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ABSTRACT
Objective: To study the effect of enriched environment (EE) on cognitive function and pathological
changes in Alzheimer’s disease (AD) mice.
Method: 6-month-old of the male mice were divided into 3 groups (n D 8), the wild type C57BL/6 mice in
the control group, the APP/PS1 transgenic mice of AD reared in either the standard environment or the EE.
Mice were feeding for 8 weeks, and then moved into standard environment. The activity and cognitive
function were measured by Open-field test and Morris-water Maze. Immunofluorescence was used to
detect Ab plaque, hydroxylamine colorimetric assay was used to detect the activity of Ach, ChAT and
AchE, and ELISA was used to detect the Ab protein and the inflammatory factors IL-1b, IL-6, TNF-a and
IFN-g in serum, as well as the trophic cytokines BDNF, NGF and IGF-1 in hippocampus.
Result: Compared with the controls, the behaviors of AD mice were degraded, the Ab deposition could be
detected in the brain, the activity of Ach and ChAT decreased while the AchE increased, and the
inflammatory factors increased significantly in serum while the trophic factors decreased in hippocampus.
By means of rearing in EE, the activity and cognitive functions of AD mice were improved, and the Ab
plaques were significantly reduced. Meanwhile, the inflammatory factors in serum were reduced while the
trophic cytokines increased. Besides, the cholinergic system in the brain were improved without statistic
difference. However, 3 months later, these improvements in AD mice which were previously raised in EE
disappeared.
Conclusion: The EE can improve the behaviors of AD mice, reduce the Ab deposition in the brain, regulate
the levels of cytokines, and have benefit in pathological changes in AD, but these improvements are short-
term.
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Highlights

1. EE improves the activities and the cognitive abilities in
APP/PS1 mice.

2. The Ab plaques in AD mice feeding in EE are reduced
with a lower levels of inflammatory factors.

3. The neurotrophin factors in EE mice are increased and
further to influence the cholinergic system.

4. The improvements of EE are short-term and will be dis-
appear within 3 months.

Introduction

Alzheimer’s disease (AD) is a degenerative disease of the
central nervous system and the most common type of senile
dementia. The characterized by persistent deterioration in
memory and cognitive function, accompanied by various
mental and behavioral disorders.1 Unfortunately, the exact
pathogeny and pathogenesis are still not clear, and there
are no specific treatments or effective drugs that can reverse
the progression. The neuropathological features of AD are
the deposition of b-amyloid proteins (Ab), the formation of

intracellular neurofibrillary tangles (NFTs) and progressive
neuron loss in the brain.2,3 In addition, the cholinergic
hypothesis proposes that there is a reduction in the activity
of choline acetyltransferase (ChAT) andacetylcholine (Ach)
levels in the cerebral cortex in elderly patients.4

Currently, available nonpharmacological treatment strategies
for patients with AD are associated with lifestyle interventions
including exercise and socialization as well as a healthy diet.5,6

In recent years, based on the endogenous nerve regeneration
theory, the continuous development of EE has brought new
breakthroughs in the prevention and treatment of neurodegen-
erative diseases and rehabilitation nursing.7 Accumulating
studies showed that the brain can make obvious responses to
environmental stimuli.8 In the animal models of AD, a large
number of experiments reported physical exercise and cognitive
stimulation in form of EE could attenuate Ab burdens, rescue
impaired neurogenesis, enhance synaptic plasticity, and alleviate
cognitive impairment.9 However, there are also few reports
report that EE exacerbates amyloid plaque formation in a trans-
genic mouse model of Alzheimer disease.

Research shows that the decrease of choline acetyltransferase
(ChAT) activity and the increase of acetylcholinesterase
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(AChE) activity is one of the major biochemical changes in
elderly patients with dementia, and also closely related to the
intelligence of the elderly patients with dementia.10 Meanwhile,
in the AD disease, It is also accompanied by a slow inflamma-
tory pathological process.11 There are lots of immune molecules
associated with inflammatory reactions in the brain of AD
patients, and participate in the formation of AD amyloid
plaques.12

Considering the above facts, we used APP/PS1 mice to
detect the behavior and morphology, including the learning
and memory function and activity determination in the AD
mice under the stimulation of EE, and its influence on Ab pla-
ques in the brain. Meanwhile, environmental-induced changes
in neuroinflammation and cholinergic system in mouse models
of AD have been, hitherto, almost completely neglected.
Therefore, the present study aims to ascertain the effects on
neuroinflammation and the cholinergic system in APP/PS1
transgenic mice exposed to EE. These studies may provide
scientific basis for the improvement of clinical pathological
condition of AD disease.

