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Abstract

Amyloid � (A�) is closely related to the onset of Alzheimer’s disease (AD). To construct AD animal models, a bolus administration of a
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arge dose of toxic A� into the cerebral ventricles of rodents has been performed in earlier studies. In parallel, a continuous infusio
ia an osmotic pump into the cerebral ventricle has been developed to make a rat AD model. In this study, we developed a mouse A
epetitive administration of A�25–35 via a cannula implanted into the cerebral ventricle. Using this administration system, we repro
onstructed a mouse with impaired spatial working memory. In accordance with the occurrence of the abnormal mouse behavior, w
he number of choline acetyltransferase (ChAT)-positive neurons was reduced in paraventricular regions of brains of A�25–35-administere
ice in a dose-dependent manner. Considering that the repetitive administration of a small dose of toxic A� via an implanted cannula lea

o a brain status more resembling that of the AD patients than a bolus injection of a large dose of A�, and therapeutic as well as toxic age
re able to be repeatedly and reliably administered via an implanted cannula, we concluded that the implanted cannula-bearing
odel is useful for development of new AD therapy.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Alzheimer’s disease (AD) is characterized by progressive
euronal loss, intraneuronal tangles, and extracellular neu-
itic plaques. The major constituent of the plaque is amyloid�
A�), derived from amyloid� precursor protein (A�PP)[1].
ormation and accumulation of A� has been implicated in the
evelopment of AD[2–7]. Three genes with a missense muta-

ion have been identified to cause familial AD (FAD): A�PP,
resenilin 1 (PS1) and PS2[8]. Multiple groups have found

hat constitutive overexpression of a FAD mutant increases
roduction of toxic A�1–42/A�1–43[9–13]. We have also
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reported that introduction of the London-type missense m
tion (Val 642 Ile by the APP695 numbering) into the A
gene by a knock-in technique induced moderate cogn
impairment with increased ratio of A�42 (43)/A�40 [14].
Most importantly, it has been demonstrated that admini
tion of anti-A� antibody attenuates not only the A� pathology
but also the memory impairment of AD-model mice[15–18].
All these findings support the idea that A�s are closely linke
to the pathogenesis of AD.

Several AD-model mice have been developed by cons
tively overexpressing FAD mutant genes using the transg
mouse procedure[9–13,19]. Although massive neuronal lo
does not occur in brains of these animals as it does in b
of human AD patients, the formation of plaque in bra
as well as mild dementia occurs as they age. Consequ

166-4328/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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these animals have been used as AD models with incomplete
manifestations. In addition to these animal models, Flood
et al. [20] first reported that intracerebroventricular (ICV)
injection of A� peptides induced cognitive impairment in
mice. Since then, multiple groups have reported that ICV
injection of several kinds of A� peptides such as A�25–35,
A�1–42, and A�1–40 induces memory impairment in mice
and rats[21–28]. Because such A� model animals can be
generated by shorter term procedures than transgenic mouse
models, they have also been widely used as AD animal
models. Administration of A� into cerebral ventricles has
been usually performed by a one-shot or bolus ICV injection
of a large dose of A� in these studies[21,25–28]. However,
based on the fact that the concentrations of A� are kept
upregulated without major fluctuation in AD brains for
a long time, chronic A� neurotoxicity is considered to
be more relevant in AD pathogenesis. Accordingly, it is
preferable that A� peptides are continuously administered
into the cerebral ventricle for a longer period. In this regard,
although rats with dementia have been successfully con-
structed by continuous infusion of A� via an osmotic pump
connected to the cerebral ventricle[22–24,29], until now
an AD mouse model had not been developed using similar
procedures.

In this study, we have developed an AD mouse model
using a ventricle-implanted cannula system. Although this
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2.2. Implantation of cannulas and intracerebroventricular
administration of A�

CD-1 mice at the age of 8 weeks weighing 33–37 g (Charles
River Japan, Japan) were anesthetized with intraperitoneal injection
of 10% Nembutal (sodium pentobarbital, 60 mg/kg) and placed
in a stereotaxic surgery apparatus as described previously[30].
C315GS-4 cannula system for mice (Plastic One Inc., Roanoke,
VA) was implanted into the left lateral ventricle under aseptic
conditions through a hole drilled in the skull at the follow-
ing coordinates: anterior–posterior, +0.3 mm; lateral, 1.0 mm;
horizontal, 3.0 mm from the bregma, according to the atlas of
Paxinos & Watson. The cannula was secured with surgical glue.
Ten days after implantation, animals were randomly assigned to
groups. C315IS-4 internal cannula (Plastic One Inc., Roanoke,
VA) connected to a Hamilton syringe by cannula tubing (C232CT,
PE50/Thin wall, Plastic One Inc., Roanoke, VA) was used for the
injection.

