
EXPERIMENTAL and MOLECULAR MEDICINE, Vol. 37, No. 6, 559-566, December 2005

Meng-Lu Liu1 and Seong-Tshool Hong1,2

1Department of Microbiology and Research Center for
Industrial Development of Biofood materials
Chonbuk National University Medical School
Jeonju 561-756, Korea
2Corresponding author: Tel, 82-63-270-3105;
Fax, 82-63-270-3105; E-mail, seonghong@hotmail.com

Accepted 12 October 2005

Abbreviations: Aβ42, Amyloid β 42; AD, Alzheimer’s disease; CCK-8, 
cell counting kit-8; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny-
ltetrazolium bromide; WST-8, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium

Abstract
Amyloid β (Aβ) neurotoxicity is believed to play a  
critical role in the pathogenesis of Alzheimer's  
disease (AD) mainly because of its deposition in AD  
brain and its neuronal toxicity. However, there have 
been discrepancies in Aβ-induced cytotoxicity  
studies, depending on the assay methods. Com -
parative analysis of Aβ42-induced in vitro cyto -
toxicity might be useful to elucidate the etiological 
role of Aβ in the pathogenesis of AD.  In this study, 
MTT, CCK-8, calcein-AM/EthD-1 assays as well as  
thorough microscopic examinations were compara -
tively performed after Aβ42 treatment in a neuronal 
precursor cells (NT2) and a somatic cells (EcR293). 
Extensive formation of vacuoles was observed at the  
very early stage of Aβ42 treatment in both cells.  Early  
observation of Aβ42 toxicity as seen in vacuole  
formation was also shown in MTT assay, but not in  
CCK-8 and calcein-AM/EthD-1 assays. In addition, 
Aβ42 treatment dramatically accelerated MTT for-
mazan exocytosis, implying its effect on the ex -
tensive formation of cytoplasmic vacuoles. Aβ42  
seems to cause indirect inhibition on the intracellular 
MTT reduction as well as vacuole formation and  
exocytosis enhancement. Following the acute  
cellular dysfunction induced by Aβ42, the prolonged  
treatment of micromolar concentration of Aβ42  

resulted in slight inhibition on redox and esterase  
activity. The early Aβ42-induced vacuolated mor-
phology and later chronic cytotoxic effect in neuronal 
cell might be linked to the chronic neurode-
generation caused by the accumulation of Aβ42 in AD  
patients' brain.
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Introduction
Alzheimer’s disease (AD) is characterized by the 
presence of extracellular amyloid β peptide (Aβ) 
deposits. Experiments with synthetic Aβ and endo-
genous Aβ extracts from AD brains, as well as 
transgenic-mice models have confirmed direct toxi-
city of Aβ to neurons (Shearman et al., 1994; Selkoe, 
1999; Chishti et al., 2001; Klein, 2002; Gong et al., 
2003; Stein et al., 2004). It is now widely accepted 
that Aβ plays a critical role in the etiology of AD 
although the cytotoxic mechanisms have not been 
completely understood yet. Therefore, investigation 
of Aβ-induced cytotoxicity is critical in elucidating the 
pathogenic mechanism of AD and thereby develo-
ping new therapeutics for AD. 
  3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) reduction assay has been widely 
employed as a marker of Aβ-induced cytotoxicity in 
cell culture experiments (Shearman et al., 1994; Abe 
et al., 1999; Kim et al., 2003a; b). In the MTT assay, 
MTT dye added to the medium of the cell is taken up 
via endocytosis only by metabolically live cells and 
reduced to purple formazan crystals in the cell via 
mitochondrial nicotinamide adenine dinucleotide phos-
phate (NADH) dependent dehydrogenases. The 
amount of formazan crystals precipitated in the cells 
is spectroscopically quantitated after dissolving the 
crystals by addition of dimethyl sulphoxide (DMSO) 
or acidified SDS solution. 
  Aβ is believed to be a neuronal toxic peptide, 
primarily, based on the consistent observation that 
aggregated Aβ peptides potently inhibit the intra-
cellular reduction using MTT assay. However, it has 
not been explained whether Aβ decreased the re-
duction on MTT through direct inhibition on the 

