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Abstract

Increasing evidence suggests that Alzheimer's disease (AD) is associated with oxidative damage that
is caused in part by mitochondrial dysfunction. Here we investigated the feasibility of modifying
Alzheimer pathology with the mitochondrial antioxidant coenzyme Q (CoQ). Exogenous CoQ
protected MC65 neuroblastoma cells from amyloid precursor protein C-terminal fragment (APP
CTF)-induced neuratoxicity in a concentration dependent manner, with concentrations of 6.25 uM
and higher providing near complete protection. Dietary supplementation with CoQ at a dose of 10
g/kg diet to C65/BI6 mice for one month significantly suppressed brain protein carbonyl levels, which
are markers of oxidative damage. Treatment for one month with 2 g lovastatin/kg diet, which
interferes with CoQ synthesis, resulted in a significant lowering of brain CoQ10 levels. Mitochondrial
energetics (brain ATP levels and mitochondrial membrane potential) were unaffected by either CoQ
or lovastatin treatment. Our results suggest that oral CoQ may be a viable antioxidant strategy for
neurodegenerative disease. Our data supports a trial of CoQ in an animal model of AD in order to
determine whether a clinical trial is warranted.
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Introduction

Antioxidant treatment strategies have been proposed for Alzheimer’s disease (AD) because
the neurodegenerative process in AD is marked by oxidative damage to the brain [1,2].
Although the source of the oxidative damage remains uncertain, several lines of evidence have
pointed to mitochondrial dysfunction as the cause [3] [4] [5]. “Mitochondrial antioxidants” are
consequently candidate therapies for AD [6]. Coenzyme Q (CoQ) is especially attractive in
light of favorable animal studies in a murine model of one neurodegenerative disease
(Huntington’s disease) [7] and favorable clinical trials in another (Parkinson’s disease) [8]. In
order to determine the feasibility of modifying AD pathology with CoQ, we examined 1)
whether CoQ is capable of protecting neurons from amyloid precursor protein C-terminal
fragment (APP CTF) - induced neurotoxicity, 2) whether CoQ enhances mitochondrial

"Corresponding author. Department of Neurology, Oregon Health & Science University, 3181 SW Sam Jackson Park Road, Portland,
OR 97239-3098. FAX: 503-494-7499. wadswort@ohsu.edu. Phone: 503-494-7234.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wadsworth et al.

Page 2

function in vitro, 3) whether chronic oral CoQ supplementation increases brain levels of CoQ,
4) whether chronic oral CoQ supplementation enhances mitochondrial function or attenuates
oxidative damage in the brain, and 5) whether brain CoQ levels are depressed in the setting of
AD pathology or in the setting of treatment with drugs which interfere with CoQ synthesis.

The hypothesis that brain CoQ levels may be lower in mice with AD pathology is made
plausible by reports that brain CoQ levels are lower in murine models of Huntington’s disease,
and other neurodegenerative disease characterized by oxidative damage [9]. The examination
of the effects of drugs upon brain CoQ is motivated by the hypothesis that CoQ supplementation
may be most appropriate for a sub-population of patients who have depressed tissue CoQ levels
induced by common prescription drugs. The cholesterol-lowering statin drugs have been
reported to depress tissue levels of CoQ [10] [11] [12] by inhibiting synthetic pathways which
are shared by cholesterol and CoQ. Although the clinical significance of statin use upon CoQ
synthesis remains uncertain, some investigators have even suggested that all statin users should
be treated with supplemental CoQ [10]. Since statin drugs are currently under investigation for
the treatment of AD, and since they are so widely prescribed already, it is plausible that AD
patients taking statins might comprise a specific sub-population for whom CoQ therapy may
be most appropriate. We consequently examined the effect of statin treatment upon brain levels
of CoQ.

