebralmarrow can nourish the brain andmaintain
the physiological functions of the brain. If the kidney essence
is insufficient, the production of cerebral marrow will be
reduced, leading to various symptoms, such as dizziness,
amnesia, and retard response.

Meanwhile, memory, cognition, and wisdom are believed
to become disordered if brain is blocked by phlegm obstruc-
tion of the channels according to TCM theory. Since “all
prolonged diseases can be attributed to phlegm,” phlegm-
dampness and turbidity obstructing the orifices are patho-
genesis of AD. Once obstructed by the static phlegm-tur-
bidity, the sea of marrow becomes turbid, qi movement fails
in ascending and descending, the spirit of brain loses nour-
ishment, original spirit gets blocked, intelligence gets dam-
aged, andmemory gets rotten. As a result, dementia will arise.

Based on long period of clinical practice, TCM consid-
ered that “the elderly person tends to have copious phlegm
and kidney deficiency”, “kidney deficiency tend to mind
insufficiency”, “Dementia tend to have copious phlegm”, and
“Dementia Treated by Resolving Phlegm” [16]. Moreover, in
TCM, AD is considered to be a holistic and may involve
multiple causes. It is believed that the disease is highly cor-
related to the abnormal functions of other organs including

the kidney, liver, heart, and spleen, although the pathological
site of AD is in the brain. For example, AD patients who
initially have kidney deficiency may also develop stagnation
of phlegm leading to AD. Therefore, it is considered that
kidney-essence weak and phlegm stasis become the impor-
tant pathogenesis for AD on TCM [17–19].

3. Chinese Medicine Compound for the
Treatment of AD

Now, many Chinese medicine compounds have been applied
to the therapy of ADwith differentmedical emphasis subject-
ing to varied symptoms of AD. Some classical prescriptions
have been used for thousands of years and are still in present
use. For example, recent results indicated that Danggui-
Shaoyao-San (DSS), comprised of Chinese Angelica (Dang-
gui), Chinese herbaceous peony (Shaoyao), hoelen (Fulin),
white atractylodes (Baizhu), Rhizoma Alismatis (Zexie), and
Rhizoma Chuanxiong (Chuanxiong), ameliorates age-related
memory dysfunction, modulates metabolism of monoamine
neurotransmitters, and protects ultrastructure of the cortex.
These findings suggest that DSS may be a useful therapeutic
agent for AD.The mechanism might be related to ameliorate
dysfunction of the central cholinergic nervous system and
scopolamine-induced decrease in Ach levels. Accordingly, in
vitro study, results showed that DSS significantly reduced the
A𝛽
25–35 induced neuronal death and the lipid peroxidation.

TheDSS extract JD-30 also could ameliorate A𝛽
25–35 induced

impairment of spatial learning and memory in mice as
well as inhibition of long-term potentiation (LTP) in the
hippocampus [20–24].

Yokukansan, comprised of Acorus tatarinowii
(Shichangpu), Polygala tenuifolia (Yuanzhi), hoelen (Fulin),
Ginseng (Renseng), has attracted attention to treat AD in
recent times. The results of a recent pilot study indicated that
yokukansan can alleviate the behavioral symptoms of fronto-
temporal dementia. It is suggested that yokukansan might
be effective in the treatment of behavioral and psycholo-
gical symptoms of dementia. And it is demonstrated that
yokukansan could ameliorate learning deficits and noncog-
nitive defects including a decrease in the anxiety and an
increase in locomotor activity observed in Tg2576 mice
[25–27]. Tateno et al. demonstrated that yokukansan inhi-
bited A𝛽-induced cytotoxicity in a primary culture of
cortical neurons in rats [28, 29]. It is indicated that yoku-
kansan provoked an anticytotoxic mechanism to protect
against cell death induced by glutamate. It has also been
demonstrated that yokukansan increased acetylcholine levels
and acetyltransferase activity in experimental animals [30].
As suggested byTabuchi et al., yokukansan ameliorates cogni-
tive and noncognitive symptoms in AD experimental rats
without any relationship to A𝛽 deposition [31].

Since 2001 our group has been performing research on
reinforcing kidney essence, removing phlegm, and promot-
ing mental therapy in AD. In clinical study, sixty AD patients
consistent with enrollment standards were divided into
Bushenhuatanyizhi instant granules (BHY) group and the
piracetam group using a randomized block design. BHY was
composed of Radix Polygoni Multiflori (Heshouwu), Rhizoma
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Panacis Japonici (Zhujieshen), Rhizoma Acori Tatarinowii
(Shichangpu), Caulis Bambusae In Taeniam (Zhuru), Rhi-
zoma Pinelliae (Banxia), Poria (Fuling), and Radix palygalae
(Yuanzhi). Patients in the BHY group took BHY instant gran-
ules (6 g, twice per day). The control group took piracetam
(0.8 g, 3 times per day). There were twelve weeks in a course.
Our results suggest that Bushenhuatanyizhi instant granules
could significantly improve MMSE and ADL scores, increase
SOD activity, and decrease the levels of LPO and TG after
treatment. It showed that the therapy can improve cognitive
function and daily life of AD patients. The mechanism of the
therapy might be related to improving blood fat, scavenging
free radicals and inhibiting lipid peroxides [32–38]. In addi-
tion, some other Chinese herbal formulae are also effective in
treating AD. Therefore, it is demonstrated that using herbal
medicine could be an alternative or complementary therapy
for AD.

4. Chinese Materia Medica for
the Treatment of AD

In the book of Sheng Nong Ben Cao Jing (Han Dynasty, 1st-
2nd centuries), as the earliest pharmacopeia existing onmate-
ria medica in China, some Chinese herbs such as Polygala
(Yuan Zhi), Ginseng (Ren Shen), Coptidis rhizoma (Huang
Lian), and Longan (Long Yan)were recorded to ameliorate the
decline of people’smemory.During recent decades, a growing
number of preclinical and clinical studies have shown the
efficiency of Chinese herb in AD treatment. A literature
survey result showed that top 10 TCM herb ingredients
including Acorus gramineus Soland, Rhizoma Chuanxiong,
Radix polygalae, Salvia miltiorrhiza Bge, Radix Rehmanniae
Preparata,Radix Angelica sinensis, Lycium barbarum L., Poria
cocos, Radix astragali, and Fructus Corni were prioritized for
highest potential benefit to dementia intervention, related to
the highest frequency ofAcorus gramineus Soland in 1232 for-
mulae collected from substantial documentary achievements
[39, 40].

Of these, Radix polygalae is one of the most frequently
used medicinal herbs for memory loss in TCM. Radix
polygalae can significantly improve learning andmemory and
promote long-term potentiation (LTP) in the hippocampus
in vivo. Its mechanism may be related to promoting neuro-
genesis and inhibiting acetylcholinesterase (AChE) activity
[41, 42].

There is suggestive evidence that Poria could enhance
hippocampal LTP and improve scopolamine-induced spatial
memory impairment in rats. Poria’s cognitive action has been
ascribed to AChE inhibition and bidirectional regulation of
cytosolic free calcium [43, 44].

Recent studies showed that different fractions of Rhizoma
Acori Graminei extract such as the soluble and essential oil
fractions could improve the learning and memory abilities in
AD mice induced by A𝛽

1–42. This effect might be related to
the decrease in nitric oxide synthase (NOS) activity [45, 46].

In the mouse model of dementia, Polygonum multi-
florum markedly improved learning memory, lowered the
contents of lipofuscin andmonoamine oxidase activity in the
brain, and enhanced the activities of superoxide dismutase

and catalase in the brain and NOS in the hippocampus [47,
48].

Today, huperzine A, an alkaloid from Huperzia serrate
which is documented in Chinese medicine literature, is
applied to improve memory and learning ability in AD
patients [49]. In clinical study, huperzine A was administered
to AD patients in 300Ag/day doses for the first 2-3 weeks
and then 400Ag/day for the next 4–12 weeks. These patients
significantly improved in their cognitive, noncognitive, and
ADL functions [50, 51].

5. Conclusion

Alzheimer’s disease (AD) is a complex,multifactorial, hetero-
geneous mental illness. In light of the pathogenic complex-
ities of AD, it is probably unlikely that single-target drugs
will achieve satisfactory curative effects. So, the treatment
of AD remains a challenge in the modern medicine and
current therapeutic modalities cannot successfully halt the
progression of AD at an early stage.

In the long history of development of TCM, many
single herbs and herbal compounds have been discovered
and employed to treat AD in China. According to TCM
theory, AD is assumed to be correlated with kidney essence
vacuity and turbid phlegm blocking upper orifices. The
whole cognitive function may worsen because of the aggra-
vation of kidney essence vacuity, deficiency of blood and qi,
and phlegm and may eventually lead to multiple cognitive
domains impairment in the progress of AD [52].

Based on the history of application, there is strong clin-
ical support that TCMcould have a complementary and alter-
native role in preventing and treating AD. There is suggest-
ive evidence that Radix polygalae, Poria, Rhizoma Acori
Graminei, and Polygonum multiflorum are memory improv-
ing and were prioritized for highest potential benefit to AD
treatment.

In recent years, scientists have isolated many active
constituents from herbs, such as huperzine A, which can
alleviate AD and neurodegenerative syndrome with fewer
side effects than conventional drugs. Chinese herb may have
advantages with multiple target regulation compared with
the single-target antagonist in the view of TCM. And herbal
drugs are relatively less toxic, can readily cross the BBB, and
are bioavailable to exert multiple synergistic effects. Thus,
single herb or compounds are regarded as promising drug
candidates in treatment of AD. However, in the long run,
efforts should be paid to understand what the active herbal
components are in the formula, how they interact, and which
herbs should be blamed for an adverse reaction if it happens.
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Aim. The aim of the present study was to investigate the effect of cornel iridoid glycoside (CIG) on tau hyperphosphorylation
induced by wortmannin (WT) and GF-109203X (GFX) and the underlying mechanisms. Methods. Human neuroblastoma SK-N-
SH cells were preincubated with CIG (50, 100, and 200𝜇g/ml, resp.) for 24 h and then exposed to 10 𝜇M WT and 10𝜇M GFX
for 3 h after washing out CIG. Immunohistochemistry was used to observe the microtubular cytoskeleton of the cultured cells.
Western blotting was used to measure the phosphorylation level of tau protein, glycogen synthase kinase 3𝛽 (GSK-3𝛽), and protein
phosphatase 2A (PP2A). The activity of PP2A was detected by a biochemical assay. Results. Preincubation of CIG significantly
attenuated the WT/GFX-induced tau hyperphosphorylation at the sites of Thr205, Thr212, Ser214, Thr217, Ser396, and PHF-1 and
improved the damage ofmorphology andmicrotubular cytoskeleton of the cells. CIG did not prevent the decrease in p-AKT-ser473
and p-GSK-3𝛽-ser9 induced byWT/GFX. However, CIG significantly elevated the activity of PP2A by reducing the demethylation
of PP2A catalytic subunit (PP2Ac) at Leu309 and the ratio of PME-1/LCMT in the WT/GFX-treated cells. The results suggest that
CIG may be beneficial to the treatment of AD.

