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Generation of reactive oxygen species (ROS) causes cellular oxidative damage and has been implicated in the etiology of Alzheimer’s
disease (AD). In contrast, multiple lines of evidence indicate that ROS can normally modulate long-term potentiation (LTP), a cellular
model for memory formation. We recently showed that decreasing the level of superoxide through the overexpression of mitochondrial
superoxide dismutase (SOD-2) prevents memory deficits in the Tg2576 mouse model of AD. In the current study, we explored whether
AD-related LTP impairments could be prevented when ROS generation from mitochondria was diminished either pharmacologically or
via genetic manipulation. In wild-type hippocampal slices treated with exogenous amyloid � peptide (A�1-42) and in slices from
APP/PS1 mutant mice that model AD, LTP was impaired. The LTP impairments were prevented by MitoQ, a mitochondria-targeted
antioxidant, and EUK134, an SOD and catalase mimetic. In contrast, inhibition of NADPH oxidase either by diphenyliodonium (DPI) or
by genetically deleting gp91 phox, the key enzymatic component of NADPH oxidase, had no effect on A�-induced LTP blockade. Moreover,
live staining with MitoSOX Red, a mitochondrial superoxide indicator, combined with confocal microscopy, revealed that A�-induced
superoxide production could be blunted by MitoQ, but not DPI, in agreement with our electrophysiological findings. Finally, in transgenic
mice overexpressing SOD-2, A�-induced LTP impairments and superoxide generation were prevented. Our data suggest a causal rela-
tionship between mitochondrial ROS imbalance and A�-induced impairments in hippocampal synaptic plasticity.

Introduction
Lack of mechanistic understanding and effective therapies char-
acterize the current state of Alzheimer’s disease (AD), a devastat-
ing neurodegenerative disease that accounts for the majority of
dementia and is an emerging global threat to public health (Sel-
koe, 2004; Querfurth and LaFerla, 2010). The abnormal brain
accumulation of amyloid � (A�), a small peptide derived from
amyloid precursor protein (APP), presents as a pathologic hall-
mark of AD (Haass and Selkoe, 2007). Many lines of experimen-
tal evidence have demonstrated that high levels of A� cause
synaptic dysfunction and memory deficits (Haass and Selkoe,
2007; Shankar et al., 2008; Ma et al., 2010; Querfurth and LaFerla,

2010). However, the molecular mechanisms underlying the syn-
aptic toxicity of A� are still poorly understood.

There is strong evidence to link reactive oxygen species (ROS)
with neurodegenerative diseases, including AD (Lin and Beal,
2006). As cellular energy machinery, mitochondria produce the
largest amount of ROS in mammalian cells, with superoxide
(O2

�. ) being the predominant species leading to the formation of
other ROS (Balaban et al., 2005; Murphy, 2009). Oxidative dam-
age by superoxide itself is usually thought to be primarily pre-
vented by mitochondrial superoxide dismutase (SOD-2), which
rapidly catalyzes dismutation of superoxide to H2O2 (Murphy,
2009). AD mutant mice with decreased SOD-2 expression exhibit
increased levels of brain A� and accelerated behavioral abnor-
malities, including cognitive dysfunction (Li et al., 2004; Esposito
et al., 2006). Conversely, we and others recently showed that
overexpression of SOD-2 in two different AD mouse models re-
duced A� deposition and prevented memory deficits (Dumont et
al., 2009; Massaad et al., 2009). However, whether the decrease in
superoxide that results in the aforementioned behavioral im-
provements in AD model mice is correlated with improvements
in synaptic plasticity has not been explored. Given the notion that
AD is essentially a disease of synaptic failure (Selkoe, 2002; Tanzi,
2005), it is important to provide direct evidence between ROS
imbalances and synaptic dysfunction to enhance our under-
standing of AD pathophysiology.
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Herein we investigated the effects of decreasing ROS on A�-
induced impairments in hippocampal long-term potentiation
(LTP), a well established form of synaptic plasticity and the most
intensely studied cellular model for memory (Malenka and Ni-
coll, 1999; Malenka, 2003). By taking advantage of novel, specific
pharmacological ROS scavengers and inhibitors, as well as ge-
netic manipulations, we reduced ROS production from either
mitochondria or NADPH oxidase, another major source of ROS
that plays a key role in synaptic plasticity (Kishida et al., 2006;
Kishida and Klann, 2007). We found that hippocampal LTP im-
pairments, either induced by exogenous A� or in slices from
APP/PS1 AD mutant mice, could be rescued with mitochondrial
antioxidants. In contrast, inhibition of NADPH oxidase either
pharmacologically or by genetic deletion of gp91 phox had no ef-
fect on A�-induced LTP impairments. Furthermore, in trans-
genic mice overexpressing SOD-2, A�-induced LTP deficits as
well as A�-induced increases in superoxide levels were prevented.
Our data suggest a causal relationship between mitochondrial
ROS imbalance and A� toxicity in hippocampal synaptic
plasticity.

