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Translational methods are needed to monitor the impact of the Alzheimer’s disease
(AD) and therapies on brain function in animal models and patients. The formation of
amyloid plaques was investigated using [18F]florbetapir autoradiography in a mouse
model of AD consisting in unilateral intracerebroventricular (i.c.v) injection of amyloid
peptide Aβ25−35. Then, an optimized positron emission tomography (PET) imaging
protocol using [18F]2-fluoro-2-deoxy-D-glucose ([18F]FDG) was performed to estimate
brain glucose metabolism: [18F]FDG was injected in awake animals to allow for 40 min
brain uptake in freely moving mice. Anesthesia was then induced for 30 min PET
acquisition to capture the slow and poorly reversible brain uptake of [18F]FDG. Impact
of donepezil (0.25 mg/kg daily, 7 days, orally) on brain function was investigated in
AD mice (n = 6 mice/group). Formation of amyloid plaques could not be detected
using autoradiography. Compared with sham controls (injection of scramble peptide),
significant decrease in [18F]FDG uptake was observed in the AD group in the subcortical
volume of the ipsilateral hemisphere. Donepezil restored normal glucose metabolism by
selectively increasing glucose metabolism in the affected subcortical volume but not
in other brain regions. In mice, [18F]FDG PET imaging can be optimized to monitor
impaired brain function associated with i.c.v injection of Aβ25−35, even in the absence of
detectable amyloid plaque. This model recapitulates the regional decrease in [18F]FDG
uptake observed in AD patients. [18F]FDG PET imaging can be straightforwardly
transferred to AD patients and may aid the development of certain therapies designed
to restore the altered brain function in AD.

Keywords: PET imaging, Alzheimer’s disease, awake brain imaging, donepezil, Alzheimer’s mouse model,
functional imaging (positron emission tomography)
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GRAPHICAL ABSTRACT | [18F]2-fluoro-2-deoxy-D-glucose ([18F]FDG) PET imaging was performed in a mouse model of Alzheimer’s disease to investigate the
impact of donepezil on brain glucose metabolism.

INTRODUCTION

Alzheimer’s disease (AD) is the most prevalent
neurodegenerative disease of aging. A large body of research
focuses on the development of therapeutic strategies to
restore or at least slow down the progression of cognitive
decline (Yiannopoulou and Papageorgiou, 2020). Growing
understanding of the complex and multifactorial etiology
of AD has driven the development of mechanism-based
strategies targeting amyloid-beta (Aβ) plaques, Tau protein
deposits, apolipoprotein-E (ApoE) function, neuroprotection
or neuroinflammation (Cummings et al., 2021). Most animal
models of AD have been developed to recapitulate these key
histopathological lesions in vivo (Götz et al., 2018). These
models therefore offer unvaluable tools to test the preclinical
efficacy of AD treatments. In this framework, mechanistical
proof-of-concept and clinical transfer can be achieved thanks
to the availability of translational imaging techniques using
corresponding biomarkers (Borsook et al., 2013; Adlard et al.,
2014). For instance, Positron Emission Tomography (PET)
imaging using radioligands targeting amyloid plaques like
[11C]labeled Pittsburgh Compound-B ([11C]PiB) or fluorinated
analogs such as [18F]florbetapir has convincingly shown the
efficacy of several therapeutic antibodies at decreasing Aβ-load
in the brain of animal models of AD and patients (Declercq et al.,
2016). However, despite obvious effectiveness at the molecular
level, amyloid-targeting therapeutics appear to be ineffective at
restoring brain function and cognitive performance in patients
with symptomatic AD (Long and Holtzman, 2019; Vaz and
Silvestre, 2020).

Sensitivity of the cholinergic system to amyloid toxicity leads
to a well characterized impairment of cholinergic neurons within
the nucleus basalis magnocellularis, or nucleus of Meynert
in human (Emre et al., 1992; Baker-Nigh et al., 2015). The
prescription of inhibitors of acetylcholinesterase (AChE) such as
donepezil, is therefore considered by clinicians to limit cognitive
decline in mild to moderate AD (Knowles, 2006). Specific and
reversible inhibition of AChE by donepezil delays acetylcholine

hydrolysis and maintains levels of acetylcholine in the synaptic
cleft. Donepezil is therefore expected to compensate for the loss of
functioning cholinergic neurons observed in AD patients. At the
preclinical stage, behavioral tests have clearly shown the positive
effect of donepezil on cognitive performance (Meunier et al.,
2006; Droguerre et al., 2020). However, in patients, the positive
impact of donepezil on cognitive function is difficult to assess
(Matsunaga et al., 2019). Translational methods are therefore
needed to assess the clinical impact of drugs such as donepezil
that aim at restoring normal brain function rather that targeting
AD-specific biomarkers, with respect to the progression of the
disease in AD patients (Delatour et al., 2010; Cheng et al., 2019).

Learning and memory disorders associated with degeneration
of the cholinergic system were confirmed in mice that received
intracerebroventricular (i.c.v) injection of the Aβ25−35 peptide
(Maurice et al., 1996). Using this model, Meunier and colleagues
have shown that donepezil is able to alleviate the memory deficits
while protecting against Aβ25−35 peptide-induced toxicity
(Meunier et al., 2006). Although injection of the Aβ25−35
peptide has been demonstrated to yield into generation of
Aβ fibrils, formation of detectable amyloid plaque may not
necessarily appear, thus precluding the use of plaque-targeting
PET biomarkers for in vivo imaging. Moreover, the link between
the intrinsic toxicity of Aβ25−35 peptide, the putative formation
of senile plaques, and the regional decrease in brain function
remains to be investigated as molecular determinants of the
positive impact of donepezil.

Brain PET imaging using [18F]2-fluoro-2-deoxy-D-glucose
([18F]FDG) is now available in most Nuclear Medicine
departments to estimate brain glucose metabolism (Varrone et al.,
2009). [18F]FDG PET is routinely used to support the clinical
diagnosis of patients with AD (Jack et al., 2018). In the present
study, we hypothesized that [18F]FDG PET imaging may provide
a translational imaging biomarker of brain function to investigate
the impact of chronic donepezil treatment on the regional brain
metabolism. [18F]FDG PET was therefore evaluated in the awake
i.c.v Aβ25−35 mouse model and the putative formation of amyloid
plaques in this model was investigated using autoradiography.
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MATERIALS AND METHODS

Chemicals and Radiochemicals
Donepezil was purchased from Sigma-Aldrich (l’Isle d’Abeau
Chesnes, France), [18F]2-fluoro 2-deoxy-D-glucose ([18F]FDG)
for injection was obtained from Cyclopharma (Saint-Beauzire,
France). [18F]florbetapir ([18F]AV45) was produced in-housed
(CEA/SHFJ) by the radiochemistry team according to a
previously described method (Liu et al., 2010).