We performed two experiments corresponding toFigs. 1 and 2.
In the experiment inFig. 1, mice were randomly assigned to two
groups. One group received the bolus ICV injection, while the other
received the repetitive ICV injection of A� peptide. For the bolus
ICV injection, mice without cannula implantation were manually
ICV injected with 5�l of ddw or 10 nmol of A�25–35 in 5�l of

Fig. 1. Repeated intracerebroventricular administration of a smaller dose
of A�25–35 via implanted cannula impairs Y-maze spontaneous alterna-
tion behavior. (A) An experimental schedule of A�25–35 administration.
(B) SA% of mice singly injected with A�25–35 or repeatedly injected
with a smaller dose of A�25–35 via implanted-cannula was significantly
lower than that of water-injected control mice (*p< 0.05). Data are shown in
mean± S.E.M. Statistical analyses were carried out by the one-way ANOVA
followed by the Bonferroni–Dunn post hoc test.
rocedure is still not ideal from a standpoint of consta
pregulated A� concentration, the fluctuation of A� concen

ration by this method is considered to be much smaller
hat by a bolus injection of a large dose of A�. This system
nables us not only to observe more chronic effect of so

oxic A� peptides in mice by repetitively delivering sma
oses of A� peptides directly into cerebral ventricles,
lso to simultaneously administer therapeutic agents int
entricle.

. Materials and methods

.1. Animal husbandry

This study was conducted in accordance with the Policie
he Use of Animals and Humans in Neuroscience Researc
ociety for Neuroscience and Guideline for the Care and Use o
ratory Animals of KEIO University School of Medicine. All th
xperimental procedures were approved by the Institutional An
xperiment Committee at KEIO University. Animals were house
specific pathogen-free animal facility (23± 1 ◦C, 50± 5% humid-

ty) under a 12-h light/dark cycle (7:00 a.m.–7:00 p.m.). They w
ed ad libitum with gamma-ray irradiated Picolab Rodent Die
PMI Feeds Inc., St. Louis, MO) and sterile deionized distilled w
ddw) supplemented with sodium hypochlorite (5 ppm). Pla
ages (CLEA Japan, Tokyo, Japan) were autoclaved and AL
ri bedding material (Shepherd Specialty Papers, Kalamazoo
as sterilized by heating at 80◦C for 12 h before use and chang
nce a week. The mice had free access to food and water d

ask performance.
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Fig. 2. Repetitive ICV administration of A�25–35 impairs Y-maze spon-
taneous alternation behavior in a dose-dependent fashion. (A) The experi-
mental schedule of A� treatment. Mice were infused with 3�l sterile ddw,
stepwise increasing doses of A�25–35 (30 pmol, 300 pmol, or 1 nmol/2
days), or single 10 nmol A�25–35 plus repetitive 3�l sterile ddw injec-
tion every other day for 3 weeks (10 times) and tested in OF and YM. (B)
SA% of mice repetitively infused with A�25–35 at indicated doses/2 days
and mice singly infused with 10 nmol A�25–35 was compared with that
of water-injected control mice. (C) SA% of mice repetitively infused with
A�25–35 or A�35–25 at 1 nmol/2 days was compared. Data are shown in
mean± S.E.M. Statistical analyses were carried out by one-way ANOVA
followed by Bonferroni–Dunn post hoc test (*p< 0.05,** p< 0.01).

ddw (2 mM), as described in our ealier study[31]. For the repetitive
ICV injection, mice were daily infused with 3�l of ddw or 6 nmol
of A�25–35 in 3�l of ddw (2 mM) for 5 consecutive days cor-
responding to the 10th–14th days after the cannula was implanted.
Twenty-one and 22 days after the last administration was performed,
all mice were tested with the open field test (OF) and the Y-maze
test (YM). In the experiment inFig. 2, mice were infused with 3�l
of ddw or indicated amounts of A�25–35 or A�35–25 in 3�l ddw
every other day for 3 weeks (10 times). As a control bolus ICV
injection, mice were infused with 10 nmol of A�25–35 in 5�l of
ddw (2 mM) on the 1st day, then the mice received an additional
nine times injection of 3�l ddw every other day for 3 weeks. Mice
were tested with OF and YM 2 and 3 days after the last injection
was performed.