Materials and Methods
Transgenic mouse lines. All mice were housed in the Transgenic Mouse
Facility of New York University, compliant with the NIH Guide for Care
and Use of Laboratory Animals. The facility is kept on a 12 h light/dark
cycle, with regular feeding and cage cleaning schedule.

APP/PS1 transgenic mice were purchased from the Jackson Labora-
tory. These mice were created via incorporation of human/murine APP
construct bearing the Swedish double mutation and the exon-9-deleted
PSEN1 mutation (APPswe � PSEN1/�E9) (Jankowsky et al., 2001).
Wild-type littermates were used as controls for all experiments with
APP/PS mutant mice. gp91 phox knock-out mice were generated as de-

scribed previously (Pollock et al., 1995). These mice lack the gp91 phox

subunit of NADPH oxidase; age-matched C57BL/6J mice were used as
controls for experiments with these mice. SOD-2 transgenic mice over-
expressing the human mitochondrial SOD were generated as described
previously (Ho et al., 1998). Wild-type littermates were used as controls
for all experiments with SOD-2 transgenic mice.

Hippocampal slice preparation and electrophysiology. Hippocampal slices
(400 �m) were prepared from mice 2–4 months of age (unless specified
otherwise) using a vibratome as described previously (Hu et al., 2006). The
slices were maintained at room temperature in a submersion chamber with
artificial CSF (ACSF) containing the following (in mM): 125 NaCl, 2.5 KCl, 2
CaCl2, 1 MgCl2, 1.25 NaH2PO4, 24 NaHCO3, and 15 glucose, bubbled with
95% O2/5% CO2. Slices were incubated for at least 2 h before removal for
experiments. For electrophysiology experiments, slices were transferred to
recording chambers (preheated to 32°C) where they were superfused with
oxygenated ACSF. Monophasic, constant-current stimuli (100 �s) were de-
livered with a bipolar silver electrode placed in the stratum radiatum of area
CA3, and the field EPSPs (fEPSPs) were recorded in the stratum radiatum of
area CA1 with electrodes filled with ACSF (resistance, 2–4 M�). Baseline
fEPSPs were monitored by delivering stimuli at 0.033 Hz. fEPSPs were ac-
quired, and amplitudes and maximum initial slopes measured, using
pClamp 10 (Molecular Devices). LTP was induced with a high-frequency
stimulation (HFS) protocol consisting of two 1 s long 100 Hz trains, sepa-
rated by 60 s, delivered at 70–80% of the intensity that evoked spiked fEPSPs
(Tsokas et al., 2007).

Drug treatment. Drugs were prepared as stock solutions and were di-
luted to the final concentration before use. Incubation of hippocampal
slices with drugs was performed in either recording chambers or main-

Figure 1. A�-induced LTP impairments are rescued by EUK134 and MitoQ. A, HFS induced
LTP in vehicle-treated slices (black triangles, n � 7), but not in slices pretreated with 500 nM

A�1-42 (gray triangles, n � 9). In contrast, A�1-42 treatment did not inhibit LTP in the
presence of either EUK134 (250 nM, dark gray circles, n � 6) or MitoQ (500 nM, light gray
hexagons, n � 8). The dashed line represents the normalized baseline value of 100%. B,
Compared with vehicle-treated slices (gray diamonds, n � 10), either 500 nM MitoQ (black
triangles, n � 7), or 250 nM EUK134 (gray circles, n � 7) alone did not have an effect on LTP. In
addition, treatment of slices with either EUK134 (gray hexagons, n � 10) or MitoQ (black
hexagons, n �9) did not affect baseline fEPSPs. C, Cumulative data showing mean fEPSP slopes
80 min post-HFS based on the LTP experiments in A and B. D, HFS-induced LTP was expressed
normally in slices treated with scrambled A�1-42 peptide (500 nM, n � 5). sc, Scrambled.