Results

EE improves the autonomous activity of AD mice
in the Open-field test (Fig. 1)

Compared with the wild-type mice, the activity of the APP/PS1
mice (Ambulation) in the open field were significantly
decreased (P < 0.05), as well as Rears and Fine, while the mice
in the EE group have a remarkably improvement in activities.

The result shows that EE can enhance autonomy inquiry activi-
ties of AD mice.

EE improves the learning and memory function
of AD mice in Morris water maze (Fig. 2)

In the acquisition of place navigation, there is no difference
of escape latency between the three groups in the 1–2 days.
In the 3–4 days, compared with the AD group, the escape
latency in EE and control groups are significantly less. On
the 5th day of the spatial probe, the platform was removed
from water maze equipment, the percentage of swimming
time and distance in the target quadrant in EE mice were
significantly higher than that of AD group, and the number
of time through original platform quadrant position in EE
mice is significantly more than AD group. In the 7th day,
the reversal of place navigation, the escape latency in EE is
decreased. It showed that EE improved the learning and
memory abilities of AD mice.

Figure 1. EE significantly improved the activity of AD mice in the open field. In the
60 minutes open field test, the results were analyzed as a session every 10 minutes.
The results showed that EE significantly enhanced the ambulation of AD mice dur-
ing the whole experiment(A). EE significantly increased the time of central lattice
movement (B), rears (C) and fine (D) of AD mice. �P < 0.05, compared with wild
type C57; #P < 0.05, compared with AD mice.

Figure 2. EE significantly improved the learning and memory ability in AD mice. In
the 3rd and 4th day, the acquisition of place navigation, wild type C57 and AD
mice reared in EE used significantly less time to find the platform. In the 7th day,
the reversal of place navigation, wild type C57 and AD mice reared in EE per-
formed better (A). In the 5th day, the spatial probe, the AD mice reared in the EE
spent significantly more times to through the target platform than the AD group
(B), meanwhile the percentage of swimming time and distance in the target quad-
rant were significantly higher than the AD group (C, D). There was no difference in
swimming speed between the three groups. �P < 0.05, compared with wild type
C57; #P < 0.05, compared with AD mice.
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EE reduces the Ab plaques and the soluble/insoluble
Ab1–40/Ab1–42 peptides in the brain of AD mice (Fig. 3)

The content of Ab plaques in brain of mice was detected by
immunofluorescence staining, showed that compared with the
control group, Ab plaques could be observed in APP/PS1 mice.
While the Ab plaques of mice fed in EE decreased significantly
(P < 0.05). We further examed the soluble/insoluble Ab1–40/
Ab1–42 peptides in brain by ELISA, found the result is consis-
tent with the deposition detection, that EE reduced the levels of
Ab peptides in AD mice (P < 0.05). It demonstrated that EE
alleviates the Ab plaques and proteins in AD mice.

Changes in the activity of Ach, ChAT and AchE
in the hippocampus and cortex of the mice (Fig. 4)

The activity of Ach and ChAT in hippocampus and cortex of
AD mice was significantly lower than the control group, while
the AchE was higher. It illustrated that the Ach in AD mice
brain was not enough, caused central nervous system dysfunc-
tion. After reared in EE, there were still some differences with
the controls, but the degrees were relived. Although there were

no statistic differences between EE and AD mice, the former
presents less inhibition of Ach and ChAT, and less activity of
AchE.

The inflammatory and trophic cytokines of mice (Fig. 5)

The levels of serum inflammatory factors IL-1b, IL-6, TNF-a
and IFN-g in AD mice were significantly higher than control
group, while the EE suppressed the express of them, showed a
significant decreased content (P < 0.05). At the same time,
compared with the AD mice, the trophic factors BDNF, NGF
and IGF-1 in the hippocampus of mice raised in EE increased
significantly (P < 0.05).

