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Abstract We previously reported that coenzyme Q10
(CoQ10) could reduce intracellular deposition in an aged
transgenic mouse model. Here, we further tested the effect
of CoQ10 on amyloid plaque in an amyloid precursor
protein/presenilin 1 transgenic mouse model of Alzheimer’s
disease (AD). By using immunohistochemistry and mag-
netic resonance imaging to determine the burden of
amyloid plaque, we found that oral administration of
CoQ10 can efficiently reduce the burden of the plaques in
this mouse model. These data demonstrate that in addition
to reducing intracellular deposition of Aβ, CoQ10 can also
reduce plaque pathology. Our study further supports the use
of CoQ10 as a therapeutic candidate for AD.
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Introduction

Alzheimer’s disease (AD) is the most common neuro-
degenerative disease characterized by extracellular
deposition of senile plaques consisting of beta-amyloid
(Aβ) peptide. Most studies indicate that plaques have
toxic effects and mediate the downstream pathological
changes and cognitive impairment observed in AD
(Carpenter et al. 1993; Paulson et al. 2008; Chen et al.
2008). Thus, preventing and reducing plaque is a
therapeutic strategy in the treatment of AD.

Coenzyme Q10 (CoQ10) is an endogenous powerful
antioxidant that buffers the potential adverse consequen-
ces of free radicals produced during oxidative phos-
phorylation in the inner mitochondrial membrane
(Young et al. 2007). Oxidative stress has been shown to
be involved in the pathogenesis of many neurodegenera-
tive diseases, including AD and Parkinson’s disease (PD)
and Huntington’s disease (HD). CoQ10 has been found to
have protective effects against PD and HD (Bhat and
Weiner 2005; Beal and Shults 2003). In a recent study, we
have reported that CoQ10 could reduce intracellular deposi-
tion of Aβ, which is believed to be an early event in the
pathogenesis of AD (LaFerla et al. 2007), in an aged
transgenic mouse model only exhibiting intracellular depo-
sition of Aβ (Yang et al. 2008). However, the effect of
CoQ10 on extracellular deposition of amyloid plaque, one of
the two pathological hallmarks of AD, was not explored.

In this study, we investigated the effect of CoQ10 on
plaque by using an amyloid precursor protein (APP)/
presenilin 1 (PS1) mouse model of AD with widespread
plaque pathology.
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Materials and Methods

Antibodies and Chemicals

Polyclonal primary antibodies specific for Aβ peptides
ending at residue 40 (Aβ1–40) and Aβ peptides ending at
residue 42 (Aβ1–42) were obtained from Biosource
International (Camarillo, CA, USA) and Chemicon Inter-
national (Temecula, CA, USA), respectively. The detection
kit (Histostain-SP) for immunohistochemistry was obtained
from ZEMED (South San Francisco, CA, USA).

Animals and Treatment

All animal experiments were performed according to the
National Institutes of Health Guide for the Care and Use of
Laboratory animals (NIH Publication no. 8023, revised
1978), and all efforts were made to minimize animal
suffering and to reduce the number of animals used.
Fourteen to 15 and half-month-old male animals were
divided into two groups: control (n=5) and treatment group
(n=4). The mice were fed standard pelleted mouse chow. In
the control groups, mice were given the same dosage of
pure vegetable oil as that of the CoQ10 (Purina Test Diets,
Richmond, IN, USA) via gavage for 60 days. The treated
mice were given CoQ10 (1,200 mg/kg/day, Tishcon/
Gel-Tec) via gavage for 60 days. During the treatment,
the food consumed per gram of mouse weight was stable
(data not shown). The dosage of CoQ10 was referenced to
our previous report (Li et al. 2007).

Immunohistochemistry

Immunohistochemistry for light microscopy was performed
using routine protocols (Celis 1994). In brief, mice were
deeply anesthetized and transcardially perfused with 100 ml
0.01 M PBS, pH 7.4, first and then 100 ml 4%
paraformaldehyde solution. The brain was dissected out
and postfixed in the same 4% paraformaldehyde solution
for 3–4 h and then placed in phosphate-buffered 30%
sucrose overnight. On the following day, 30-µm frozen
sections were coronally cut on a sliding microtome (AO
Scientific Instruments, USA). Immunohistochemical stain-
ing was performed following the procedure as described
(Wu 1996; Sun et al. 2003). Briefly, free-floating sections
were blocked with 0.3% H2O2 in absolute methanol for
10 min, and nonspecific sites were blocked with instant
goat serum for 30 min at room temperature. Sections were
then incubated 24–48 h at 4°C with the primary antibodies
(1:500 for Aβ1–40 and 1:1,000 for Aβ1–42). The slides
were developed by biotinylated secondary antibodies
(1:200) and avidin peroxidase conjugate (1:200)/diamino-
benzidine tetrachloride (0.05%) system.

MR Imaging

Magnetic resonance (MR) imaging was performed on a
Bruker AV 500 Wide Bore NMR spectrometer (11.7 T,
500 MHz 1H frequency) with the Bruker Microimaging
accessory at Bruker BioSpin Corp., Billerica, MA, USA.
The RF coil is a 20-mm-diameter resonator of birdcage
type. The resonator is part of the Micro2.5AHS probe body
with the Micro2.5 gradient set using the Great 60 gradient
amplifiers (maximum gradient of 1,500 mT/m at 60 Amps).
Parameters for 3D RARE sagittal brain images were TE=
6.644 ms, effective echo time=40.34, TR=2,000 ms,
number of averages=12, rare factor=12, total scan time=
18 h, FOV=16×12×12 mm, spatial resolution=0.100×
0.067×0.067 mm/pixel, matrix size=160×180×180, and
slice thickness 12 mm.