Mouse Model of Alzheimer’s Disease
All procedures were in accordance with European directives on
the protection and use of laboratory animals (Council Directive
2010/63/UE, French decree 2013-118). The experimental
protocol was evaluated and validated by a local ethic committee
for animal use and approved by the French government (n◦
APAFIS#7466-2016110417049220 v3).

Peptide Aβ25−35 and scramble peptide (Sc.) were purchased
from Genepep (Saint-Jean-de-Védas, France). Eighteen 6-
week-old Swiss male mice (body weight: 30–35 g) were
anesthetized with isoflurane 2.5% and received unilateral
intracerebroventricular (i.c.v) injection of 9 nmol/3 µL per
mouse of Aβ25−35 peptide or Sc in the right hemisphere,
as previously described (Maurice et al., 1996). Animals were
maintained under temperature-controlled (range 20–24◦C)
conditions and a 12:12 h light-dark cycle. Mice were housed by
groups of 5 in Plexiglas cages with ad libitum access to water and
standard diet and enrichment.

Autoradiographic Characterization of the
Alzheimer’s Disease Model
Density of amyloid plaques in the AD model was estimated
using in vitro autoradiography of mouse brains resected 10 days
after i.c.v injection of Aβ25−35, using the amyloid radioligand
[18F]florbetapir (Choi et al., 2009). Brain slices (20 µm)
were obtained using a cryostat (Leica CM3050 S, Nanterre,
France). Slices were incubated for 30 min with [18F]florbetapir
(1,158 mCi/200 mL; Molar activity: 2,112 mCi/µmol) in Tris
Buffer [50 mM TRIZMA, from Sigma-Aldrich (l’Isle d’Abeau
Chesnes, France)] adjusted to pH 7.4 with NaCl 0.9% at
pH = 7.4. Unbound excess ligand was removed by two
subsequent 2 min wash cycles in cold buffer followed by
a final rinse in cold deionized water. Then, brain sections
were placed in direct contact with a Phospho-Imager screen
(Molecular Dynamics, Sunnyvale, CA, United States) and
exposed for 4 h. Autoradiograms in control and AD group
were analyzed using ImageJ software.1 [18F]florbetapir binding
was quantified by delineating regions of interest (ROIs)
on four brain sections per animal in four animals of the
control and the AD group. Mean gray value for each ROI
normalized by area was obtained and statistically compared.
The autoradiography method was validated in TgF344 rat,
used as a positive control for brain accumulation of amyloid

1https://imagej.nih.gov

deposit (Cohen et al., 2013). Validation data are reported as
Supplementary Figure 1.

Positron Emission Tomography Study
Groups
Three groups of mice (n = 6) were defined as follows: (i) Sc.-
injected mice (control); (ii) Aβ25−35 peptide injected mice treated
with vehicle (AD); (iii) Aβ25−35 peptide injected mice treated
with donepezil (0.25 mg/kg) (AD + DPZ). Treatment started
3 days after i.c.v injection of Aβ25−35 peptide, for 7 consecutive
days. Vehicle solution consisted in dimethyl sulfoxide (DMSO)
2% in water. AD mice were treated by donepezil or vehicle once
daily by oral gavage (5 mL/kg).

[18F]2-Fluoro-2-Deoxy-D-Glucose
Positron Emission Tomography Imaging
Acquisition
[18F]2-fluoro-2-deoxy-D-glucose PET was performed after 7 days
treatment, i.e., 10 days after i.c.v injection of Aβ25−35 peptide.
The last dose of treatment was administered in the morning,
7 h before PET. Then, mice were fasted until [18F]FDG PET
acquisition, and only water was given to animals in the meantime.

A customized PET protocol was used to limit the impact of
anesthesia on the estimation of brain function using [18F]FDG
PET (Toyama et al., 2004). Briefly, [18F]FDG (0.2 mL; mean
dose = 7.2 ± 0.5 MBq) was injected intraperitoneally (IP) in
awake mice (Schiffer et al., 2007). Mice were then transferred in
a cage for 40 min to allow for the brain uptake of [18F]FDG in
awake and freely moving animals. Then, anesthesia was induced
using isoflurane 2–2.5% in O2. Anesthetized animals were rapidly
transferred under the microPET scanner the brain in the middle
of the field of view (Inveon, microPET; spatial resolution 1.6 mm;
Siemens Healthcare, Knoxville, TN, United States). A static
30 min PET acquisition was performed 50 min after [18F]FDG
injection under anesthesia maintained by a facial mask (1.5–2%
isoflurane). Static brain PET acquisition was performed at the
plateau of [18F]FDG brain kinetics after IP injection, assuming
limited impact of isoflurane anesthesia on the time-course of
[18F]FDG uptake by the brain (Toyama et al., 2004; Fueger et al.,
2006).

[18F]2-Fluoro-2-Deoxy-D-Glucose
Positron Emission Tomography Data
Analysis
Static PET images were reconstructed by the 2D OSEM/FORE
algorithm and corrected for attenuation, random coincidences
and scatter. The voxel size was 0.2 mm × 0.2 mm × 0.2 mm.
Brain PET images were corrected for radioactive decay, injected
dose and body weight and was expressed as standardized uptake
values (SUV), with SUV = tissue activity (kBq/cc)/[injected
dose (kBq)/body weight (g)]. SUV-normalized PET images were
spatially co-registered to a standard mouse [18F]FDG PET
template (Schiffer et al., 2007) using Pmod software (version
3.8, PMOD Technologies Ltd., Zurich, Switzerland). Quantitative
SUV values were determined through a volume-of-interest (VOI)
analysis in selected brain regions which size is relevant to
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the spatial resolution of the microPET scanner (∼1.4 mm),
which included thalamus, cerebellum, brain stem, striatum,
hippocampus, hypothalamus, amygdala, midbrain, cortex and
whole brain. Regional PET data and PET SUV-normalized PET
images were then divided by each individual SUV values obtained
in the cerebellum. The cerebellum was selected as a reference
region due to its low involvement in AD pathology (Talbot et al.,
1994), to obtain PET data and images with lower variability than
SUV (Goutal et al., 2020). Then, a brain mask was applied on
normalized PET images to keep cerebral voxels only.