For CoQ supplementation, we used the highest dose reported in chronic feeding studies in mice
[13]. Different forms of CoQ are designated by numerals that indicate the number of isoprenoid
units incorporated into each molecule. The predominant form of CoQ in humans is CoQ10;
the predominant form in mice is CoQ9. Mouse tissue levels of CoQ10 consequently have a
greater capacity to increase with supplementation than do tissue levels of CoQ9, and most
published reports have used CoQ10 supplementation in mice. Coenzyme Q10 was therefore
selected for use in our studies. For depletion of CoQ, we used a clinically relevant, commonly
used statin, lovastatin. The choice of a lipid soluble statin was intended to ensure brain
penetration, and the dose was selected from a study in a murine model of AD which showed
good tolerance and marked suppression of plasma cholesterol levels with chronic feeding
[14].

In vitro studies were conducted in MCB65 cells, an established human neuroblastoma line that
conditionally expresses the first 17 amino-terminal residues and the 99 carboxy-terminal
residues of amyloid precursor protein (APP CTF). Removal of tetracycline (tet) from these
cells results in the initial expression of a species that migrates at approximately 10 kDa (the
molecular weight of the APP CTF construct), with subsequent processing to a smaller band
that co-migrates with ABq_4q but not AB1_4». This low molecular weight species undergoes
progressive aggregation to high molecular weight bands. Both low and high molecular weight
bands are recognized by antibodies to AB, including the 6E10 monoclonal antibody. Detectable
APP CTF expression occurs within 3-4 h of tet withdrawal, appearance of aggregates and
initial losses of culture viability occurs at about 2 days and near complete death occurs by
approximately 3 days [15].

Materials and Methods

Cell culture, CoQ treatment, cell viability and in vitro measurements

MC&65 cells were cultured and maintained in MEMa. supplemented with 10% FBS (Gibco-
BRL, Carlsbad, CA) and 1 pg/ml tet (Sigma-Aldrich, St. Louis, MO) as previously described
[15]. For the experiments described here, confluent cells were trypsinized, washed with PBS,
resuspended in OptiMEM without phenol red (Gibco/BRL, Carlsbad, CA), and plated in 48-
well plates in fresh medium containing vehicle or desired concentrations of CoQ in the presence
or absence of tet. Coenzyme Q (Sigma-Aldrich, St. Louis, MO) was prepared as a fresh
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ethanolic stock solution before each experiment. Final ethanol concentrations were 0.5%. All
experiments were carried out in triplicate wells for each condition and repeated at least 3 times.
Cell viability was measured using the CellTiter 96® Aqeous Non-Radioactive Cell
Proliferation Assay (Promega Corporation, Madison, WI) according to manufacturer’s
instructions. ATP levels were measured using the ATPlite 1step Luminescence ATP Detection
Assay System (Perkin EImer, Boston, MA) as per manufacturer’s instructions. Briefly, medium
was removed from each treatment and replaced with 200 pl of ATP-lite substrate solution
(diluted 50% with phosphate buffered saline). The plate was shaken for 2 min and luminescence
read on a Victor3 Multilabel Reader (Perkin Elmer, Boston MA). ATP levels were quantified
from an ATP standard curve. ATP levels were normalized to cell number by counting the
average number of cells in replicate wells using a Bright Line Counting Chamber (Hausser
Scientific, Horsham, PA). Mitochondrial membrane potential was determined by measuring
the red fluorescence of the cationic dye JC-1. Briefly, cells were trypsinized, centrifuged at
800 x g for 4 min at 4°C, washed, then re-suspended at a concentration of 1 x 10° cells/ml in
optimem. 5 x 10° cells were mixed with an equal volume of 5 pM JC-1 dissolved in staining
buffer (20 mM MOPS, pH 7.5, 100 mM KCI, 10 mM ATP, 10 mM MgCl,, 10 mM sodium
succinate and 1 mM EGTA, Sigma, St. Louis, MO) then incubated for 20 min at 37°C in a
humidified atmosphere containing 5% CO,. Sodium azide (Sigma, St. Louis, Mo) was used
as a control to inhibit mitochondrial membrane potential. The cell suspension was centrifuged
at 800 x g for 4 min at 4°C, washed with ice cold staining buffer, re-suspended in 210 ml
staining buffer and fluorescence read (excitaion 490 nm, emission 590 nm) on a Victor3
Multilabel Reader. Intracellular superoxide levels were measured 42 h following seeding using
the nitroblue tetrazolium (NBT) assay as previously described [16]. Briefly, NBT (Sigma, St.
Louis, MO) was added to the cell media at a final concentration of 1 mg/ml and incubated for
3hat37°Cinahumidified atmosphere containing 5% CO,. The NBT-containing medium was
removed, the cells washed twice with warm PBS followed by methanol, then air-dried.
Intracellular blue formazan particles were dissolved by adding 120 pl/well 2M potassium
hydroxide followed by 140 pl/well DMSO. The absorbance of dissolved NBT was measured
at 620 nm using a Spectra Max Plus (Molecular Devices, Sunnyvale, CA). Hydrogen peroxide
levels were determined in cell media using the Bioxytech® H202-560™ Quantitative
Hydrogen Peroxide Assay (Oxis International, Foster City, CA) as per manufacturer’s
instructions.