Figure 2. Inhibition of NADPH oxidase activity with either DPI or by genetic deletion of gp91 phox

does not prevent A�-induced LTP impairments. A, LTP persisted in slices treated with DPI alone (10
nM; open circles, n�5) and A�1-42 (500 nM; filled circles, n�5) treatment resulted in impaired LTP
in the presence of DPI. DPI alone (filled triangles, n�7) did not alter baseline fEPSPs. B, In slices from
gp91 phox knock-out (KO) mice, HFS elicited persistent LTP (open circles, n�6) but LTP was impaired
in the presence of A�1-42 (500 nM; filled circles, n � 7).

5590 • J. Neurosci., April 13, 2011 • 31(15):5589 –5595 Ma et al. • Mitochondrial ROS in A�-Induced LTP Impairments



tenance chambers as needed. The final concentrations and sources of the
drugs were as follows: MitoQ 10 Methanesuflonate (MitoQ, 500 nM;
Antipodean Pharmaceuticals), EUK134 (250 nM; Cayman Chemical),
diphenyliodonium (DPI, 10 nM; Sigma). A�1-42 stock (100 �M;
Bachem) was prepared in water and stored at �20°C for at least 24 h
before use at a final concentration of 500 nM. This preparation yields
ample A� oligomers (Ma et al., 2010). Scrambled A�1-42 peptide (500
nM; Anaspec) was prepared in the same way as A�(1-42).

Detection of mitochondrial superoxide in hip-
pocampal slices. Upon completion of either drug
(or vehicle) treatment, hippocampal slices were
incubated with 5 �M MitoSOX Red, a mitochon-
drial superoxide indicator (prepared as 5 mM

stock solution in DMSO immediately before the
experiments) (Invitrogen) for 10 min. Slices then
were fixed with ice-cold 4% paraformaldehyde in
PBS overnight at 4°C. Slices were further cut into
40 �m sections with a vibratome and mounted
onto presubbed slides with Vectashield mount-
ing medium with DAPI (Vector Laboratories).
The sections were imaged using a Leica TCS
SP5 confocal microscope (Leica) at 630�. All
parameters (pinhole, contrast, gain, offset)
were held constant for all sections from the
same experiment.

Data analysis. Data are presented as mean �
SEM. Statistics were performed using Origin
software (OriginLab). For comparison be-
tween two groups, a two-tailed independent
Student’s t test was used. For comparisons be-
tween multiple groups, a one-way ANOVA was
used followed by individual post hoc tests when
applicable. Error probabilities of p � 0.05 were
considered statistically significant.

Results
A�-induced LTP impairments are
rescued by EUK134 and MitoQ
We first confirmed that mouse hippocam-
pal slices treated with exogenous A�1-42
(500 nM) resulted in impaired LTP in our
recording conditions (Fig. 1A,C), consis-
tent with previous reports (Shankar et al.,
2008; Ma et al., 2010). To explore the
relationship between mitochondrial ROS
(mainly superoxide) with A�-induced LTP
failure, we applied two structurally distinct
ROS scavengers: EUK134, a synthetic SOD
and catalase mimetic (Rong et al., 1999), and
MitoQ, a novel mitochondria-targeted anti-
oxidant (Smith and Murphy, 2010). In slices
treated with either EUK134 (250 nM) or Mi-
toQ (500 nM), HFS was capable of inducing
LTP in the presence of A� (Fig. 1A,C). We
further observed that neither EUK134 nor
MitoQ alone significantly enhanced HFS-
induced LTP (Fig. 1B,C). To ensure that the
LTP blockade by A�1-42 was not due to
nonspecific peptide effects, we applied a
scrambled A�1-42 peptide to hippocampal
slices. As shown in Figure 1D, HFS-induced
LTP was not inhibited by the scrambled
peptide. Together, these findings suggest
that A�-induced LTP impairments can be
rescued by decreasing mitochondrial ROS
levels.