Mean regional SUV and SUVR values obtained in each group
were statistically compared.

Then, parametric SUVR images were compared using
Statistical Parametric Mapping software (SPM8), a one-way
ANOVA test was applied with a significance threshold of p< 0.05
and with an extend threshold of 200 voxels, uncorrected for
multiple comparison (Vodovar et al., 2018). Then, statistical
parametric maps were overlaid on mouse MRI template (Schiffer
et al., 2007) to visualize which brain regions are affected by
statistical differences on [18F]FDG uptake.

Statistical Analysis
A student’s t-test was performed to compare [18F]florbetapir
autoradiography data in control and AD animals. A one-way
ANOVA was performed to compare SUV and SUVR values
between groups for each brain regions. Statistical analysis was
performed using GraphPad software (version 9.0).

RESULTS

[18F]florbetapir Autoradiography
Putative amyloid load associated with the i.c.v injection of
Aβ25−35 peptide was first investigated using autoradiography
with the amyloid radioligand [18F]florbetapir. In control (Sc-
injected) mice; higher binding was observed in white matter
regions (e.g., corpus callosum) compared to gray matter regions,
consistent with the brain binding of [18F]florbetapir to myelin
(Auvity et al., 2020; Figure 1A). No differences in [18F]florbetapir
binding could be visually observed between brain slices obtained
from animals of the AD group compared with corresponding
slices of the control group. Neither was visual differences between
the ipsi- and contralateral brain hemispheres of AD mice.
Quantification confirmed these observations and no significant
difference could be found in the radioactivity measured in
the ipsilateral hemisphere of AD mice compared with the
contralateral hemisphere, or compared with the brain of control
mice (p > 0.05) (Figures 1B,C).

We first hypothesized that the absence of detectable
amyloid plaques in the mouse model of i.c.v injection of
Aβ25−35 peptide may be due to insufficient sensitivity of the
autoradiographic method. Sensitivity of our [18F]florbetapir
autoradiographic condition was tested on brain slices from
TgF344 rats, known to form amyloid plaques and serving as
positive control. Autoradiography data confirmed the presence
of amyloid plaques after their incubation with [18F]florbetapir
and high radiotracer binding was detected in cortical and

hippocampus regions in AD rats but not in wild-type rats
(Supplementary Figure 1).

[18F]2-Fluoro-2-Deoxy-D-Glucose Brain
Positron Emission Tomography Imaging
Cerebral glucose metabolism was investigated using [18F]FDG
PET. Visual inspection of brain SUV PET images did not clearly
show a decrease in brain uptake (Figure 2A). Consistently,
no significant differences in [18F]FDG uptake have been found
between groups of mice for the predefined VOIs (p > 0.1,
Figure 3A). The coefficient of variation (CV = S.D/mean) of
SUV values in the whole-brain was 19.5% for control mice, 27.2%
for AD mice and 6.2% for AD + DPZ mice. Parametric SUVR
images normalized to the cerebellum as a reference region were
generated to reduce the variability (Rojas et al., 2013; Brendel
et al., 2016). A cluster of decreased [18F]FDG could be visually
observed in a subcortical volume of the ipsilateral hemisphere
compared with the contralateral volume (Figure 2B). The CV
of SUVR values in the whole-brain was 5.1% for control mice,
5.4% for AD mice and 3.9% for AD + DPZ mice. However,
no significant differences could be detected when comparing
mean SUVR values in the predefined brain VOI of the template
(p > 0.1, Figure 3B).

We therefore performed a statistical parametric mapping
(SPM) method to allow for a voxel-wise comparison (threshold
p < 0.05, extent threshold 200 voxels) with no regional a priori.
Using this SPM approach on SUVR images, a cluster of
significantly decreased [18F]FDG uptake was observed in the
AD group as compared to control mice. This cluster, located
to the right mouse brain hemisphere, in the subcortical area,
was consistent with the unilateral i.c.v injection of Aβ25−35
peptide (Figure 4A).

The same brain volume was associated with most significant
increase in [18F]FDG uptake in AD mice treated with donepezil
as compared to vehicle-treated AD mice. Consistently, [18F]FDG
uptake in AD + DPZ mice was not significantly different
compared to the control group, suggesting local loss in cerebral
glucose metabolism was restored by donepezil (Figure 4).

DISCUSSION

In the present study, regional decline in brain function associated
with i.c.v injection of Aβ25−35 peptide was assessed using
minimally invasive [18F]FDG PET imaging. Local decrease in
brain glucose metabolism was significant in the area surrounding
the unilateral injection of Aβ25−35 and was not associated with
the presence of detectable amyloid plaques. Interestingly, normal
glucose metabolism in this region was restored by therapeutic
dose of the AChE inhibitor donepezil.

[18F]2-fluoro-2-deoxy-D-glucose PET is routinely performed
in hospital setting as a biomarker of neurodegeneration in AD
(Silverman et al., 1999). [18F]FDG PET is part of the classification
according to the stages of AD progression. In MCI and AD
patients, an early decrease in [18F]FDG uptake is observed
in temporal brain areas associated with memory processes
(hippocampus) (Mosconi, 2005; Mosconi et al., 2005). In more
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FIGURE 1 | Autoradiography of brain slices using the amyloid radioligand [18F]florbetapir in the mouse model of Alzheimer’s disease (AD). Brains were resected
10 days after intracerebroventricular injection (i.c.v) of amyloid peptide Aβ25−35. Representative mouse brain sections of [18F]florbetapir binding within hippocampal
and cortical region is shown in control and AD mice (in A). Quantitative in vitro analysis of [18F]florbetapir binding on autoradiograms of the i.c.v Aβ25−35 mouse
model was performed using n = 4 animals per group with four quantified brain sections each. Mean gray values normalized by regions of interest (ROI) area are
presented (B). Ratios of [18F]florbetapir binding on injection side (ipsilateral, right) to contralateral side (left) is shown in panel (C). No significant differences in
[18F]florbetapir binding in vitro was measured between control and AD group (ns; p > 0.05).