2.3. Preparation of A� peptide

A�25–35 and A�35–25 were obtained from Peptide Institute
(Osaka, Japan) and dissolved in sterile ddw. Various amounts of
soluble A�25–35 (0, 30 pmol, 300 pmol and 1 nmol/2 days) without
ageing procedure were repetitively infused for 3 weeks (10 times)
via the implanted cannula.

2.4. Behavioral analyses

The open field test was carried out 3 weeks after single A�25–35
ICV injection or 2 days after ICV infusion repeated 10 times. The
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M was also carried out on the next day after OF was carried ou
ests were performed by experienced researchers engaged i
usbandry of the tested animals, in a quiet environment adjo

he room for permanent housing, after weaning. Experiments
arried out during the light phase, in a diffusely illuminated envi
ent (400–500 lx). Following each trial, the surfaces of the te
pparatus were cleaned and deodorized with 70% alcohol and
ompletely.

.5. Open field test (OF)

OF was carried out as described previously[14]. Mice were indi-
idually placed at the center of a 100 cm2 gray-plastic field (with
0-cm interval black grids) surrounded by a 20-cm wall, and allo

o move spontaneously for 3 min. Examined parameters wer
tarting latency (defined as the time until the first grid line cro
2) cumulative time spent in the peripheral area (within 20 cm
he wall), (3) total grid line crossing, and (4) activities such as
ng, defecation, grooming, urination, and preening (referred
Events’ in the following text).

.6. Y-maze test (YM)

YM was carried out as described previously[31]. The maze wa
ade of gray plastic, with each arm 40 cm long, 12 cm high,
ide at the bottom and 10 cm wide at the top. The three arms
onnected at an angle of 120◦. Mice were individually placed at th
nd of an arm and allowed to explore arms freely for 8 min. Ex

ned parameters were: (1) frequency of entry into each arm, (2)
rm entries, (3) spontaneous alternation, and (4) ‘Events’. Sp
eous alternation percentage (SA%) was defined as a ratio
rm choices that differed from the previous two choices (“succe
hoices”) to total choices during the run (“total entry minus tw
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because the first two entries could not be evaluated). For example,
if a mouse made 10 entries, such as 1-2-3-2-3-1-2-3-2-1, there are 5
successful choices in 8 total choices (10 entries minus 2). Therefore,
SA% in this case is 62.5%.

2.7. Immunohistochemistry

Immunohistochemical analysis was performed as described
previously [14,31]. After the behavioral experiments, mice
were anesthetized, and transcardially perfused with phosphate
buffered saline (PBS), and fixed by ethanol containing 5% acetic
acid. Brains were embedded in paraffin, and 10-�m coronal
sections were prepared on New-Silane slide glasses (Muto Pure
Chemicals, Tokyo, Japan). Samples were subsequently dewaxed
in xylene, and for immunohistochemical staining, they were
washed sequentially in 100%, 90%, 70% ethanol, and finally,
by water or phosphate-buffered saline. Immunohistochemical
detection of cholinergic neurons was performed with anti-choline
acetyltransferase (ChAT) antibody (1:50 dilution, Chemicon, USA)
and visualized with ABC method (Vectastain Elite Kit, Vector,
CA, USA). ChAT-immunoreactive neurons in the medial septum
of five 10-�m thickness coronal sections with 50-�m interval
[around 0.6–0.9 mm anterior from the bregma] were counted, and
the averages of the total number of ChAT-immunoreactive neurons
in three mice per treatment group (N= 3) were compared.
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3. Results

3.1. Repeated infusion of Aβ25–35 via an implanted
cannula system is effective

We initially tried to confirm that a bolus injection of
A�25–35 induced short spatial memory in mice, as described
in earlier studies[21,25–28,31]. To this end, mice were
injected with 5�l of sterile deionized distilled water (ddw)
or 5�l of 2 mM A�25–35 (10 nmol totally) into cerebral
ventricles, and then tested in OF and the YM after a 3-week
interval, as shown inFig. 1A. OF revealed that there is no
statistically significant difference in total grid-line crossings,
time spent in the peripheral area, and ‘Events’ between
ddw- and A�25–35-injected mice, indicating that a bolus
ICV injection of A�25–35 did not affect general behavior
and motor function (Table 1). In contrast, YM showed that
spontaneous alternation percentage of the control ddw-
injected mice was 74.5% while that of A�25–35-injected
mice was 60.2% (Fig. 1B, left), indicating that a bolus
ICV injection of 10 nmol A�25–35 decreased SA% in YM
as previously reported[31]. We confirmed that there was
no statistically significant difference in total arm entries,
the index of locomotor activities, between both groups
(data not shown).