Mouse feeding protocol

Thirty-two 11-month old adult female C57BL/6 mice (22.8-29.2 g, Jackson Laboratories, Bar
Harbor, ME) were used in the CoQ/lovasatin study. Mice were randomized to receive either
Control diet (AIN-93M, Dyets Inc. Bethlehem, PA), AIN-93M supplemented with CoQ
(Vitaline® Formulas, Green Bay, WI) at a dose of 10 g/kg diet or lovastatin (Axxora LLC, San
Diego, CA) at a dose of 2 g/kg diet. Mice were allowed to acclimatize for at least 7 days before
treatment and remained on their respective diets for one month. Throughout the study, each
mouse was weighed and examined weekly to check for signs of dehydration, stress or toxicity.
Eight month-old females (three C56BI/6 and three transgenic mice bred from a breeding pair
of Tg2576 mice generously provided by Dr. Karen Hsiao-Ashe, Mayo Clinic, MN) were used
to compare CoQ levels between wild-type mice and Tg2576 mice. All mice were maintained
in a climate-controlled environment with a 12-hr light/12-hr dark cycle, and diet and water
supplied ad libitum. All procedures were conducted in accordance with the NIH Guidelines
for the Care and Use of Laboratory Animals and were approved by the institutional Animal
Care and Use Committee of the Portland VA Medical Center.

Tissue Preparation

Atthe end of treatment, mice were sacrificed by CO5 inhalation and cervical dislocation. Brains
were quickly removed and divided. Bilateral frontal cortex was dissected and frozen. The
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remaining forebrain from one hemisphere was committed for mitochondrial isolation (methods
below). The contralateral hemisphere was frozen, as were the brainstem and cerebellum and
heart.

CoQ determination

CoQ9 and CoQ10 from heart and brain tissues and mitochondria was extracted and measured
by HPLC as previously described [17]. Briefly, tissue or mitochondria were homogenized using
micro glass tissue grinder in 0.5ml potassium phosphate buffer pH 7.4 containing 1mM
dithiothreitol (Invitrogen, Carlsbad, CA). The homogenate was treated with 2ml of ethanol
containing 1pg/ml butylated hydroxytoluene (Sigma, St. Louis, MO) and ubiquinone was
extracted with 5 ml hexane. After vigorous shaking, 4 ml of hexane layer was dried under
N». The residue was dissolved in 100 ul ethanol containing BHT and subjected to HPLC
analysis. CoQ9 and CoQ10 were quantified using a Phenomenex Luna 3u (C18) column with
a mobile phase methanol: hexane (90:10 v/v), detected at wavelength of 275 nm as previously
described [18].