FIGURE 2 | Representative brain [18F]2-fluoro-2-deoxy-D-glucose ([18F]FDG)
positron emission tomography (PET) images obtained in mice. In panel (A),
[18F]FDG PET image is expressed as standardized uptake values (SUV), with
SUV = tissue activity (kBq/cc)/[injected dose (kBq)/body weight (g)]. Uptake
was determined in control mice, in a mouse model of Alzheimer’s disease (AD)
consisting in intracerebroventricular (i.c.v) injection of amyloid peptide Aβ25−35

(AD) and in mice that received i.c.v injection of amyloid peptide Aβ25−35

treated with donepezil (AD + DPZ). Corresponding parametric SUVR images
(PET signal is normalized by cerebellar uptake of radioactivity) are shown in
panel (B). The cortical volume in delineated in white. A white arrow shows the
subcortical volume with visually decreased SUVR in the right ipsilateral
hemisphere compared with the contralateral hemisphere.

advanced stages of the disease, lower glucose metabolism reaches
the cortical areas, particularly the frontal cortex. Some brain
regions are spared by the reduction in glucose consumption, such
as the visual and primary motor cortices as well as the cerebellum.
Despite clinical observations suggesting a decrease in glucose
consumption in the brain of AD patients, preclinical studies
using mouse models of Alzheimer’s disease remain contradictory.

Indeed, glucose consumption was higher, unchanged or lower
with respect to the different mouse models and quantification
methods (Bouter and Bouter, 2019). Moreover, all preclinical
studies using the cerebellum as a reference region reported an
increase in glucose consumption (Poisnel et al., 2012; Waldron
et al., 2015; Brendel et al., 2016), which is not consistent with
clinical observations in any stage of AD. Interestingly in this i.c.v
mouse model of AD, the use of cerebellum to normalize PET
images unveiled a decrease in brain glucose metabolism, which
better recapitulates clinical observation.

It remains unclear whether impaired glucose metabolism
within the CNS precedes the onset of amyloid pathology
(formation of amyloid plaques) and the development of
neurodegenerative processes in AD (Foster et al., 2008). No
correlation was found between the decrease of [18F]FDG binding
and amyloid load within brain regions in a transgenic mouse
model (Waldron et al., 2015). [18F]florbetapir ex vivo binding
was not correlated with glucose consumption (Waldron et al.,
2017). These observations are consistent with our [18F]FDG
PET data showing decline in glucose metabolism associated with
Aβ25−35 peptide injection in mice, with no detectable increase
in amyloid load.

In the i.c.v model of AD, detection of fibrillar forms of the
Aβ25−35 peptide similar to the amyloid deposits of senile plaques
was demonstrated using congo red staining (Maurice et al.,
1996). In rats with cerebral injection of Aβ25−35, experiments
using electron microscopy, infrared spectroscopy and congo
red staining validated the aggregation of Aβ25−35 peptide
into amyloid fibrils (Zussy et al., 2011). This suggests that
direct neuronal toxicity of Aβ25−35 oligomers, with detectable
impact on brain function, may precede the formation of
detectable amyloid plaques. Our ex vivo autoradiography may,
however, lack the sensitivity to detect low levels of amyloid
plaques. Further experiments using optimized autoradiography
conditions, other radioligands or more sensitive methods such
as synchrotron-based X-ray phase contrast (Astolfo et al., 2016)
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FIGURE 3 | Quantitative brain [18F]2-fluoro-2-deoxy-D-glucose ([18F]FDG) positron emission tomography (PET) data in selected brain region in mice. [18F]FDG brain
uptake was expressed as standardized uptake values (SUV). Uptake was determined in control mice, in a mouse model of Alzheimer’s disease (AD) consisting in
intracerebroventricular (i.c.v) injection of amyloid peptide Aβ25−35 (AD) and in mice that received i.c.v injection of amyloid peptide Aβ25−35 treated with donepezil
(AD + DPZ). Data are reported as mean ± S.D (n = 6 per group). There were statistical differences on neither SUV values (in A) nor SUV values normalized by
cerebellum uptake (SUVR, in B) between groups (ns; p > 0.05).

may be necessary to conclude to the presence of the absence
of amyloid plaques 10 days after i.c.v injection of Aβ25−35
peptide in this model.

Beyond diagnostic use, [18F]FDG PET provides a convenient
functional neuroimaging biomarker of neuronal activity
(Varrone et al., 2009). We hypothesized that the effectiveness of
symptomatic therapies in AD could be assessed using [18F]FDG
PET (Vodovar et al., 2018).

An optimized acquisition procedure was performed to limit
the impact of anesthesia on brain function and metabolism.
We took advantage of the poorly reversible uptake of [18F]FDG
in the brain cells, which leads to a plateau in the brain
kinetics of radioactivity. Previous studies have shown that
the brain uptake of [18F]FDG is not impacted by anesthesia
when PET acquisition starts 40 min after intravenous [18F]FDG
injection, reaching similar levels than brain uptake measured

in conscious (non-anesthetized) rats (Matsumura et al., 2003).
[18F]FDG was injected intraperitoneally to limit the impact
of stress induced by the handling of awake animals on brain
function (Fueger et al., 2006). The time-course of [18F]FDG
brain kinetics after IP administration was assessed in anesthetized
mice to define the optimal acquisition time frame as has
been investigated previously by others (Toyama et al., 2004;
Fueger et al., 2006). The AD model using i.c.v injection of
Aβ25−35 presents well characterized memory disorders (Maurice
et al., 1996; D’Agostino et al., 2012). Our results suggests that
[18F]FDG brain uptake may quantitatively monitor functional
loss in neuronal decline activity. Other pharmacological imaging
techniques such as functional MRI (pharmacological MRI) and
functional ultrasound (pharmaco-FUS) are being developed to
investigate the CNS impact of mechanistic and non-mechanistic
therapies in AD (Tournier et al., 2020; Vidal et al., 2020). This
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FIGURE 4 | Parametric mapping of [18F]2-fluoro-2-deoxy-D-glucose ([18F]FDG) brain uptake reflecting therapeutic response to donepezil. Positron emission
tomography (PET) images in Standard Uptake Value (SUV) were normalized to radioactivity in the cerebellum. Statistical maps were overlaid to a mouse MRI
template. Panel (A) shows regions with significant decrease in glucose metabolism (p < 0.05; threshold: 200 voxels) in a mouse model of Alzheimer’s disease (AD)
obtained after unilateral intracerebroventricular injection of peptide Aβ25−35 compared with control mice. Region with significant increase in brain glucose
metabolism after DPZ (0.25 mg/kg daily, 7 days) treatment mice in shown in panel (B) (p < 0.05; threshold: 200 voxels). No differences was observed in the right
hemisphere between control and AD mice treated with DPZ [0.25 mg/kg, in panel (C)].

work illustrates the added value of [18F]FDG PET which can be
performed as a minimally invasive and translational alternative
to limit the impact of anesthesia on the estimation of the effects
of investigated drugs in brain regions.