We then tested the efficacy and the side effect of repetitive
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Immunoblot analysis was performed, as described previo
30,32]. Cortical and hippocampal samples were separated
rains perfused with PBS, which were mechanically homogen

n a lysis buffer (50 mM Tris/HCl pH 7.4, 15 mM NaCl, 20 m
DTA, 1% Triton X-100, Complete protease inhibitor). Lys

50�g/lane) from these parts was then subjected to SDS-P
nd was electrically blotted to a polyvinylidene difluoride sh
fter blocking, the sheet was soaked with primary antibodies:
hAT (1:250 dilution, Chemicon, USA). Immunoreactive ba
ere visualized by ECL (Amersham Pharmacia Biotech, Upp
weden).

.9. Statistical analysis

All numerical data were tabulated by Microsoft Excel 2001
tatistically analyzed by StatView 5.0.1 software (SAS institute
ary, NC). Methods used for each analysis are indicated in
gure legend. Data are shown as mean± S.E.M. The alpha valu
as set atp< 0.05.

able 1
ffect of single or repetitive intracerebroventricular administration of A�25

N Defecation Urination Grooming

olus ICV
Water 21 1.00± 0.32 0.23± 0.19 0.04± 0.04
A� 20 1.10± 0.33 0.45± 0.14 0.00± 0.00

epetitive ICV
Water 8 1.25± 0.61 0.13± 0.13 0.00± 0.00
A� 7 0.43± 0.29 0.00± 0.00 0.00± 0.00

ach value represents the mean± S.E.M. Crossing: total grid line crossi
rid line cross (s).
elivery of a smaller dose of A�25–35 via an implanted ca
ula. We implanted a cannula into the left lateral ventricl
mouse and daily infused 3�l of ddw or 2 mM A�25–35 in
�l of ddw for 5 consecutive days (6 nmol/day) by ins

ng an internal cannula connected to a Hamilton syri
�25–35-injected mice were then tested with OF and
fter a 3-week interval (Fig. 1A). OF revealed no statis
ally significant difference in total grid line crossings, ti
pent in the peripheral area, and ‘Events’ between ddw
�-injected mice (Table 1). YM showed that SA% of ddw

njected mice was 73.9% (Fig. 1B, right), which is almost th
ame as singly ddw-injected mice or non-treated mice,
ating that implanted cannula-mediated repetitive infusio
�l of ddw by itself did not affect SA%. On the other ha
A% of repetitively A�25–35-delivered mice was reduc

o 63.5%, indicating that repetitive ICV infusion of a sma
ose of A�25–35 caused substantial cognitive impairm
Fig. 1B, right, versus control,p< 0.05).

general behavior in open field test (OF)

ening Crossing Peripheral Latency Reari

0.11 115.7± 6.5 149.2± 2.9 5.1± 0.9 23.5± 1.8
0.13 123.2± 5.9 141.7± 4.1 4.9± 0.6 20.2± 1.4

0.23 116.9± 9.9 140.5± 8.9 6.0± 1.5 23.1± 4.9
0.14 122.7± 6.6 153.7± 4.3 4.5± 1.5 29.4± 1.2

ipheral: total time spent in pheripheral area (s); latency: the time unti
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Table 2
Effect of repetitive intracerebroventricular administration of A�25–35 on general behavior in open field test (OF)

N Defecation Urination Grooming Preening Crossing Peripheral Latency Rearing

Control 20 0.95± 0.34 0.30± 0.16 0.00± 0.00 0.25± 0.12 110± 7.9 146± 4.8 7.1± 1.4 19.4± 2.8
Bolus ICV 18 1.22± 0.51 0.50± 0.19 0.00± 0.00 0.33± 0.11 108± 5.0 146± 7.0 6.6± 1.1 16.5± 2.1
30 pmol 16 1.00± 0.41 0.38± 0.18 0.00± 0.00 0.31± 0.12 109± 6.8 150± 5.4 5.6± 1.3 24.3± 3.6
300 pmol 19 0.94± 0.43 0.58± 0.28 0.00± 0.00 0.53± 0.16 117± 8.5 155± 5.5 6.5± 1.5 21.9± 2.4
1 nmol 20 0.80± 0.30 0.40± 0.18 0.00± 0.00 0.50± 0.15 114± 5.3 152± 4.4 5.5± 0.9 24.3± 2.3

Each value represents the mean± S.E.M. Crossing: total grid line crossing; peripheral: total time spent in pheripheral area (s); latency: the time until the first
grid line cross (s).

