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Studies from several laboratories have generated evidence
suggesting that oxidative stress is involved in the pathogenesis
of Alzheimer’s disease (AD). The finding that the amyloid B
protein (AB) has neurotoxic properties and that such effects are,
in part, mediated by free radicals has provided insights into
mechanisms of cell death in AD and an avenue to explore new
therapeutic approaches. In this study we demonstrate that
melatonin, a pineal hormone with recently established antioxi-
dant properties, is remarkably effective in preventing death of
cultured neuroblastoma cells as well as oxidative damage and
intracellular Ca®™ increases induced by a cytotoxic fragment of

AB. The effects of melatonin were extremely reproducible and
corroborated by multiple quantitative methods, including cell
viability studies by confocal laser microscopy, electron micros-
copy, and measurements of intracellular calcium levels. The
importance of this finding is that, in contrast to conventional
antioxidants, melatonin has a proposed physiological role in the
aging process. Secretion levels of this hormone are decreased
in aging and more severely reduced in AD. The reported phe-
nomenon may be of therapeutic relevance in AD.
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Deposition of cerebral amyloid is a primary neuropathological
marker of Alzheimer’s disease (AD). The amyloid is composed
of a 40-42 amino acid peptide called the amyloid B protein
(AB) (Glenner and Wong, 1984). Amyloid deposits in AD are
found mainly as components of senile plaques and in the walls
of cerebral and meningeal blood vessels (Robakis, 1994).

Molecular cloning showed that AB comprises a small region of
a larger amyloid precursor protein (APP) (Robakis et al., 1987;
Weidemann et al., 1989). Briefly, this is a type I integral mem-
brane glycoprotein having a large extracytoplasmic portion, a
smaller intracytoplasmic region, and a single transmembranous
domain. APP undergoes extensive post-translational modifica-
tions (Robakis, 1994; Pappolla and Robakis, 1995) before the
secretion of its N-terminal portion (Sambamurti et al., 1992;
Robakis, 1994). Physiological processing of APP involves cleavage
within the AB sequence by an unidentified enzyme, a-secretase
(Anderson et al., 1991). Smaller quantities of APP molecules are
cleaved at two other sites that potentially could produce
amyloidogenic-secreted or membrane-bound APP (Robakis,
1994). AB also is produced during normal cellular metabolism
(Haass et al., 1992; Shoji et al., 1992).

There is some controversy as to whether amyloid causes AD;
however, three main lines of evidence have strengthened the
amyloid hypothesis. The first piece of evidence is provided by the
identification of several point mutations within the APP gene.
These mutations segregate within a subgroup of patients afflicted
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with a familial form of the disorder and thus suggest a pathoge-
netic relationship between the APP gene and AD (Chartier-
Harlin et al., 1991; Kennedy et al., 1993). Second, amyloid depo-
sition temporally precedes the development of neurofibrillary
changes (Pappolla and Robakis, 1995), and this observation is also
consistent with a link between amyloid and neuronal degenera-
tion. Finally, it has been shown that AB is toxic to neurons
(Yankner et al., 1990; Behl et al., 1992, 1994a; Zhang et al., 1994),
a finding that also strengthens the notion that the amyloid peptide
may contribute to the neuronal pathology in AD.

Several investigators demonstrated that oxygen free radicals
(OFRs) are related to the cytotoxic properties of AB (Behl, 1992,
1994b; Butterfield et al., 1994; Goodman and Mattson, 1994;
Harris et al., 1995). Such findings are important because markers
of oxidative injury are associated topographically with the neuro-
pathological lesions of AD (Pappolla et al., 1992, 1996; Smith et
al., 1994; Furuta et al., 1995). Because of these observations,
antioxidants have been proposed as potential therapeutic agents
in AD (Hensley et al., 1994; Mattson, 1994; Pappolla et al., 1996).
Interestingly, melatonin exhibits antioxidant properties (Reiter,
1995), but in contrast to conventional antioxidants this hormone
has a proposed physiological role in the aging process (Pierpaoli,
1991). In this study we report that melatonin prevented death of
cultured neuroblastoma cells exposed to AB. Melatonin also
averted Ap-induced increases in intracellular Ca** and lipid
peroxidation. A striking degree of cytoprotection was observed
when melatonin was added simultaneously to the culture medium
along with AB. The observed phenomenon was confirmed by
various independent methodological approaches, including con-
ventional microscopy (trypan blue exclusion method), fluorescent
confocal laser microscopy for assessment of cell viability, scanning
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Table 1. Ultrastructural alterations of N2a cells induced by AB(25-35)
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Figure 1. Melatonin prevents death of N2a exposed to AB(25-35). N2a ifierent (p ) from the group treated with AB alone

cells were plated and after 24 hr, during exponential growth phase, were

treated with either scrambled peptide (control), adriamycin (control for L. . ot . .

