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Alzheimer's disease (AD) is an age-related, neurode-
generative disorder characterized by the presence of brain-
resident neurofibrillary tangles, senile plagues (SP), and
loss of synapses [9]. The major component of SP is the
aggregated form of amyloid B-peptide (A ), which is
39-43 amino acids in length [19]. A B is associated with
free radical oxidative stress as demonstrated in many
laboratories, including our own, employing electron para-
magnetic resonance (EPR) spin trapping and spin labeling,
measuring A B-induced protein and lipid oxidation, and
investigating effects of A 8 on oxidation of and dysfunc-
tions in proteins of brain membranes and neuronal cultures
and their prevention by free radical antioxidants [2,6,7].
We proposed that A B-associated free radical lipid per-
oxidation and the peroxidation product 4-hydroxynonenal
(HNE) may be related to the primary mechanism for brain
cell death in AD [7,20].

The purpose of the current study was to assess further
the damage caused by A B (25-35), specifically to the
lipid domain of cortical synaptosomal membranes using
EPR and the lipid-specific spin label 12-NS (12-nitroxyl
stearate) [3] and measuring free fatty acids (FFA), a marker
of lipid peroxidation [4]. If A -induced lipid peroxidation
is indeed free radica mediated then, a lipid-soluble free
radical scavenger like vitamin E is predicted to protect
against such damage.
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Vitamin E (Sigma, St. Louis) was stored at 0°C as a 1
M stock solution in DMSO, protected from light. A B
(25-35), lot no. 091396, was obtained from M.D. Enter-
prises, Manhattan Beach, CA. All FFA standards used for
lipid analysis were from Sigma Chemical. Male Mongolian
gerbils, 3—5 months of age, were obtained from Tumble-
brook Farms (West Brookfield, MA). The animals were
decapitated and neocortical synaptosomes were isolated
according to methods previously described [8]. Protein
concentration of the synaptosomal membranes was mea-
sured by the method of Lowry et al. [10].

For the lipid composition studies three gerbils were
used. Synaptosomes from each gerbil were divided into
four aliquots, each with a protein concentration adjusted to
2 mg,/ml. These aiquots were centrifuged in a refrigerated
table-top microcentrifuge at 14,000 rpm for 4 min. The
supernatant was discarded and 0.5 ml PBS (pH 7.4) added
to each pellet following the treatments described below.
The first pellet served as a control sample. To the second
was added 5 ul of vitamin E stock (final concentration 5
mM), in order to minimize the amount of DMSO in the
mixture. To the third pellet was added 0.5 ml of A
(25-35), 1 mg/ml, dissolved in PBS (pH 7.4) 1 h prior to
this incubation. Finally, the fourth pellet was treated first
with vitamin E and the pre-dissolved A 8 (25-35) was
added 0.5 h later. All the samples were kept a room
temperature for 6 h, with constant shaking. At the end of 6
h, the samples were frozen in liquid nitrogen and stored at
—80°C until the lipid extraction was performed. A total of
200 wpl of the thawed synaptosomes were used, and the
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lipid extraction was performed by the method of Bligh and
Dyer [1], as modified in Ref. [4]. The lipid extract obtained
was then dissolved in 200 wl of chloroform, of which 100
nl was spotted on silica gel G TLC plates for FFA
analysis. The respective regions were scrapped into 1.5 ml
methanol containing 0.005% BHT (butylated hydroxy
toluene). Fatty acids in al the fractions were converted to
their methyl esters and then quantitated on a Hewlett-
Packard gas chromatograph as previously described [4].

For EPR studies, A 8 (25-35) was first dissolved in
PBS (pH 7.4), 1 mg/ml, and divided into two aliquots,
one aliquot was then treated with vitamin E (final concen-
tration 5 mM). The peptide solutions were then incubated
in awater bath at 37°C for 6 h. Protein concentration in the
purified synaptosomes was adjusted to 8 mg,/ml, and the
membranes were spin labeled with 12-NS as described
earlier [3,7]. A 0.5 ml of peptide incubate was then added
to 0.5 ml of synaptosomes at the time of acquisition of the
spectra. The Student’s t-test was used to determine P-val-
ues. P < 0.05 was considered to be statistically significant
for comparison between data sets.

A typical spectrum of 12-NS labeled synaptosomal
membrane is shown in Fig. 1A. Due to the partitioning of
the spin label between the lipid phase and the aqueous
phase, one can observe two environments in the EPR
spectrum, the lipid-bound (B) and the agueous-resident,
free (F) component. The amplitude of the mid-field line
(B,) was found to be the most sensitive parameter for lipid
peroxidation [3]. Fig. 1B shows the intensity of the mid-
field line measured over a period of 30 min and expressed
as a percentage of the initial intensity. An earlier study
showed that A B (25—35) decreased the signa intensity of
the 12-NS spectrum in neocortical synaptosomes by about
60% of its initial value within 30 min [3], and the present
study confirms this response of the 12-NS spectral parame-
ter to AB (25-35) (Fig. 1B). In contrast, when A
(25-35), incubated with the free radical scavenger vitamin
E, was added to synaptosomes there was almost no loss in
the signal intensity of the 12-NS spectrum (Fig. 1B),
consistent with an A B-associated free radical lipid per-
oxidation mechanism.

