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Abstract: Alzheimer’s disease (AD), the most common cause of dementia in the elderly, is character-

ized by deficits in cognition and memory. Although amyloid-β (Aβ) accumulation is known to be the 

earliest pathological event that triggers subsequent neurodegeneration, how Aβ accumulation causes 

behavioral deficits remains incompletely understood. In this study, using the Morris water maze test, 

ELISA and stereological methods, we examined spatial learning and memory performance, the soluble 

Aβ concentration and the myelination of fibers in the hippocampus of 4-, 6-, 8- and 10-month-old 

Tg2576 AD model mice. Our results showed that spatial learning and memory performance was significantly impaired in 

the Tg2576 mice compared to the wild type (WT) controls and that the myelinated fiber length in the hippocampal dentate 

gyrus (DG) was markedly decreased from 0.33 ± 0.03 km in the WT controls to 0.17 ± 0.02 km in the Tg2576 mice at 10 

months of age. However, the concentrations of soluble Aβ40 and Aβ42 were significantly increased as early as 4-6 months 

of age. The decreased myelinated fiber length in the DG may contribute to the spatial learning and memory deficits of 

Tg2576 mice. Therefore, we suggest that the significant accumulation of soluble Aβ may serve as a preclinical biomarker 

for AD diagnosis and that protecting myelinated fibers may represent a novel strategy for delaying the progression of 

early-stage AD. 
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INTRODUCTION 

Alzheimer’s disease (AD), the most common cause of 
dementia in the elderly, is a progressive neurodegenerative 
disorder characterized by cognitive and memory defects. A 
greater understanding of the preclinical brain changes that 
occur in AD might facilitate earlier diagnosis and treatment 
of this disease. Several hypotheses have been proposed re-
garding the pathogenesis of AD. For example, senile plaques 
composed of progressively accumulated amyloid-β (Aβ) and 
neurofibrillary tangles composed of the hyperphosphorylated 
protein Tau are typical findings in the brains of AD patients; 
these observations support the most common hypothesis 
concerning AD, the Aβ cascade hypothesis [1-3]. This hy-
pothesis proposes that Aβ accumulation initiates a complex 
cascade including neuronal dysfunction and loss and synap-
tic insufficiency that ultimately impairs memory and cogni-
tive functions [4]. However, several studies using AD animal 
models have found inconsistencies between certain behav-
ioral deficits and Aβ plaque deposition, challenging this hy-
pothesis [5-7]. Another common hypothesis regarding AD is  
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that neuronal loss is responsible for AD pathogenesis; how-
ever, this hypothesis has also been challenged by quantita-
tive studies in both AD patients and mice [8-10]. These stud-
ies reported that there was no or only mild neuronal death in 
the cortex despite clear behavioral abnormalities. This dis-
crepancy between the pathology and the behavioral manifes-
tations of AD implies that additional pathological mecha-
nisms underlie AD, especially during the early stages in 
which synapses are destroyed prior to Aβ plaque formation 
and neuronal loss [6]. One currently available method to 
address this issue is to use an AD animal model that reca-
pitulates critical time-dependent aspects of AD. Tg2576 
transgenic mice generated by Hsiao et al. express Aβ protein 
precursor (AβPP) and show memory and pathophysiological 
deficits similar to those of AD patients [5]. Notably, Tg2576 
mice do not develop Aβ plaques until an advanced age (~18 
months) and do not show neuronal death [5, 9]. Therefore, 
we selected the Tg2576 mouse model to investigate the po-
tential myelinated fiber changes in AD progression.  

In the present study, we estimated spatial learning ability, 
the hippocampal Aβ concentration and hippocampal fiber 
length and volume in Tg2576 mice. We demonstrated that 
the Aβ concentration was dramatically increased as early as 
4-6 months of age but that spatial learning was not impaired 
until 10 months of age, when the myelinated fiber length in 
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the hippocampal dentate gyrus (DG) was markedly de-
creased.  