Image Analysis

After MR imaging, the mouse brains were sectioned coronally
at 30μm using a sliding microtome. The sections were
collected serially. For image analysis of immunohistochemis-
try and MR imaging, three coronal sections taken from
anterior (bregma, −1.34 mm), middle (bregma, −1.82 mm),
and posterior hippocampus (bregma, −2.54 mm) of each mice
were analyzed. All immunoreactive areas of plaque were
quantitatively analyzed using Image Pro Plus 4.5 (Media
Cybernetics Inc., Silver Spring, MD, USA). Data are
expressed by area of cortex and hippocampus occupied by
the positive immunoreactivity.

Statistical Analysis

Data were expressed as mean ± standard deviation and
analyzed using a statistical program SigmaStat (Jandel
Scientific, Chicago, IL, USA). Student’s t test was used to
determine the different means among groups. Statistical
significance was set at p<0.05.

Results

CoQ10 reduces amyloid plaque in cortex and hippocampus
of APP/PS1 transgenic mice.

In order to test the effects of CoQ10 on amyloid plaques
in cortex and hippocampus of APP/PS1 transgenic mice,
immunohistochemistry of Aβ1–40 deposits (Fig. 1a), im-
munohistochemistry of Aβ1–42 deposits (Fig. 1b), and MR
imaging (Fig. 1c) were performed. The immunoreactive
area of Aβ1–40 in cortex and hippocampus of CoQ10-
treated mice was decreased by 51.8% (48.2±8.2 vs.
100±13.6, p=0.003) and 57.7% (42.3±8.8 vs. 100±5.5,
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p=0.0004) compared with that of control diet group,
respectively (Fig. 1a). The immunoreactive area of Aβ1–
42 in cortex and hippocampus of CoQ10-treated mice was
decreased by 58.7% (41.3±15.9 vs.100±11.8, p=0.004)
and 54.2% (45.8±4.2 vs. 100±18.7, p=0.0044) compared
with that of control diet group, respectively (Fig. 1b). In
order to explore a potential application of MR imaging in
analysis of plaque pathology, the image of plaques in the
transgenic mouse model was obtained by high-field MRI
scanning and the plaque were quantitatively analyzed,
which were done as described by Jack et al. (2005). Plaque
quantitative analysis was repeated three times for the
purpose of precision. The average value of three repeated
measures was obtained in each animal. High-field imaging
showed that CoQ10-treated mice exhibited significantly
decreased deposition of plaque compared to the control diet
group (Fig. 1c). The positive area of plaque in cortex and
hippocampus of CoQ10-treated mice was decreased by
56.1% (43.9±12.3 vs. 100±11.2, p=0.0042) and 59.2%
(40.8±17.9 vs. 100±16.5, p=0.0094) compared with that
of control diet group, respectively (Fig. 1c).

Discussion

In the present study, by using immunohistochemistry and
high-field MR imaging analysis, we found that oral
administration of CoQ10 can efficiently reduce plaque
pathology in an APP/PS1 transgenic mouse model.

Accumulating lines of evidence demonstrate that mito-
chondrial dysfunction and oxidative damage may play a
role in the pathogenesis of neurodegenerative diseases
including AD and PD. CoQ10 serves as an important
cofactor of the electron transport chain and also serves as an
important antioxidant in both mitochondria and lipid
membranes (Beyer 1992). A clinical study reported that
CoQ10 can slow disease progression in patients with early-
stage PD (Shults et al. 2002). The animal studies also
showed that CoQ10 can exert neuroprotective effects
against in PD by reducing oxidative stress and improve
energy dysfunction (see review Beal 2004). Due to similar
pathomechanism of PD to AD, CoQ10 is indicative of
being also effective in the treatment of AD. Our previous
study has demonstrated that CoQ10 can reduce intracellular

Figure 1 The effects of oral
treatment with CoQ10 on the
plaque in cortex and hippocam-
pus of APP/PS1 transgenic
mice. The burden of plaques in
cortex and hippocampus of
APP/PS1 transgenic mice trea-
ted with CoQ10 was analyzed
by immunohistochemistry of
Aβ1–40 deposits (a), immuno-
histochemistry of Aβ1–42
deposits (b), and MR imaging
(c), respectively (n=3–4/group),
*p<0.05. Scale bar=100 µm
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deposit of Aβ, a pathological event early in the pathogen-
esis of AD. In this study, by using the aged APP/PS1
transgenic mice exhibiting widespread extracellular plaque
deposition, we found that CoQ10 also exerted neuro-
protective effects against extracellular plaque pathology.
These data suggest that CoQ10 could be also an effective
treatment for AD in a relatively late stage of AD as well as
in early stage. The protective effects of CoQ10 may derive
from its antioxidant effect. The precise molecular mecha-
nisms underlying the neuroprotective effects of CoQ10
remain to be elucidated in future studies.

Previously, it was reported that amyloid plaques can be
detected by high-field MR imaging in vitro (Benveniste et al.
1999). In order to further validate the potential efficiency of
MR imaging in tracking amyloid plaque change, we tested
by using MR imaging the change of plaques in the APP/PS1
transgenic mouse model with and without the treatment of
CoQ10. The data from MR imaging analysis were in
agreement with those from immunohistochemistry. This
study supports the potential application of high-field MR
imaging to in vivo amyloid plaque study in future studies.

In summary, our data show that CoQ10 can significantly
reduce plaque pathology in the APP/PS1 mouse model for
AD. It is indicated that CoQ10 might be a therapeutic
candidate for the treatment of AD.
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