1. Introduction

Microtubule associated protein tau is mainly expressed in
neurons and it is involved in modulating microtubule assem-
bly and stabilizing the neuronal cytoskeleton [1].The function
of tau is accommodated by site-specific phosphorylation.
Up to date, more than 40 phosphorylation sites of tau have
been identified to be associated with Alzheimer’s disease
(AD) brain, such as Ser396, Ser404, and Thr212 [2, 3].
AD is the most common neurodegenerative disease in old
people. Intracellular neurofibrillary tangles (NFTs) in brain
is a major neuropathological hallmark of AD. Abnormal
hyperphosphorylation of tau in the form of paired helical
filaments (PHFs) is the main component of NFTs [4]. Hyper-
phosphorylated tau reduces the ability of tau in the assembly

of microtubules and might lead to the destabilization of the
neuronal cytoskeleton [5, 6].

The phosphorylation of tau is regulated by the activities of
various kinases and phosphatases. Glycogen synthase kinase
3𝛽 (GSK-3𝛽) is an important serine-threonine kinase that
phosphorylates glycogen synthase in the glycogen synthe-
sis pathway. Protein phosphatase 2A (PP2A) is a major
phosphatase implicated in tau phosphorylation. Studies have
shown that PP2A activity is decreased in AD brains [7].
GSK-3𝛽 and PP2A signaling pathways were reported to be
interconnected. Activation of GSK-3𝛽 through simultane-
ous inhibition of phosphatidylinositol-3 kinase (PI3K) and
protein kinase C (PKC) in rats or cells induces tau hyper-
phosphorylation [8–10]. Coadministration of wortmannin
(WT, a specific PI3K inhibitor) and GF-109203X (GFX, a



2 Evidence-Based Complementary and Alternative Medicine

specific PKC inhibitor) induces tau hyperphosphorylation by
activation ofGSK-3𝛽. Activation ofGSK-3𝛽 can inhibit PP2A
by increasing the inhibitory Leu309-demethylation involv-
ing upregulation of protein phosphatase methylesterase-1
(PME-1) and inhibition of leucine carboxylmethyltransferase
(LCMT) [11]. PME-1 and LCMT catalyze the demethylation
andmethylation, respectively. However, there was no specific
and effective drug to arrest tau hyperphosphorylation. Poten-
tially novel strategies aimed at targeting tau pathology in
neurodegenerative disease, suggesting that kinase inhibitors
and phosphatase activators will be a potential therapy target
[3].

Cornus officinalis Sieb. et Zucc is a member of the
Cornaceae family. Use of this herb was first recorded in Shen
Nong’s Materia Medica about 2000 years ago in China. In
traditional Chinese medicine, Cornus officinalis is used to
tonify the liver and the kidney for the treatment of vertigo,
aching back, spontaneous emission, and sweating. Clinically,
Cornus officinalis is also used to treat AD combining with
other herbs [12, 13]. Cornel iridoid glycoside (CIG) is a main
component extracted from Cornus officinalis. The purity of
CIG was 71.19% determined by RP-HPLC assay, in which
morroniside accounted for 67% and loganin 33% [14]. Pre-
vious studies in our laboratory indicated that intragastrical
administration of CIG dramatically improved neurological
function and promoted neurogenesis and angiogenesis in
the brain of rats with middle cerebral artery occlusion in
both acute and chronic stages [14]. CIG also suppressed glial
cell activation and inhibited neuronal apoptosis in the brain
of cerebral ischemic rats [15]. Specifically, CIG effectively
improvedmemory ability and promoted neuronal survival by
increasing the expression of synaptophysin and neurotrophic
factors in cholinergic deficit AD-like model rats [16]. All
findings above indicated that CIGmay play an important role
in AD therapy.

In the present study, we treated the humanneuroblastoma
SK-N-SH cells with wortmannin and GF-109203X, the clas-
sical activator of GSK-3𝛽, to induce AD-like tau hyperphos-
phorylation, and investigated the effects and mechanisms of
CIG on tau phosphorylation.

2. Materials and Methods

2.1. Drug. Cornel iridoid glycoside (CIG) was extracted from
Cornus officinalis as described previously and the purity of
CIG was 71.19% determined by RP-HPLC assay, in which
morroniside accounted for 67% and loganin 33% [14].

2.2. Antibodies and Chemicals. The primary antibodies used
in this study are listed in Table 1. Wortmannin (WT) was
purchased from Enzo Life Sciences (10 Executive Boulevard
Farmingdale, NY, USA) and GF-109203X (GFX) was from
Sigma Chemical Co. (St. Louis, MO, USA). RIPA lysis buffer
was from Beyotime (Jiangsu, China); fetal bovine serum
(FBS), Dulbecco’s modified Eagle’s medium (DMEM), and
trypsin-ethylenediaminetetraacetic acid (EDTA) were from
Gibco Invitrogen (Carlsbad, CA, USA); and bicinchoninic

acid (BCA) protein quantitative analysis kit was from Apply-
gen Technologies Inc. (Beijing, China).

2.3. Cell Culture and Treatment. Human neuroblastoma SK-
N-SH cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% (v/v) fetal bovine
serum (FBS) and were kept in a humidified atmosphere of
5% CO

2
and 95% air at 37∘C, and the culture medium was

replaced every 3 days. SK-N-SH cells were treated for 24 h
with different concentrations ofCIG (50, 100, and 200𝜇g/mL)
and then exposed to 10𝜇M wortmannin and GF-109203X in
serum-free DMEM for 3 h after washing out CIG.

2.4. Immunocytochemistry for Microtubular Cytoskeleton.
Cells growing on glass coverslips were fixed for 30min at
room temperature in 4% paraformaldehyde. Cell membranes
were blocked in 3% bovine serum albumin for 1 h at room
temperature and incubated with rabbit polyclonal 𝛽-tubulin
(1 : 300 dilution) overnight at 4∘C. Cells were washed and
incubated with Oregon Green 488-conjugated goat anti-
rabbit IgG secondary antibody (1 : 500) and visualized with
a laser confocal microscope (Leica TCS SP5II, Wetzlar,
Germany).

2.5. Western Blotting Assays for Tau Protein, GSK-3𝛽, PP2Ac,
and Related Factors. Total protein was extracted from cell
lysates using RIPA buffer. Three volumes of cell homogenate
were added to one volume of sample buffer then boiled
for 5min. The protein concentration was measured by RC-
DC protein assay according to manufacturer’s instructions
(Bio-Rad, Hercules, CA, USA). The proteins were sep-
arated by 10% sodium dodecylsulfate-polyacrylamide gel
electrophoresis (PAGE) and transferred to polyvinylidene
fluoride membrane (Millipore, Bedford, MA, USA). The
blots were then probed with primary antibodies and then
incubated with the corresponding anti-mouse or anti-rabbit
IgG horseradish peroxidase-conjugated secondary antibody
and enhanced chemiluminescence kit (Pierce, Rockford, IL,
USA). Densitometric quantification of the protein bands was
analyzed by TINA software (Raytest Isotopenme Bgerate
GmbH, Straubenhardt, Germany).

2.6. PP2A Activity Assay. PP2A activity was measured
according to the PP2A assay protocol (V2460 kit, Promega,
Madison, WI, USA). In brief, the extracts of cell samples
were centrifuged to remove particulate matter, and then
endogenous free phosphate was removed with gel columns.
Enzyme samples (1–35 𝜇L) were incubated with a chemically
synthesized phosphopeptide in the half area 96-well plate.
After incubating at 37∘C for 30min, the reaction was stopped
by adding 50 𝜇LofMolybdateDye/Additivemixture and then
the fluorescence intensity of the samples wasmeasured under
a 630 filter set.

2.7. Statistical Analysis. All results were expressed as mean
± SD. All data were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test using
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Table 1: Primary antibodies employed in this study.

Antibody Type Specificity Phosphorylation sites Source
pT205 Poly- P-tau Thr181 Invitrogen
pT212 Poly- P-tau Thr212 Invitrogen
pS214 Poly- P-tau Ser214 Invitrogen
pT217 Poly- P-tau Thr217 Invitrogen
pS396 Poly- P-tau Ser396 Invitrogen
PHF-1 Mono- P-tau Ser396/404 Abcam
Tau-5 Mono- Total tau Calbiochem
Anti-p-GSK-3𝛽 Poly- P-GSK-3𝛽 Ser9 Cell signaling
Anti-GSK-3𝛽 Poly- GSK-3𝛽 Santa Cruz
Anti-p-AKT Poly- P-AKT Ser473 Cell signaling
Anti-AKT Poly- AKT Cell signaling
Demethylated PP2Ac Mono- Demethylated PP2Ac Millipore
PME-1 Mono- Santa Cruz
LCMT1 Mono- Abcam
PP2A Poly- PP2A Santa Cruz
𝛽-Tubulin Poly- 𝛽-Tubulin Sigma
GAPDH Mono- GAPDH ZSGB-BIO

Control Con + CIG WT/GFX

WT/GFX + CIG (L) WT/GFX + CIG (M) WT/GFX + CIG (H)

Figure 1: CIG prevents cell morphological damage induced byWT/GFX in SK-N-SH cells.The cell morphology was observed under contrast
microscope. Control: normal human neuroblastoma SK-N-SH cells; Con + CIG: 100𝜇g/mL CIG was incubated with normal SK-N-SH cells
for 24 h; WT/GFX: SK-N-SH cells were exposed to 10 𝜇Mwortmannin/GF-109203X (WT/GFX) for 3 h; WT/GFX + CIG (L, M, and H): SK-
N-SH cells were preincubated with CIG (50, 100, and 200𝜇g/mL) for 24 h and then exposed to 10 𝜇MWT/GFX for 3 h after washing out CIG.
Bar = 50𝜇m.

SPSS16.0 software. A probability of 𝑃 < 0.05 was considered
statistically significant.

