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deficits through PI3k/Akt/GSK-3p pathway in AB-induced AD mice.
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Abstract

Clinical studies have demonstrated that a prescription with the Curcuma wenyujin as the main
component is favourable for Alzheimer’s disease (AD) treatment. Our previous study had shown that the
aqueous extract of Curcuma wenyujin has neuroprotective effects in the AD mouse model. However, the
exact mechanism through which the aqueous extract of Curcuma wenyujin improves Amyloidal beta
(AB)-induced memory impairment by inhibiting the production of hyperphosphorylated tau protein is
unknown. We used Intracerebroventricular (ICV) injection of amyloid25-35 (Ap25-35) mice model to
test the effects of Curcuma wenyujin on Ap-induced tau protein expression. Levels of tau protein on the
serine (ser) 404 sites and threonine (thr) 231 sites were determined with immunohistochemistry assay,
and western blot was used to detect the expressions of tau protein on ser404, thr231, and thr181 sites, as
well as the changes in the phosphorylation level in the PI3K/Akt/GSk-3f signaling pathways. The results
demonstrated that the aqueous extract of Curcuma wenyujin significantly reduced the phosphorylation
level of tau protein in the hippocampus (Thr-181, Thr-231, and Ser-404), and elevated phosphorylation
level of PI3K, Akt, and GSK-3p. These results suggest that aqueous extract of Curcuma wenyujin
improves learning and memory function, and reduce the phosphorylation of the tau protein, and the
possible mechanism is mediated through the PI3K/Akt/GSK-3p signaling pathway.
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Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative
disease characterized by a progressive cognitive impairment
and memory impairment. The main pathological features are
deposition of Senile Plaques (SP), Neurofibrillary Tangles
(NFTs), and apoptosis of a large number of neurons [1]. The
incidence of AD has been increasing, and it is estimated that
there would be 100 million patients of AD worldwide in 2050,
which would bring a heavy burden on the patient’s families and
society [2]. Therefore, the development of safe and effective
drugs that prevent and treat AD is of great practical and social
significance. Due to the complex causes of AD, the scientists
put forward a variety of hypotheses according to the pathology
and characteristics of AD, such as the AP toxicity theory, tau
protein theory, oxidative stress theory, and so on [3]. The
accumulated evidence has shown that the aqueous extract of
Curcuma wenyujin has antioxidant stress effects, allows
antidepressant blood circulation, etc., [4]. Our previous study
had shown that that an aqueous extract of Curcuma wenyujin
can improve the cognitive function in AP25-35
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Intracerebroventricularly (ICV)-injected mice [5]. This study
further investigated its mechanism on this basis.

Materials and Methods

Reagents and instruments

AP25-35 was purchased from Sigma-Aldrich. Donepezil, with
purity higher than 98%, was obtained from Eisai, Ltd. The
aqueous extract of Curcuma wenyujin was provided by the
Medicinal Herbs Corporation of Bozhou, Anhui Province, and
was identified as authentic the aqueous extract of Curcuma
wenyujin by You Xianmin, who is a professor of Chinese
Medicine Research Institute of Liaoning Province. Page-Ruler
prestained protein ladder (10-170 kDa) was purchased from
Thermo Fisher Scientific Chemical Reagent Co., Ltd. The
BCA protein assay kit, Sodium Dodecyl Sulphate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) preparation
kit, and SDS-PAGE sample loading buffer (5x) were obtained
from the Beyotime Institute of Biotechnology. Antibodies
against tau-5 were obtained from Invitrogen Biotechnology,
Ltd. Antibodies against thr 231, thr 181, ser404, anti-phospho-
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AKTI1+AKT2+AKT3 (thr308+thr309+thr305) antibody, anti-
glycogen synthase kinase 3 beta (GSK-3f), anti-phospho-
GSK-3f (ser 9), anti-phosphoinositide 3-kinase (PI3K) p85
antibody, and anti-phospho-PI3K p110 beta (ser1070) antibody
were purchased from Bioss biological Co., Ltd. Aktl/2/3
Antibodies (H-136) was purchased from Santa Cruz
Biotechnology, Ltd. PB-actin was purchased from Beijing
ComWin Biotech Co., Ltd. HRP-labelled goat anti-rabbit
Immunoglobulin G (IgG; H+L), HRP-labelled goat anti-mouse
IgG (H+L), and BeyoECL Plus (ECL-like Western reagent)
were obtained from the Chinese Zhongshan Jinqiao Biological
Technology Co., Ltd. Beijing. All other chemicals were of
analytical grade.