MATERIALS AND METHODS 

AD Mouse Model 

Male Tg2576 (APP695SWE) and non-transgenic wild 
type (WT) control mice at 4, 6, 8 and 10 months of age were 
purchased from the Model Animal Research Center of Nan-
jing University (Nanjing, China); 15 mice were used in each 
group. Tg2576 mice express the human 695-amino acid iso-
form of AβPP carrying the double Swedish mutation 
(Lys670→Asn and Met671→Leu), resulting in the accumu-
lation of both Aβ40 and Aβ42 peptides. All mice were main-
tained under a constant 12-h light/dark cycle at 22 ± 2  and 
were allowed access to water and standard chow diet ad libi-
tum. All experiments were performed in accordance with the 
Guidelines for Animal Experimentation of Chongqing Medi-
cal University. The experimental procedures were approved 
by the Institutional Review Board of Chongqing Medical 
University, P. R. China.  

Morris Water Maze (MWM) 

The MWM task, which included a platform test and a 
probe test, was used to evaluate spatial learning and memory 
function. A MWM pool with a diameter of 1.2 m was di-
vided into 4 quadrants and filled with water (22-25�) that 
was rendered opaque using powdered milk. An escape plat-
form with a diameter of 12 cm was placed in 1 quadrant (tar-
get quadrant) and submerged 1 cm beneath the surface of the 
water. The platform test was conducted for 6 consecutive 
days and for 4 trials per day. The mice were placed on the 
platform for 15 s before being placed in the water. The start-
ing position was changed in each trial, and the sequence of 
the 4 starting positions varied daily. The mice were given a 
maximum of 90 s to reach the platform in each trial. Mice 
that failed to reach the platform within 90 s were guided to 
the platform and were allowed to remain on the platform for 
15 s. The swim time and the swim path were monitored and 
measured using a SLY-WMS Morris System (Sunny Instru-
ments, Beijing). On the 7

th
 day, the platform was removed 

from the pool, and the mice were subjected to 2 probe trials. 
The percentage of time spent in the target quadrant and the 
target zone was recorded. All experimental procedures were 
performed while blinded to the experimental groups. 

ELISA 

Following the MWM experiment, 6 mice from each 
group were randomly selected and intraperitoneally anesthe-
tized via an overdose of 1% pentobarbital sodium following 
sedation with ether. The hippocampus was isolated, ho-
mogenized in guanidine buffer (5 M guanidine HCl and 50 
mM Tris-HCl, pH 8.0), and diluted in Dulbecco’s phosphate-
buffered saline containing 5% BSA and 0.03% Tween-20 
(DPBS-BSAT) supplemented with a protease inhibitor cock-
tail (Roche). The homogenate was centrifuged at 16,000×g at 
4� for 20 min. The total protein concentration was deter-
mined using a BCA Protein Assay kit (Thermo), and the 
soluble Aβ40 and A β42 concentrations in the hippocampus 
were detected using Aβ ELISA kits (KHB3481 and 

KHB3441, respectively, Invitrogen), according to the manu-
facturer’s instructions. Briefly, a 96-well ELISA plate was 
loaded with standards or samples mixed with the specific 
primary antibody in duplicate. The plate was incubated for 3 
hrs at 25�. After washing, the HRP-conjugated secondary 
antibody was applied for 30 min at 25�, followed by treat-
ment with the chromogen for 30 min. The reaction was ter-
minated via the addition of a stop solution, and the optical 
density (OD) at 450 nm was measured using a microplate 
reader (BioRad550). The concentrations of soluble Aβ40 and 
Aβ42 were calculated according to the standard curve and 
were adjusted based on the total protein concentration. 

Stereological Analysis 

Tissue Processing 

From the remaining 9 mice in 10-month old mice, 5 were 
randomly selected for the following stereological analysis. 
After sedation with ether, the mice were intraperitoneally 
anesthetized using 1% pentobarbital sodium (35 mg/kg) and 
perfusion-fixed with 2% paraformaldehyde and 2.5% glu-
taraldehyde in 0.1 M phosphate buffered saline (PBS, pH 
7.4). The cerebral hemispheres were separated and coronally 
sliced into 1-mm-thick successive slabs.  

Estimation of the Hippocampal Volume 

A 50-μm section was sliced from each slab from the cau-
dal surface using a cryostat (Leica CM3050S). After staining 
with hematoxylin, the entire hippocampus, the CA1 and the 
DG were outlined and photographed using a microscope 
(Olympus bx51) (Supplementary Fig. S1). The areas of the 
entire hippocampus, the CA1 and the DG were measured 
using a Visiopharm Integrator System (VIS, Visiopharm, 
Denmark), and the volumes of the entire hippocampus (Vhip), 
the CA1 (VCA1) and the DG (VDG) were calculated as the 
products of the area of the entire hippocampus, the CA1 or 
the DG and the slab thickness according to Cavalieri’s prin-
ciple [11, 12].  