Positive effect of chronic donepezil on cognitive performance
in mice models of AD has been reported from 1 h (acute,
single dose) (Nagakura et al., 2013), 4 days (daily dose)
(Shin et al., 2018) to 14 days (daily dose) after initiation
of the treatment (Droguerre et al., 2020). In the present
study chronic administration of donepezil (0.25 mg/kg daily)
for 7 days restored normal brain metabolism in a mouse
model of AD. The results are consistent with the increase
in [18F]FDG brain uptake reported after donepezil treatment
(3 mg/day for the first 2 weeks followed by 5 mg/day if
tolerated) in AD patients (Shimada et al., 2011). Interestingly,
increased brain metabolism induced by donepezil in AD mice
was targeted to the region with decreased glucose metabolism
compared with control mice. This suggests that donepezil
preferentially acts at restoring impaired glucose metabolism
induced by Aβ25−35-mediated toxicity rather than enhancing
global brain function. Indeed, no increase in brain metabolism
was observed in the whole brain of donepezil-treated AD mice
compared with controls (Figures 2–4). It may be hypothesized
that effects of donepezil other than its action on AChE may
occur. It was recently reported that donepezil may alleviate
Aβ-induced microglial and astrocytic activation, and reduce
disease induced neuroinflammation in a transgenic mouse model
of AD (Kim et al., 2021).

Beyond its use in the treatment of AD, a growing body
of research suggest that donepezil might also be beneficial in
the treatment of orphan disease such as Dravet syndrome or
Niemann-Pick disease type C (Seo et al., 2014; Wong et al., 2019).
Further experiments are, however, needed to test the relevance
of [18F]FDG PET as an translational imaging biomarker to assess
and optimize the beneficial effects of donepezil in animal models
of these diseases and patients.

The present studies investigated brain [18F]FDG PET as
a translational imaging biomarker in the AD model of i.c.v
injection of Aβ25−35 in mice. This model benefits from extensive
behavioral characterization with well described cognitive and
memory loss. Moreover, our results suggests that regional the
decrease in [18F]FDG uptake in mice may be used as a model
for the decreased brain glucose metabolism observed in patients.
However, the decrease in brain glucose metabolism, consistent
with cognitive decline, was observed in mice in the absence or
before the formation of detectable amyloid plaque. This may not
accurately recapitulate the complexity of the disease observed
in humans, which includes formation of amyloid plaques, Tau
neurofibrillary tangles and other well-established biomarkers of
the disease (Jack et al., 2018). Our results suggest that brain
[18F]FDG PET in this mouse model, associated with other target-
specific biomarkers, may aid the preclinical evaluation of AD
therapies to restore normal neuronal function.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by the CETEA-044-
CEA DSV IdF.

AUTHOR CONTRIBUTIONS

NT, MD, MC, and AW designed the experiments. GH, SG,
FC, AW, and NT performed the experiments. GH, SG, and
AW analyzed the data. MS, MB, and MC contributed to the
interpretation of the results. GH wrote the first draft of the

Frontiers in Neuroscience | www.frontiersin.org 7 February 2022 | Volume 16 | Article 835577

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-835577 February 25, 2022 Time: 17:16 # 8

Hugon et al. Donepezil Restores Brain Glucose Metabolism

manuscript. All authors contributed to manuscript revision, read,
and approved the submitted version.

FUNDING

This work was performed on a platform member of France
Life Imaging Network (grant ANR-11-INBS-0006) and was
supported by Theranexus Company. Gaëlle Hugon received a
Ph.D. grant from the CEA (French Atomic and Alternative
Energy commission) and the DGA (Direction Générale des
Armées).

ACKNOWLEDGMENTS

The authors gratefully thank Maud Goislard for technical
assistance and Philippe Gervais for providing [18F]FDG.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnins.
2022.835577/full#supplementary-material

REFERENCES
Adlard, P. A., Tran, B. A., Finkelstein, D. I., Desmond, P. M., Johnston, L. A., Bush,

A. I., et al. (2014). A review of β-amyloid neuroimaging in Alzheimer’s disease.
Front. Neurosci. 8:327. doi: 10.3389/fnins.2014.00327

Astolfo, A., Lathuilière, A., Laversenne, V., Schneider, B., and Stampanoni, M.
(2016). Amyloid-β plaque deposition measured using propagation-based X-ray
phase contrast CT imaging. J. Synchrotron Radiat. 23, 813–819. doi: 10.1107/
S1600577516004045

Auvity, S., Tonietto, M., Caillé, F., Bodini, B., Bottlaender, M., Tournier, N., et al.
(2020). Repurposing radiotracers for myelin imaging: a study comparing 18F-
florbetaben, 18F-florbetapir, 18F-flutemetamol,11C-MeDAS, and 11C-PiB. Eur.
J. Nucl. Med. Mol. Imaging 47, 490–501. doi: 10.1007/s00259-019-04516-z

Baker-Nigh, A., Vahedi, S., Davis, E. G., Weintraub, S., Bigio, E. H., Klein,
W. L., et al. (2015). Neuronal amyloid-β accumulation within cholinergic basal
forebrain in ageing and Alzheimer’s disease. Brain J. Neurol. 138, 1722–1737.
doi: 10.1093/brain/awv024

Borsook, D., Becerra, L., and Fava, M. (2013). Use of functional imaging across
clinical phases in CNS drug development. Transl. Psychiatry 3:e282. doi: 10.
1038/tp.2013.43

Bouter, C., and Bouter, Y. (2019). 18F-FDG-PET in mouse models of Alzheimer’s
disease. Front. Med. 6:71. doi: 10.3389/fmed.2019.00071

Brendel, M., Probst, F., Jaworska, A., Overhoff, F., Korzhova, V., Albert, N. L., et al.
(2016). Glial activation and glucose metabolism in a transgenic amyloid mouse
model: a triple-tracer pet study. J. Nucl. Med. 57, 954–960.