3. Results

3.1. CIG PreventsMorphological Damage Induced byWT/GFX
in SK-N-SH Cells. Figure 1 shows the morphology of SK-
N-SH human neuroblastoma cells of the different groups
under contrast microscope. Normal SK-N-SH cells spread
well, and incubation ofCIGdidnot influence themorphology
of the normal cells. The cell bodies became round and the
axons were shortened after the cells were exposed to 10 𝜇M

wortmannin/GF-109203X (WT/GFX) for 3 h. Compared
with WT/GFX-treated group, preincubation of CIG (100
and 200𝜇g/mL) for 24 h with SK-N-SH cells prevented the
damage induced byWT/GFX and improved the morphology
of cells.

3.2. CIG Protects Microtubular Cytoskeleton against Injury
Induced by WT/GFX. Tau hyperphosphorylation reduces its
binding to tubulin and induces disruption of the microtubu-
lar cytoskeleton [17]. To observe the structures of microtubu-
lar cytoskeleton formed by tubulin, we performed confocal
microscope analysis using antibodies to𝛽-tubulin to visualize
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Control Con + CIG WT/GFX

WT/GFX + CIG (L) WT/GFX + CIG (M) WT/GFX + CIG (H)

Figure 2: CIGprotectsmicrotubular cytoskeleton against injury induced byWT/GFX in SK-N-SH cells. Antibodies to𝛽-tubulin and confocal
fluorescence microscopy were used to visualize microtubular cytoskeleton. Control: normal human neuroblastoma SK-N-SH cells; Con +
CIG: 100𝜇g/mL CIG was incubated with normal SK-N-SH cells for 24 h; WT/GFX: SK-N-SH cells were exposed to 10𝜇MWT/GFX for 3 h
(the arrows point to the damaged microtubule cytoskeleton); WT/GFX + CIG (L, M, and H): SK-N-SH cells were preincubated with CIG
(50, 100, and 200 𝜇g/mL) for 24 h and then exposed to 10𝜇MWT/GFX for 3 h after washing out CIG. Bar = 50 𝜇m.

the structures. In the normal group, we found that 𝛽-tubulin
(green) was distributed in cell bodies and processes homoge-
neously, andCIGdid not affect themicrotubular cytoskeleton
of the normal cells. After being exposed to 10 𝜇M WT/GFX
for 3 h, 𝛽-tubulin disappeared and the processes of cells were
retracted, indicating that WT/GFX caused disintegration of
the microtubular cytoskeleton. Preincubation of CIG (100
and 200𝜇g/mL) with SK-N-SH cells for 24 h improved
the structures of microtubular cytoskeleton compared with
WT/GFX-induced model group (Figure 2).

3.3. CIG Inhibits Tau Hyperphosphorylation Induced by
WT/GFX in SK-N-SH Cells. The level of tau phosphorylation
was measured by Western blotting analysis using antibodies
that specifically recognize the different phosphorylation sites
of tau protein. The results showed that the treatment of CIG
for 24 h did not influence the normal cells. Compared with
control group, 10 𝜇M WT/GFX treatment for 3 h obviously
increased the levels of tau phosphorylation at the sites of
Thr205, Thr212, Ser214, Thr217, and Ser396/404 (𝑃 < 0.05).
Pretreatment of CIG (100 and 200𝜇g/mL) for 24 h signifi-
cantly attenuated the WT/GFX-induced tau hyperphospho-
rylation at Thr205, Thr212, Ser214, Thr217, and Ser396/404
(𝑃 < 0.05, 𝑃 < 0.01) (Figure 3).

3.4. CIG Does Not Affect Akt/GSK-3𝛽 Signaling Pathway.
GSK-3𝛽 is the pivotal kinase involving the formation of tau
phosphorylation in AD brains. GSK-3𝛽 activity is regulated
by Ser9 phosphorylation. Akt (protein kinase B) is upstream
kinase in phosphorylating GSK-3𝛽 at Ser9 and inhibiting

the activity of GSK-3𝛽 [18, 19]. To elucidate the mechanisms
of effect of CIG on inhibition of tau phosphorylation, we
measured Akt at Ser473 (the activated form) and GSK-
3𝛽 at Ser9 (the inactivated form) in the cell extracts. The
results displayed that the levels of phosphorylated Akt at
Ser473 and phosphorylatedGSK-3𝛽 at Ser9were significantly
decreased in the cells exposed to 10𝜇MWT/GFX for 3 h (𝑃 <
0.05), suggesting that GSK-3𝛽 activity may be increased after
PI3K/Akt inhibition. However, the pretreatment of CIG for
24 h did not alter the phosphorylation levels of both GSK-3𝛽-
ser9 and Akt-ser473 compared with WT/GFX model group.
There was no obvious difference in the expression of GSK-3𝛽
and Akt among control, WT/GFX model, and CIG-treated
groups (Figure 4). The results suggest that the inhibitory
effect of CIG on tau phosphorylation may not be mediated
by Akt/GSK-3𝛽 signaling pathway.

3.5. CIG Promotes the Activity of PP2A by Inhibiting PP2Ac
Demethylation. PP2A is an important phosphatase involved
in dephosphorylation of tau. The activity of PP2A is also
decreased via activating GSK-3𝛽. Demethylation at Leu309
residue of PP2A catalytic subunit (PP2Ac) affects the activ-
ity of PP2A [20–22]. Thus, we detected the activity of
PP2A and the expression of demethylated PP2Ac and total
PP2Ac. The results showed that 10 𝜇M WT/GFX treatment
for 3 h decreased PP2A activity in SK-N-SH cells com-
pared with the control group (𝑃 < 0.05), and the pre-
treatment with 100𝜇g/mL CIG significantly enhanced PP2A
activity compared with the WT/GFX model group (𝑃 <
0.05) (Figure 5(a)). Although the expression of total PP2Ac
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Figure 3: CIG reduces tau hyperphosphorylation induced by WT/GFX in SK-N-SH cells. SK-N-SH cells were pretreated with CIG (50, 100,
and 200 𝜇g/mL) for 24 h and then exposed to 10𝜇MWT/GFX for 3 h after washing out CIG. (a) The phosphorylation of different sites of tau
protein was detected by Western blotting assay (including Thr205, Thr212, Ser214, Thr217, Ser396, and PHF-1). (b) Semiquantitative analysis
of the levels of tau phosphorylation. GAPDH was used as an internal control. The level of tau phosphorylation of control group was set as
100%. Data were expressed as the mean ± SD of 3 experiments. #

𝑃 < 0.05 versus control group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus the WT/GFX
model group.

appeared to be constantly expressed in all groups, the level of
demethylated PP2Ac (inactive form) at Leu309was obviously
increased after the cells were exposed to WT/GFX (𝑃 <
0.05) but was significantly decreased in CIG-treated groups
comparedwith themodel group (𝑃 < 0.05,𝑃 < 0.01) (Figures
5(b) and 5(c)). It is known that PP2Ac demethylation is
regulated by LCMT (a specific leucine carboxyl methyltrans-
ferase catalyzing methylation of PP2A) and PME-1 (a specific
methylesterase catalyzing demethylation of PP2A) [21]. We
found that WT/GFX increased the ratio of PME-1/LCMT
(𝑃 < 0.05), which may enhance the demethylation level
of PP2Ac. Pretreatment with CIG (50, 100, and 200𝜇g/mL)
significantly decreased the ratio of PME-1/LCMT compared
with WT/GFX model group (𝑃 < 0.01) (Figures 5(d)
and 5(e)). The incubation of CIG did not affect the above
indicators in the normal cells.

4. Discussion

Tau hyperphosphorylation has been reported to play a pivotal
role in AD pathology [23]. In the present study, we provided
the evidence for the first time that CIG, an important ingre-
dient ofCornus officinalis, inhibited hyperphosphorylation of
tau via inhibiting PP2Ac demethylation.

The cytoskeleton is a cellular structure that provides
neuronal morphology and whose essential components are
the microtubules. The cytoskeleton is important in the
formation of axon and dendrites, which are involved both

in transport and neurotransmission [24]. Tubulin is the
major building block of microtubules dynamic cytoskeletal
structures involved in crucial cellular functions.The assembly
and stability of microtubules are promoted by microtubule
associated proteins [25]. Tau protein, a key microtubule asso-
ciated protein (MAP), is a major protein that participates in
the association-dissociation of themicrotubules. Hyperphos-
phorylated tau tends to dissociate itself from microtubules
and induces disruption of the microtubular cytoskeleton
[26]. Tau is hyperphosphorylated at more than 40 sites in
the AD brains [27–29]. In this study, we found that CIG
protected microtubular cytoskeleton of cultured cells from
disassembling induced bywortmannin andGF-109203X.Our
results demonstrated that CIG attenuated the WT/GFX-
induced tau hyperphosphorylation atThr205,Thr212, Ser214,
Thr217, Ser396, and PHF-1 (Ser396/404) sites in SK-N-SH
cells. The mechanism of CIG maintaining the stability of
microtubule cytoskeleton and thus improving the morphol-
ogy of the neurons might be related to its dephosphorylation
of tau. Overactivation of GSK-3𝛽 and downregulation of
PP2A have been proposed to be involved in the abnormal
tau phosphorylation in AD. The inactive form of GSK-3𝛽
which is phosphorylated at Ser9 is increased in AD brains
[30]. Wortmannin (a specific inhibitor of phosphoinositol-
3 kinase) and GF-109203X (a specific inhibitor of protein
kinase C) activate GSK-3𝛽 activity by phosphorylating GSK-
3𝛽 at Ser9 site. Phosphoinositol-3 kinase (PI3K) activatesAkt,
which inhibits GSK-3𝛽 by phosphorylating its Ser9 residue
[9]. GSK-3𝛽 phosphorylates tau at many sites, with Thr205,
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Figure 4: CIG does not alter the phosphorylation level of GSK-3𝛽 and AKT. SK-N-SH cells were exposed to 10 𝜇MWT/GFX for 3 h after the
incubation with CIG (50, 100, and 200 𝜇g/mL) for 24 h. ((a), (b)) Western blotting analysis of the levels of phosphorylated Akt at Ser473 and
total Akt; ((c), (d)) western blotting analysis of the levels of phosphorylated GSK-3𝛽 at Ser9 and GSK-3𝛽. GAPDH was used as an internal
control. The level of control group was set as 100%. Data were expressed as the mean ± SD of 3 experiments. #

𝑃 < 0.05 versus control group.

Thr212, Ser214, Thr217, and Ser396/404 being the favorable
sites in cells [31]. In the present study, we found that CIG
reducedWT/GFX-induced tau hyperphosphorylation in SK-
N-SH cells. However, CIG did not inhibit GSK-3𝛽 activity
by increasing the phosphorylation at Ser9 and did not alter
the phosphorylation level of AKT compared with WT/GFX
model group.