Brain mitochondria isolation and assessment of membrane potential

Mitochondria were isolated from mouse brain tissue using the MITOISO1 Mitochondrial
Isolation Kit (Sigma, St. Louis, MO) according to manufacturer’s instructions. Briefly, 100mg
of proximal left hemisphere was homogenized in 1ml of ice-cold Extraction Buffer containing
2mg/ml albumin. Samples were centrifuged at 1000 x g for 5 min at 4C. The supernatant was
collected and centrifuged at 3500 x g for 10 min at 4C. The resulting pellet was re-suspended
in Extraction Buffer and the differential centrifugation steps repeated to yield an enriched
mitochondrial pellet. The mitochondrial-enriched pellet was suspended in 40ul 1x Storage
Buffer and assayed immediately for protein concentration using the BCA protein assay.
Mitochondrial membrane potential was immediately determined using the JC-1 membrane
potential assay (Sigma-Aldrich, St. Louis, MO) according to manufacturer’s instructions.
Briefly, the assays were conducted in a 2 ml reaction mixture containing JC-1 Assay Buffer
and 25 pg mitochondrial protein. The reaction was initiated with the addition of JC-1 Stain
and fluorescence was measured with a Victor3 Multilabel Reader with an excitation wavelength
of 490nm and an emission wavelength of 590nm. Results were reported in fluorescence units/
pg protein.

Brain ATP levels

ATP levels in right hemisphere homogenates were measured using the ATPlite 1step
Luminescence ATP Detection Assay System. Briefly brain tissue was homogenized in buffer
solution containing tris-buffered saline (TBS) and protease inhibitor cocktail VIl (Calbiochem,
San Diego, CA), and centrifuged at 33,000 RPM at 4C for 30 min. The resulting pellet was
homogenized in buffer containing TBS, protease inhibitor cocktail VII and 1% Triton X100
(Roche, Indianapolis, IN), then centrifuged at 33,000 RPM at 4C for 30 min. The resulting
supernatant (25 pl) was added to an equal volume of 20% trichloracetic acid (Sigma, St. Louis,
MO), centrifuged at 10,000 x g 10 min, 4C, transferred to a fresh tube and diluted 50X with
PBS containing calcium and magnesium (Invitrogen, Carlsbad, CA). The resulting supernatant
(100 pl) was added to an equal volume of ATP light substrate solution and fluorescence
measured on a Victor® Mulitilabel Reader.

Brain oxidative damage markers

Frontal cortex samples were homogenized on ice in a buffer solution containing TBS, protease
inhibitor cocktail VII and 1% Triton X100. Protein concentration was determined using the
BCA Assay (Pierce Biotechnology, Rockford, IL). Protein carbonyls were determined by
colorimetric ELISA using the Biocell Protein Carbonyl Enzyme Immuno-Assay Kit (Biocell
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Corp, Aukland, NZ) as per manufacturer’s instructions. Nitrotyrosine levels were measured
by ELISA using methodology previously described [19] using the Bioxytech Nitrotyrosine
Immunoassay (Oxis International, Inc., Foster City, CA). Malonaldehyde (MDA) levels were
measured as an indicator of lipid peroxidation using the Bioxytevch LPO 586 Assay (Oxis
International) as per manufacturer’s instructions, quantified using a standard curve and
normalized to protein content.

Tocopherol Analysis

For the analysis of a- and y-tocopherol, a modification of the method by Podda et al. [20] was
used. Briefly, tissue was saponified with alcoholic KOH, extracted with hexane, dried under
nitrogen, resuspended in 1:1 ethanol:methanol, then injected into an HPLC system. The HPLC
system consisted of a Shimadzu LC-10ADvp controller, and a SIL-10ADvp auto injector with
a 50l sample loop. Tocopherols were detected using a LC-4B amperometric electrochemical
detector (Bioanalytical Systems Inc., West Lafayette, IN, U.S.A.) with a glassy carbon working
electrode, and a silver chloride reference electrode. The column used was a Waters Spherosorb
ODS2 C-18 column, 100 x 4.6 mm, 3 um particle size with a Waters Spherisorb ODS
precolumn, 10 x 4.6 mm, 5 pm. An isocratic mobile phase delivery system was used, with a
total run time of 6 minutes. The mobile phase used was 99:1 (v:v) methanol:water containing
0.1% (w:v) lithium perchlorate. The electrochemical detector was in the oxidizing mode,
potential 500 mV, full recorder scale at 500 nA. Peak areas were integrated using Shimadzu
Scientific 4.2 Class VP software package, and tocopherols were quantitated using authentic
standards.

Statistical Analysis

Results

Data were analyzed using SPSS statistical software version 13.0 (SPSS Inc, Chicago, IL).
Statistical comparisons were performed with one-way analysis of variance followed by the
Bonferroni post hoc test (comparisons between multiple groups).