Early phase of amyloid β42-induced cytotoxicity in neuronal 
cells is associated with vacuole formation and enhancement of 
exocytosis
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cellular redox system or through indirect effect on 
other cellular systems, and how such effect led to 
and/or correlated to the cell injury or death. Another 
issue with Aβ cytotoxicity assay is that there are 
significant discrepancies in Aβ-induced cytotoxicity, 
depending on different experimental conditions and 
assay systems (Hoshi et al., 1996; Liu et al., 1997a; 
b; Abe et al., 1999; Gong et al., 2002). Therefore, it 
would be helpful to re-evaluate Aβ-induced cyto-
toxicity by MTT assay in parallel with morphological 
examination, as well as other cytotoxicity detecting 
methods under the properly designed assay con-
ditions.
  As a tetrazolium salt analog to MTT, 2-(2-methoxy- 
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2, 4-disulfophenyl)- 
2H-tetrazolium (WST-8, the major component in 
CCK-8 kit) is another reduction assay reagent for 
detecting cell viability or cytotoxicity (refer to the 
manufacturer’s instruction). In the presence of an 
electron carrier 1-methoxy-phenazine methosulfate 
(1-Methoxy PMS), WST-8 is bio-reduced by live 
cells into a yellow water-soluble formazan dye which 
can be spectroscopically measured at 450 nm. To be 
an additional proof for MTT assay for Aβ-induced 
toxicity, CCK-8 assay can be used as an indicator for 
the intracellular redox activity and for the cell injury 
upon treatment with Aβ peptide. 
  Further evidence for evaluating the viability of cells 
treated with Aβ peptide can also be obtained by 
using calcein-AM assay, which based on readout of 
the intracellular esterase activity, with mechanism 
different to that of MTT and CCK-8 assays. Calcein- 
AM is permeable for cell membrane and is con-
verted by intracellular esterase into an impermeant 
fluorescent analogue, calcein (Gatti et al., 1998). 
EthD-1, another component of calcein-AM assay, 
enters cells with damaged membranes, binds to 
nucleic acids and produces a bright red fluorescence 
in dead cells. Thus, EthD-1 can not stain live cells 
because it is excluded by the intact plasma mem-
brane. Combined with EthD-1, calcein-AM is also 
used to check the membrane integrity to distinguish 
the phase of cell apoptosis.
  This study was performed with the above men-
tioned methods, to investigate the Aβ42-induced 
cytotoxicity and its underlying cytotoxic mechanisms. 
To test Aβ42-induced cytotoxicity, a neuronal pre-
cursor NT2 cell line was used throughout this study, 
and, a somatic ECR293 cell line was used in some 
experiments as a comparison, to show the possible 
difference of Aβ toxicity between neuronal and so-
matic cells. The early cytotoxicity induced by Aβ42 
was first studied by microscopic examination which 
showed extensive vacuole formation. With the ad-
ditional proof by CCK-8 assay and calcein-AM/ 
EthD-1 assay, we presented adequate evidence for 

that, Aβ42 apparently inhibited the intracellular re-
duction on MTT without direct inhibition on cellular 
redox activity.

Materials and Methods
Reagents
Aβ42 was purchased from American Peptide Com-
pany INC. MTT was obtained from Sigma-Aldrich 
INC (St. Louis, MO). CCK-8 was provided by Do-
jindo Molecular Technologies (Gaithersburg, MD). 
Calcein-AM/EthD-1 (Live/Dead Viability/Cytotoxicity 
Kit) was from Molecular Probes. NT2 and ECR293 
were purchased from Stratagene INC (La Jolla, CA) 
and Invitrogen INC (Carlsbad, CA), respectively.

Cell culture and photomicroscopy 
NT2 and ECR293 cell lines were routinely main-
tained in Dulbecco’s modified Eagle’s medium plus 
nutrient mixture F-12 (DMEM/F-12) containing 10% 
FBS, 1% each of penicillin and streptomycin. Cells 
were examined and photographed with a Nikon 
Inverted Microscope (ECLIPSE TE2000-S) equipped 
with a Nikon Digital Sight (DS-U1) camera and 
ACT-2U software.