Sampling and Ultrathin Section Preparation 

The cerebral slabs were sampled in a systematic, random 
manner. An equidistant-points probe was randomly over-
lapped on the image of the section from the sampled slabs 
using the VIS (Supplementary Fig. S1). The tissue blocks (1 
mm

3
) were sampled at the points on the hippocampus. On 

average, 5-6 tissue blocks from the entire hippocampus of 
each hemisphere were sampled, including 2-3 blocks in the 
CA1 and 2-3 blocks in the DG.  

Isotropic, uniform and random (IUR) ultrathin sections 
were prepared using the “isector” technique as previously 
described [11, 12]. The 60-nm ultrathin sections were 
viewed under a transmission electron microscope (TEM, 
Hitachi-7500, Japan). At a magnification of 8,000X, 15 
fields of view from each ultrathin section were imaged in a 
simple random manner (Fig. 1).  

Estimation of the Myelinated Fiber Length in the Hippo-
campus 

An unbiased counting frame was randomly overlaid onto 
each TEM photograph. The myelinated fiber profiles within 
the counting frame or touching the inclusion lines were 
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Fig. (1). Representative TEM images of the hippocampus of 

Tg2576 and WT control mice. 

counted, and those touching the exclusion lines were ex-
cluded from the count [11, 12] (Supplementary Fig. S2). The 
length density of the myelinated fibers in the entire hippo-
campus (Lvmf/hip), the CA1 (Lvmf/CA1) and the DG (Lvmf/DG) 
were estimated according to Yang et al. [11, 12] as follows: 

Lvmf/hip = 2 × ∑Qmf, hip / [a(frame) × ∑frames] 

Lvmf/CA1 = 2 × ∑Qmf, CA1 / [a(frame) × ∑frames] 

Lvmf/DG = 2 × ∑Qmf, DG / [a(frame) × ∑frames] 

where ∑Qmf, hip, ∑Qmf, CA1 and ∑Qmf, DG denote the total num-
ber of myelinated fiber profiles counted in the entire hippo-
campus, CA1 and DG per brain, respectively; a(frame) de-
notes the area associated with a frame; and ∑frames denotes 
the total number of frames used. 

Lvmf/hip, Lvmf/CA1 and Lvmf/DG were multiplied by Vhip, 
VCA1 and VDG, respectively, to obtain the total length of the 
myelinated fibers in the entire hippocampus (Lmf, hip), the 
CA1 (Lmf, CA1) and the DG (Lmf, DG), respectively, as follows 
[11, 12]. 

Lmf, hip = Lvmf/hip × Vhip 

Lmf, CA1 = Lvmf/CA1 × VCA1 

Lmf, DG = Lvmf/DG × VDG 

 
yvehol final samples representeGG, V(DG)reach the plat-
form.  

Estimation of the Myelinated Fiber Volume and the Myelin 
Sheath Volume in the Hippocampus 

 A counting grid with equidistant points was randomly 
superimposed onto each TEM photograph. The points on the 
myelinated fibers in the entire hippocampus (∑ Pmf, hip), the 
CA1 (∑Pmf, CA1) or the DG (∑Pmf, DG), on the myelin sheaths 
in the entire hippocampus (∑Pms, hip), the CA1 (∑Pms, CA1) or 
the DG (∑Pms, DG) and on the entire hippocampus (∑Phip), the 
CA1 (∑PCA1) or the DG (∑PDG) were counted. The volume 
density of the myelinated fibers in the entire hippocampus 
(Vvmf/hip), the CA1 (Vvmf/CA1) and the DG (Vvmf/DG) and the 
volume density of the myelin sheath in the entire hippocam-
pus (Vvms/hip), the CA1 (Vvms/CA1) and the DG (Vvms/DG) were 
estimated according to Yang et al. [11, 12] (Fig. S2).  