apoptotic cell death; Marin et al., 1996), 50 uM AB(25-35), or 50 um  and transmission electron microscopy, Ca”" imaging, and mea-
APB(25-35) with 10 uM melatonin for an additional 24 hr. Live cells were surements of lipid peroxidation.

assessed by their fluorescence with BODIPY green (also see Fig. 2, right

panels). Results are reported as means = SD of four experiments (2 MATERIALS AND METHODS

dupllcatf experiments on dlﬁerent da}{s; minimum 100 cells studied per Cell viability studies. Most experiments were performed with murine N2a
Pla.te)' Measurements significantly different from control (p = 0.02, neuroblastoma cells using AB(25-35), although a number of confirming
paired £ test). experiments were performed with PC12 cells and AB(1-40) (see below).
We chose N2a cells for most of the experiments because these cells
exhibit larger cytoplasmic areas and better attachment to plates than
PC12 cells, allowing better morphological analysis of cell damage. N2a
cells were exposed to various concentrations of AB(25-35), the actively

Figure 2. Representative confocal scanning images of annexin/propidium iodide and BODIPY green studies. The right panels illustrate representative
images of one of the experiments plotted in Figure 1. Cultured N2a cells were exposed for 24 hr to either scrambled peptide (7), 50 uM AB(25-35) (2),
or 50 um AB(25-35) plus 10 um melatonin (3). After exposure to AB(25-35) alone (2), many cells showed a marked decrease in fluorescent intensity with
BODIPY green, reflecting decreased cell viability (compare with panels I and 3, which illustrate the fluorescent intensity exhibited by a similar number
of cells exposed to either scrambled peptide alone in panel 1 or AB plus melatonin in panel 3). The areas photographed are representative fields of typical
responses (magnification 1000X). A-C, Left, Representative images obtained from cells exposed to AB(25-35) and then stained by a dual fluorescent-
tagging method with the probes annexin V-FITC (red) and propidium iodide ( green). After examination with the appropriate filters, we counted the
number of cells that stained simultaneously with both markers (necrosis) or with annexin V only (B or C, apoptosis). Exposure of cells to 50 um AB(25-35)
was followed by an almost exclusive increase in the number cells exhibiting red fluorescence only (annexin V), such as those illustrated in B and C. By
24 hr, 70 = 25% of the cells exposed to AB(25-35) developed strong annexin (red) fluorescence and no increase in propidium iodide ( green) fluorescence
(means * SD represent 2 duplicate experiments on different days, 4 experiments total; minimum 300 cells/plate counted). Such effects were prevented
by simultaneous addition of melatonin to the culture medium [at 24 hr we counted 20 = 10% annexin-positive cells in plates containing AB(25-35) plus
melatonin and 15 * 10% annexin-positive cells in control plates containing scrambled peptide alone].
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Figure 3. Electron microscopy of N2a cells exposed to AB(25-35). Scanning electron microphotographs illustrate conspicuous cell retraction (4, B)
induced by the amyloid peptide. Note marked membrane blebbing (B). C, D, Transmission electron microscopy preparations depict chromatin
misdistribution and karyorrhexis in cultured N2a induced by AB. The prevalence of membrane blebbing (defined as the percentage of cells exhibiting

diffuse involvement by large and small blebs on more than one-half of their surface) and cell retraction was quantitated by counting 150 cells per scanning
preparation (total of 4 experiments per condition; see Table 1).
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Figure 4.  Experiments on PC12 cells exposed to AB(25-35) (4) and N2a
and PC12 cells exposed to AB(1-40) (B and C, respectively). In these
experiments cells were plated as described in the previous experiments,
except that PC12 cells required 4 d of growth on collagen-coated plates.
Cells were exposed to 50 uM AB(25-35) (A4) or 100 um AB(1-40) (B, C)
for 24 hr. Melatonin, where indicated, was at 50 uM. Values represent the
means * SD of four experiments; a minimum of 500 cells was counted per
culture plate. Cell viability was assessed by trypan blue exclusion and
expressed as a percentage of controls.