PP2A is the major protein phosphatase in the brain that
removes phosphate residues from tau, thereby stopping the
ability of tau to inhibit microtubule assembly and to self-
assemble into paired helical filaments and neurofibrillary
tangles [32]. PP2A has been reported to dephosphorylate tau
at several phosphorylation sites, and it might be a promising
target to recover hyperphosphorylated tau in the AD brain to

the normal tau. Among these sites, Thr205, Thr212, Ser214,
Thr217, and Ser396/404 are also the favorable sites of PP2A
[31, 32]. In the present study, we found that CIG decreased
tau phosphorylation at these PP2A favorable sites. Some
studies have suggested that GSK-3𝛽 and PP2A signaling
pathwaysmay be interconnected [31, 33]. GSK-3𝛽 inhibits the
activity of PP2A via upregulating the demethylation of PP2A
catalytic subunit (PP2Ac) at Leu309. Activation of GSK-3𝛽
bywortmannin increases the level of demethylation of PP2Ac
at Leu309 [11]. In this study on mechanisms of CIG, we used
the biochemical assay to explore PP2A activity.We found that
the activity of PP2A was inhibited by WT/GFX indirectly,
and CIG treatment enhanced PP2A activity compared with
the model group. As expected, the demethylation of PP2Ac



Evidence-Based Complementary and Alternative Medicine 7

0.0

0.4

0.8

1.2

1.6

50100 100CIG (𝜇g/mL)
WT/GFX

−

−

−

− + + +

#

∗

PP
2

A
 ac

tiv
ity

 (%
 o

f c
on

tro
l)

(a)

50 100 200CIG (𝜇g/mL)
WT/GFX

−

−

−

−

+

+ + + +

DM-PP2Ac

GAPDH

PP2Ac

(KDa)

36

37

36

(b)

2.5

2.0

1.5

1.0

0.5

0.0

DM-PP2Ac PP2Ac
Control
CIG (100𝜇g/mL)
WT/GFX

WT/GFX/CIG (50𝜇g/mL)
WT/GFX/CIG (100𝜇g/mL)
WT/GFX/CIG (200𝜇g/mL)

∗

∗∗

#

Re
lat

iv
e d

en
sit

y 
(%

 o
f c

on
tro

l)

(c)

PME-1

LCMT

GAPDH

50 100 200CIG (𝜇g/mL)
WT/GFX

−

−

−

−

+

+ + + +

44

38

37

(KDa)

(d)

50100 100 200CIG (𝜇g/mL)
WT/GFX

−

−

−

− + + + +

#

∗∗

∗∗ ∗∗

Re
lat

iv
e d

en
sit

y 
(P

M
E-
1

/L
CM

T)

0.0

0.1

0.2

0.3

0.4

(e)

Figure 5: CIG promotes the activity of PP2A by inhibiting PP2Ac demethylation. SK-N-SH cells were preincubated with CIG (50, 100, and
200 𝜇g/mL) for 24 h and then exposed to 10𝜇MWT/GFX for 3 h after washing out CIG. (a)The activity of PP2A measured by a biochemical
assay, 𝑛 = 6; ((b), (c)) the representative western blot image and the semiquantitative analysis of demethylation (DM) of PP2Ac at Leu307
and total PP2Ac; ((d), (e))The representative western blot image of PME-1 and LCMT and the semiquantitative analysis of the ratio of PME-
1/LCMT. GAPDH was used as an internal control. The level of control group was set as 100%. Data were expressed as the mean ± SD of 3
experiments. #

𝑃 < 0.05 versus control group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus the WT/GFX model group.
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at Leu309 was increased by WT/GFX, and CIG treatment
decreased the demethylation level of PP2Ac at Leu309. We
propose that the enhancement effect of CIG on PP2A activity
may be through its ability to reduce the demethylation of
PP2Ac at Leu309.

Leucine carboxyl methyltransferase (LCMT) and pro-
tein phosphatase methylesterase-1 (PME-1) can catalyze the
methylation and demethylation of PP2A, respectively [21].
Upregulation of GSK-3𝛽 induces the demethylation of PP2A
at Leu309 by increasing the protein level of PME-1 and
decreasing the protein level of LCMT [11, 34]. In our present
study, the ratio of PME-1/LCMT was increased in SK-N-SH
cells treated with WT/GFX, and CIG decreased the ratio of
PME-1/LCMT comparedwith themodel group.We speculate
that the mechanism of CIG’s decreasing demethylation of
PP2Ac at Leu309 might be through regulating the expression
of PME-1 and LCMT.

In conclusion, our findings provide the evidence in the
first time that cornel iridoid glycoside (CIG) attenuates tau
hyperphosphorylation by increasing the activity of PP2A.The
mechanism of CIG may be related to decreasing the ratio of
PME-1/LCMT, thus reducing the demethylation of PP2Ac at
Leu309.The results suggest that CIG may be beneficial to the
treatment of AD.
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Pseudoginsenoside-F11 (PF11), a component ofPanax quinquefolism (American ginseng), plays a lot of beneficial effects on disorders
of central nervous system. In this paper, the neuroprotective effect of PF11 on Parkinson’s disease (PD) and the possible mechanism
were investigated in a rat PD model. PF11 was orally administered at 3, 6, and 12mg/kg once daily for a period of 2 weeks before
and 1 week after the unilateral lesion of left medial forebrain bundle (MFB) induced by 6-hydroxydopamine (6-OHDA). The
results showed that PF11 markedly improved the locomotor, motor balance, coordination, and apomorphine-induced rotations
in 6-OHDA-lesioned rats. The expression of tyrosine hydroxylase (TH) in substantia nigra (SN) and the content of extracellular
dopamine (DA) in striatum were also significantly increased after PF11 treatment. Moreover, significant reduction in the levels of
striatal extracellular hydroxyl radical (∙OH), detected as 2,3- and 2,5-dihydroxy benzoic acid (2,3- and 2,5-DHBA), and increase
in the level of striatal extracellular ascorbic acid (AA) were observed in the PF11-treated groups compared with 6-OHDA-lesioned
rats. Taken together, we propose that PF11 has potent anti-Parkinson property possibly through inhibiting free radical formation
and stimulating endogenous antioxidant release.

1. Introduction

Parkinson’s disease (PD), the second most common progres-
sive neurodegenerative disorder, is characterized by degener-
ation of dopaminergic neurons in the nigrostriatal pathway
and subsequent dopamine (DA) depletion in the striatum
[1]. Although various mechanisms of neuronal degeneration
in PD have been proposed, the exact pathogenesis of PD is
not well understood [2, 3]. Increasing studies have demon-
strated that one of etiologies about PD is the imbalance
between free radical formation and the maintenance of the
dopaminergic neuronal integrity through the endogenous
antioxidant defense system [4–6]. Ascorbic acid (AA), one
of the important antioxidants in the endogenous antioxidant
defense system, is thought to play a major role in protecting
brain against oxidative damage. It has been reported that
the level of plasma AA in PD patient is significantly lower
than that in healthy control subject [7]. The previous study
in our lab has also proved that release of endogenous AA in

the striatum plays an important role in preventing oxidative
stress by trapping 2,3- and 2,5-dihydroxy benzoiclacid (2,3-
and 2,5-DHBA) that reflected the hydroxy radical (∙OH) level
[8]. It is suggested that AA as an antioxidant may be benefit
to PD and be worth further study.

Many experiments have demonstrated that ginseng
extracts exert anti-Parkinson effect [9–12]. The previous
studies have shown that Pseudoginsenoside-F11 (PF11), an
ocotillol-type saponin isolated from leaves of Panax pseu-
doginseng subsp. Himalaicus Hara (Himalayan Panax), but
not in Panax ginseng, plays an important role in treating
many disorders of the central nervous system, such as
antioxidation [13], antagonistic actions on morphine and
methamphetamine [14–17], and antiamnesic effect [13, 18].
PF11 shows the similar effect to ginsenosides isolated from
Panax ginseng. Moreover, PF11 is proved to antagonize the
decrease of DA in the brain of methamphetamine-treated
mice in our previous studies [16]. Considering the improve-
ment of PF11 on DA levels and its antioxidation, it is well
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worthy to investigate whether PF11, like ginseng saponins, has
an antagonistic effect on PD and whether the mechanism is
associated with its antioxidative activity.

In the present study, the antagonistic effect of PF11 on 6-
OHDA-induced rats of PD model was investigated by using
four kinds of behavioral tasks. The level of extracellular
DA in striatum and the expression of tyrosine hydroxylase
(TH) in substantia nigra (SN), a rate limiting enzyme in the
biosynthesis of DA, were also investigated. Furthermore, the
protective mechanism of PF11 on PD was also explored by
measuring the changes of AA and 2,3- and 2,5-DHBA release
in striatum.

2. Materials and Methods

2.1. Animals. Male Sprague-Dawley rats weighting 200–
250 g were supplied by the Experimental Animal Centre
of Shenyang Pharmaceutical University and kept with a
12 hL : 12 hD light/dark cycle (light on at 06:30 am). Rats
were housed in cages with food and water freely available.
All experiments and procedures were carried out according
to the Regulations of Experimental Animal Administration
issued by State Committee of Science and Technology of
China.

2.2. Chemicals. PF11 was isolated from the aerial parts of
P. quinquefolism by the Department of Chemistry for Nat-
ural Products of Shenyang Pharmaceutical University. The
purity was more than 98% as determined by HPLC. PF11
was dissolved in distilled water before administration. 6-
OHDA, apomorphine, salicyliclacid (SA), and its hydroxy-
lated derivatives, 2,3-DHBA and 2,5-DHBA, were purchased
from Sigma Chemicals (St. Louis, MO, USA). 6-OHDA
was dissolved in saline containing 0.1% AA and prepared
freshly in dark to avoid autooxidation. Apomorphine was
dissolved in saline. Madopar was purchased from Shanghai
Roche Pharmaceuticals Ltd. Ringer’s solution (NaCl 147mM,
KCl 4mM, and CaCl

2
2.3mM) contains 2mM salicylate as

hydroxyl radical trapping reagent [8]. All other chemicals
were commercially available and of reagent grade.

2.3. Animal Grouping and PF11 Treatment. The animals were
divided into 6 groups (6 rats in each group): sham group,
6-OHDA-lesioned group, PF11-treated groups (3, 6, and
12mg/kg), and Madopar-treated group (50mg/kg). PF11 and
Madopar were orally administered once daily for 3 weeks.