Cheng, J., Yang, H., and Zhang, J. (2019). Donepezil’s effects on brain functions of
patients with alzheimer disease: a regional homogeneity study based on resting-
state functional magnetic resonance imaging. Clin. Neuropharmacol. 42, 42–48.
doi: 10.1097/WNF.0000000000000324

Choi, S. R., Golding, G., Zhuang, Z., Zhang, W., Lim, N., Hefti, F., et al. (2009).
Preclinical properties of 18F-AV-45: a pet agent for aβ plaques in the brain.
J. Nucl. Med. 50, 1887–1894. doi: 10.2967/jnumed.109.065284

Cohen, R. M., Rezai-Zadeh, K., Weitz, T. M., Rentsendorj, A., Gate, D., Spivak, I.,
et al. (2013). A transgenic Alzheimer rat with plaques, tau pathology, behavioral
impairment, oligomeric aβ, and frank neuronal loss. J. Neurosci. 33, 6245–6256.
doi: 10.1523/JNEUROSCI.3672-12.2013

Cummings, J., Lee, G., Zhong, K., Fonseca, J., and Taghva, K. (2021). Alzheimer’s
disease drug development pipeline: 2021. Alzheimers Dement. 7:e12179.

D’Agostino, G., Russo, R., Avagliano, C., Cristiano, C., Meli, R., and Calignano,
A. (2012). Palmitoylethanolamide protects against the amyloid-β25-35-induced
learning and memory impairment in mice, an experimental model of Alzheimer
disease. Neuropsychopharmacology 37, 1784–1792. doi: 10.1038/npp.2012.25

Declercq, L. D., Vandenberghe, R., Van Laere, K., Verbruggen, A., and Bormans, G.
(2016). Drug development in Alzheimer’s disease: the contribution of PET and
SPECT. Front. Pharmacol. 7:88. doi: 10.3389/fphar.2016.00088

Delatour, B., Epelbaum, S., Petiet, A., and Dhenain, M. (2010). In vivo imaging
biomarkers in mouse models of Alzheimer’s disease: are we lost in translation
or breaking through? Int. J. Alzheimers Dis. 2010:e604853. doi: 10.4061/2010/
604853

Droguerre, M., Duchêne, A., Picoli, C., Portal, B., Lejards, C., Guiard, B. P., et al.
(2020). Efficacy of THN201, a combination of donepezil and mefloquine, to

reverse neurocognitive deficits in Alzheimer’s disease. Front. Neurosci. 14:563.
doi: 10.3389/fnins.2020.00563

Emre, M., Geula, C., Ransil, B. J., and Mesulam, M. M. (1992). The acute
neurotoxicity and effects upon cholinergic axons of intracerebrally injected
beta-amyloid in the rat brain. Neurobiol. Aging 13, 553–559. doi: 10.1016/0197-
4580(92)90055-3

Foster, N. L., Wang, A. Y., Tasdizen, T., Fletcher, P. T., Hoffman, J. M., and Koeppe,
R. A. (2008). Realizing the potential of positron emission tomography with 18F-
fluorodeoxyglucose to improve the treatment of Alzheimer’s disease.Alzheimers
Dement. 4, S29–S36. doi: 10.1016/j.jalz.2007.10.004

Fueger, B. J., Czernin, J., Hildebrandt, I., Tran, C., Halpern, B. S., Stout, D., et al.
(2006). Impact of animal handling on the results of 18F-FDG PET studies in
mice. J. Nucl. Med. 47, 999–1006.

Götz, J., Bodea, L.-G., and Goedert, M. (2018). Rodent models for Alzheimer
disease. Nat. Rev. Neurosci. 19, 583–598. doi: 10.1038/s41583-018-0054-8

Goutal, S., Tournier, N., Guillermier, M., Van Camp, N., Barret, O., Gaudin,
M., et al. (2020). Comparative test-retest variability of outcome parameters
derived from brain [18F]FDG PET studies in non-human primates. PLoS One
15:e0240228. doi: 10.1371/journal.pone.0240228

Jack, C. R., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn, B., Haeberlein, S. B.,
et al. (2018). NIA-AA research framework: toward a biological definition of
Alzheimer’s disease. Alzheimers Dement. 14, 535–562. doi: 10.1016/j.jalz.2018.
02.018

Kim, J., Lee, H., Park, S. K., Park, J.-H., Jeong, H.-R., Lee, S., et al. (2021). Donepezil
regulates LPS and Aβ-stimulated neuroinflammation through MAPK/NLRP3
inflammasome/STAT3 signaling. Int. J. Mol. Sci. 22:10637. doi: 10.3390/
ijms221910637

Knowles, J. (2006). Donepezil in Alzheimer’s disease: an evidence-based review of
its impact on clinical and economic outcomes. Core Evid. 1, 195–219.

Liu, Y., Zhu, L., Plössl, K., Choi, S. R., Qiao, H., Sun, X., et al. (2010). Optimization
of automated radiosynthesis of [18F]AV-45: a new PET imaging agent for
Alzheimer’s disease. Nucl. Med. Biol. 37, 917–925. doi: 10.1016/j.nucmedbio.
2010.05.001

Long, J. M., and Holtzman, D. M. (2019). Alzheimer disease: an update on
pathobiology and treatment strategies. Cell 179, 312–339. doi: 10.1016/j.cell.
2019.09.001

Matsumura, A., Mizokawa, S., Tanaka, M., Wada, Y., Nozaki, S., Nakamura, F., et al.
(2003). Assessment of microPET performance in analyzing the rat brain under
different types of anesthesia: comparison between quantitative data obtained
with microPET and ex vivo autoradiography. Neuroimage 20, 2040–2050. doi:
10.1016/j.neuroimage.2003.08.020

Matsunaga, S., Fujishiro, H., and Takechi, H. (2019). Efficacy and safety of
cholinesterase inhibitors for mild cognitive impairment:a systematic review and
meta-analysis. J. Alzheimers Dis. 71, 513–523. doi: 10.3233/JAD-190546

Maurice, T., Lockhart, B. P., and Privat, A. (1996). Amnesia induced in mice by
centrally administered beta-amyloid peptides involves cholinergic dysfunction.
Brain Res. 706, 181–193. doi: 10.1016/0006-8993(95)01032-7