The improvements of cognition and cytokines
in EE disappeared within 3 months (Fig. 6–7)

To detect the persistence of the improvements in EE, another
experiment was carried out. After 8 weeks of feeding in EE,
mice were all moved into standard environment. 3 months
later, the Morris-water Maze was tested, and the mice

Figure 3. EE significantly reduced the Ab plaques and peptides in the brain of AD mice. Immunofluorescence showed that, compared with AD mice, most of the larger
plaques in hippocampus (A, B) and cortex (D, E) area decrease in EE mice, while the deposition of some dispersion have also disappeared. Analysis of quantitative image
showed the Ab deposition in the hippocampus (C) and cortex (F) of AD mice in EE were significantly. The soluble/insoluble Ab1–40/Ab1–42 peptides (G, H) show EE
reduced the levels of Ab peptides in AD mice. �P < 0.05, ��P < 0.01, compared with AD mice.
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previously raised in EE didn’t represent better than the AD
mice, demonstrated the improvement in cognition disappeared.
Furthermore, we examed the inflammatory factors and trophic
factors, and the changes by EE also had not remained. It illus-
trated that the benefit effect of EE is not last long. If the stimu-
late of EE is removed, the improvement in AD will gradually
disappear, it is short-term.

Discussion

The exact pathogenesis of AD is still not clear, it is consid-
ered to be the common result of various factors such as
aging, genetic and environmental.13 There are many theories
at present, the impact of the amyloid cascade hypothesis of
Ab is broader. The deposition of Ab in the brain is the
central link of the pathological changes of AD, which can
cause a series of pathological process, thus forming a cascade
amplification reaction.14 These series of pathogenesis pro-
cesses also includes the reduction of Ach and the process of
chronic inflammation. AchE is a hydrolase of cholinergic
neurotransmitter ACh, which directly involved in the
autonomic regulation, memory and other important func-
tions. Studies have confirmed that the central cholinergic
system in Alzheimer’s patients were damaged. On the other
hand, the pathological characteristics of AD patients are

slow inflammatory pathologic process, and causing cognitive
dysfunction and other symptoms.

An EE is an environment with multiple intervention fac-
tors, it is a complex of inanimate objects and social stimula-
tion.15 The animals’ breeding environment has increased, and
the built-in objects are novel and rich, providing multiple
sensory stimulation and exercise for animals. Many studies
indicate that the EE plays a role in alleviating memory defects
in many neurodegenerative diseases such as Alzheimer’s
disease and Down syndrome. Therefore, this study will
combine the EE with AD transgenic mice to reveal the patho-
logical characteristics of AD mice fed in it, and explore its
possible mechanism.

The results of this study show that the activity and cognitive
function of AD mice which fed in EE were significantly
improved, Ab plaques decreased, the Ach and its enzymes
AchE and ChAT in brain were also regulated, while the levels
of inflammatory cytokine were suppressed, and the trophic
cytokines were increased. These results suggest that the EE
improvement in the behavior of AD mice and the down-regula-
tion of Ab deposition may be achieved by inhibiting the inflam-
matory factors of AD mice and regulating the activity of ChAT
and AchE in the brain to reduce the neurotoxicity of the pro-
tein. Whereas, these improvements were not last long. 3 months
later, the AD mice previously raised in EE showed almost no

Figure 4. Changes of the content of Ach, ChAT and AchE in the hippocampus (A, B, C) and cortex (D, E, F) of the mice. Compared with the control group, the Ach and
ChAT in the brain of AD mice decreased significantly, while the content of AchE increased significantly. The AD mice fed in EE showed that these changes were relieved
in varying degrees, but there wash no statistical difference compared with the AD mice. �P <
0.05, ��P < 0.01, ���P < 0.001, compared with wild type C57.
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difference with the others, which demonstrated that the effects
of EE are short-term.

In animal behavioral studies, AD mice reared in EE showed
stronger activity and better function of learning and memory,
illustrated that EE can improve the behaviors of AD mice,
relieve the symptoms of dementia, but this improvement grad-
ually disappeared within 3 months.

It is generally believed that the amyloid cascade hypothesis
of Ab is the pivotal pathogenesis of AD. In the AD patients,
senile plaques can be detected in the brain.16 Ab is the main
constituent of the senile plaques, the Ab plaque and protein in
the AD mice fed in EE were significantly reduced, indicating
that the course of the disease in AD mice has been alleviated.