2.4. 6-OHDA Lesion. Two weeks after PF11 and Madopar
treatment, the left medial forebrain bundle (MFB) was
lesioned by 6-OHDA. The rats were anesthetized with
chloral hydrate (350mg/kg, i.p.) and fixed in a stereotaxic
instrument. Lesions were made by injecting 6-OHDA (20 𝜇g
in saline containing 0.1% AA) into the left MFB at the
coordinate: 𝐴, −2.5; 𝐿, −2.0; 𝑉, −8.5mm, from bregma using
a 5 𝜇L Hamilton syringe at a rate of 1𝜇L/min [19]. The sham
animals were injected vehicle only (0.1% AA-saline) at the
same coordinate. After injection, the syringe was left in place

for an additional 5min before being slowly retracted. 6-
OHDA and sham rats were housed one week for further
experiments.

2.5. Behavioral Studies. Oneweek after injection of 6-OHDA,
animals were subjected to behavior testing, which were,
respectively, spontaneous locomotor activity test, rotarod
test, narrow beam test, and apomorphine-induced circling
test.

2.5.1. Spontaneous Locomotor Activity. The spontaneous
locomotor activity of rat was analyzed with a video-tracking
system EthoVision (Noldus, Wageningen, NL) [20]. Two
animals were placed into neighboring “home” cages under a
video camera, respectively. Using the video-tracking system
EthoVision, motor behavior was recorded during the moni-
toring for 5min. The “total distance” (total distance traveled
by the animal during the 5min observation time, in cm) and
the “mean velocity” (mean of the velocities of all 0.2 s periods
during the 5min observation time, in cm/s) were measured.

2.5.2. Rotarod. Rotarod was used for the study of muscular
coordination. It consisted of a rotating rod, 75mm in diam-
eter, which was divided into four parts by compartmental-
ization to permit the testing of four rats at a time. The time
for each rat to remain on the rotating rod was recorded. The
speed was set at 10 cycles per min and cut-off time was 180 s.
The animals of all groups were trained on rotarod prior to the
start of the experiment until they could stay on it at least for
the cut-off time. After 1 week of lesioning, the rats of each
group were tested on rotarod [21].

2.5.3. Narrow Beam Test. After 1 week of lesioning, the rats
were tested for the balance and motor coordination on a nar-
row beam. The narrow beam had a smooth wooden narrow
beam of 105 cm in length, 4 cm in width, and thickness of
3 cm. The beam was elevated from the ground by 1m with
additional supports. It had a goal box at the end of the narrow
beam. There was food in the goal box for the reward of the
animals. The rats were trained on the narrow beam for 10
trials per day with 1min interval.The animals were allowed to
explore the narrow beam for 10 trials with 1min interval on 1
day before the experimental day and during this exploration
ratsweremotivated and rewardedwith foodpellets in the goal
box. The time to cross the beam was calculated [21].

2.5.4. Apomorphine-Induced Circling Behavior. The behavior
was assessed by monitoring body rotations induced by
intraperitoneal injection (i.p.) of apomorphine (0.5mg/kg).
The number of contralateral rotations was recorded for
30min [22].

2.6. Neurochemical Studies

2.6.1. BrainMicrodialysis. After behavioral tests, the rats were
anesthetizedwith chloral hydrate (350mg/kg, intraperitoneal
injection) and the dialysis probes (310 𝜇m o.d., 200𝜇m
i.d., AN69, Hospal, Dasco, Bologna, Italy) were implanted
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through the striatum according to the following coordinates:
𝐴 +1.0mm from bregma, 𝑉−5.6mm from occipital bone.
The procedure used to prepare and implant the dialysis
probe was the same as previously described [23]. Twenty-
four hours after implantation, the rats were perfused with
ringer’s solution containing 2mM salicylate as ∙OH trapping
reagent by means of a microinjection pump with a constant
rate of 2𝜇L/min. The first 1 h samples for equilibrium were
discarded and then the dialysate was collected for 20min.
Twenty microliters of each collected sample was used for
analysis of the levels of AA, while twenty microliters of each
collected sample was used for analysis of DHBA levels [8].
Another group of animals were used to collect the dialysate
for DA determination. When the experiment was finished,
rat was sacrificed for checking the position of the dialysis
fiber. The datum was discarded if the fiber was positioned
incorrectly [24].

2.6.2. Assay for DA. The level of extracellular DA was
determined by high performance liquid chromatography
with electrochemical detection (HPLC-ECD) in accordance
with a previously described method [25]. This system used
a reverse phase column (C-18, 5 𝜇m, Agilent) with a mobile
phase composed of 85mM citrazinic acid, 100mM sodium
acetate anhydrous, 0.2mM Na

2
EDTA, and 1.2mM sodium

1-octanesulfonate adjusted to pH 3.7 [25]. The mobile phase
was pumped with LC-10A pump (Shimadzu, Japan) at a flow
rate of 1.0mL/min. The electrochemical detector (L-ECD-
6A, Shimadzu, Japan) was set at +0.70 V. All the mobile
phases were filtered through a 0.22 𝜇m filter. The column
temperature was maintained at 37∘C.

2.6.3. Assay for AA. The content of extracellular AA was
measured using method that has been described by Liu et
al. [26]. HPLC-ECD and a reverse phase column (C-18,
5 𝜇m, Agilent) were used with the mobile phase composed of
155.6mM NaCl, 0.54mM EDTA-Na

2
, and 1.5mM tetrabuty-

lammonium bromide as an ion pairing reagent. The flow rate
was 1.0 mL/min. The detector was set at +0.60V.

2.6.4. Assay for DHBA. The samples (20 𝜇L) were injected
into HPLC system to detect the contents of 2,3, and 2,5-
DHBA to evaluate the ∙OH level. The mobile phase consisted
of 0.03M citrate, 0.03M acetate, and 10% methanol [8].
The equipment conditions were the same as that used for
detecting AA described above.

2.7. Immunohistochemical Study. Immunohistochemistry
was performed as previously described [27] with minor
modifications. The rats were anesthetized with chloral
hydrate (350mg/kg, i.p.) and perfused transcardially
through ascending aorta with 0.1M phosphate buffer saline
(PBS) at pH 7.4 followed by 4% paraformaldehyde in 0.1M
phosphate buffer. Brain was removed immediately and
fixed in the same fixative for an additional 24 h at 4∘C;
furthermore the tissues were preserved in 10%, 20%, and
30% sucrose solution (in PBS) until they sank. The fixed
tissues were embedded in OCT compound (polyvinyl

glycol, polyvinyl alcohol, and water) and frozen at −20∘C.
Coronal sections of 20𝜇m thicknesses were cut on the
cryostat (Leica, Germany). The sections were rinsed three
times for 5min in PBS, and endogenous peroxidase activity
was blocked with 3% hydrogen peroxide in methanol and
incubated for 20min at room temperature. Slices were
permeabilized and blocked with PBS containing 1% Triton
X-100 and 4% normal goat serum, for 1 h at 37∘C. Thereafter,
the sections were incubated in primary antibody (anti-TH
mouse, 1 : 1000, Sigma) for 24 h at 4∘C, rinsed three times
for 5min in PBS, and subsequently incubated with avidin-
biotin-horseradish peroxidase conjugate (ABC Staining
System, Santa Cruz Biotechnology) for 1 h. After washing,
the slides were incubated with biotinylated rabbit anti-mouse
secondary antibody. The color was developed using DAB as
a chromogen. Finally, sections were dehydrated in graded
alcohol solutions, cleared in xylene, and coverslipped to
be viewed under a microscope and photo micrographs
were taken using a light microscope (Olympus BX 51,
Japan). Three sections per animal from the substantia nigra
were selected. The intensity of the TH immunoreactivity
at ×400 magnification was measured by semiquantitative
densitometric analysis using an image-analysis program
(Image-Pro Plus Version 6.0, Media Cybernetics, USA).

2.8. Statistical Analysis. Statistical analysis was carried out
by SPSS 13.0 software for windows (SPSS Inc., Chicago, IL,
USA). All values were expressed as mean ± S.E.M. Data were
analyzed via one-way analysis of variance (ANOVA) followed
by Dunnett’s 𝑡-test. Statistical significance was accepted at
𝑃 < 0.05.

3. Results

3.1. Neurobehavioral Studies

3.1.1.The Effect of PF11 on the Spontaneous Locomotor Activity.
As shown in Figure 1(a), one week after the 6-OHDA lesion,
the total distance was typically decreased in the 6-OHDA-
lesioned rats compared with the sham group (𝑃 < 0.001).
However, the decrease of total distance was significantly
blocked by PF11 (3, 6, and 12mg/kg) (𝑃 < 0.05). Figure 1(b)
showed that a slower mean velocity in the 6-OHDA lesioned
rats was observed (𝑃 < 0.001). There was significant increase
in the mean velocity in PF11-treated groups compared with
the 6-OHDA-lesioned group (𝑃 < 0.001). The mean velocity
was improved and almost returned to the level of sham
group after all of the doses of PF11 administration. These
data indicated that PF11 significantly improved the impaired
spontaneous locomotor activity in PD rats. Madopar-treated
group (50mg/kg) also showed improvement in total distance
and mean velocity (𝑃 < 0.05 and 𝑃 < 0.001).

3.1.2. The Effect of PF11 on the Muscular Coordination. The
rotarod test was used for the evaluation of muscular coor-
dination in the present study. A significant depletion (𝑃 <
0.001) in muscular coordination in 6-OHDA-lesioned group
was observed as compared with sham group (Figure 2). PF11
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Figure 1: Effect of PF11 on spontaneous activity in 6-OHDA-lesioned rats. Results were means ± SEM of the data obtained in six rats per
group. ∗∗∗𝑃 < 0.001 compared to sham group; #
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Figure 2: Effect of PF11 on the muscular coordination in 6-OHDA-
lesioned rats. Results were means ± SEM of the data obtained in six
rats per group. ∗∗∗𝑃 < 0.001 compared to sham group; #

𝑃 < 0.05,
##
𝑃 < 0.01, and ###

𝑃 < 0.001 compared to 6-OHDA-lesioned
group.

(3, 6, and 12mg/kg) was found to be effective in recovery of
muscular coordination in a dose-dependent manner (𝑃 <
0.05, 𝑃 < 0.01, and 𝑃 < 0.001). The increase of muscular
coordination was also observed in Madopar-treated group
(50mg/kg) (𝑃 < 0.001).