CoQ attenuates APP-CTF-induced neurotoxicity, depresses mitochondrial membrane
potential, and suppresses oxidative stress in vitro

CoQ protected MC65 cells from APP CTF-associated toxicity in a concentration dependent
manner, with an ECsgq concentration of approximately 1.5 uM and concentrations of 6.25 uM
and higher providing near complete protection from cytotoxicity (Fig. 1a). CoQ treatment had
no effect on cellular ATP production (Fig. 1b), however CoQ (6.25 pM) significantly decreased
mitochondrial membrane potential in MC65 cells as measured by the decrease in fluorescence
of the fluorophore JC-1 (Fig. 1c). The cytochrome c oxidase inhibitor sodium azide was used
asa control to prevent JC-1 fluorescence. Treatment with CoQ (6.25 puM) suppressed oxidative
stress associated with APP CTF expression, as measured by intracellular superoxide levels
(absorbance at 620 nm of nitroblue tetrazolium (NBT), Fig. 1d) and concentrations of hydrogen
peroxide in the cell media (Fig. 1e).

Effects of oral lovastatin and CoQ supplementation on tissue CoQ levels

Changes in body weight were used as criteria to evaluate potential toxicity. Weekly body
weights were not changed by CoQ or lovastatin treatment (data not shown). Using values for
weekly food consumption, animal weights and the concentration of CoQ and lovastatin in the
formulated diets, we calculated that animals on the CoQ diet received an average daily dose
of 1.0 g CoQ/kg body weight and 0.2 g lovastatin/kg body weight. Despite using a CoQ dose
and delivery method previously reported to increase brain levels of CoQ, we did not see an
increase in brain (Fig. 2a) or mitochondrial (Fig. 2b) levels of CoQ9 or CoQ10. As expected,
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lovastatin treatment reduced brain and mitochondrial levels of CoQ9 and CoQ10, although the
effect on brain CoQ9 was not statistically significant.

In order to establish whether the doses used in our studies had effects on peripheral CoQ levels,
CoQ9 and CoQ10 were measured in a subset of heart homogenates (n=3/treatment). Compared
to vehicle treatment, CoQ supplementation increased heart levels of CoQ9 and CoQ10 by 15%
and lovastatin significantly decreased levels of CoQ9 and CoQ10 by 25% (Fig. 2¢). There was
anon-significant trend for brain levels of CoQ9 and CoQ10 to be higher in young Tg2576 mice
(which overexpress a mutant form of human APP) than in wild-type mice (data not shown).

Brain mitochondrial energetics are not improved by CoQ

Brain ATP levels (Fig. 3a) and mitochondrial membrane potential (JC-1 fluorescence, Fig. 3b)
were unaffected by CoQ and lovastatin treatment.

Brain protein oxidative damage is suppressed by CoQ

CoQ supplementation significantly suppressed brain levels of protein carbonyls, which are
markers of oxidative damage (Fig. 4a). There was a non-significant trend to lower brain levels
of nitrotyrosine (a marker of peroxynitrite-mediated damage to proteins, Fig. 4b) in CoQ-
treated mice and no effect on lipid peroxidation (Fig. 4c) or levels of a-tocopherol (Fig. 4d) in
brain homogenates from either CoQ or lovastatin-treated mice Levels of y-tocopherol were
below the level of detection.

Discussion

These data support a trial of CoQ in an animal model of AD in order to determine whether a
clinical trial is warranted. The in vitro experiments with MC65 neuroblastoma cells
demonstrate that exogenous CoQ protects neuronal cells from APP CTF-mediated
neurotoxocity, with an ECgg of approximately 1.5 uM. A dose of 6.25 uM provides complete
protection from neurotoxicity and also suppresses hydrogen peroxide and superoxide
production. These effects are not associated with any improvement in energy generation, but
instead are associated with a suppression of mitochondrial membrane potential, consistent with
previous reports that CoQ activates Uncoupling Protein 2 (UCP-2), a molecule which reduces
oxidative stress by attenuating the membrane potential and the rate of energy production
[21]. Although it was not possible to test the activation state of UCP-2 in these experiments,
this hypothesis fits the in vitro data nicely.