Aβ42 aging, treatment, and examination of
cytoplasmic vacuole formation
Synthetic Aβ42 was dissolved completely in dimethyl 
sulfoxide (DMSO) to 10 mg/ml. Small aliquots were 
stored at -80oC before use. Aβ42 stock was diluted 
to 1 mg/ml in 100 mM HEPES buffer (pH 7.5) and 
incubated for 1 week at 37oC. The aged solution was 
completely vortexed prior to use.
  For Aβ42 treatment, NT2 (5 × 103 cells per well) or 
ECR293 (104 cells per well) were seeded in 96-well 
microtiter plates in 100 µl of fresh medium per well 
and incubated overnight. The plates for ECR293 
were pre-coated with 10 µg/ml of poly-D-lysine for 2 
h at room temperature. The aged Aβ42 solution or 
an equivalent amount of DMSO was diluted directly 
into the medium for a final peptide concentration of 
0.04-5 µM. Cells were incubated with Aβ42 or 
DMSO for indicated time at 37oC, and the formed 
cytoplasmic vacuoles were easily visible and photo-
graphed under a light microscope. The percentages 
of cells forming cytoplasmic vacuoles were deter-
mined by counting 400 cells in multiple fields.

MTT reduction, and MTT formazan exocytosis
Measurement of cellular MTT reduction was carried 
out essentially as described (Kim et al., 2003a; Oh et 
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al., 2003). Following the appropriate incubation time 
with peptide, 10 µl of MTT solution (5 mg/ml of MTT 
in phosphate-buffered saline [PBS]) was added to a 
final concentration of 0.5 mg/ml, and incubation was 
continued for 2.5 h for MTT formazan exocytosis 
assay, and 4 h for quantitation assay, respectively. 
The reduction was terminated by adding 100 µl of 
solubilization solution (10% SDS in 0.01 M HCl). The 
amount of MTT formazan dissolved for overnight 
was determined at 570 nm with the reference at 650 
nm, using a SpectraMAX Plus microplate reader 
(Molecular devices, Menlo Park, CA). Data were 
expressed as a percent of absorbance read from 
DMSO control group. Cellular formation and exo-
cytosis of MTT formazan were checked by micro-
scopic and photographic examination during incuba-
tion with MTT. The percentages of cells with needle- 
like crystals, being regarded as exocytosed MTT 
formazan, were determined by counting 400 cells in 
multiple fields.

CCK-8 assay and calcein-AM/EthD-1 assay
Both CCK-8 assay and calcein-AM/EthD-1 assay 
were performed in 96-well microtiter plates accor-
ding to the instructions of manufacturers. Briefly, 10 
µl of CCK-8 solution was directly added to the 
medium of cells following treatment with Aβ42 or 
DMSO for indicated time at 37oC. The reduction of 
CCK-8 reagents was allowed to proceed for 1-4 h. 
Then the absorbance at 450 nm was measured with 
a microplate reader using reference at 600 nm. Data 
were expressed as a percent of absorbance read 
from DMSO control group.
  The stock solution in the Live/Dead kit was diluted 
with PBS to a final concentration of 1 µM calcein-AM 
and 2 µM EthD-1. Following treatment, the medium 
containing Aβ42 or DMSO was removed and the 

cells were washed twice gently with PBS prior to the 
assay. After washing away the esterase present in 
growth media, 100 µl of the diluted labeling solution 
was added to the cells and incubated in dark for 15 
min at 37oC. Calcein and EthD-1 were excited at 485 
nm and 530 nm, respectively. The fluorescence 
emissions were acquired separately as well, calcein 
at 530 nm, and EthD-1 at 645 nm. The labeled NT2 
cells were examined and photographed with a Nikon 
Inverted Fluorescence Microscope.

Results
To observe the Aβ42-induced morphological change, 
two different cell lines, NT2 and ECR293, which 
represent neuronal precursor cell line and somatic 
cell line, respectively, were incubated with aged 
Aβ42 for 0-20 h. Using a light microscope, cytoplas-
mic vacuoles were clearly visible as early as 2.5 h 
treatment of Aβ42 in tested cell lines (Table 1). 
Figure 1A showed the representative images of 
cytoplasmic vacuoles induced by Aβ42 treatment in 
NT2 and ECR293 cells. DMSO treatment did not 
show any visible vacuoles as expected while Aβ 
treatment induced vacuole formation as long as 
cells were treated for longer than 2.5 h. More than 
80% of cells formed cytoplasmic vacuoles after 20 
h incubation with 5 µM aged Aβ42. Aβ42 was 
confirmed to be effective at as low as 40 nM in the 
observation of cytoplasmic vacuoles. The per-
centages of NT2 cells showing cytoplasmic va-
cuoles were increased in a time- and dose- 
dependent manner as shown in Figure 1B and C. 
Furthermore, the size and number of vacuoles 
showed positive relationship with Aβ concentration 
and duration of Aβ42 treatment. 
  Next, MTT assay was done with cells incubated with

Table 1. MTT formazan exocytosis was correlated to the extensive cytoplasmic vacuole formation in NT2 cells treated with Aβ42.