Vvmf/hip = ∑Pmf, hip / ∑Phip 

Vvmf/CA1 = ∑Pmf, CA1 / ∑PCA1 

Vvmf/DG = ∑Pmf, DG / ∑PDG 

Vvms/hip = ∑Pms, hip / ∑Phip 

Vvms/CA1 = ∑Pms, CA1 / ∑PCA1 

Vvms/DG = ∑Pms, DG / ∑PDG 

Each volume density was multiplied by the total volume 
of the corresponding region to obtain the total volume of the 
myelinated fibers in the entire hippocampus (Vmf, hip), the 
CA1 (Vmf, CA1) or the DG (Vmf, DG) and the total volume of 
the myelinated sheaths in the entire hippocampus (Vms, hip), 
the CA1 (Vms, CA1) or the DG (Vms, DG) as follows [11, 
12].  

Vmf, hip = Vvmf/hip × Vhip 

Vmf, CA1 = Vvmf/CA1 × VCA1 

Vmf, DG = Vvmf/DG × VDG 

Vms, hip = Vvms/hip × Vhip 

Vms, CA1 = Vvms/CA1 × VCA1 

Vms, DG = Vvms/DG × VDG 

Tissue Shrinkage 

To avoid shrinkage artifacts, we calculated tissue proc-
essing-induced shrinkage as described previously [12, 13]. 
One tissue block was randomly sampled from each hippo-
campus. The area of the coronal surface of each block, A 
(before), was estimated using point counting. The tissue 
blocks were then processed in the same manner as described 
above. The area of the coronal surface of each block, A (af-
ter), was estimated using point counting after processing. A 
(before) and A (after) were compared to detect any shrink-
age. 

Statistics 

The results were expressed as the means ± SEM. Statisti-
cal analysis was performed using SPSS version 13.0. The 
MWM data were averaged within groups for each session 
and were analyzed using a one-way repeated-measures 
analysis of variance (ANOVA) for the platform trials and a 
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one-way ANOVA for the probe trial, in which Group was 
the independent variable. The ELISA data, which did not 
display a normal distribution, were analyzed using a non-
parametric test. The stereological data were compared using 
a Student t-test. The coefficient of error (CE) and the ob-
served inter-brain coefficient of variation (OCV) for each 
measurement were estimated as previously described [11, 
12]. A p value of 0.05 was adopted as the threshold for sig-
nificance.  

RESULTS 

It has previously been reported that body weight affects 
behavioral performance [14]. To avoid this potential inter-
ference, we measured the body weight and the cerebral 
weight, neither of which was significantly different between 
the age-matched Tg2576 and WT mice (data not shown). 

MWM Task 

Neither the swim time nor the swim distance on the plat-
form trials was significantly different between the Tg2576 
and WT mice in the 4-, 6- or 8-month-old groups (Table 1 
and 2). In contrast, the swim time and the swim distance on 

the platform trials for the 10-month-old Tg2576 mice were 
markedly increased compared with the age-matched WT 
controls (p < 0.05) (Table 1 and 2). However, the percentage 
of time spent in the target quadrant and the target zone on the 
probe trial was not significantly different between the 
Tg2576 and WT mice in any age group (Fig. 2). 

Soluble Aβ Concentration 

The concentration of soluble Aβ40 in the hippocampus 
was dramatically increased in the 4-, 6-, 8- and 10-month-old 
Tg2576 mice compared with the age-matched WT controls 
(Supplementary Table S1). The concentration of soluble 
Aβ42 in the hippocampus was also increased in the 6-, 8- and 
10-month-old Tg2576 mice compared with the age-matched 
WT controls, but no difference in the soluble Aβ42 concen-
tration was observed between the 4-month-old Tg2576 and 
WT mice (Supplementary Table S1).  

Stereological Estimations 

Because only the 10-month-old Tg2576 mice exhibited 
apparent behavioral deficits, we only analyzed the hippo-
campal changes in the 10-month-old mice. The hippocampal 

Table 1. Swim time in platform trial. 

Session (day) 1 2 3 4 5 6 

4 months WT (s) 54.2 ± 2.0 55.9 ± 1.3 51.9 ± 3.1 43.4 ± 3.7 38.1 ± 4.0 33.4 ± 5.1 

 Tg2576 (s) 53.6 ± 2.0 55.5 ± 2.5 52.0 ± 2.8 52.1 ± 3.0 44.9 ± 4.4 42.2 ± 4.9 

6 months WT (s) 43.9 ± 3.8 37.5 ± 3.7 39.1 ± 4.5 35.6 ± 3.4 43.4 ± 3.4 35.5 ± 4.0 