The CoQ concentrations used in vitro are within the range seen in plasma from patients with
AD (0.86 pM) [22] and Parkinson’s disease (0.5 pg/ml at baseline and 2 — 4 pg/ml with CoQ
supplementation at 300-1200 mg/day) [8], and therefore appear to be feasible target levels in
the brain. Although brain tissue and mitochondrial CoQ levels were not increased with oral
CoQ supplementation, oxidative damage to brain proteins was attenuated by CoQ
supplementation, so oral CoQ may be a viable antioxidant strategy for neurodegenerative
disease, including AD.

The failure of CoQ supplementation to increase CoQ levels in brain homogenates or
mitochondria was unexpected, but consistent with many other reports, which varied in dose
and duration of CoQ supplementation, strain of rodent, and fractionation of brain tissue for
analysis. We present a summary of published reports on brain levels of CoQ achieved by
supplementation in Table I. Our finding that brain Coenzyme Q levels are not increased with
oral administration is consistent with the findings in most [23] [24] [25], but not all [26] [27]
published reports. The age of treated mice is not clearly explanatory, as brain CoQ is reported
to be stable with normal mouse aging [28]. The discrepancy also does not appear to be explained
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by differences in the dose or duration of administration of CoQ when reviewed in the context
of prior published studies (see Table 1). Some investigators have noted that mitochondrial
concentrations of CoQ, but not whole brain concentrations, may be affected by oral
supplementation [24], while others [23] have also failed to find changes in brain mitochondria
after CoQ supplementation. In summary, while mouse strain, mouse age, CoQ dose and CoQ
duration of administration might have influenced the outcome of the experiments presented
here, our observation that supplementation did not increase brain or mitochondrial CoQ is
consistent with published reports.

Our experiments showed a statistically significant effect of lovastatin upon whole brain and
brain mitochondrial CoQ10 levels, although the magnitude of reduction was quite modest in
the brain. CoQ9 was significantly depressed in mitochondria, but not depressed in brain tissue.
Since 2g/kg of lovastatin has previously been reported to markedly depress plasma cholesterol
in Tg2576 mice [14], this dose appears to be clinically relevant and may even be at the limit
of tolerability. Following one month of treatment, lovastatin-treated animals lost an average
of 7% of their body weight (data not shown). Lovastatin treatment was not associated with
increased indices of oxidative stress (protein carbonyls, nitrotyrosine and lipid peroxidation)
despite the suppression of tissue CoQ. This discrepancy may be due to the cholesterol-lowering
effects of lovastatin. Alternatively the brief duration of therapy may have limited the ability of
lovastatin to affect markers of oxidative stress in this study. The next question to clarify before
embarking on CoQ supplementation studies in AD is whether brains with AD pathology have
a CoQ “deficiency” at baseline, which would greatly strengthen the rationale for CoQ therapy
in AD. There is only one study of brain CoQ in human subjects with AD, and it showed that
the expected age dependent decline in brain CoQ was not seen in AD patients, who
paradoxically had higher brain CoQ levels than age matched control subjects [29].
Interestingly, we also found a trend toward increased brain CoQ in Tg2576 compared to wild
type mice (although it is important to note that these mice were at an age before the appearance
of overt AD pathology).

The suppression of oxidative damage in the brains of CoQ-fed mice, without an increase in
brain levels of CoQ, may be explained in a number of possible ways. One possibility is that
the ratio of reduced to oxidized CoQ might be favorably altered by CoQ supplementation,
resulting in an antioxidant effect without a change in total brain CoQ. There may also be
supplementation-induced changes in CoQ levels in specific cellular compartments that are not
measurable in brain homogenates. It is also possible that systemic CoQ is able to achieve
antioxidant effects by an indirect mechanism that may not require delivery of CoQ to the brain,
by, for example, restoration of other brain antioxidants. This phenomenon has been
demonstrated in vivo in an experiment showing that CoQ supplementation can increase brain
levels of a-tocopherol without changing brain levels of CoQ [23]. We tested this possibility
directly, however neither lovastatin or CoQ had an effect on brain levels of a-tocopherol, so
this specific mechanism is not supported. This does not rule out the general possibility of
systemic effects on oxidation status that do not require brain delivery of CoQ per se. For
example, CoQ supplementation has also been shown to shift plasma aminothiol redox status
toward a more antioxidative environment by increasing the reduced/oxidized glutathione ratio
and decreasing cystienylglycine and homocysteine levels [24].