Changes in the amounts of FFA after treating the
synaptosomal membranes with vitamin E, A 8 (25-35),
and vitamin E followed by A 8 (25-35) are shown in Fig.
2AB. The level of arachidonic acid (20:4) (Fig. 2A) and
the overall change in the amounts of all the FFA examined
(palmitic acid, stearic acid, oleic acid, and arachidonic
acid) (Fig. 2B), showed the effects of A 8 (25-35) and
vitamin E. Treating the membranes with vitamin E aone
significantly (P < 0.03) lowered the amounts of FFA re-
leased, compared to the untreated controls, whereas incu-
bating with A 8 (25-35) caused a significant increase
(P < 0.04) in all FFA. Pretreatment of the membrane with
vitamin E followed by A 8 (25-35) led to levels of FFA
lower than those of control samples and statistically com-
parable to those treated with vitamin E alone. Arachidonic
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Fig. 1. (A) A typical EPR spectrum of the spin label 12-NS when it is
intercalated in the membrane lipid bilayer. B, and F;, and, By and Fy,
represent the bound and free components of 12-NS, due to partitioning
between the aqueous and lipid phase, on the low field and mid field lines
of the EPR spectrum respectively. (B) Percent change in the intensity of
the EPR signal of the 12-NS spectrum as observed over time.

acid, containing free radical prone unsaturated sites, was
the fatty acid showing maximum release, ~ 20% over
control values (P < 0.04), after A 8 (25-35) treatment of
synaptosomal membrane samples (Fig. 2A). On pretreat-
ment with vitamin E, the levels of arachidonic acid dropped
to ~80% of control values, i.e., FFA release was pre-
vented by this free radical scavenger. Free oleic and stearic
acids also were increased after A 8 (25—35) treatment but
to a lesser extent than 20:4, and like the latter, pretreat-
ment with vitamin E prevented this increase in oleic and
stearic acids (data not shown).

Loss in the EPR signal intensity of the 12-NS spectrum
in synaptosomes labeled with 12-NS and treated with A 8
(25-35) was due to the loss of paramagnetism of the spin
label. A B is known to insert into lipid bilayers [3,13], and
if an A B (25-35)-associated free radical interacted with
the unpaired electron of 12-NS, also present deep in the
bilayer, the signal intensity would decrease, as observed.
Hence, these results are consistent with the notion that the
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Fig. 2. (A) Effects of vitamin E, AB (25-35) and vitamin E+A 8
(25-35) on arachidonic acid (20:4) liberation. Treatment of synaptosomal
membranes with A 8 (25-35) did cause a significant increase in the
amount of 20:4 as compared to the control (P < 0.04). Preincubating
both control and A B (25-35) treated membranes with vitamin E lead to a
significant reduction in the amounts of 20:4 released (P < 0.04). (B)
Effects of vitamin E, A 8 (25-35) and vitamin E+ A 8 (25-35) on the
total free fatty acid release observed. Treatment of synaptosoma mem-
branes with A 8 (25-35) did cause an overal significant increase in the
amounts of FFA as compared to the control (P < 0.04). Preincubation of
controls and A B (25-35) treated samples with vitamin E showed a
statistically significant reduction in the amounts of FFA released (P <
0.04). N =3 was required for all FFA measurements.

peptide initiates lipid peroxidation. In this experiment vita-
min E was highly successful in ameliorating the A B
(25-35)-induced lipid damage primarily because it is a
lipid soluble, chain breaking, free radical scavenger [16].
In this study, the levels of free arachidonic acid show
the maximum increase under oxidative stress associated
with the amyloid peptide. Inositol lipids, enriched in
arachidonic acid, can undergo phosphodiesteratic cleavage,
mediated by PLC (phospholipase C), and the products of
this PLC action are IP; (inositol 1,4,5 triphosphate) and
DAG (diacyl glycerol) [4]. Hydrolysis of DAG by diacyl-
glycerol lipase and monoacylglycerol lipase can further
lead to the accumulation of arachidonic acid. FFA release
of both saturated and unsaturated fatty acids can also be
caused by the action of PLA, (phospholipase A ,). Both
these phospholipases are sensitive to calcium, and 1P, can
act as a cellular second messenger and mobilize the release
of intracellular Ca*2. Intracellular calcium levels are
known to be increased in AD and in response to A
[5,14], and hence, the activities of these enzymes may be
aberrant in AD brains. Vitamin E has been shown to
inhibit PLA , [15], consistent with the present data and the

notion that FFA release following A 8 treatment is associ-
ated with free radical oxidative stress.

Lipid peroxidation, assessed here by FFA release and
EPR, can lead to alterations in ion homeostasis and cellular
signal transductions, resulting in cellular dysfunctions
[12,14]. Also, arachidonic acid can act as a precursor for
the synthesis of inflammatory agents like leukotrienes and
prostaglandins, through the lipoxygenase and cyclooxy-
genase pathways, and cause impairment of various cellular
functions [21]. In addition, arachidonic acid is hypothe-
sized to be a precursor for HNE [17], formed in neuronal
systems exposed to A 8 [12]. HNE alters brain membrane
protein conformation [20] and causes the same dysfunction
of transmembrane ion-motive ATPases as A B itsdf
[11,12].

This study showed the damaging effects of A 8 (25-35)
on the structure and composition of lipids isolated from
synaptosomal membranes. The exact mechanism of A 8
(25-35) toxicity to cells is not known, but that it is free
radical-mediated is strengthened by the observation that
vitamin E, a free radica scavenger, could mitigate the
damage to a considerable extent. A recent report demon-
strated beneficial effects in AD patients, of a high-dose
vitamin E treatment [18], consistent with our hypothesis
that AD is a disease associated with oxidative stress [2,7].
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