toxic fragment of AB (Yankner et al., 1990), or to matching concentra-
tions of a control scrambled sequence KSGNMLGIIAG for various time
periods. AB(25-35) and the scrambled peptide were obtained from Re-
search Genetics (Huntsville, AL), using identical methods of synthesis for
both sequences. Melatonin and AB(1-40) were purchased from Sigma
(St. Louis, MO). Cells were grown in serum-free DMEM supplemented
with 5 ug/ml insulin, 20 uM progesterone, 100 ug/ml transferrin, 40 um
selenium, and 100 uM putrescine. To insure the reliability and reproduc-
ibility of our observations, we assessed the cytotoxic effects of AB(25-35)
on N2a cells and the actions of melatonin by several methodologies.
These included fluorescent staining with the probe BODIPY green (Mo-
lecular Probes, Eugene, OR), which is a reliable indicator of viability
(Poot et al., 1991), dual fluorescent labeling using annexin V-FITC and
propidium iodide (R & D Systems, Minneapolis, MN) (Koopman et al.,
1994; Vermes et al., 1995), scanning and transmission electron micros-
copy (Hayat, 1986), and the trypan blue exclusion method (Pike et al.,
1993). The rationale to use annexin in our measurements is as follows.
During apoptosis cells expose phosphatidylserine of the outer membrane,
which dramatically increases binding of annexin V (red fluorescence).
Cells undergoing apoptosis characteristically bind annexin V and exclude
propidium iodide (Koopman et al., 1994; Vermes et al., 1995). In con-
trast, staining with both propidium iodide and annexin V has been
associated with necrosis (Koopman et al., 1994; Vermes et al., 1995).
Although apoptosis is defined by more than one single feature, we used
this method as one additional indicator of the phenomenon reported here
[whether AB causes apoptosis or necrosis is not the subject of this
investigation, although it is reported to depend on cell type (Gschwind
and Huber, 1995) and/or AB concentration (Le et al., 1995)]. Labeling
studies with BODIPY green, annexin, and propidium iodide were ana-
lyzed by scanning laser confocal microscopy (Koopman et al., 1994;
Vermes et al., 1995) with a Molecular Dynamics (Sunnyvale, CA) scan-
ning microscope. Ultrastructural examination was performed because it
allowed direct visualization of cell damage, including induction of mem-
brane blebs by AB and cell retraction as well as abnormalities in chro-
matin distribution and karyorrhexis. Cells exhibiting increased membrane
blebs and/or shrinking (retraction) were counted at low magnifications
and compared with control preparations exposed to the scrambled pep-
tide or melatonin alone. Details on concentrations of AB(25-35), mela-
tonin and/or scrambled peptide (control), and incubation times used in
the experiments are indicated in the corresponding figures.

At a minimum, all reported experiments, except where indicated, were
performed in duplicate and reproduced on different days. However, to
ensure reproducibility of the findings further, we used the trypan blue
method to measure the viability of PC12 cells exposed to AB(25-35) and
of N2a and PC12 cells exposed to AB(1-40). PC12 cells were handled in
a manner identical to that described for N2a cells, except that they were
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grown on collagen-coated plates. Additional control experiments in-
cluded treatment with the spin trap N-fert-butyl-a-phenylnitrone (PBN)
instead of melatonin as well as adriamycin (see corresponding figures).
PBN is an OFR scavenger chemically unrelated to melatonin; because it
has been used previously in studies involving A toxicity (Behl, 1994b), it
was used here to verify the reliability of the viability measurements.
Adriamycin has been used in several studies as a cell-killing agent (Marin
et al., 1996), and we decided to include it as an additional control in some
experiments.

Intracellular Ca** studies. The fluorescent probe fluo-3 was used for
measurements of Ca®* as described (Minta et al., 1985). Control cells
(with or without addition of scrambled peptide) and cells exposed to AB
or AB with melatonin were incubated with 2 um fluo-3 for 15 min (see
figures). The cells were scanned for maximum fluorescence by scanning
laser confocal microscopy, using a section series. The images with the
highest fluorescence were subjected to three-dimensional FishNet mod-
eling to obtain relative fluorescence intensity (RFI) measurements and
section line “cutting” for histogram determination of Ca®" levels with the
Silicon Graphics software. Calibration for quantitative measurements of
Ca®" was achieved with a commercially available kit (Molecular Probes).