Decreasing NADPH oxidase activity either with DPI or by
deleting the gp91 phox subunit does not prevent A�-induced
LTP impairments
In addition to mitochondria, another source of superoxide in the
hippocampus is NADPH oxidase (Kishida et al., 2006; Kishida
and Klann, 2007). NADPH oxidase is a membrane-bound en-

Figure 3. MitoQ, but not DPI, prevents A�-induced increases in mitochondrial superoxide. A, Treatment of hippocampal slices
with A�1-42 (500 nM) for 60 min increased the MitoSOX fluorescent signal (red) in area CA1 compared with control slices. DAPI
staining is shown as blue. Pretreatment of slices with MitoQ (500 nM) blunted the A�-induced elevation in the MitoSOX fluorescent
signal. In slices pretreated with DPI (10 nM), A� still caused increases in the MitoSOX fluorescent signal. B, Treatment of slices with
a scrambled A�1-42 peptide (500 nM) for 60 min did not alter the MitoSOX fluorescent signal. Results are representative of three
independent experiments. Scale bar, 50 �m. CTL, Control; sc, scrambled.
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zyme complex composed of six subunits, with gp 91phox the sub-
unit that encodes the oxidase component (Kishida and Klann,
2007). To determine whether NADPH oxidase-mediated ROS
generation is involved in the impairments in synaptic plasticity
induced by A�, we first used the NADPH oxidase inhibitor DPI,
which has been demonstrated to have neuroprotective effects at
low concentrations (Qian et al., 2007). HFS-induced LTP was
sustained when induced in the presence of DPI (10 nM) alone,
but declined to baseline within 1 h after HFS when A� was
present (Fig. 2 A). In addition, in hippocampal slices from
mice in which the gp91 phox subunit was deleted, normal LTP
was observed following HFS (Fig. 2 B). However, in slices
treated with A�, LTP was impaired (Fig. 2 B). These findings
indicate that neither pharmacologically nor genetically de-
creasing of NADPH oxidase activity impacts A�-induced LTP
impairments in the hippocampus.

MitoQ but not DPI prevents the elevation in mitochondrial
superoxide caused by A�
To obtain direct evidence that the prevention of the A�-induced
impairments in synaptic plasticity described above was actually
related to a reduction in mitochondrial superoxide levels, we
stained live slices with MitoSOX Red, a fluorogenic dye that is
selective for the detection of superoxide in mitochondria. The
MitoSOX Red reagent is chemically targeted to mitochondria and
when oxidized by superoxide exhibits red fluorescence (Hu et al.,
2007). Hippocampal slices treated with A� demonstrated a sig-
nificant enhancement in red fluorescence signal in area CA1 (Fig.
3A), indicating an increase in superoxide levels in mitochondria.
The A�-induced increase in mitochondrial superoxide was pre-
vented when MitoQ was added, as indicated by a blunting of the
MitoSOX fluorescent signal (Fig. 3A). In contrast, A� elicited a
considerable increase in superoxide levels in the presence of DPI
(Fig. 3A). To ensure that the increase in MitoSOX staining in-
duced by A� was not due to nonspecific peptide effects, we per-
formed experiments in which slices were treated with scrambled
A�1-42 peptide followed by staining for MitoSOX. As shown in
Figure 3B, the scrambled peptide had no impact on MitoSOX
staining compared with the control. These results suggest that
ROS production in hippocampal slices in response to A� is
largely derived via mitochondria. Moreover, these findings are in
agreement with the results from the electrophysiology experi-
ments in that MitoQ, but not DPI, rescued A�-induced impair-
ments in LTP (Figs. 1, 2).

MitoQ and EUK134 rescue hippocampal LTP impairments in
APP/PS1 mutant mice
To further explore the role of mitochondrial ROS in AD-related
impairments in hippocampal synaptic plasticity, we used slices
from an APP/PS1 AD transgenic mouse model. Hippocampal
LTP in APP/PS1 mice (10 –12 months old) was inhibited, com-
pared with littermate controls (Fig. 4A,B), consistent with previ-
ously described learning deficits in these mice at this age (Reiserer
et al., 2007). Interestingly, when slices from APP/PS1 mice were
treated with either MitoQ (500 nM) or EUK134 (250 nM), LTP
was significantly enhanced to the level of wild type (Fig. 4A–C).
These results are similar to those from experiments in which
A�-induced impairments in LTP were rescued by MitoQ and
EUK134 (Fig. 1A) and are consistent with the notion that A�-
induced production of ROS from mitochondria impairs synaptic
plasticity.