Meunier, J., Ieni, J., and Maurice, T. (2006). The anti-amnesic and neuroprotective
effects of donepezil against amyloid β25-35 peptide-induced toxicity in mice
involve an interaction with the σ1 receptor. Br. J. Pharmacol. 149, 998–1012.
doi: 10.1038/sj.bjp.0706927

Frontiers in Neuroscience | www.frontiersin.org 8 February 2022 | Volume 16 | Article 835577

https://www.frontiersin.org/articles/10.3389/fnins.2022.835577/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2022.835577/full#supplementary-material
https://doi.org/10.3389/fnins.2014.00327
https://doi.org/10.1107/S1600577516004045
https://doi.org/10.1107/S1600577516004045
https://doi.org/10.1007/s00259-019-04516-z
https://doi.org/10.1093/brain/awv024
https://doi.org/10.1038/tp.2013.43
https://doi.org/10.1038/tp.2013.43
https://doi.org/10.3389/fmed.2019.00071
https://doi.org/10.1097/WNF.0000000000000324
https://doi.org/10.2967/jnumed.109.065284
https://doi.org/10.1523/JNEUROSCI.3672-12.2013
https://doi.org/10.1038/npp.2012.25
https://doi.org/10.3389/fphar.2016.00088
https://doi.org/10.4061/2010/604853
https://doi.org/10.4061/2010/604853
https://doi.org/10.3389/fnins.2020.00563
https://doi.org/10.1016/0197-4580(92)90055-3
https://doi.org/10.1016/0197-4580(92)90055-3
https://doi.org/10.1016/j.jalz.2007.10.004
https://doi.org/10.1038/s41583-018-0054-8
https://doi.org/10.1371/journal.pone.0240228
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.3390/ijms221910637
https://doi.org/10.3390/ijms221910637
https://doi.org/10.1016/j.nucmedbio.2010.05.001
https://doi.org/10.1016/j.nucmedbio.2010.05.001
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1016/j.neuroimage.2003.08.020
https://doi.org/10.1016/j.neuroimage.2003.08.020
https://doi.org/10.3233/JAD-190546
https://doi.org/10.1016/0006-8993(95)01032-7
https://doi.org/10.1038/sj.bjp.0706927
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-835577 February 25, 2022 Time: 17:16 # 9

Hugon et al. Donepezil Restores Brain Glucose Metabolism

Mosconi, L. (2005). Brain glucose metabolism in the early and specific diagnosis of
Alzheimer’s disease. FDG-PET studies in MCI and AD. Eur. J. Nucl. Med. Mol.
Imaging 32, 486–510. doi: 10.1007/s00259-005-1762-7

Mosconi, L., Tsui, W.-H., Santi, S. D., Li, J., Rusinek, H., Convit, A., et al. (2005).
Reduced hippocampal metabolism in MCI and AD: automated FDG-PET
image analysis. Neurology 64, 1860–1867. doi: 10.1212/01.WNL.0000163856.
13524.08

Nagakura, A., Shitaka, Y., Yarimizu, J., and Matsuoka, N. (2013). Characterization
of cognitive deficits in a transgenic mouse model of Alzheimer’s disease and
effects of donepezil and memantine. Eur. J. Pharmacol. 703, 53–61. doi: 10.1016/
j.ejphar.2012.12.023

Poisnel, G., Hérard, A.-S., El Tannir El Tayara, N., Bourrin, E., Volk, A., Kober,
F., et al. (2012). Increased regional cerebral glucose uptake in an APP/PS1
model of Alzheimer’s disease. Neurobiol. Aging 33, 1995–2005. doi: 10.1016/j.
neurobiolaging.2011.09.026

Rojas, S., Herance, J. R., Gispert, J. D., Abad, S., Torrent, E., Jiménez, X., et al.
(2013). In vivo evaluation of amyloid deposition and brain glucose metabolism
of 5XFAD mice using positron emission tomography. Neurobiol. Aging 34,
1790–1798. doi: 10.1016/j.neurobiolaging.2012.12.027

Schiffer, W. K., Mirrione, M. M., and Dewey, S. L. (2007). Optimizing experimental
protocols for quantitative behavioral imaging with 18F-FDG in rodents. J. Nucl.
Med. 48, 277–287.

Seo, Y., Shin, Y., Kim, H.-S., Kang, I., Hong, I.-S., Choi, S. W., et al. (2014).
Donepezil enhances Purkinje cell survival and alleviates motor dysfunction
by inhibiting cholesterol synthesis in a murine model of Niemann Pick
disease type C. J. Neuropathol. Exp. Neurol. 73, 234–243. doi: 10.1097/NEN.
0000000000000045

Shimada, A., Hashimoto, H., Kawabe, J., Higashiyama, S., Kai, T., Kataoka, K., et al.
(2011). Evaluation of therapeutic response to donepezil by positron emission
tomography. Osaka City Med. J. 57, 11–19.

Shin, C. Y., Kim, H.-S., Cha, K.-H., Won, D. H., Lee, J.-Y., Jang, S. W., et al. (2018).
The effects of donepezil, an acetylcholinesterase inhibitor, on impaired learning
and memory in rodents. Biomol. Ther. 26, 274–281. doi: 10.4062/biomolther.
2017.189

Silverman, D. H. S., Small, G. W., and Phelps, M. E. (1999). Clinical value
of neuroimaging in the diagnosis of dementia: sensitivity and specificity of
regional cerebral metabolic and other parameters for early identification of
Alzheimer’s disease. Clin. Positron Imaging 2, 119–130. doi: 10.1016/s1095-
0397(99)00020-5

Talbot, P. R., Lloyd, J. J., Snowden, J. S., Neary, D., and Testa, H. J. (1994).
Choice of reference region in the quantification of single-photon emission
tomography in primary degenerative dementia. Eur. J. Nucl. Med. 21, 503–508.
doi: 10.1007/BF00173036

Tournier, N., Comtat, C., Lebon, V., and Gennisson, J.-L. (2020). Challenges and
perspectives of the hybridization of PET with functional MRI or ultrasound
for neuroimaging. Neuroscience 474, 80–93. doi: 10.1016/j.neuroscience.2020.
10.015