Studies found that patients with AD have abnormal brain
neurotransmitters, such as excitatory amino acids, norepineph-
rine, serotonin, etc. But the cholinergic system is the most seri-
ous, and it is most closely related to cognitive and behavioral
disorders in patients.17 ACh is the main neurotransmitter in
hippocampus. The role of hippocampus in spatial working
memory depends on the integrity of its cholinergic system.
Fadda found that the improvement of animal performance in
the learning process of the 12 days continuous radiation laby-
rinth task was proportional to the increase degree of ACh in
the hippocampus.18 Studies showed that the loss of memory in
AD patients is associated with the cell death of the cholinergic
neurons in the basal forebrain, and the degree of reduction is
related to cognitive test. So the low activity of the cholinergic
system may play an important role in the pathogenesis of AD.

In this study, through the detection of Ach, ChAT and AchE
activity, shows EE can regulate their content. Although there
were no statistic differences between EE and AD mice, the for-
mer presents less inhibition of Ach and ChAT, and less activity
of AchE, which may have benefit to restore the activity of the
cholinergic system in AD mice.

A large numbers of immune molecules related to inflamma-
tion can be detected in AD patients, and many inflammatory
factors harmful to normal body are released in AD patients,
plaque develops from non inflammatory nerve to diffuse
inflammatory nerve plaque, and aggravates nerve injury.19 The
most common inflammatory factors include IL-1b, IL-6, TNF-
a and IFN-g. IL-1b is a kind of proinflammatory cytokine,
mediate all kinds of acute and chronic inflammation, involved
in the destruction of human tissue and other pathological pro-
cess extensively. Research suggested that IL-6 may have local
effects on brain function, promoting the synthesis of Ab pre-
cursor protein from neural cells and precipitating in brain tis-
sue. TNF-a is a cytokine produced by activated macrophages
and has a role in promoting inflammation. In the central ner-
vous system, IL-1b and IFN-g through inhibition of synaptic
transmission approach to damage neurons function. IFN-g was
also found to be significantly increased in blood of AD patients.
The results of this study show that compared to the control
group, the level of IL-1b, IL-6, TNF-a and IFN-g in AD mice
serum were significantly increased. After EE feeding, the level
of inflammatory cytokines in the serum of mice have been
effectively controlled. Similar with the changes of behavioral

Figure 5. Detection of inflammatory and neurotrophic cytokines level in mice. The results showed that the level of inflammatory factors IL-1b (A), IL-6 (B), TNF-a (C) and
IFN-g (D) in serum of AD mice were significantly higher than those of wild type C57 mice, while trophic factor BDNF (E), NGF (F) and IGF-1 (G) in hippocampus were lower.
By reareing in EE, the inflammatory factors decreased while the trophic cytokines increased significantly. �P < 0.05, ��P < 0.01, compared with wild type C57; #P < 0.05,
compared with AD mice.
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tests, the inhibition of these inflammation factors could not be
detected while the AD mice reared in standard environment
for 3 months. It showed that EE reduced the inflammatory level
in serum of AD mice, alleviates the cytotoxicity of inflamma-
tory factors, but this improvement not last long when the EE
removed.

As a kind of neurotrophic factor, BDNF plays an important
role in the development, regeneration and function mainte-
nance of neurons. It can regulate hippocampal synaptic plastic-
ity and important in cognitive function. The expression of
mRNA of BDNF in hippocampus of AD patients is significantly
reduced.20 Therefore, increasing the content of BDNF in the
brain can improve the viability of neurons, promote the growth
of neurons and improve their spatial memory ability. The other
cytokine, NGF, also plays an irreplaceable role in the survival
of the basal forebrain cholinergic neurons (BFCNs) in the cen-
tral nervous system. A large number of experiments show that
the decrease of NGF level in BFCNs can lead to the reduction
of neurons in the cortex and hippocampus of the brain, and the
AD like pathological changes gradually happened. In addition,
IGF-1, as an important regulator of nerve cells, is found to be
involved in many links of AD pathogenesis. This effect is not

only expressed at the molecular level, but also at the cell and
organism level. In this study, BDNF, NGF and IGF-1 in the
brain of AD mice which fed in EE presented a significant
increase, further showed a remission and improvement of AD
pathological changes. Nevertheless, this effect is also transitory.