3.2. Dose-dependent decrease in SA% by repetitive
infusion of Aβ25–35 via the implanted cannula

In order to observe the chronic effect of toxic A� peptides
in mice, we further modified the time schedule of the delivery
of A� and behavior tests. We infused 3�l of ddw or indicated
amounts of A�25–35 in 3�l ddw every other day for 3 weeks
(10 times) and then tested mice with OF and YM (Fig. 2A).
This protocol makes the condition of a mouse brain more
resembling the in vivo condition of AD brains.

Using this protocol, we compared the effect of repeti-
tive administration of stepwise increasing doses of A�25–35
using the implanted cannula system to optimize the delivered
doses. Again, OF revealed no statistically significant differ-
ence in total grid-line crossings, time spent in the peripheral
area, and ‘Events’ between ddw- and A�-injected mice in
this protocol either (Table 2). However, YM showed that
SA% of ddw-injected mice was 70.5% while repetitive infu-
sion of smaller doses of A�25–35 induced memory impair-
ment in a dose-dependent manner (Fig. 2B). We confirmed
that there was no significant difference in total arm entries
and ‘Events’ in YM (data not shown). Mean SA% of mice
repetitively infused with A�25–35 at 1 nmol/2 days (total
dose: 10 nmol/3 weeks) was significantly lower than the con-
trol (62.5%,p< 0.01). Similarly but less prominently, mean
SA% of mice singly injected with 10 nmol A�25–35 was
a
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of A�25–35 induced downregulation of ChAT expression
in neurons in paraventricular brain areas. We consequently
found that the numbers of ChAT-immunoreactive neurons
were reduced in the medial septum in a dose-dependent man-
ner (Fig. 3A and B). Importantly, repetitive infusion of a
small dose of A�25–35 more effectively reduced the number
of ChAT-positive neurons than a bolus injection of a large
dose of A�25–35. In agreement, immunoblot analysis indi-
cated that expression of the ChAT-immunoreactive protein
was downregulated in hippocampuses, but not in cortexes, in
A�25–35-infused mice (Fig. 3C). These findings suggested
that repetitive infusion of small doses of A�25–35 as well
as a bolus injection of a large dose of A�25–35 induced
memory impairment by reducing the number or the activ-
ity of cholinergic neurons in the septo-hippocampal region,
which is one of the hallmarks of AD and is considered to be
the main cause of memory impairment, as shown in earlier
reports[31,33–36].

4. Discussion

We here show that the cannula implantation into the ventri-
cle of a mouse, a rodent much smaller than a rat, is a safe and
reproducible method of constructing a more appropriate AD
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lso significantly lower than the control (64.9%,p< 0.05).
ltogether, we concluded that repetitive administration
mall doses of A�25–35 induces memory impairment at le
s efficiently as a bolus administration of a large dos
�25–35 if the total injected doses are equal.
Finally, to exclude the possibility that the ICV injecti

f a large amount of short peptides itself non-specific
nduces neurotoxicity, we compared the effect of A�25–35
ith A�35–25, the control peptide with the reverse am
cid arrangement of A�25–35, in induction of cognitiv

mpairment in YM. As shown inFig. 2C, repetitive admin
stration of A�25–35 reduced SA% in YM while that
�35–25 did not, excluding this possibility.