A� fails to block hippocampal LTP and increase
mitochondrial superoxide levels in SOD-2 transgenic mice
A key antioxidant enzyme that scavenges superoxide in mito-
chondria is SOD-2 (Kishida and Klann, 2007). We previously
showed that SOD-2 overexpression decreased mitochondrial su-
peroxide in cultured neurons and extended the life span of the
mice (Hu et al., 2007). Given our findings that indicate that re-
ducing mitochondrial superoxide levels with pharmacological
agents (MitoQ and EUK134) could alleviate A�-induced LTP
impairments, we hypothesized that normal LTP would be ex-
pressed in A�-treated slices from SOD-2 transgenic mice. As
shown in Figure 5, A� did not inhibit LTP in hippocampal slices
from SOD-2 transgenic mice. In comparison, in slices from age-
matched wild-type mice treated with A�, LTP declined to baseline
levels within 1 h after HFS. These results indicate that increased
endogenous expression of SOD-2 prevents A�-induced impair-
ments in hippocampal synaptic plasticity.

In a parallel series of experiments, we treated slices with A�
and then stained them with MitoSOX to determine how mito-

Figure 4. MitoQ and EUK134 prevent LTP impairments in APP/PS1 mutant mice. A, HFS-
induced LTP was impaired in slices from 10 to 12 month old APP/PS1 transgenic mice (gray
circles, n � 8), compared with slices from wild-type (WT) mice in which HFS induced normal
LTP (black circles, n � 6). In APP/PS1 slices treated with MitoQ (500 nM), HFS induced LTP
similar to that observed in wild-type mice (triangles, n � 7). B, Cumulative data showing mean
fEPSP slopes 80 min post-HFS. C, Impairment of hippocampal LTP in APP/PS1 mice (gray circles,
n � 10) was prevented with EUK134 (250 nM) treatment (open circles, n � 4).

Figure 5. A� failed to block hippocampal LTP in SOD-2 transgenic mice. A, HFS-induced LTP
(dark gray triangles, n � 8) was blocked by A�1-42 (500 nM) in wild-type (WT) hippocampal
slices (light gray triangles, n � 7). In slices from SOD-2 transgenic mice, HFS was able to induce
LTP in the presence of A�1-42 (500 nM; gray circles, n � 5). B, Cumulative data showing mean
fEPSP slopes 80 min post-HFS.
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chondrial superoxide levels were regulated in SOD-2 transgenic
mice. The basal levels of superoxide in mitochondria were slightly
elevated in SOD-2 transgenic mice compared with wild-type lit-
termates (Fig. 6). Importantly, A�-induced increases in mito-
chondrial superoxide levels were prevented in SOD-2 transgenic
mice (Fig. 6). These results are consistent with those in which A�
failed to inhibit LTP in slices from SOD-2 transgenic mice, and
are consistent with the idea A�-induced increases in mitochon-
drial superoxide cause impairments in hippocampal synaptic
plasticity.

Discussion
Many lines of evidence indicate that impairment of synaptic plas-
ticity by abnormal accumulation of soluble A� occurs before
plaque formation and neurodegeneration in AD, lending support
to the notion that Alzheimer’s disease is a synaptic failure (Selkoe,
2002; Oddo et al., 2003; Jacobsen et al., 2006; Haass and Selkoe,
2007; Ma et al., 2010; Tomiyama et al., 2010). Developing a mech-
anistic understanding of and accordingly reversing such synaptic
dysfunction caused by A� could yield important insights into
therapeutic targets for AD. In the present study, we have demon-
strated that A�-induced inhibition of LTP was reversed by a
mitochondria-targeted ROS scavenger (MitoQ), general ROS
scavengers (EUK134), and by genetically overexpressing SOD-2,

the mitochondrial SOD. The reversal of
the synaptic plasticity deficits by the
mitochondria-targeted scavengers corre-
lated with their ability to prevent increases
in mitochondrial superoxide elicited by
A�. To our knowledge, our findings are
the first to demonstrate a causal relation-
ship between synaptic plasticity dysfunc-
tion and mitochondrial ROS production
in models of AD.