Lipid peroxidation. To verify that melatonin is a free-radical scavenger
in the system under study, we measured the degree of lipid peroxidation
in parallel experiments in which N2a cells were either exposed to AB(25-
35) or to the superoxide dismutase (SOD) inhibitor diethyldithiocarbamic
acid (DDTC) (positive control) with or without melatonin. Under these
experimental conditions, the degree of lipid peroxidation was estimated
by measuring the formation of malondialdehyde acid (MDA) in cell
lysates as described (Omar et al., 1987).

RESULTS

Melatonin prevents death of neuroblastoma cells
exposed to AB

Addition of melatonin to culture plates exposed to AB(25-35)
showed a striking improvement in cell survival. Figure 1 shows
cell viability counts as assessed with the fluorescent BODIPY
green probe. Figure 2 illustrates representative images ob-
tained with BODIPY green (right panels) and with dual fluo-
rescent labeling with annexin V/propidium iodide. Exposure of
cells to AB(25-35) induced cell death in over two-thirds of the
cells by 24 hr (as assessed by the above-mentioned methods)
while simultaneous addition of melatonin to the culture me-
dium prevented cell death. Decreased cell viability with
BODIPY green was determined by counting the number of
cells exhibiting decreased fluorescent intensity. With the an-
nexin/propidium iodide method, we counted the number of
cells showing simultaneous fluorescence staining with annexin
V and propidium iodide in the same cells (i.e., cell illustrated
in 24) as well as the number of cells staining with annexin V
only (red cells depicted in the left panels of Fig. 2B,C). Under
the experimental conditions used, we found an almost exclusive
increase in red fluorescent cells after exposure to AB(25-35).
This increase was prevented by the addition of melatonin. The
number of cells exhibiting increased fluorescence with pro-
pidium iodide after exposure to AP alone was comparable to
control plates incubated with scrambled peptide, suggesting
that apoptosis is the mode of cell death at the indicated
concentration of AB(25-35) in N2a cells. Cell survival seemed
dependent on concentration of AB(25-35) and time of expo-
sure (see Figs. 1, 5), as previously noted by several laboratories.
By electron microscopy, the effect of AB(25-35), as well as the
described phenomenon with melatonin, was readily apparent.
Exposure of cells to AB(25-35) resulted in marked cell damage
characterized by diffuse membrane blebbing (Fig. 3B), cell
retraction (Fig. 34,B), abnormal distribution of chromatin to-
ward the nuclear membrane (Fig. 3C), and karyorrhexis (de-
fined as fragmentation and condensation of nuclear material
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Figure 5. Cell viability after exposure to
AP alone or AB with various concentra-
tions of melatonin or PBN. N2a cells were

plated and after 24 hr, during exponential
dividing phase, exposed to the indicated
concentrations of AB(25-35) for 6 hr and
treated with either melatonin or PBN at
the indicated concentrations. These exper-
iments were performed at 6 hr because cell
death was readily apparent by this time.
Viable cells are expressed as a percentage
of controls and assessed by their ability
to exclude trypan blue. Similar dose—
responses were obtained by BODIPY
green fluorescence (data not shown). Dif-
ferences in survival between cells exposed
to AB alone versus AB with melatonin

12uM AB

were statistically significant for all concen-
trations of AB and melatonin (i.e., 50 um
ABvs 50 uM AB + 1.2 uM melatonin, p <
0.002; 50 um AB vs 50 um AB + 10 pum
melatonin, p < 0.001).
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Figure 6. Lipid peroxidation induced by
AB(25-35) is prevented by melatonin or
PBN. The byproduct malondialdehyde
acid (MDA) was measured in N2a cell
lysates as described (Omar et al., 1987) at
the indicated concentrations of melatonin
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into large electron-dense granules) (Fig. 3D). Quantitation of
cell retraction and/or increased membrane blebs showed that
these toxic effects were prevented by melatonin. Table 1 shows
quantitative differences observed between control cells (scram-
bled peptide) and cells incubated with AB(25-35) or AB(25-
35) plus melatonin.

Results of the experiments on PC12 cells exposed to AB(25-35)
(assessed by the trypan blue method) (Fig. 44) and on N2a and
PC12 cells exposed to AB(1-40) (Fig. 4B,C) corroborated the
reproducibility of the findings beyond a particular cell line and
with the more physiologically relevant peptide AB(1-40). These
experiments showed that melatonin prevented cell death after
exposure to the above-mentioned peptides in either N2a or PC12
cells. Results were equally striking irrespective of the cell line or
peptide used. The viability of cells exposed to AB plus melatonin
was identical to control cultures.