3.1.3. The Effect of PF11 on the Motor Coordination. In the
present study, the rats were tested for the balance and motor
coordination on the narrow beam.The time taken to cross the
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Figure 3: Effect of PF11 on the motor coordination in 6-OHDA-
lesioned rats. Results were means ± SEM of the data obtained in six
rats per group. ∗∗∗𝑃 < 0.001 compared to sham group; ##

𝑃 < 0.01,
###
𝑃 < 0.001 compared to 6-OHDA-lesioned group.

beam was significantly increased in 6-OHDA-lesioned rats
when compared with the sham group (𝑃 < 0.001). PF11 (3, 6,
and 12mg/kg)markedly decreased the time taken to cross the
beam in a dose-dependent manner (𝑃 < 0.001), indicating
that PF11 showed significant improvement in balance ability
(Figure 3). The increase of time taken to cross the beam was
shown in Madopar-treated group (50mg/kg) (𝑃 < 0.01).

3.1.4. The Effect of PF11 on the Rotation Induced by Apomor-
phine. Rotation induced by apomorphinewas usually used to
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behaviorally assay the extent of neuronal loss following lesion
by 6-OHDA. No rotation was observed in all rats in sham
group. Significant increases in the number of apomorphine-
induced rotations were observed in the 6-OHDA-lesioned
rats compared to the sham group (𝑃 < 0.001). As shown
in Figure 4, rats receiving PF11 (3, 6, and 12mg/kg) exhibited
significant attenuation (𝑃 < 0.001) in circling behavior, indi-
cating that PF11 significantly reversed this abnormal motor
behavior of 6-OHDA. The improvement of circling behavior
was also observed inMadopar-treated group (50mg/kg) (𝑃 <
0.05).
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Figure 6: Effect of PF11 on the release of striatal AA in 6-OHDA-
lesioned rats. Results were means ± SEM of the data obtained in six
rats per group. ∗∗𝑃 < 0.01, compared to sham group; #

𝑃 < 0.05,
###
𝑃 < 0.001 compared to 6-OHDA-lesioned group.

3.2. Neurochemical Studies

3.2.1. The Effect of PF11 on the Level of Extracellular DA in
Striatum. The effect of PF11 on the level of extracellular DA
in the striatum was analyzed by using microanalysis coupled
with HPLC-ECD. The level of striatal extracellular DA was
lower in the 6-OHDA-lesioned group than that in the sham
group (𝑃 < 0.01). Administration of PF11 (3, 6, and 12mg/kg)
significantly increased the level of striatal extracellular DA
in a dose-dependent manner (𝑃 < 0.05 and 𝑃 < 0.001)
(Figure 5) and PF11 (12mg/kg) significantly recovered the
level of striatal extracellular DA to the normal level. The
improvement of striatal DA was also shown in Madopar-
treated group when compared with 6-OHDA-lesioned group
(𝑃 < 0.001).

3.2.2. The Effect of PF11 on the Level of Extracellular AA
in Striatum. AA was an important endogenous antioxidant
which was involved in cellular protection against damage
caused by oxidative stress. As presented in Figure 6, a
markedly lower level of striatal extracellularAAwas exhibited
in 6-OHDA-lesioned group compared to the sham group
(𝑃 < 0.01). The PF11-treated rats (6, 12mg/kg) attenuated the
6-OHDA-induced striatal extracellular AA depletion (𝑃 <
0.05, 𝑃 < 0.001), indicating that PF11 could enhance the
antioxidant ability in striatum of PD rats. Madopar-treated
group (50mg/kg) also showed improvement in the level of
striatal extracellular AA (𝑃 < 0.05).

3.2.3. The Effect of PF11 on the Level of Extracellular DHBA
in Striatum. In order to detect the effect of PF11 on the
level of extracellular DHBA in striatum, the levels of striatal
extracellular 2,3-DHBA and 2,5-DHBA, major products of
∙OH interactedwith salicylic acid, were detected. As shown in
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Figure 7: Effect of PF11 on the levels of striatal 2,3- and 2,5-DHBA in 6-OHDA-lesioned rats. Results were means ± SEM of the data obtained
in six rats per group. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared to sham group; #

𝑃 < 0.05, ##
𝑃 < 0.01 compared to 6-OHDA-lesioned group.

Figures 7(a) and 7(b), the contents of extracellular 2,3-DHBA
and 2,5-DHBA in striatum were significantly increased in
6-OHDA-lesioned group compared with sham group (𝑃 <
0.05 and 𝑃 < 0.01). Following three weeks of treatment
with PF11, the increase of striatal extracellular 2,3-DHBA
was significantly inhibited by PF11 (3mg/kg) (𝑃 < 0.05)
(Figure 7(a)) and the increase of striatal extracellular of
2,5-DHBA was also significantly decreased by PF11 (3, 6,
12mg/kg) (𝑃 < 0.01, 𝑃 < 0.01, and 𝑃 < 0.05). The
contents of 2,3-DHBA and 2,5-DHBA were decreased in
Madopar-treated group (50mg/kg) when compared to 6-
OHDA-lesioned group (𝑃 < 0.05, 𝑃 < 0.01).

3.3. The Effect of PF11 on the Expression of TH in SN. Just as
shown in Figure 8, immunohistochemical analysis showed
that a marked depletion in the expression of TH in the left
SN in 6-OHDA-lesioned group compared to the sham group
(𝑃 < 0.05) and a pronounced restorationwere observed in the
PF11-treated groups (3, 6, and 12mg/kg) in a dose-dependent
manner (𝑃 < 0.05, 𝑃 < 0.001). Madopar (50mg/kg)
decreased the loss of TH immunoreactivity compared with
6-OHDA-lesioned group (𝑃 < 0.05). The result showed that
PF11 increased the number of dopaminergic neurons in PD
rats.

4. Discussion

The results of this study clearly showed that the protective
effect of PF11 on a rat model of PD is induced by 6-OHDA. It
was found that treatment with PF11 for three weeks improved
performances in four kinds of behavior test, increased the
level of extracellular DA in striatum, and inhibited the
loss of DA neuron in SN. Because 6-OHDA can be easily

carried inside the dopaminergic neurons by the dopamine
transporter (DAT), it is thought to be one of the most
common neurotoxins used in degeneration models of the
nigrostriatal dopaminergic system, in vivo and in vitro [28–
30]. In this study, we used unilateral injection of 6-OHDA
into MFB to establish a rat model of PD which mimicked
behavioral, biochemical, and histopathological abnormalities
observed in patients with PD [31].

In the present study, treatment with PF11 at all 3 doses for
3 weeks significantly improved the abnormal behaviors in PD
rats induced by 6-OHDA, including the locomotion, muscle
and motor coordination, and contralateral rotation induced
by apomorphine. Some of them even almost recovered to
the levels of sham rats. Our results suggested that PF11
had potent anti-Parkinson property. The doses of PF11 were
selected in the present study according to our previous studies
which showed that PF11 had protective effect on memory
impairment [18]. Our previous studies have proved that
PF11 can antagonize the decreases in striatal DA levels in
mice induced by methamphetamine [16]. It is reported that
methamphetamine and its derivativesmay be one of themain
causes of PD observed in abusers of these substances, because
of their neurotoxicity [16]. Acute administration of a high
dose or multiple administration of methamphetamine in a
short period can induce tardive dyskinetic movements and
depletion of DA content from dopaminergic neurons in man
[16]. It is suggested that PF11 possibly has anti-Parkinson
property through improving the function of dopaminergic
nerve. In the present study, PF11 was found to increase
significantly striatal extracellular DA level and the expression
of TH in SN in PD rats. Tyrosine hydroxylase is usually
thought to be a rate-limiting enzyme in the synthesis of DA,
and its expression is the marker for the DA neuron survival.
Combined with previous studies and our present study, it is
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suggested that PF11 may have the neuroprotective action on
PD by improving degeneration of dopaminergic neurons in
the SN and DA depletion in the striatum.

In order to explore the possible mechanism about the
effect of PF11 on PD, we detected the contents of striatal extra-
cellular 2,3- and 2,5-DHBAandAA. It has been demonstrated

that dopaminergic neurons in PD are especially vulnerable
to oxygen free radicals [32]. Oxygen free radicals, especially
∙OH, may be a kind of important factor in the onset and/or
progression of PD andmay finally contribute to neuronal cell
death [33]. 6-OHDA-induced dopaminergic neuron degen-
eration involves the processing of hydrogen peroxidase and
∙OH [34]. Furthermore, it has been reported that 6-OHDA
lesion decreases striatal glutathione (GSH) and superoxide
dismutase (SOD) enzyme activity [35] and increases level of
malondialdehyde [36]. Interestingly, endogenous 6-OHDA
has been found to be accumulated in patients with PD [37].
Taken together, in neurodegenerative processes, 6-OHDA
causes oxidative stress, induced by ∙OH formation, which
can damagemitochondria and other cellular components and
ultimately causes dopaminergic neuron death [38]. Evidence
for the depletion of antioxidants and antioxidant enzymes
accounts for the oxidative stress associated with 6-OHDA
toxicity in PD [22]. Therefore, it is important to protect
DA neurons degeneration through increasing the function
of antioxidant defense systems. Our previous study showed
that PF11 restored the activities of SOD and glutathione
peroxidase (GSH-Px) and decreased the production of mal-
ondialdehyde (MDA) in the cortex of APP/PS1 mice [13]. It
suggests that enhancing the function of antioxidant system
may be one of the mechanisms of the central neuroprotec-
tive effects of PF11. It is well known that AA, a classical
endogenous antioxidant, plays a major role in protecting
brain against oxidative damage in the central nervous system
[39, 40]. AA can directly scavenge oxygen- or nitrogen-based
radical species generated during normal cellular metabolism.
At the millimolar concentrations present in neurons in vivo,
AA can effectively scavenge superoxide, a major diffusible
byproduct of rapid neuronal mitochondrial metabolism [41],
and also compensate for loss of any other single component
of the antioxidant network [42]. Consequently, it is especially
important to study the change of AA level in PD rats. Our
study firstly found that the level of striatal AA was signif-
icantly decreased in PD rats, and PF11 markedly increased
the content of striatal AA. In recent years, AA has been
considered as a neuromodulator or neuroprotectant andplays
a significant role in normal neuronal physiology [39]. For
instance, AA involves in the synthesis of DA and also induces
synaptic maturation of the neurons [41]. These ascorbate
effects are not mimicked by other antioxidants, such as GSH
and vitamin E [41]. Our study indicated that the effect of PF11
on the increase of DA release and the expression of THmight
be due to the increase of AA which could protect the DA
neurons.