Group Incubation time
prior to MTT assay

% of cell forming
cytoplasmic vacuole

% of cell exocytosing
MTT formazan

DMSO

5 µM Aβ42

20 h

 0 h
2.5 h
 5 h
10 h
20 h

0

0
11 ± 1
24 ± 4
39 ± 1
83 ± 5

 5 ± 2

34 ± 5
51 ± 6
64 ± 7
82 ± 4
97 ± 1

NT2 cells were incubated with Aβ42 or the same volume of DMSO at 37oC for the indicated periods of time, then photographed for 
counting the number of cells forming cytoplasmic vacuoles; MTT was added to a final concentration of 0.5 mg/ml and the reduction was 
allowed to proceed for 2.5 h. The percentage of cells exocytosing MTT formazan was then determined. Data are mean ± SD values 
of three separate cultures each counted 400 cells in multiple fields.
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various concentrations of Aβ42 for the indicated time 
as shown in Figure 2. Similar to the results reported 
by other study (Abe et al., 1999), the duration of 
incubation with MTT reagent significantly affected 
the number of cells forming needle-like crystals, the 
marker of MTT formazan exocytosis. Based on our 
preliminary results, 2.5 h incubation was done for 
MTT formazan exocytosis counting, and 4 h for 
quantitation assay as described in the Methods. In 
DMSO control, only a few needle-like crystals 
appeared outside of several cells, having about 5% 
of background level exocytosis (Table 1). The bio- 
reduced MTT formazan appeared to be precipitated 
as intracellular particles at the early stage (＜ 2.5 h), 
but needle-like crystals were appeared on most cell 
surface at the late stage (＞ 4 h). Presence of Aβ42, 
however, significantly enhanced MTT formazan exo-
cytosis, and accelerated the process of exocytosis. 
As shown in Table 1, after treatment with 5 µM Aβ42 
for 20 h, 97% of cells exhibited MTT formazan on 
cell surface, compared to 5% of DMSO control 
group. It should be noted that Aβ42 molecules which 
were added at the same time with MTT reagent 

Figure 1. Extensive cytoplasmic vacuole formation induced by treatment with Aβ42 in adherent cells. (A) Phase-contrast photomicrographs of NT2 and 
ECR293 cells treated with Aβ42. Arrow pointed out large and small vacuoles. (B) Dose-dependent formation of cytoplasmic vacuoles in NT2 cells treat-
ed with Aβ42 for 20 h. (C) Time course of cytoplasmic vacuole formation in NT2 cells treated with 5 µM Aβ42. Data were means ± SD values of three 
separate cultures each counted 400 cells in multiple fields.
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Figure 2. Dose-dependent and time-dependent inhibition on MTT reduc-
tion by Aβ42 in NT2 cells. NT2 cells were incubated with Aβ42 or the 
same volume of DMSO at 37oC for 0, 1, 2.5, 5, 10 and 20 h, then MTT 
was added to a final concentration of 0.5 mg/ml and the reduction was 
allowed to proceed for 4 h. The amount of MTT formazan dissolved by 
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percent of absorbance read from DMSO control group. 
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(pretreatment for 0 h) could not result in formation of 
observable vacuoles, but obviously enhanced the 
exocytosis of MTT formazan due to the presence of 
Aβ42 in reaction mixture (Table 1), and clearly 
decreased MTT reduction to 78% of DMSO control 
(Figure 2). This exocytosis enhancing effect is si-
milar to that of 5 min-treatment with 10 µM of 
Aβ25-35 and then incubated with MTT for 90 min in 
B12 cells (Liu et al., 1997a). Taken together, MTT 
formazan exocytosis was enhanced by Aβ42 in a 
time and dose dependent manner, and correlated to 
the extensive cytoplasmic vacuole formation in NT2 
cells treated with Aβ42.
  Corresponding to the dramatically increased ex-
ocytosis of MTT formazan, significantly decreased 
amount of MTT formazan was quantitated in NT2 
cells treated with Aβ42. As shown in Figure 2, MTT 
reduction in NT2 cells was potently inhibited by Aβ42 
also in a time and dose dependent manner. After 
pre-incubation for 20 h, 40 nM-5 µM Aβ42 treatment 
resulted in up to 25-60% inhibition on MTT reduction. 
During the treatment with Aβ42, cells grew normally 
to confluency although there was extensive forma-
tion of cytoplasmic vacuoles.
  One of the major questions on Aβ toxicity assay 
with MTT was whether Aβ42 inhibits the cellular 
reduction of MTT through direct inhibition on the 
intracellular dehydrogenases. Due to the chemical 
and bio-reducing similarity between WST-8 and 
MTT, CCK-8 assay was performed with NT2 cells. 
Surprisingly, inhibition on the reduction of WST-8 
was not observed during the whole incubation period 
with Aβ42 for 0-20 h (Figure 3). Little inhibition of 
WST-8 reduction was observed only at the highest 
concentration of Aβ42 and prolonged incubation time 
up to 72 h (Figure 3). 
  Significant difference between inhibition on the 
reduction of MTT and WST-8 by Aβ42 was shown 
clearly in Figure 4. When incubated with Aβ42 for 72 