Preparation of the aqueous extract of Curcuma
wenyujin

Preparation of the aqueous extract of Curcuma wenyujin: 1 kg
of Curcuma wenyujin was soaked in 6000 mL water for 1 h,
extracted at 100°C for 2 h, drug residues were extracted 2
times and every time with 1 h by water decocting method. The
filters were combined and were dried at 70°C under reducing
pressure, and pulverized into fine powder (119.77 g), which
was the aqueous extract.

Experimental animals

Equal male and female Kunming mice (SPF), that weighed
20-22 g (n=48, 8 weeks in age), obtained from Liaoning
Changsheng Biotechnology Co., Ltd. The mice were
maintained under standard housing conditions (22°C + 2°C and
constant humidity 50% + 5%), and light was given 12 h/d.
Food and water were available ad libitum. The use of the
experimental animals was strictly in compliance with the
Chinese legislation and guidelines determined by the
Experimental Animal Research Institute of Liaoning
University of Traditional Chinese Medicine (131/2010;
Approved on November 1, 2011).

Animal model and AP25-35 administration

AP25-35 aging: AP25-35 was dissolved in sterile saline, and
incubated at 37°C for 120 h. The mice were divided into six
groups, each group had eight mice. The mice were weighed,
and anesthetized by intraperitoneal injection of 3.5% chloral
hydrate at 10 mL/kg. After that, the mice were fixed on a brain
stereotaxic device using a mouse adaptor, the skulls were then
exposedand a 2 cm incision was made on the midline of the
skull. The bregma in the fontanel was used as the starting point
to backward for 0.5 mm, and then a micro-injector was
vertically penetrated to the depth of 3.00 mm, at a distance of
1.0 mm. Then, a 3 pL aggregated AP25-35 was slowly
administered ICV, within 1 min, control group was injected
with volumes of sterile saline. The needle was retained for 5
min so that the drugs can disperse. The mice were orally
administered with the aqueous extract of Curcuma wenyujin
(0.16-0.48 g/kg), donepezil (1.3 mg/kg) or vehicle by gavage
following the second day after AB25-35 injection. The mice
were dosed on a daily basis.
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Immunohistochemistry

The mice were deeply anesthetized with chloral hydrate (300
mg/kg i.p.), and then fixed by 4% paraformaldehyde. Their
brains were removed, and embedded in paraffin. Then, the
brain was sliced with a slicer to 5 um size slices. The sections
were treated with diluted first antibody overnight 4°C. After
washing, the secondary antibody was administrated at room
temperature for 1 h, and then 3, 3’-Diaminobenzidine (DAB)
coloring was performed. The staining process was carried out
in accordance with a modified ABC immunohistochemistry
procedure. The antibodies used for immunohistochemistry
analysis included the tau (ser404) and tau (thr231) antibody.
Images were acquired with an Olympus inverted microscope.

Western blotting analysis

One hour after the last administration, three mice from each
group were extracted to be decapitated quickly; following this,
the hippocampus was separated on ice, and weighed. The brain
tissue was rinsed with cold PBS twice, and then disrupted with
400 pl of cold hypotonic buffer for 15 min on ice. The total
protein was extracted from the hippocampus after being lysed
by protein lysis buffer. The Bradford assay was used to
determine protein concentration. Protein extracts measuring
(50 pg) were separated with sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and were then
electrophoretically transferred to polyvinylidene difluoride
membranes. After incubation at room temperature with 5%
non-fat milk in phosphate buffered saline (PBS) for 2 h, the
membranes were incubated overnight at 4°C with the indicated
primary antibodies against tau-5 (Invitrogen), ser 404, thr 231,
thr 181, PI3K, p-PI3K, AKT, p-AKT, GSK-3p, p-GSK-3p, and
B-actin. The membranes were then incubated with secondary
anti-mouse IgG or anti-rabbit IgG antibodies for 2 hat room
temperature. After washing again, the hypersensitive ECL
chemiluminescence kit was added, and the expression of the
relevant protein was observed by a gel imaging system.
Analysis was performed by Quantity One 4.6.2 image analysis
software.