AA depletion might cause inability to scavenge free
radicals resulting in lipid peroxidation, leading to more
oxidant load and further oxidative damage [41]. To observe
the change of ∙OH after PF11 treatment in PD model, we
detected the levels of 2,3- and 2,5-DHBA,whichwere thought
to be the sensitive assays for ∙OH formation both in vitro and
in vivo [8] by using microanalysis coupled with HPLC-ECD.
We found that the levels of striatal extracellular 2,3- and 2,5-
DHBA were much higher in PD rats than those in the sham
rats. PF11 treatment significantly reduced the increase of 2,3-
and 2,5-DHBA in the striatum. The above results about ∙OH
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and AA suggested that PF11 protected dopaminergic nerve
damage induced by 6-OHDA possibly via direct free radical
scavenging or indirect free radical scavenging by enhancing
the function of AA.

It should be noticed that several pathogeneses are
involved in PD [2]. For example, glutamate excitation and
neuroinflammation induced by 6-OHDA are the important
factors involved in the pathogenesis of PD [3]. Our previous
experiments have shown that PF11 improves the change of
glutamic acid in themedial prefrontal cortex of mice induced
by morphine [17] and has antiamnesic effect in mouse
model of Alzheimer’s disease through antioxidation and
antiapoptosis [13]. Moreover, it is reported that ginsenoside
Rd inhibits the neuroinflammation of dopaminergic neurons
evoked by lipopolysaccharide exposure [43]. Whether the
neuroprotective effect of PF11 on PD is related to glutamate
and neuroinflammation, needs to be studied in detail in the
future.

In conclusion, our results showed that PF11 reduced the
loss of nigral dopaminergic neurons, promoted the release
of striatal DA, and subsequently improved the abnormal
behaviors in PD rat model. Furthermore, PF11 treatment
significantly reduced the DHBA level and increased the
content of striatal AA in PD rats, indicating that PF11 had
neuroprotective effect on 6-OHDA-induced PD through
scavenging directly free radical and enhancing the antioxi-
dant ability. PF11 may serve as a promising clinical agent in
the treatment of PD.
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Objective. To investigate the current use of integrative therapies (IT) in the treatment of patients with amyotrophic lateral sclerosis
(ALS). Methods. A cross-sectional, multicenter clinical epidemiological survey was conducted in 12 hospitals in Shanghai. We
investigated the type and frequency of IT use and determined whether the use of IT correlated with demographic, social, or
disease-specific characteristics in our patient population. Results. A total of 231 (89.5%) of 258 patients with ALS were eligible
for the study and 229 (99% of all) of 231 reported the use of at least one IT for the treatment of ALS. Vitamins and Chinese herb
decoctions, Chinese herb compounds, massage therapy, and acupuncture were the 5 most commonly used therapies. There was
a strong association between education level, income, and use of IT. A household income of more than 75,000 RMB ($49,995)
correlated with multiple IT use, and married patients used IT more often than single individuals. The main reasons for using IT
were to treat weakness and fatigue, muscle atrophy, the development of ALS, depression, insomnia, limb pain or numbness, and
side effects associated with Riluzole. Conclusion. The use of IT is common in patients with ALS in Shanghai. Vitamins and TCM
are the most used additional therapies and the widespread and largely unexamined use of IT for ALS requires more attention.

1. Introduction

Amyotrophic lateral sclerosis (ALS), also known as Lou
Gehrig’s disease, is a relatively rare, adult-onset, rapidly

progressive, and fatal disease that involves degeneration of
upper and lower motor neurons [1]. Individuals with ALS
most commonly die of respiratory failure or pneumonia
within 2–5 years of diagnosis. There is currently no effective
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treatment for ALS. Riluzole, the current standard of care for
ALS, only extends lifespan by 2-3months and has undesirable
side effects such as nausea and fatigue [2]. Integrative therapy
(IT), as a holistic medical concept, might make contribu-
tions in boosting medical advances and safeguarding human
health [3, 4]. Many neurologists attempt to identify effective
treatments as IT in order to deal with various symptoms
in ALS patients and to improve the activities of daily living
(ADL) of the patient. The current study investigated the
use of IT in patients with ALS in 12 hospitals in Shanghai,
China, to determine the prevalence and spectrum of IT use
by patients with ALS and to determine whether the use
of integrative administration correlates with demographic,
social, or disease-specific characteristics.

2. Materials and Methods

2.1. Subjects. Data were collected by interview from 231
patients with ALS treated in 12 hospitals, including 7Western
medicine hospitals and 5 integrative medicine hospitals, in
Shanghai over a 6-month period (between December 1, 2012,
to May 31, 2013). Patients with definite or probable sporadic
ALS, according to the revised El Escorial criteria [5], were
enrolled. The ages of the patients ranged from 20 to 80
years. Patients with dementia were excluded. The Shuguang
Hospital Affiliated to Shanghai University of Traditional
ChineseMedicine approved the protocol, and all participants
provided informed consent.

2.2. Survey Tool. The patients were asked to fill out a struc-
tured questionnaire (original questionnaire printed in Chi-
nese) that included demographic information, previous and
current use of Western medicine, use of IT such as Chinese
herbal decoctions, Chinese herbal compounds, acupuncture
or acupressure and moxibustion, massage therapy, wild
Jinsheng and Chinese caterpillar fungus (these 6 therapies
are also defined as traditional Chinese medicine, TCM),
Ginkgo biloba, vitamins, nutritional supplements, art ther-
apy, magnets, music therapy, energy healing, homeopathy,
chiropractic techniques, reflexology, relaxation techniques,
spiritual healing, imagery, biofeedback, hypnosis supple-
ments, psychotherapy, melatonin, fatty acids from fish oil
concentrate, lipoic acid, Qi Gong exercise, Tai Chi quan,
and antidepressant or other additional therapies. If a subject
did not understand an item on the list, a standardized
explanation of the therapy was provided. When a patient or
caregiver/relative responded affirmatively to the use of one or
more therapies, they were further asked about the frequency
and duration of its use.We also asked how they learned about
such therapy and whether the physician treating their ALS
was consulted before initiating its use. We considered the use
of vitamin E to be an IT because it has been proven not to be
of use in the treatment of ALS.

ALS-related symptoms that have been treated were also
evaluated, and the rationale for using IT was calculated for
evaluation. The questionnaire forms were filled out by the
patients or a caregiver (spouse or family member) in the
presence of the physician and interviewers. Twelve specially

trained investigators performed all assessments as interview-
ers. One investigator (P.R.R.) conducted all interviews, which
ranged from 7 minutes to 1 hour depending on the extent of
IT use.

In addition to the use of IT, the patients were also asked
about their marital status, household income, and education
level. Additional data on each patient included the age at
onset of ALS, its duration, and any surgical procedures for
ALS. The ALS functional rating scale revised (ALSFRS-R)
total score [6] was also used to evaluate the clinical severity
of the disease.

2.3. Statistical Methods. EpiData software (version 3.2) was
used for data entry anddata documentation.Theoriginal data
were converted to the SAS system (version 9.2) for statistical
analysis [7]. All data are expressed as the mean ± SD.The rate
or constituent ratio was calculated for categorical variables.
The independent samples 𝑡-test was used to compare the
means between males and females and the chi-square test
was used to compare the constituent ratio between the two
groups. A significant difference was defined as 𝑃 < 0.05.

3. Results

3.1. Patient Characteristics. Initially, 258 subjects (patients or
their spouse or relative) were invited to fill out the question-
naires with their physicians and the interviewers in the 12
hospitals. Of these 258 patients, 231 (89.5% overall response
rate, age 62.8 ± 14.7 years, mean ± SD) were eligible for the
study and completed the interview. A total of 27 patients were
excluded: 16 because they refused to provide information
about their additional treatments and (or) households, 5 who
were diagnosed with dementia, and 6 because they could not
be diagnosed as having definite or probable sporadic ALS.
Otherwise, the data set was complete. The characteristics of
the 231 patients are shown in Table 1. There were 148 male
patients (64%, 57.2 ± 15.6 years) and 83 (36%, 64.9 ± 17.3
years) female patients. The percentage of respondents 40
years of age or older (212/231, 135 males and 77 females) were
91.77% and 8.33% in those younger than 40 years of age (13
males and 6 females). The mean postelementary education
level was 6.8 ± 3.9 years for all eligible subjects (7.3 ± 3.1
years for males and 5.6 ± 3.3 years for females).

3.2. Use of IT. A total of 229 (99%) patients reported the use
of at least one IT for the treatment of ALS; 96% reported
using two therapies and 87% reported using more than two.
Specifically, 47% used 5 or more therapies. Vitamins and
Chinese herbal decoctions, Chinese herbal compounds, mas-
sage therapy, and acupuncture were the 5 most commonly
used therapies. Both vitamins and Chinese herbal decoctions
and/or Chinese herbal compounds were used by 209 patients
(90.5%). The most common were vitamin E (95%) at an
average daily dosage of 433.14 ± 138.29 IU (range, 400–
2,400 IU), coenzyme Q10 (95.47%) with a mean daily dosage
of 48.6 ± 27.48mg (range, 30–240mg), Chinese herbal
decoctions (90.6%), Chinese herbal compounds (94.8%),
and multivitamins (91%), followed by vitamin C (86.69%),
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Figure 1: Integrative therapy (IT) usage rates and the reasons for using IT. Demonstrates the usage rates (a) of integrative medicine (IT) and
the reasons (b) of using IT in treating for patients with amyotrophic lateral sclerosis (ALS) in Shanghai, China.

Table 1: Characteristics of the study population (𝑛 = 231).