In the correlation study of AD patients and environmental
factors, it is reported that the diversity of living environment
plays an important role in the remission of the disease develop-
ment process. For example, music therapy can help patients
with AD to enhance speech ability, stimulate long and short-
term memory, promote self-expression and communication
skills, promote relaxation and relieve anxiety.21 Besides, dance
intervention therapy has significant effects on the physical-
body, sensory, emotional, and social connections of AD
patients, such as activate the patient’s motor ability, arouse the
patient’s memory, open their own emotions, restore confidence,
improve the patient’s ability to communicate. In addition, both
physical exercise and mental exercise can alleviate the disease
process in AD patients. These interventions are alike the EE
mentioned in this study. Compared with the traditional drug
therapy and immune therapy, the change of the environment
induces multi sensory stimulation, and provides a kind of free
stress and entertaining environment for the dementia patients.
It has a wide range of application, which can not only improve
the mood, behavior, communication and cognition, but also
reduce the use of drugs, and avoid the possible side effects to
make the patients safer, relieve the economic burden on family
and society. It improves the life quality of the AD patients, and
may be a promising treatment.

In this study, after a series test of indicators, we found a
number of pathological indexes in AD mice reared in EE were
improved. The improvements probably related to the regula-
tion of cytokines. The levels of inflammatory factors in AD
mice reduced while the neurotrophic cytokines increased, fur-
ther to regulate the cholinergic system in the brain, reduce the
neurotoxicity of Ab, and improve the behavior of AD mice.
The EE plays a role in the treatment of AD, and the treatment
without drugs is more safer and reliable. But this improvement
can not be observed 3 months after animals leave the EE, and
similar researches have reported, for example, Baker, etc found
that the improvement observed during the intervention of mul-
tiple sensory stimulation therapy (MSS) disappeared after
1 months, while Milev and other studies showed that improve-
ments in behavior still exist 12 weeks after intervention.22 How
long can this improvement lasts, and whether the effects can be
strengthened or extended under the stimulation of EE repeat-
edly, these details need to be further explored.

Materials and methods

Experimental animals and groups

6 month old of the male mice were divided into 3 groups, with
8 mice in each group, weight 24§2 g. One group is C57BL/6
mice of wild type, two groups are APP/PS1 transgenic mice of
Alzheimer’s model obtained from the Model Animal Research
Center of Nanjing University. The APP/PS1 mice co-express
human KM670/671L-mutated amyloid precursor protein
(APP) and M146L-mutated presenilin 1 (PS1), which were on

Figure 6. The mice previously raised in EE represent no difference with the AD
mice, In the place navigation (A), the wild type C57 spent significantly less time to
find the platform. In the spatial probe (B-D), the wild type C57 spent more times
and distance in the target quadrant than the other two groups. �P < 0.05, com-
pared with wild type C57.
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the C57BL/6 congenic background. One group of APP/PS1
transgenic mice were reared in the EE, which were in a large
cage (60�40�40 cm), and placed a suitable amount of devices
for mice activity, such as runners, pipes, colorful balls, etc. The
other two groups were reared in the facilities of temperature
control and light cycle control with free access to food and
water. The experiment lasted for 8 weeks, and then the mice
were all removed into standard environment. It was approved
by the Institutional Animal Care and Use Committee of
Wannan Medical College.

Detect mice activity by Open-field test

The open field equipment is made up of an open enclosed box
with a size of 60� 60�45 cm. The bottom of the box is divided
into 6�6 small lattices through the marking line. The center of
the top is equipped with a video camera to record the behavior
of mice in the open field. Each mouse records 60 min, and all
the experiments are carried out in dim light.

Detect the learning and memory function of the mice
by Morris-water Maze

The experiment lasted 7 days, the first 1–4 days is the acquisi-
tion of place navigation, the hidden platform placed in the first
quadrant, and mice were placed into the pool from each
quadrant to record the escape latency, which is the average
time of the mice to find the platform, reflects the cognitive

function of the mice.23 The fifth day is the spatial probe, after
removing the hidden platform, mice were placed into the pool
from the third quadrant. They were requested to looking for
the platform in memory, and the swimming time was 60s.
Counted the number of times the mice passed the original
platform, and the percentage of swimming time and swimming
distance in target quadrant. It reflects the memory ability of the
mice. The 6–7 days is the reversal of place navigation, the
platform quadrant was placed in the opposite of the original
platform quadrant, and repeat the navigation acquisition stage.
It reflects the working memory ability.