h in NT2 or ECR293 cells, the IC50 value for 
inhibiting MTT reduction was lower than 40 nM, 
while that for inhibiting WST-8 reduction was higher 
than 50 µM in both cell lines.
  Because MTT assay was very sensitive to the early 
toxic effect of Aβ42 as shown in Figure 2 and Figure 
4, it may not be an ideal choice for detecting the cell 
injury caused by high concentration of Aβ and/or 
long incubation. Based on detecting the intracellular 
esterase activity and the cell membrane integrity, 
calcein-AM/EthD-1 assay was adopted to reflect the 
cell survival upon the continued cytotoxity of Aβ42. 
As shown in Figure 5A, B, intracellular esterase 
activity was not impaired but slightly increased after 

Figure 3. No inhibition on WST-8 re-
duction by Aβ42 in NT2 cells. NT2 cells 
were incubated with Aβ42 or DMSO at 
37oC for 0, 1, 2.5, 5, 10, 20 and 72 h, 
then 10 µ l of CCK-8 solution was add-
ed and incubated for 2 h. The absorb-
ance at 450 nm was measured with a 
microplate reader using reference at 
600 nm. Data were average ± SD of 
four replicates from representative of 
three separate experiments and ex-
pressed as a percent of absorbance 
read from DMSO control group. **P＜
0.01, vs. DMSO control; Student’s t- 
test.
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20 h incubation with Aβ42 compared to the control. 
In 72 h treatment group, however, intracellular est-
erase activity was impaired in a dose dependent 
manner, resulting in about 20% decrease at micro-
molar concentration of Aβ42. The reason that the 
base level of intracellular esterase activity of 72 h is 
higher than that of 20 h is that 72 h group has more 
cells than 20 h group due to longer incubation time. 
Moreover, both fluorescence intensity assay (Figure 
5A, B) and photography (Figure 5C) showed that 
EthD-1 staining was similarly negligible in each group 
incubated with or without Aβ42. Most of the cell 
membrane remained intact in NT2 cells treated with 
DMSO or Aβ42 even at concentrations that can cause 
significant MTT formazan exocytosis (Figure 5C). This 
suggests that there was no destruction on the cell 
membrane within the time period tested although 
treatment of Aβ42 for 72 h resulted in cell injury 
associated with down-regulated metabolic ability.