.3. Efficient loss of choline acetyltransferase
ChAT)-immunoreactive neurons by repetitive infusion o
small dose of Aβ25–35

We performed immunohistochemical and immuno
nalysis to examine whether repetitive infusion of small d
odel by repetitively delivering A� peptides. The cannu
mplantation itself does not induce any abnormal beha
n mice. The probability of cannula-related infection is e

ated to be less than 1%.
We also definitively demonstrate that the ChAT exp

ion level is reduced by administration of A�25–35
ndicating that the memory impairment is induced by�
eptide-mediated inhibition of the cholinergic system in
ippocampus. This finding is basically in agreement with

oregoing reports[37]. It has also been shown that the cho
rgic neurons especially in the basal forebrain, which p
ajor role in the memory system, are disrupted in AD br

33,34]. In agreement, Donepezil, a compound that incre
cetylcholine levels by interfering with the acetylchol
sterase activity, is clinically used for treatment of AD[38].
ven in a transgenic AD animal model, downregulatio
ctivity of the cholinergic system is considered to be indu
ith overload of soluble A� peptides[39,40].
Repetitive administration of a small dose of A�25–35

ia the implanted cannula impaired spatial working mem
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Fig. 3. Effect of A�25–35-repetitive injection on cholinergic neurons. (A) Coronal sections of the medial septum of mice repetitively infused with A�25–35 were
examined by ChAT immunohistochemical staining. (B) The numbers of ChAT-immunoreactive neurons in the medial septum (10�m thickness; 5 consecutive
sections [total 50�m thickness] located within 0.6–0.9 mm anterior from the bregma were counted) were compared (N= 3). Data are shown in mean± S.E.M.
Statistical analyses were carried out by one-way ANOVA followed by Fischer’s PLSD.*p< 0.05,** p< 0.01 (vs. control [water]). There was a significant
difference between bolus ICV (10 nmol) and repetitive ICV (1 nmol) (#p< 0.05). (C) Tissue lysates (50�g/lane) of cortex and hippocampus were subjected to
immunoblot analysis with anti-ChAT antibody and anti-actin antibody. 1: control (water injection); 2: bolus A�25–35 ICV (10 nmol); 3: repetitive A�25–35
ICV (1 nmol); 4: repetitive A�25–35 ICV (300 pmol); 5: repetitive A�25–35 ICV (30 pmol).

by reducing ChAT-positive neurons, as shown inFig. 3.
Because visualization of neurons with the Nissl staining and
neuronal nuclei with the Hoechst33342 staining suggested
that the number of neurons did not decrease and the number
of apoptotic nuclei did not apparently increase (unpublished
observation by M.Y., T.C., Y.K., and M.M.), we speculated
that A� treatment downregulates the ChAT activity without
death of ChAT-positive neurons. This has been already

suggested in foregoing studies with ICV administration of
A� peptides[29,37]. Accordingly, we may underestimate
downregulation of the ChAT positivity by a bolus injection
of A�, as compared with that by repetitive administration of
A� because it is possible that the ChAT activity gradually
returned to the normal levels for 21 days after a bolus
injection of A� was performed. Therefore, we cannot simply
conclude that repetitive administration of A� is superior
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to a bolus injection of A� in downregulating the ChAT
activity. Repetitive administration of A�, however, enables
us to downregulate the ChAT activity constantly for longer
periods. In this relation, we have already succeeded in
administering a peptide via an implanted cannula for more
than 2 months without any problematic complication[30].

Moreover, repetitive administration of a small dose of
A�25–35 via the implanted cannula has several advantages,
compared with one-shot ICV administration of a large dose of
A�25–35. First, as shown in this study, the former procedure
is at least as effective in inducing impairment of the spa-
tial working memory. Second, implanted cannula-mediated
repetitive administration appears to make a brain condition
more similar to the in vivo brain condition of AD patients than
a bolus injection of a large dose of A� peptides, because A�
concentration in the brain is estimated to be moderately and
constantly elevated for 3 weeks in this model. Third, because
all AD animal models constructed with constitutive over-
expression of FAD-related mutant genes are mice, findings
obtained by our mouse AD model can easily be compared
with accumulated findings obtained by transgenic mouse AD
models.

In addition to these advantages, we could further find
another advantage in this procedure. One of the major prob-
lems in mouse AD models constructed with single ICV
administration of A�25–35 has been that it preferentially
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A�25–35 (unpublished observation by M.Y, T.C., J.S., Y.K.,
and M.M.). In addition, the procedure can be applied to
other mouse neurodegenerative disease models. Using the
cannula-implanted technique, we have succeeded in show-
ing that repeated administration of ADNF, a neurotrophic
factor, improves motor performance of amyotrophic lateral
screlosis-model mice[30].

In conclusion, the cannula implantation system provides
us with not only a more suitable toxic-A�-induced AD model
but also an AD model by which efficacy of many therapeutic
candidates can be tested more easily.
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