Labeled Ab plaques in the brain of the mice
by immunofluorescent

Soaked in 4% polycondensation formaldehyde Solution fully
fixed after the mice brain perfusion by normal saline, cut
the brain tissue into 40 mm drifting slices from the coronal
surface with frozen section machine, with 0.01 M PBS
bleaching 3 times, and closed in 37�C water bath for
30 min with 1% BSA containing 0.25% Triton X-100, incu-
bated 2 hours in Ab42 (1:2000; Invitrogen), stay at 4
degrees overnight, take it out in the second day, then incu-
bated in secondary antibodies Goat anti mouse 555 (1:400;
Invitrogen) at 37�C water bath for 2 hours. Mount the
slices of the brain on the slide proof slide after rinsing the
slices, and mounting by glycerol/PBS (1:1), photographing
with laser scanning confocal microscope.24

Figure 7. The inflammatory and neurotrophic cytokines in mice. The level of inflammatory factors IL-1b (A), IL-6 (B), TNF-a (C) and IFN-g (D) in serum of AD mice which
were previously reared in EE were higher than the controls, and the trophic factors BDNF (E), NGF (F) and IGF-1 (G) in hippocampus were lower. �P < 0.05, ��P < 0.01,
���P < 0.001, compared with wild type C57.
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Preparation of soluble and insoluble Ab1–40 and Ab1–42
peptides

The brains were removed, minced and then homogenized in
50 mM Tris-HCl buffer containing 2% SDS, and a mixture of
protease inhibitors. Lysis buffer and proteinase inhibitor were
used. For soluble Ab, homogenates were centrifuged and
supernatants were stored at ¡70�C for additional analysis. For
insoluble, 70% formic acid was added to the pellets for
extraction of SDS-insoluble Ab. After sonication samples were
centrifuged, supernatants were stored for analysis. Ab40 and
Ab42 were analyzed using Ab ELISA kits (Invitrogen).

Detect the Ab peptides and cytokines by ELISA

The Ab peptides and cytokines were detect by ELISA kits. Each
well is added to 200 ml sample, 37�C water bath for 2 hours,
Washing by PBST and pat dry, then adding Goat anti mouse
IgG HRP, 37�C water bath for 1 hour, Washing by PBST and
pat dry, adding TMB substrate and avoid light for 10–
15 minutes, and then adding stop solution, observed reading by
enzyme-linked immunosorbent in 30 minutes, record the result
at the wavelength of 490 nm, calculate the corresponding con-
centration according to the standard curve.25

Detect the activity of Ach, ChAT and AchE
in the hippocampus of the mice

The experimental animal were killed by decapitation, take out
the brain quickly, rinse the surface blood by pre cold saline, dry
with filter paper. Remove the pial vascular. Quickly remove the
hippocampus and cerebral cortex tissue of the brain and
weighed, respectively, place it into a mini type homogenizer,
grinding with anhydrous ethanol, and adding normal saline
water to make the homogenate fully.26 Detect the activity of
ChAT and AChE according to the Kit instruction.

Labeled Ab plaques in the brain of the mice
by immunofluorescent

Soaked in 4% polycondensation formaldehyde Solution fully
fixed after the mice brain perfusion by normal saline, cut the
brain tissue into 40 mm drifting slices from the coronal surface
with frozen section machine, with 0.01 M PBS bleaching
3 times, and closed in 37�C water bath for 30 min with 1% BSA
containing 0.25% Triton X-100, incubated 2 hours in Ab42
(1:2000; Invitrogen), stay at 4 degrees overnight, take it out in
the second day, then incubated in secondary antibodies Goat
anti mouse 555 (1:400; Invitrogen) at 37�C water bath for
2 hours. Mount the slices of the brain on the slide proof slide
after rinsing the slices, and mounting by glycerol/PBS (1:1),
photographing with laser scanning confocal microscope.

Statistical analysis

The data were analyzed by SPSS19.0 statistical software. The
data were statistically analyzed by one-way ANOVA. All
the results were expressed as x§s. P < 0.05 indicating that the
difference was statistically significant.

Abbreviations

AD Alzheimer’s Disease
Ab Amyloid b
Ach Acetylcholine
AchE Acetylcholinesterase
ChAT Choline Acetyltransferase
EE Enriched Environment
IL-1b Interleukin-1b
IL-6 Interleukin-6
TNF-a Tumour Necrosis Factor-a
IFN-g Interferon-g
BDNF Brain Derived Neurotrophic Factor
NGF Nerve Growth Factor
IGF-1 Insulin-like Growth Factor-1
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