Statistical analysis

SPSS17.0 statistical software was used to perform one-way
ANOVA for the experimental data. Fisher’s LSD was used to
perform multiple comparisons, and expressed as mean = SD.
P<0.05 was considered statistically significant.

Results

Results of the immunohistochemical test

Immunohistochemistry analysis showed that the number of p-
tau (ser404) and p-tau (thr231) increased dramatically in the
hippocampi of the AP25-35-injected mice compared to the
control group. However, compared to the model group, the
increase of p-tau (ser404) and p-tau (thr231) by AP were
blocked by aqueous extract of Curcuma wenyujin 0.48 g/kg
and the donepezil 1.30 mg/kg treatment’s (Figure 1).
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Afs-induced AD mice

Effect of western blot on the phosphorylation of tau
(thr231), tau (ser404), tau (thri81) in the
hippocampus of AD mice induced by Af25-35

Tau-5, a dependent antibody that recognizes both
phosphorylated and non-phosphorylated tau forms, indicates a
total amount of tau protein in the hippocampus tissue.
Compared to the control group, phosphorylation levels of tau
(thr231), tau (ser404) and tau (thr181) in mice of the AP group
elevated significantly. However, the aqueous extract of
Curcuma wenyujin treatment decreased the phosphorylation
levels of tau (thr231), tau (ser404) and tau (thr181) in a dose-
dependent manner (P<0.05, Figure 2).

Effects of the Curcuma wenyujin aqueous extraction
PI3K/Akt/GSK-3p in the hippocampus of AD mice
induced by Ap25-35

We found that compared to the control group, phosphorylation
level of the PI3K/AKT/GSK-3p signaling pathway in the AB
group decreased significantly, while compared to the A} group,
phosphorylation level of the PI3K, AKT, and GSK-3f in the
aqueous extract of Curcuma wenyujin group increased (P<0.05,
Figure 3).

a

3 . . "
Control AB Domepezil 13 mzks

-

Shanzhiling 2.6 mlkg Curoema wanyujin0.16 gkg Curcema wanyujin0.48kg

b
s L7 L
'.r;':}-'.% 5 i
™ v o 1 e
o3t ] :
Ay ﬂ!r‘? = A ¥
5 g Xl 3 y
Control Ap Donsperil 13 maks
L g
L & @ %
:4 1?; o S
A b

Am s -

S]:al:ztilil:glﬁn-.'l-kg Curoema wenyujin0.16 gkg  Curoumawanyujin 0. 485ke
Figure 1. (a) The aqueous extract of Curcuma wenyujin (0.16 g/kg
and 0.48 g/kg) treatment reduces the expression of thr 231 in Ap-
injected mice, as determined by immunohistochemical test.
Magnification, 400x; (b) The aqueous extract of Curcuma wenyujin
(0.16 g/kg and 0.48 g/kg) treatment reduces the expression ser 404 in
Ap-injected mice, as determined by immunohistochemical test.
Magnification, 400x.
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Figure 2. (a) Effects of the aqueous extract of Curcuma wenyujin on
the expression of thr 181, thr 231, ser 404 and tau-5 in the
hippocampus. The aqueous extract of Curcuma wenyujin (0.16 g/kg
and 0.48 g/kg) significantly decrease: (b) thr 231; (c) ser 404, (d) thr
181, as determined by Western blotting. All of the results are
expressed as the means + SD. n=3 animals; #p<0.05 vs. control;
*0<0.05 vs. Ap.
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Figure 3. (a) Effects of the aqueous extract of Curcuma wenyujin on
the expressions of p-PI3K, p-AKT and p-GSK-3p in the hippocampus.
The aqueous extract of Curcuma wenyujin (0.16 g/kg and 0.48 g/kg)
significantly increase; (b) p-PI3K; (c¢) p-AKT; (d) p-GSK-3f, protein
expression level, as determined by Western blotting. All of the results
are expressed as the means £ SD. n=3 animals; #p<0. 05 vs. control;
*n<0.05 vs. Ap