We also performed a “checkerboard” dose-response experi-
ment on N2a cells in which the effect of each of two concentra-
tions of AB(25-35) was tested in permutation with either two
concentrations of melatonin or without the hormone. As a con-
trol, we ran another parallel “checkerboard” experiment, but
instead of melatonin we used PBN (because PBN previously was
reported to enhance the survival of cells exposed to AB). The
results of these experiments confirmed once again the cytoprotec-
tive effects of melatonin and showed a correlation between cell
survival and concentrations of AB and melatonin (Fig. 5), as
evaluated by the trypan blue method.

tions. SE in all measurements was <20%
of the mean. Cells were exposed to
APB(25-35) for 24 hr with and without me-
latonin or PBN.

PBN (uM)

In summary, the reported effects of melatonin on preventing
cell death were verified by different experimental approaches and
found to be extremely reproducible and statistically significant
with all of the methods used.

Melatonin and PBN prevent lipid peroxidation of
cultured N2a cells induced by A or inhibition of
superoxide dismutase

Exposure of N2a cells to AB(25-35) or DDTC resulted in
increased lipid peroxidation (Fig. 64,B), and this effect was
prevented by melatonin. As noted with AB(25-35), control
experiments with DDTC also caused cell death in a
concentration-dependent manner (Fig. 7). These effects were
prevented by addition of melatonin to the culture medium
(Figs. 6A4,B, 7). The experiments with DDTC were designed to
provide additional control variables as well as preliminary
evidence that melatonin exhibits antioxidant activity in our
system. The results from these experiments support the previ-
ously reported antioxidant properties of melatonin (Reiter,
1995). PBN, a chemically unrelated free-radical scavenger, also
was included as an additional control in the experiments for
similar reasons as those discussed on the section on cell sur-
vival. This substance was effective in preventing lipid peroxi-
dation induced by AB(25-35) (Fig. 6B) and DDTC (data not
shown). The cytoprotective effects of melatonin and PBN were
concentration-dependent (Figs. 6, 7).
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Figure 7. Melatonin prevents cell death induced by inhibition of SOD.
Cells were plated as previously noted in Figure 1 and exposed to DDTC
for 24 hr at the indicated concentrations. Melatonin was added at the
stated concentrations. Survival was determined by the trypan blue exclu-
sion method and expressed as percentage of controls (no DDTC). Data
represent the means * SD for four experiments (2 duplicated experiments
on different days).

Melatonin prevents AB-induced intracellular

Ca®*" increase

Control cells exhibited an average intracellular Ca**/fluo-3 fluores-
cence of 0.3 £ 0.1 RFI units (n = 20 cells), whereas cells exposed to
AB(25-35) showed a marked increase in intracellular Ca** (Fig. 8)
(at 12 hr, RFI values 0.3 = 0.09 and 2.2 *= 0.2 control vs AR,
respectively; n = 12 cells/plate). Inclusion of melatonin in the cul-
tures returned the intracellular Ca** levels to near normal (RFI
value, 0.55 * 0.2). Figure 9 shows representative images from each of
the experimental groups. Because adriamycin treatment has been
used as a model for intracellular Ca*" increases during apoptosis
(Marin et al., 1996), cells treated with 0.03 ug/ml adriamycin were
included as a control system for the Ca** studies.

DISCUSSION

We confirmed by several methods that melatonin prevents death of
cultured cells exposed to toxic fragments of AB. These methods
included conventional light microscopy (trypan blue exclusion meth-
od), confocal laser microscopy using various probes for the assess-
ment of cell viability (BODIPY green, annexin V, and propidium
iodide), scanning and transmission electron microscopy, fluorescent
Ca®" imaging, and measurements of lipid peroxidation. The impor-
tance of the observed phenomenon is twofold. On one hand, mela-
tonin has a proposed physiological role in the aging process (Pier-
paoli, 1991; Pierpaoli et al., 1991), and decreased secretion of
melatonin with aging is documented (Iguchi et al., 1982; Dori et al.,
1994). On the other hand, and perhaps of more relevance to our
study, there are reports of more profound reductions of melatonin
secretion in populations with dementia than in nondemented con-
trols (Souetre et al., 1989; Mishima et al., 1994). It has been sug-
gested that altered secretion levels of the hormone partially may
reflect the loss of daily variation in the concentration of melatonin in
the pineals of elderly individuals and AD patients (Skene et al.,
1990). These facts regarding melatonin are in sharp contrast with
conventional antioxidants, which, despite their reported cytoprotec-
tive characteristics, have no comparable correlates with the patho-
physiology of human aging.