Discussion
Aβ42 has been regarded as one of the critical 
etiological factors, responsible for neurodegenera-
tion and cell death in Alzheimer’s disease. However, 
the potency of its cytotoxicity and the underlying 
biochemical mechanisms have been varied among 
different studies (Hoshi et al., 1996; Liu et al., 1997b; 
Abe et al., 1999; Gong et al., 2002). It was reported 
that Aβ could inhibit the reduction system and 
decrease the cell survival (Hoshi et al., 1996). 
However, Liu et al. reported that nanomolar Aβ 
dramatically enhanced MTT formazan exocytosis, 
resulting in an indirect inhibition of cellular MTT 
reduction rather than a direct inhibition on the 
cellular reduction system (Liu et al., 1997b). To 
clarify toxicity mechanism of Aβ, we used MTT, 
CCK-8, and calcein/EthD-1 to evaluate the cytotoxic 
effects of Aβ42 on NT2 and ECR293 cells. Both 
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MTT and CCK-8 assays are based on the reduction 
of tetrazolium salts into highly colored formazan by 
the redox activity in live cells. Especially, MTT assay 
has been widely used as a sensitive indicator of the 
toxic effect of Aβ42. CCK-8 assay is a newly de-
veloped nonradioactive colorimetric assay which is 
also as convenient and sensitive as MTT assay for 
determining the number of viable cells in cell 
proliferation and cytotoxicity assays. Calcein-AM 
assay is used to check the effect on intracellular 
esterase activity.
  Using microscopic examination, the very early cyto-
toxic effect of Aβ42 was first revealed by mor-
phological change, extensive formation of vacuoles, 
in Aβ treated NT2 and EcR293 cells. This effect 
appeared as early as 2.5 h at nanomolar to mi-
cromolar concentrations of Aβ42 and could be 
detected by MTT assay while both CCK-8 and 
calcein/EthD-1 assays failed. Prior to the formation 
of vacuoles, Aβ42 apparently enhanced MTT forma-
zan exocytosis and decreased MTT reduction. These 
results suggested that aggregated Aβ42 could affect 
cellular function rapidly, and that even the very early 
Aβ42-induced intracellular events prior to vacuole 
formation could be sensitively detected by MTT 
assay. Therefore, MTT might be the most sensitive 
reagent to assay the early cytotoxic effect of Aβ42.
  In contrast to MTT reduction changed by nano-
molar Aβ42, inhibition on the reduction of WST-8 
was not observed. Two possible mechanisms could 
explain this result. First, Aβ42 selectively inhibited 
the cellular dehydrogenases responsible for MTT 
reduction rather than WST-8 reduction. However, it 
is difficult to characterize the selective inhibition 
since multiple intracellular systems, such as endo-
somal/lysosomal system, microsome and mitochon-
dria, might cross-involve in the MTT reduction and 
WST-8 reduction (Berridge et al., 1996). In fact, we 
have found that MTT could competitively inhibit the 
cellular reduction of WST-8 (data not shown), 
perhaps due to its higher affinity to the dehydro-
genases. This data weakens the first explanation. 
Second, according to the hypothesis suggested by 
Liu et al., (1997a; b), MTT reduction was inhibited in 
an indirect pathway which activated the cellular 
exocytosis of MTT formazan and decreased the 
access of MTT to the cells. Our data were in 
agreement with this hypothesis. Furthermore, since 
there was no inhibition on WST-8 reduction, it is 
possible that Aβ42 could not directly inhibit the 
cellular dehydrogenases at least at the early stage of 
treatment of Aβ42.
  It was reported that the lysosomal system activity 
could serve as a sensitive and useful indicator of 
cellular function and dysfunction, and the endo-
somal-lysosomal system in neurons of the Alzhei-

mer’s disease brain was prominently altered, clearly 
preceded advanced cell injury (Cataldo et al., 1996). 
In this study, that treatment with Aβ42 for 2.5 h 
activated endosomal/lysosomal system was ob-
served in two different cell lines, NT2 and ECR293: 
a) the extensive formation of cytoplasmic vacuoles; 
b) the remarkably accelerated exocytosis of MTT 
formazan; c) the exocytosis of MTT formazan was 
correlated to the formation of cytoplasmic vacuoles. 
As shown by CCK-8 assay and calcein-AM/EthD-1 
assay, there was no decline in cell proliferation or 
cell survival during the treatment for 20 h. A gra-
dually increased inhibition on WST-8 reduction or on 
calcein-AM hydrolysis was observed only at high 
concentration of Aβ and prolonged incubation time, 
72 h or longer. These results suggest that the 
formation of cytoplasmic vacuoles and the activation 
of endosomal/lysosomal system clearly preceded 
evident cell injury and could be considered as a very 
early sign of Aβ42-induced acute cellular dysfunc-
tion. It also suggests that inhibition on the reduction 
system or the esterase activity is a comparatively 
late and serious event associated with decrease in 
cell viability that might be ascribed to the chronic 
cytotoxicity due to long-incubation with increased 
amount of Aβ42, similar to the chronic neurode-
generation caused at least partially by the accu-
mulation of toxic Aβ42 in AD patients’ brain. The 
vacuolated morphology induced by Aβ42 resembles 
the excessive autophagic-lysosomal vacuolation in 
neurodegenerative disorders such as Purkinje neu-
ron death (Florez-McClure et al., 2004), suggesting 
a potential role for this pathway in the early de-
velopment of AD.
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