Toyama, H., Ichise, M., Liow, J. S., Vines, D. C., Seneca, N. M., Modell, K. J.,
et al. (2004). Evaluation of anesthesia effects on [18F]FDG uptake in mouse
brain and heart using small animal PET. Nucl. Med. Biol. 31, 251–256. doi:
10.1016/S0969-8051(03)00124-0

Varrone, A., Asenbaum, S., Vander Borght, T., Booij, J., Nobili, F., Någren, K., et al.
(2009). EANM procedure guidelines for PET brain imaging using [18F]FDG,
version 2. Eur. J. Nucl. Med. Mol. Imaging 36, 2103–2110. doi: 10.1007/s00259-
009-1264-0

Vaz, M., and Silvestre, S. (2020). Alzheimer’s disease: recent treatment strategies.
Eur. J. Pharmacol. 887:173554. doi: 10.1016/j.ejphar.2020.173554

Vidal, B., Droguerre, M., Valdebenito, M., Zimmer, L., Hamon, M., Mouthon, F.,
et al. (2020). Pharmaco-fUS for characterizing drugs for Alzheimer’s disease -
the Case of THN201, a drug combination of donepezil plus mefloquine. Front.
Neurosci. 14:835. doi: 10.3389/fnins.2020.00835

Vodovar, D., Duchêne, A., Wimberley, C., Leroy, C., Pottier, G., Dauvilliers,
Y., et al. (2018). Cortico-amygdala-striatal activation by modafinil/flecainide
combination. Int. J. Neuropsychopharmacol. 21, 687–696. doi: 10.1093/ijnp/
pyy027

Waldron, A.-M., Wintmolders, C., Bottelbergs, A., Kelley, J. B., Schmidt,
M. E., Stroobants, S., et al. (2015). In vivo molecular neuroimaging of
glucose utilization and its association with fibrillar amyloid-β load in
aged APPPS1-21 mice. Alzheimers Res. Ther. 7:76. doi: 10.1186/s13195-015-
0158-6

Waldron, A.-M., wyffels, L., Verhaeghe, J., Richardson, J. C., Schmidt, M.,
Stroobants, S., et al. (2017). Longitudinal characterization of [18F]-FDG
and [18F]-AV45 uptake in the double transgenic TASTPM mouse model.
J. Alzheimers Dis. 55, 1537–1548. doi: 10.3233/JAD-160760

Wong, J. C., Thelin, J. T., and Escayg, A. (2019). Donepezil increases resistance
to induced seizures in a mouse model of Dravet syndrome. Ann. Clin. Transl.
Neurol. 6, 1566–1571. doi: 10.1002/acn3.50848

Yiannopoulou, K. G., and Papageorgiou, S. G. (2020). Current and future
treatments in alzheimer disease: an update. J. Cent. Nerv. Syst. Dis. 12, doi:
10.1177/1179573520907397

Zussy, C., Brureau, A., Delair, B., Marchal, S., Keller, E., Ixart, G., et al. (2011).
Time-course and regional analyses of the physiopathological changes induced
after cerebral injection of an amyloid β fragment in rats. Am. J. Pathol. 179,
315–334. doi: 10.1016/j.ajpath.2011.03.021

Conflict of Interest: MD and MC were full-time employees of Theranexus
Company.

The authors declare that this study received funding from Theranexus
Company. The funder had the following involvement in the study: Study
design, interpretation of the results.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hugon, Goutal, Sarazin, Bottlaender, Caillé, Droguerre,
Charvériat, Winkeler and Tournier. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Neuroscience | www.frontiersin.org 9 February 2022 | Volume 16 | Article 835577

https://doi.org/10.1007/s00259-005-1762-7
https://doi.org/10.1212/01.WNL.0000163856.13524.08
https://doi.org/10.1212/01.WNL.0000163856.13524.08
https://doi.org/10.1016/j.ejphar.2012.12.023
https://doi.org/10.1016/j.ejphar.2012.12.023
https://doi.org/10.1016/j.neurobiolaging.2011.09.026
https://doi.org/10.1016/j.neurobiolaging.2011.09.026
https://doi.org/10.1016/j.neurobiolaging.2012.12.027
https://doi.org/10.1097/NEN.0000000000000045
https://doi.org/10.1097/NEN.0000000000000045
https://doi.org/10.4062/biomolther.2017.189
https://doi.org/10.4062/biomolther.2017.189
https://doi.org/10.1016/s1095-0397(99)00020-5
https://doi.org/10.1016/s1095-0397(99)00020-5
https://doi.org/10.1007/BF00173036
https://doi.org/10.1016/j.neuroscience.2020.10.015
https://doi.org/10.1016/j.neuroscience.2020.10.015
https://doi.org/10.1016/S0969-8051(03)00124-0
https://doi.org/10.1016/S0969-8051(03)00124-0
https://doi.org/10.1007/s00259-009-1264-0
https://doi.org/10.1007/s00259-009-1264-0
https://doi.org/10.1016/j.ejphar.2020.173554
https://doi.org/10.3389/fnins.2020.00835
https://doi.org/10.1093/ijnp/pyy027
https://doi.org/10.1093/ijnp/pyy027
https://doi.org/10.1186/s13195-015-0158-6
https://doi.org/10.1186/s13195-015-0158-6
https://doi.org/10.3233/JAD-160760
https://doi.org/10.1002/acn3.50848
https://doi.org/10.1177/1179573520907397
https://doi.org/10.1177/1179573520907397
https://doi.org/10.1016/j.ajpath.2011.03.021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	Impact of Donepezil on Brain Glucose Metabolism Assessed Using [18F]2-Fluoro-2-deoxy-D-Glucose Positron Emission Tomography Imaging in a Mouse Model of Alzheimer's Disease Induced by Intracerebroventricular Injection of Amyloid-Beta Peptide
	Introduction
	Materials and Methods
	Chemicals and Radiochemicals
	Mouse Model of Alzheimer's Disease
	Autoradiographic Characterization of the Alzheimer's Disease Model
	Positron Emission Tomography Study Groups
	[18F]2-Fluoro-2-Deoxy-d-Glucose Positron Emission Tomography Imaging Acquisition
	[18F]2-Fluoro-2-Deoxy-d-Glucose Positron Emission Tomography Data Analysis
	Statistical Analysis

	Results
	[18F]florbetapir Autoradiography
	[18F]2-Fluoro-2-Deoxy-d-Glucose Brain Positron Emission Tomography Imaging

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