The effects of melatonin may be complex, and the elucidation of
its mechanism(s) of action is outside the scope of this report. In
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addition to its OFR scavenging properties, melatonin interacts
with calmodulin (Benitez-King and Anton-Tay, 1993) microtubu-
lar components (Benitez-King and Anton-Tay, 1993) and is re-
ported to increase the activity of the intrinsic cellular antioxidant
defenses (Huerto-Delgadillo et al., 1994). Second, the bioavail-
ability of this hormone makes it an ideal candidate for use in
therapy. In vivo studies have shown that melatonin rapidly crosses
the blood-brain barrier after systemic administration and reaches
every neuronal compartment (Menendez-Pelaez et al., 1993).
Characterization of the mechanism of action by the use of analogs
will be an interesting area to explore in future studies. In this
study, the concentrations of melatonin used are supraphysiologi-
cal, and the potential correlates with human disease as well as the
potential therapeutic value are not yet known.

Initial in vitro evidence suggests that the cytoprotective effects of
melatonin are related to its antioxidant properties (Reiter, 1995). In
line with such an interpretation, melatonin prevented cell death
induced by inhibition of superoxide dismutase as well as AB-induced
lipid peroxidation. Inhibition of SOD by DDTC is a well established
model of oxidative injury (Omar and Pappolla, 1993) that has been
used previously to induce death of spinal cord neurons via an apo-
ptotic pathway (Rothstein et al., 1994). These observations are also in
agreement with the oxidative stress hypothesis of AD.

Melatonin also blocked Ap-related increases in intracellular
Ca®* levels. Sulfhydryl groups in membrane Ca®* pumps are
characteristic targets of oxidative injury (Rohn et al., 1993), and
damage to these structures by AB has been documented (Mark et
al., 1995). It has been proposed that Ca?* plays an important role
in AB-mediated cell death (Mattson, 1994). Abnormal efflux of
the ion into cellular compartments (Nicotera et al., 1992) causes
activation of a number of Ca®"-dependent degradative processes
detrimental to the cell. Interestingly, one of the newly discovered
“apoptosis-linked genes” encodes a Ca?* binding protein and shows
partial homology to the FAD gene STM2 (Vito et al., 1996).

The finding that AB has neurotoxic properties has provided a
possible connection between amyloid accumulation and neurode-
generation. After a number of controversial reports, studies from
several laboratories now have corroborated this observation and

AB peptide
ab + pep i

Relative Fluorescence Index

+ AB peptide and melatonin

Controt

0 | ¥ I T 4§ ]
0 5 10 15 20 25-
Treatment Time (Hours)

Figure 8. Time course study of fluo-3 fluorescence increase induced by
ApB(25-35) and prevention by melatonin. Cells were exposed to 50 um
scrambled peptide (control), 50 um AB(25-35), or 50 um AB(25-35) plus
5 uM melatonin. AB alone was significantly different from control and A
plus melatonin after 6 hr at all time points (p < 0.002). There were no
significant differences between control and A plus melatonin at any time
point.
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demonstrated that the effects of the peptide are dependent on
aggregation (Busciglio et al., 1992; Pike et al., 1993), time of
exposure, osmolarity, pH, and concentration (Burdick et al., 1992;
Pike et al., 1993). The mechanism of toxicity is not totally under-
stood. In addition to free radicals, increased sensitivity to excito-
toxicity (Copani et al., 1995) and /or disruption of Ca®" homeosta-
sis (Mattson et al., 1992, 1993; Le et al., 1995; Mark et al., 1995)
seem to be involved. The magnitude of the damage contributed by
each of these factors and the extent of their interaction are
unresolved issues (Busciglio et al., 1993; Mattson, 1994; Weiss et
al., 1994; Copani et al., 1995). Because of the close association
between aging and AD and the similarities in the neuropathology
of both conditions, oxidative stress has been proposed to play a
role in the pathogenesis of AD lesions. The data reported here are
in line with the available evidence suggesting a role for melatonin
in oxidative stress and the aging process.

In conclusion, we report that melatonin prevents death of cultured
cells induced by AB. In AD, the magnitude of the mental impairment
correlates better with the severity of neuronal damage rather than
with the degree of amyloid accumulation (Hyman et al.,, 1985).
Therefore, improving cell survival has been a primary objective of
most therapeutic approaches. The use of melatonin or its derived
analogs could be explored as a therapeutic approach in AD.

Note added in proof: The cytoprotective effects of melatonin
described in this paper have been, since then, reproduced in rat
primary neuronal cultures.
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