 Tg2576 (s) 49.2 ± 2.7 40.6 ± 2.6 38.0 ± 3.7 37.2 ± 3.0 37.6 ± 2.2 33.9 ± 2.6 

8 months WT (s) 48.7 ± 2.2 38.5 ± 2.5 33.3 ± 3.1 31.5 ± 2.7 31.2 ± 2.1 31.4 ± 2.5 

 Tg2576 (s) 45.7 ± 3.0 39.1 ± 3.3 33.5 ± 4.5 30.2 ± 3.7 34.5 ± 3.9 26.0 ± 2.6 

10 months WT (s) 42.1 ± 3.3 34.5 ± 2.5 38.5 ± 3.2 31.6 ± 4.1 30.0 ± 4.3 26.0 ± 3.8 

 Tg2576 (s) 53.7 ± 2.4* 47.1 ± 3.7* 39.2 ± 3.0 38.7 ± 4.6 34.5 ± 3.5 35.2 ± 3.9 

* p < 0.05 vs WT controls at the same time point. 

Table 2. Swim distance in platform trial. 

Session (day) 1 2 3 4 5 6 

4 months WT (m) 8.7 ± 0.4 7.3 ± 0.3 6.9 ± 0.5 5.8 ± 0.6 4.8 ± 0.6 3.8 ± 0.6 

 Tg2576 (m) 8.6 ± 0.5 8.3 ± 0.5 7.2 ± 0.6 7.4 ± 0.5 6.5 ± 0.7 5.6 ± 0.8 

6 months WT (m) 5.8 ± 0.5 4.5 ± 0.5 4.2 ± 0.5 4.0 ± 0.4 4.4 ± 0.3 3.9 ± 0.5 

 Tg2576 (m) 6.1 ± 0.5 5.1 ± 0.4 4.4 ± 0.4 2.2 ±0.3 4.0 ± 0.3 3.8 ± 0.3 

8 months WT (m) 7.0 ± 0.4 6.0 ± 0.4 4.9 ± 0.5 5.3 ± 0.6 4.9 ± 0.5 4.6 ± 0.4 

 Tg2576 (m) 7.2 ± 0.6 5.2 ± 0.6 4.1 ± 0.6 4.2 ± 0.5 5.1 ± 0.6 3.3 ± 0.5 

10 months WT (m) 7.9 ± 0.9 6.8 ± 0.7 7.2 ± 0.6 5.4 ± 0.9 5.1 ± 0.9 4.0 ± 0.7 

 Tg2576 (m) 7.3 ± 0.7 9.9 ± 0.9* 7.5 ± 0.8 8.8 ± 1.1 6.5 ± 0.9 6.5 ± 0.9 

* p < 0.05 vs WT controls at the same time point. 
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shrinkage caused by histological processing was not signifi-
cantly different between the groups and did not bias the con-
clusions of the study (data not shown). The CEs were less 
than 10% (the recommended percentage), indicating that the 
variance introduced by the stereological sampling procedure 
was a minor portion of the observed variance (Table 3). 

 

Fig. (2). The percentage of time spent in the target quadrant and the 

target zone during the probe trial on the 7
th

 day was not signifi-

cantly different between the Tg2576 and WT mice. 

We failed to detect any significant volumetric changes in 
the entire hippocampus (26.8 ± 1.0 mm

3
 vs. 24.7 ± 0.4 mm

3
), 

the CA1 (9.3 ± 0.4 mm
3
 vs. 8.8 ± 0.3 mm

3
) or the DG (3.6 ± 

0.3 mm
3
 vs. 3.6 ± 0.1 mm

3
) between the Tg2576 and WT 

mice (Fig. 3). For the Tg2576 and WT mice, the total vol-
ume of the myelinated fibers was 0.56 ± 0.05 mm