In conclusion, a large body of evidence implicates both mitochondrial dysfunction and
oxidative damage in the pathogenesis of AD. Our results indicate that CoQ supplementation
achieves antioxidant effects in vitro and in the brains of wild type mice. Future studies will
investigate whether CoQ supplementation prevents oxidative stress and the impairment of
mitochondrial function in Tg2576 mice. Additional research will also be necessary to
determine the specific mechanism by which CoQ exerts antioxidant effects in vivo, and whether

J Alzheimers Dis. Author manuscript; available in PMC 2010 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wadsworth et al.

Page 8

this antioxidant effect or associated mechanisms, such as increased UCP-2 activity, can be
translated into meaningful neuroprotectant effects.
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Figure 1.

CoQ protects against APP CTF-associated toxicity in vitro. (a) MC65 cells were plated with
(tet+) or without (tet—) tetracycline in the presence of increasing concentrations of CoQ for
2.75 days. Cell viability (determined by the MTS assay) is expressed as percent background-
corrected absorbance of vehicle-treated tet+ cells. At CoQ doses of 6.25 uM and higher, there
was no significant difference in cell viability between tet+ and tet— cells. (b) ATP concentration
was determined at 2.0 days in tet+ and tet— cells treated with vehicle or 6.25 uM CoQ. (c)
Mitochondrial membrane potential, expressed as percent JC-1 fluorescence compared to
vehicle-treated tet+ cells, was determined at 2.0 days cells treated with vehicle or 6.25 uM
CoQ. (d) Intracellular superoxide levels, measured at 2.0 days by the NBT assay in cells treated
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with vehicle or 6.25 M CoQ), are expressed as % NBT absorbance compared to vehicle-treated
tet+ cells. () Hydrogen peroxide levels were measured at 2.0 days in media from cells treated
with vehicle or 6.25 UM CoQ using the Bioxytech Assay and expressed as % hydrogen peroxide
concentration compared to vehicle-treated tet+ cells. All results are mean + SE, n=3-5, bars
with an * differ at p<0.05.
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Figure 2.

Effects of CoQ and lovastatin supplementation CoQ levels in wild-type mice. Homogenates
of (a) left hemisphere brain tissue (Vehicle, n=10; CoQ, n=11; lovastatin, n=11), brain
mitochondria (vehicle, n=4; CoQ, n=8; lovastatin, n=7) and (c) heart tissue (n=3/treatment)
were extracted and analyzed for levels of CoQ9 and CoQ10 by HPLC. All results are mean +
SE, bars with an * differ at p<0.05.
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Figure 3.

Tissue ATP levels and mitochondrial membrane potential are unaffected by lovastatin or CoQ
treatment. (a) ATP levels were measured in right hemisphere homogenates. Results are mean
+ SE (Vehicle, n=10; CoQ, n=11; lovastatin, n=10). (b) Mitochondria were isolated from brain
tissue and membrane potential measured by JC-1 fluorescence/mg protein. Results are mean
+ SE, (Vehicle, n=6; CoQ, n=7; lovastatin, n=8).
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Figure 4.

Effects if CoQ supplementation on brain oxidation. (a) Protein carbonyl content and (b)
nitrotyrosine (NT) levels were measured in right hemisphere homogenates by commercial
ELISA. (c) Malonaldehyde (MDA, an indicator of lipid peroxidation) and (d) a-tocopherol
(aT) levels were measured in frontal cortex homogenates. Results are mean £ SE, (Vehicle,
n=10; CoQ, n=11; lovastatin, n=11). Bars with different letters differ at P<0.05.
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