Previous studies indicated that the role
that ROS play in synaptic plasticity and
memory is a double-edged sword. On one
hand, ROS have a physiological role, in that
their production is necessary to maintain
normal synaptic plasticity. For example, su-
peroxide levels in hippocampal neurons
were increased upon activation of NMDA
receptors, a key event for LTP induction
(Bindokas et al., 1996). It was further shown
that LTP induction was abolished by exoge-
nous SOD and cell-permeable manganese
porphyrin compounds that mimic SOD
(Klann, 1998; Klann et al., 1998). In addi-
tion, the effects of ROS on LTP involve the
activation of protein kinase C and mitogen-
activated protein kinases, both critical sig-
naling molecules for LTP induction (Knapp
and Klann, 2002; Kishida et al., 2005; Hud-
dleston et al., 2008). On the other hand,
ROS have been linked to synaptic pathology
associated with aging and neurodegenera-
tive diseases, including AD (Balaban et al.,
2005; Lin and Beal, 2006). Indeed, various
types of ROS-mediated oxidative stress are
used consistently as biomarkers of AD brain
pathology and antioxidants have been used
as a therapeutic treatment for AD in clinical
trials (Praticò, 2008).

A plausible explanation for these
seemingly contradicting data is that ROS act both as signaling
molecules required for normal synaptic function and as oxidative
stressors causing harmful effects that impede synaptic plasticity.
Usually endogenous antioxidants (SOD, vitamin E, C, etc) are
capable of clearing sufficient levels of ROS, preventing neurons
from being damaged. However, it is likely that with aging and in
pathological conditions such as AD, unusually high levels of ROS
are produced consistently, overwhelming the ability of the en-
dogenous antioxidants to remove them, resulting in impairment
of synaptic function. For example, we observed a robust increase
of mitochondrial superoxide caused by A� in hippocampal slices
(Figs. 3, 6), which was not observed in control, healthy slices.
Moreover, ROS include a variety of species produced from dif-
ferent sources (Balaban et al., 2005; Murphy, 2009). It may be
simplistic to label ROS as either “good” or “bad” molecules; they
appear to play different roles in synaptic plasticity, depending on
their subcellular localization and on the age of the animals being
studied. For instance, three SOD isozymes have been identified in
mammals and they all catalyze the same chemical reaction
through which superoxide is dismutated and detoxified. Al-
though hippocampal LTP was impaired in transgenic mice over-
expressing Cu/Zn-SOD (SOD-1), which is found mainly in
intracellular compartments (Kamsler and Segal, 2003), in SOD-2

Figure 6. A�-induced increases in mitochondrial superoxide were prevented in SOD-2 transgenic mice. A�-induced increases
in the MitoSOX fluorescent (red) signal were absent in slices from SOD-2 transgenic mice. MitoSOX fluorescent intensity was slightly
elevated in SOD-2 transgenic mice compared with wild-type (WT) littermates. Results are representative of three independent
experiments. Scale bar, 50 �m.
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(located in mitochondria) overepxressing transgenic mice, LTP
was not inhibited (Hu et al., 2007), which was consistent with our
observations in the current study (Fig. 5). In addition, in mice
that overexpress extracellular SOD, the expression of LTP was
age-dependent in that young mice (3– 4 months of age) exhibited
impaired LTP (Thiels et al., 2000; Hu et al., 2006) whereas old
mice (	20 months of age) exhibited enhanced LTP (Hu et al.,
2006). Interestingly, in the present study, we induced LTP with
two trains of HFS, a milder LTP-inducing stimulation (Tsokas et
al., 2007), and observed that there was a trend toward enhanced
LTP in wild-type slices treated with MitoQ (Fig. 1) and in slices
from SOD-2 transgenic mice (Fig. 5). The molecular mechanisms
that underlie enhanced synaptic plasticity and cognitive function
recently have emerged as an important topic (Lee and Silva,
2009). Exploration of the signaling mechanisms linking the re-
duction of mitochondrial superoxide and enhanced LTP may
yield important insights on this issue.

In view of the complexity of ROS function in the nervous
system and their diverse effects on synaptic function, it is not
surprising that current clinical trials with antioxidants such as
vitamin E resulted in either a marginally positive effect or no
effect on the cognitive function of Alzheimer patients (Praticò,
2008). Our findings suggest that the specificity and subcellular
targeting of antioxidants play an important role in the modula-
tion of synaptic plasticity by ROS, and thus may determine their
effectiveness in treating cognitive dysfunction. From this point of
view, generating more specific mitochondrial antioxidants might
provide a way to improve antioxidant therapy for the treatment
of Alzheimer’s disease.
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