3
 and 0.78 

± 0.07 mm
3
, respectively, in the entire hippocampus, 0.22 ± 

0.02 mm
3
 and 0.24 ± 0.02 mm

3
, respectively, in the CA1, 

and 0.06 ± 0.01 mm
3
 and 0.08 ± 0.01 mm

3
, respectively, in 

the DG; the total volume of the myelin sheaths was 0.31 ± 
0.02 mm

3
 and 0. 38 ± 0.03 mm

3
, respectively, in the whole 

hippocampus, 0.12 ± 0.01 mm
3
 and 0.13 ± 0.01 mm

3
, respec-

tively, in the CA1, and 0.04 ± 0.00 mm
3
 and 0.06 ± 0.01 

mm
3
, respectively, in the DG. No significant difference in 

the myelinated fiber or myelin sheath volume in any exam-

ined brain region was observed between the Tg2576 and WT 
mice (Fig. 3). However, although the myelinated fiber length 
in the entire hippocampus and in the CA1 of Tg2576 mice 
was nearly the same as that in the WT controls (hippocam-
pus: 1.36 ± 0.13 km vs. 1.91 ± 0.16 km; CA1: 0.50 ± 0.04 
km vs. 0.53 ± 0.05 km), the myelinated fiber length in the 
DG was significantly decreased in the Tg2576 mice (0.17 ± 
0.02 km) compared to the WT controls (0.33 ± 0.03 km) (p < 
0.05, Fig. 3).  

DISCUSSION 

Among the biomarkers for the diagnosis of AD, Aβ ac-
cumulation is the most determining factor [4]. Aβ peptides, 
which are proteolytically cleaved from AβPP and which are 
primarily composed of Aβ40 and A β42, can exist as soluble 
monomers, dimers, oligomers and insoluble polymers. Al-
though high molecular weight Aβ polymers constitute the 
extracellular amyloid deposits in AD, soluble Aβ species are 
more cytotoxic because they are present both intra- and ex-
tra-cellularly and because they accumulate much earlier than 
the appearance of amyloid deposits [15-17]. Moreover, a 
wealth of evidence has indicated that the accumulation of 
soluble Aβ species, but not insoluble amyloid deposits, in the 
cortex and the hippocampus correlates with cognitive im-
pairments in AD patients and animal models [18-20]. In the 
present study, we found that as early as 4 months, the soluble 
Aβ40 concentration in the hippocampus of Tg2576 mice was 
significantly increased. Moreover, in accordance with Jacob-
sen et al. [6], we observed that the Aβ42 concentration was 
significantly increased after 6 months. The apparent differ-
ence in the timing of Aβ40 and Aβ42 accumulation in Tg2576 
mice might be due to the selective proteolytic processing of 
AβPP. Collectively, soluble Aβ species considerably accu-
mulate in the hippocampus of Tg2576 mice from 4 to 6 
months of age. However, spatial learning ability, as assessed 
by the MWM platform trials, was clearly reduced only in 10-
month-old Tg2576 mice. The emergence of learning deficits 
in Tg2576 mice at 10 months of age has been observed pre-
viously [21]. These results suggested that soluble Aβ species 
might not be the direct cause of the behavioral deficits in 
AD. Furthermore, we did not detect any reference memory 
loss in Tg2576 mice based on the MWM probe trial, al-
though this result may be due to the insensitivity of the probe 
trial in AD mice [22]. 

It is well-known that Aβ accumulation initiates the 
pathogenesis of AD, ultimately resulting in brain function 
deficits caused by multiple underlying pathological altera-
tions, including microgliosis, astrocytosis, neuronal dysfunc-

Table 3. OCV and CE (n = 5). 

  Vhip VCA1 VDG Lmf, hip Lmf, CA1 Lmf, DG Vmf, hip Vmf, CA1 Vmf, DG Vms, hip Vms, CA1 Vms, DG 

WT OCV(%) 3.2 8.3 7.5 19.3 21.6 20.1 21.8 21.7 21.4 20.4 17.8 18.6 

 CE(%) 1.4 3.7 3.3 8.6 9.6 9.3 9.7 9.7 9.6 9.1 7.9 8.3 

Tg2576 OCV(%) 8.0 9.1 17.6 22.1 20.4 19.8 18.4 18.9 18.3 17.1 17.9 22.1 

 CE(%) 3.6 4.1 7.9 9.9 9.1 8.9 8.2 8.5 8.2 7.6 8.0 9.9 
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Fig. (3). No significant difference in the total volume, the myeli-

nated fiber volume, or the myelinated sheath volume of the hippo-

campus, the CA1 or the DG was observed between the Tg2576 and 

WT mice at 10 months of age. However, the total length of the 

myelinated fibers in the DG was dramatically decreased in the 10-

month-old Tg2576 mice compared to the WT control mice ( p < 

0.05). 