Characteristic Value
Mean age, 𝑦 (range) 63.2 (29–76)
Sex, 𝑛 (%)

Male 148 (64%)
Female 83 (36%)

Average age at onset, 𝑦 (range) 59.3 (28–75)
Mean duration of ALS, 𝑦 (range) 2.1 (0.9–4.2)
Mean duration of diagnosis, 𝑦 (range) 1.3 (0.3–3.6)
Mean ALSFRS-R score (range) 40.2 (28.3–44.8)
Marital status, 𝑛 (%)

Married 179 (77.5)
Single, divorced, or widowed 52 (22.5)

Education level, 𝑛 (%)
Less than high school 23 (10)
High school 96 (41.6)
Some college 58 (25.1)
College graduate 42 (18.2)
Graduate school 12 (5.2)

Household income, 𝑛 (%)
<$1,500 19 (8.2)
$1,500–3,000 23 (10)
$3,000–4,500 78 (33.8)
$4,500–6,000 45 (19.5)
$6,000–7,500 32 (13.8)
>$7,5000 34 (14.7)

ALS: amyotrophic lateral sclerosis; ALSFRS-R: amyotrophic lateral sclerosis
functional rating scale revised.

wild Ginseng and Chinese caterpillar fungus (76.90%), and
Ginkgo biloba (67%) (Figure 1(a)). Other IT used were

massage therapy (56.83%), acupuncture (51.32%), relaxation
techniques (16.44%), fatty acids from fish oil concentrate
(15.92%), and magnets (5.27%). Most of the patients learned
about IT from a family member or friend (68.11%), fol-
lowed by the media (53.34%) and a healthcare professional
(35.69%). The Internet was the referral source for 66.37% of
patients or caregivers. Most patients (89.03%) did not use IT
before the diagnosis of ALS. More than two-thirds (78.19%)
of IT users did not consult their physician before starting IT.
Among the demographic factors, gender was not correlated
with the use of IT. Among the social variables, there was
a strong association between education level, income, and
use of IT. Patients with a college education or beyond used
more IT (𝑟 = 0.799, 𝑃 = 0.048). A household income of
more than 75,000 RMB ($49,995) was also correlated with
multiple IT use (𝑟 = 0.683, 𝑃 = 0.042). Married patients
used IT more often than unmarried individuals (𝑃 = 0.005).
After dividing the patients into a TCM group and non-TCM
group, those who used TCM had a higher daily dosage of
Riluzole compared with nonusers (𝑃 = 0.004), but there was
no difference in the ALSFRS score between the two groups.
IT use was not correlated with duration of ALS, duration of
diagnosis, or duration of treatment with Riluzole for ALS.

3.3. Reasons for Using Integrative Therapies. The most com-
mon reason for using IT was to treat weakness and fatigue
(68.72% of male IT users) in males and muscle atrophy
(66.35% of female IT users) in females (Figure 1(b)). The
second most common reason for using IT was to delay
the development of ALS (62.91% for males and 57.20% for
females).The thirdwas to treat atrophy (49.46%) inmales and
weakness and fatigue in females (44.87%). The other reasons
for using IT were to deal with depression (43.66%), insomnia
(42.26%), limb pain or numbness (40.7%), nocturnal dyspnea
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(39.4%), side effects of Riluzole (27.7%), dysarthria or dyspha-
gia (19.74%), constipation (13.87%), poor appetite (12.63%),
spasticity (12.19%), and abnormal sweating (6.98%). For the
first 6 reasons (except the second), TCM (98.61% of these
patients) was chosen to treat the symptoms (Figure 1(b)). No
difference was found betweenmales and females with respect
to the use of TCM. Vitamin E (95.80%) was used most often
to delay the development of ALS.

3.4. Use of Traditional Chinese Medicine. Various TCM com-
pounds were used to treat patients with ALS. The most
frequently used compounds were Jinkui Shenqi pills (13.09%
of all TCM compound users), Buzhong Yiqi pills (11.32%),
Jianpi pills (9.29%), Yangxue Qingnao granules (7.15%), Con-
grong Tongbian Oral Liquid (5.86%), and Baohe pills (3.89%).
The most frequently used decoctions of traditional Chinese
herbs by patients with ALS were Sijunzi decoction (14.70%
of all TCM decoction users), Bazhen decoction (12.34%),
Shiquan Dabu decoction (8.31%), Buzhong Yiqi decoction
(6.68%), Tianwang Buxin Dan (5.52%), and Guipi decoction
(4.98%).The Chinese herbal medicines (both decoctions and
compounds) that were used most frequently were Rhizoma
atractylodis macrocephalae (17.37% of both decoctions and
compounds),Codonopsis pilosula (14.66%), Radix pseudostel-
lariae (9.89%), Eucommia ulmoides (6.78%), Radix achyran-
this bidentatae (6.19%), Semen coicis (5.28%), Radices sileris
(4.74), poria cocos (3.82%), and atractylis ovata (3.16%).

Acupuncture therapywas often used to treat patients with
ALS. The most frequently used acupoints were Guanyuan
(CV4, 12.87% of all acupoints), Qihai (CV6, 10.70%), Zusanli
(ST36, 9.97%), Shenshu (BL23, 9.69%),Baihui (GV20, 8.73%),
Sanyinjiao (SP6, 7.92%),Zhongwan (RN12, 7.66%),Hegu (LI4,
7.50%), Dazhui (DU14, 6.65%), Quchi (LI11, 5.28%), Taixi
(KI3, 4.77%), and Neiguan (PC6, 3.79%).

3.5. Subjective Effects of the Integrative Therapies. Approx-
imately two-thirds (63.23%) of the patients reported no
obvious effects from the IT therapies, while 24.69% indicated
the IT was working for the symptoms but they did not feel
the additional treatments resulted in any significant improve-
ment. Only a few subjects (9.37%) reported they could obtain
additional effects from IT therapies; the others were not
able to evaluate the effects of IT therapies. Most of the
effects of the IT therapies were improvements in subjective
symptoms, such as feelingmore comfortable, slightly happier,
more energetic, experiencing better relaxful sleep or deeper
sleep, better appetite, and even delayed development of ALS;
however, no evidence-based study has been conducted.

3.6. Cost of Integrative Therapies. The mean cost of IT for
all IT users was 1669 RMB ($270) per month. The most
expensive was 6000 RMB ($595) per month, while the
cheapest was 200 RMB ($33) per month. As of the time of
this study, the mean total cost was 20,677 RMB ($3,434) for
all IT treatments. The most spent was 53,275 RMB ($8,850)
over 29 months, and the least spent was 8,360 RMB ($1,389)
over 5 months.

4. Discussion

Identifying effective treatments for ALS is an important
task for neurologists. IT might be one choice for treating
various symptoms of ALS due to the benefits that have been
reported in clinical studies [8–10]. We found that, among all
respondents with ALS, there were more males than females,
and most were 40 years old or older (Table 1). At least one IT
was used by 99% of these patients and 96% used more than
two therapies.

One reason for using IT might be due to the insufficiency
of ALS therapies. There is currently no effective therapy for
treating the symptoms and development of ALS.There is one
drug, Riluzole; however, its efficacy is poor. Patients and their
caregivers are desperately hoping for the development of an
effective therapy, nomatter what themethod is. In the present
study, we found that starting IT may not have been recom-
mended by their physicians. Family members, friends, and
even patients themselves often try to find effective methods
to improve symptoms or delay the development of ALS. We
found a strong correlation between IT use and higher levels
of education and income. Patients or family members with
high education level might gain more personal insight into
the IT market easily, and they might have more payment
capacity to pay the extra charges because the higher income
reflects the fact that most IT are out-of-pocket expenditures.
Married subjects used IT more often than singles because
of their higher levels of education and income, and family
members might have been more able to obtain information
about treatment methods more easily than single subjects.

The IT used most often were vitamin E and TCM decoc-
tion or compounds (about 90.5% of IT users). The reasons
for this may be as follows. First, vitamin E is often introduced
as a complementary therapy for neurodegenerative disease
[11], may function to prevent or delay senility [12–14], and
is very cheap (200UI × 100 pills = about 8–20 RMB ($1.33–
3.32)) in China. Second, it has almost no side effects in the
general Chinese population and is available over-the-counter
(OTC). Furthermore, elderly people like to take it if they
are feeling weak or tired. Many of these therapies are used
without the knowledge of the treating physician.Third, TCM
decoctions and compounds have proven effects on Chinese
people and a long history of use in China, and they believe
TCMdecoctions and compoundsmight improve any disease.
Furthermore, compared with the cost of taking other IT and
Riluzole, vitamin E and TCM decoctions and compounds
are much cheaper. From January 2012 to May 2013 in China,
the mean price of TCM decoctions and compounds was
about 10.23 to 72.87 RMB/per day, while wild Ginseng is
92.36 RMB/per day, Chinese caterpillar fungus supplements
range from 190.28 to 365.37 RMB/per day, and Riluzole costs
160 RMB/per day (exchange rate; approximately 6 yuan/US
dollar). Therefore, TCM decoctions and compounds are
superior to Riluzole from a price perspective.

Themost debilitating symptoms of ALS are weakness and
fatigue, and with the development of ALS, atrophy becomes
more grievous for the patient.However, no therapy is effective
at treating these symptoms. Interestingly, the fourth most
common reason for using IT was to treat the side effects of
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Riluzole, suggesting that Riluzole has more side effects than
IT. Even though no evidence-based research has definitively
identified the effects of IT in the treatment of ALS, family
members, friends, and some physicians still want to try IT for
serious problems with the hope it will be effective for treating
the symptoms. We found no correlation between the use of
IT and disease severity, as measured by the ALSFRS-R scores.
This suggests that patients with ALS are not turning to IT in
desperation.This finding may be disease-specific because the
most common reasons cited by patients with brain tumors for
the use of IT were the limited effectiveness of conventional
therapies [15]. The strong correlation between IT use and
higher levels of education and income demonstrate that most
IT are out-of-pocket expenditures.

TCM decoctions and compounds seem to be chosen by
most patients. The most cited TCM decoctions and com-
pounds are Sijunzi decoction or Jinkui Shenqi pills, Buzhong
Yiqi pills, and Jianpi pills or single herbs like Panax Gin-
seng, Codonopsis pilosula, Astragalus mongholicus, Rhizoma
Atractylodis Macrocephalae, Angelica sinensis, Poria cocos,
Glycyrrhiza, Radix pseudostellariae, and Herba cistanche,
which are famous for increasing immunity and physical
fitness in TCM [16–18] and according to TCM theory can
“nourish the spleen and enrich vitality” which meet the TCM
guideline in treating weakness and atrophy, and has been
identified from other studies [8, 19, 20]. Most used acupoints
also could “nourish spleen and enrich vitality” too in TCM
theory.

The present results indicate that a high proportion of
the ALS patients responding to this questionnaire did or
would use IT without informing their physician, indicating
that patients and physicians are not communicating effec-
tively concerning the use of IT and that most patients are
motivated to use IT by family, friends, and the media. In
addition to improving communication between physicians
and patients about IT, this survey, although limited, has
provided an insight into IT utilization and referral patterns
in ALS patients in Shanghai. Further investigation is needed
to identify and quantify IT offered to ALS patients and the
decision-making criteria used. The extensive and expanding
use of IT requires further examination of their safety, efficacy,
and drug interactions, as well as the factors that lead patients
to use it. Physicians might include IT in their clinical practice
when treating ALS patients.
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