Discussion

In this study, we confirmed that the aqueous extract of
Curcuma wenyujin inhibited the phosphorylation levels of tau
(thr231), tau (ser404) and tau (thr181), and the phosphorylation
of PI3K, AKT, and GSK-3f were increased in mice induced by
APB25-35. Our previous study had shown that aqueous extract
of Curcuma wenyujin can improve the cognitive function in
AB25-35 ICV-injected mice [5]. Together, these results suggest
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that aqueous extract of Curcuma wenyujin improves the
learning and memory impairments possibly through the
PI3BK/Akt/GSK-3p  signaling pathway. Donepezil, a
cholinesterase inhibitor, is a representative symptomatic
therapy for Alzheimer’s disease. Also, it has been reported that
donepezil could reduce phosphorylated tau levels by Western
blot analysis, as well as an immunohistochemical study.
Donepezil treatment also inactivated GSK3p, which is one of
the tau kinases, via the activation of Akt [6]. So we keep using
the drug in the paper.

Curcuma wenyujin is a dry plant root of the turmeric genus [7].
Previous studies had shown that Curcuma wenyujin is
hypolipidemic, improves hemorheology, prevents depression
and liver injury, prevents oxidative stress, and improves
immune regulation [8]. Since it promotes blood circulation and
reduces oxidative stress, speculating form the pathogenesis of
Alzheimer’s disease, Curcuma wenyujin may have a
therapeutic effect on Alzheimer’s disease [4]. At the early
stage, we observed the effect of the aqueous extract of
Curcuma wenyujin on the behaviours of model mice with
Alzheimer’s disease. Our data confirm that the aqueous extract
of Curcuma wenyujin can improve the learning and memory
functions of AD model mice. This study mainly investigated its
mechanism. At present, a large number of in vivo and in vitro
studies have found that the increase in A level in the brain of
AD patients is significantly correlated with the decrease in
cognitive ability [9]. Therefore, AP25-35 had been injected
into ICV to build the AD animal model. Tau protein is a
microtubule-associated protein, and its hyperphosphorylation is
one of the main pathological features of AD [10]. Literatures
have confirmed that tau protein is correlated with AD in the
three phosphorylation sites of thr181, 404, and 231 [11]. The
current study suggested the aqueous extract of Curcuma
wenyujin can reduce the phosphorylation level of tau protein in
thr181, ser404, and thr231 sites induced by Ap. This, in turn,
possibly contributes to the improvement of AB-induced spatial
learning and memory impairment. The decreased activity of
PI3K/Akt signaling pathway can promote the high
phosphorylation of tau protein, which is an important signaling
pathway leading to neuronal apoptosis [12]. The molecule
GSK-3p on the downstream of the PI3K/AKT pathway is a key
regulator of glycogen synthesis, and its activity decreases
significantly after phosphorylation [13,14]. Abnormal increase
in the activity of GSK-3B cans phosphor late tau protein at
multiple sites [15]. Therefore, we studied the effect of the
aqueous extract of Curcuma wenyujin on GSK-3p and the
changes in the PI3K/AKT pathway. Our studies have shown
that the aqueous extract of Curcuma wenyujin increases the
phosphorylation levels of PI3K, Akt and GSK-3B. These
results suggested that the aqueous extract of Curcuma wenyujin
possesses the ability to inhibit the over-phosphorylation of tau
protein in AD mice induced by AP25-35. Thus, the aqueous
extract of Curcuma wenyujin may be an efficacious and
promising remedy for the treatment of AD because the
therapeutic target of it is the PI3K/Akt/GSK-3p pathway. As a
result, the aqueous extract of Curcuma wenyujin may become a
promising drug for the treatment of AD.
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