tion and loss, synaptic insufficiency, neurotransmitter altera-
tions [4] and other presently undetermined factors. The hip-
pocampus is one of the most vulnerable brain regions in AD. 
Accumulating evidence from several studies suggests that 
hippocampal atrophy is strongly associated with the cogni-
tive and memory deficits of AD patients and model mice 
[23-26]. Conversely, Barnes et al. [27] presented contrasting 
findings, in which hippocampal atrophy is not specific to 
AD. In the present study, we did not observe a significant 
decrease in the volume of the entire hippocampus, the CA1 
or the DG of 10-month-old Tg2576 mice. This result indi-
cates that hippocampal atrophy may not be an invariable 
biomarker for AD diagnosis, at least in the early stage. With 
respect to neurons in the hippocampus during AD progres-
sion, using stereological methods, Regeur et al. [8] demon-
strated the lack of global neocortical neuronal loss in AD 
patients. Similarly, West et al. [28] did not observe signifi-
cant neuronal loss in any subdivision of the hippocampus in 
preclinical AD patients. Furthermore, transgenic AD mice 
exhibit behavioral abnormalities prior to neuronal loss [29]. 
Regarding the synaptic changes in AD, Scheff et al. [30] 
found a significant decrease in the synaptic density of the 
outer molecular layer of the DG in AD patients. Further re-
search has revealed that as early as 4 months of age, the 
spine density of the outer molecular layer of the DG is de-
creased in Tg2576 mice [6]. Thus, synaptic damage has been 
implicated in early AD [31].  

Axon terminals are one of the most important compo-
nents of synapses. Neuronal impulses are transferred via 
nerve fibers and are ultimately transmitted to downstream 
effectors via synapses. The breakdown of the nerve fibers 
may damage the integrity of neural circuits to impair cogni-
tion and memory. To test this hypothesis, we measured the 
volume and the length of the myelinated fibers in the hippo-
campus of Tg2576 mice. Our results showed that the total 
length of the myelinated fibers in the DG was significantly 
reduced in 10-month-old Tg2576 mice, and this result corre-
sponded to the impairment in spatial learning performance. 
Jacobsen et al. [6] established the time-dependent neuronal 
alteration in the DG of Tg2576 mice; this alteration was 
categorized into early-onset (4-5 month-old) and late-onset 
stages (older than 12 months); the early-onset stage began 
with a decrease in spine density [6]. In this study, we further 
elucidated that synapses might be the most sensitive struc-
ture to soluble Aβ accumulation, followed by a decrease in 
myelinated fibers in the DG of Tg2576 mice. One limitation 
of this study was that we did not estimate the hippocampal 
myelinated fibers of 4-, 6- or 8-month-old Tg2576 mice; 
therefore, we could not define the earliest time point at 
which hippocampal myelinated fibers are decreased. Because 
the DG is a major site of synaptic input into the hippocam-
pus, the neuroanatomical changes observed in this region 
imply that both synaptic and myelinated fiber changes are 
involved in the cognitive and memory deficits of early-stage 
AD model mice. The myelinated fiber decrease in early AD 
is unlikely to be caused by axonal deterioration because neu-
ronal death does not occur until late AD. Alternatively, in 
early AD, when neurons are preserved, the myelinated fiber 
decrease might be attributed to potentially reversible demye-
lination.  
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Previous studies have also reported myelin abnormalities 
in AD. Carmeli et al. [32] assessed the myelin content in 
preclinical AD patients using the magnetization transfer ratio 
(MTR) and demonstrated demyelination in the hippocampus. 
In addition, Zerbi et al. [33] observed abnormal signaling of 
fiber tracts in the hippocampus of a mouse model of AD 
(APP(swe)/PS1(dE9)) that closely resembles the findings of 
axonal disconnection and myelin degradation in AD patients. 
Schmued et al. reported that conspicuous myelin pathology, 
such as edematous swelling of myelinated fibers, was fre-
quently observed in the molecular and polymorph layers of 
the DG in transgenic AD model mice [34]. Combined with 
these previous findings, our results suggested that the myeli-
nated fiber decrease which probably due to demyelination is 
a structural change during the early stages of AD and that 
protecting against demyelination represents a novel strategy 
for delaying early AD progression. Fortunately, a recent re-
search by our group stated that running exercise could re-
verse the spatial learning damage by reducing the myelinated 
fiber loss in AD mice [35], further consolidating the myeli-
nated fiber as a potential therapeutic target for AD treatment 
in early stage. 
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