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Amyloid-beta peptide (Ab) plays a critical role in the pathogenesis of Alzheimer’s disease (AD). Here, we
explored the use of a combination treatment to reduce amyloid load through microglial phagocytosis in a
mouse model of AD. We hypothesized that using an initial treatment of magnetic resonance image
guided focused ultrasound (MRIgFUS) to transiently increase the blood–brain barrier (BBB) permeability
and enhance the delivery of an Ab-antibody (BAM-10), followed by scyllo-inositol treatment would result
in accelerated clearance. TgCRND8 mice expressing both Swedish (KM670/671NL) and Indiana (V717F)
APP mutations under the hamster prion (PrP) promoter at 5 months of age were either treated with
scyllo-inositol or received an initial MRIgFUS treatment delivering BAM-10 prior to scyllo-inositol treat-
ment for one month. Treated animals and untreated TgCRND8 littermates were then sacrificed at 6
months of age, and their brains were processed for immunohistochemistry and immunofluorescence.
Amyloid load was quantified and analyzed through immunohistochemical staining. Astrocyte and micro-
glial activation were quantified and analyzed through immunofluorescent staining. We found that both
the scyllo-inositol treatment and combination treatment, MRIgFUS/BAM10+scyllo-inositol, significantly
reduced amyloid load and astrocyte activation in the hippocampus and the cortex. Furthermore, in both
treatment paradigms microglial activation and phagocytosis was increased in comparison to the
untreated mice. There were no differences detected between the two treatment paradigms. We propose
that the 30-day scyllo-inositol treatment saturated the early benefit of the MRIgFUS/BAM-10 treatment.
In the future, multiple FUS treatments combined with BAM-10 throughout the duration of scyllo-inositol
treatment may lead to more effective amyloid clearance.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Alzheimer’s Disease (AD) is a prominent neurodegenerative dis-
ease in the elderly population, with increased risk from aging
(Selkoe, 2001). AD is characterized by the presence of amyloid-
beta peptide (Ab) plaques and neurofibrillary tangles in the brain,
severe cognitive deficits and ultimately death (Reitz and Mayeux,
2014). The amyloid hypothesis proposes that the dysregulation of
Ab levels in the brain is the initiating step in AD pathogenesis
(Hardy and Selkoe, 2002; Tarasoff-Conway et al., 2015). Despite
numerous clinical trials targeted at increasing clearance and/or
inhibiting Ab production, there is currently no treatment available
that slows or halts disease progression (Liu et al., 2017). Multiple
studies, in rodent models of AD, have shown benefits from several
treatment paradigms, including small-molecule therapy and pas-
sive immunization (Jordão et al., 2010; Ma et al., 2012; McLaurin
et al., 2006, 2000; Weiner and Frenkel, 2006). These treatments
have shown a significant reduction in Ab peptide levels within
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the brain and a rescue of cognitive deficits (Jordão et al., 2010; Ma
et al., 2012; McLaurin et al., 2006, 2000; Weiner and Frenkel,
2006).

At present, there are a number of passive immunization strate-
gies in development for AD, with many of these focused on the
development of antibodies against Ab. Although several of these
antibodies such as AAB-001 (Bapineuzumab) and LY-2062430
(Solanezumab) completed phase 3 clinical trials, none have shown
improvement in primary cognitive outcomes in patients (Doody
et al., 2014; Salloway et al., 2014). One drawback to passive immu-
nization against Ab in both human and animal models is the lim-
ited access of antibodies to the brain due to the blood-brain
barrier (BBB). The majority of the anti-Ab antibodies administered
peripherally remains in the blood stream, with only 0.1% of anti-
bodies crossing the intact BBB and entering the brain (Banks
et al., 2002).

Magnetic resonance image (MRI)-guided focused ultrasound
(MRIgFUS) technology was discovered over 25 years ago and orig-
inally utilization of MRIgFUS focused on thermal ablation, with a
high intensity focused ultrasound wave (Hynynen, 2010). More
recent studies have used MRI coupled with low-intensity focused
ultrasound and microbubbles, within the blood stream, to tran-
siently increases the permeability of the BBB, allowing for the
delivery of therapeutic agents, such as antibodies, gene vectors,
stem cells and nanoparticles (Burgess et al., 2011; Diaz et al.,
2014; Hynynen et al., 2001; Jordão et al., 2010; Thévenot et al.,
2012). In preclinical studies, MRIgFUS increased localized delivery
of agents across the BBB through increased transcytosis, channel
formation, and widened tight junctions (Sheikov et al., 2008;
2004). Furthermore, the permeability of BBB was restored in as lit-
tle as 6 h post-FUS (Hynynen et al., 2006). The use of MRIgFUS for
the targeted delivery of BAM-10, an antibody against Ab, showed
significant clearance of brain Ab in a mouse model of AD (Jordão
et al., 2010). BAM-10 is directed against residues 1–10 at the N-
terminus of Ab and treatment has shown efficiency in dissociating
Ab aggregates (Frenkel et al., 1998; McLaurin et al., 2002). Further-
more, cognitive deficits were rescued after BAM-10 treatment in
the Tg2576 mouse model of AD (Kotilinek et al., 2002). Due to
the success of MRIgFUS treatment alone and in conjunction with
therapeutic agents in reducing amyloid load, activating microglia,
by safely and temporarily opening the BBB in preclinical rodent
models, phase 1 trials are currently underway to determine the
safety and feasibility in AD patients (Meng et al., 2017).

Many small-molecules have been developed that also inhibit
formation of Ab oligomers and amyloid plaques (Nie et al., 2011).
One such molecule is scyllo-inositol, a cyclohexanehexol that binds
to Ab peptides and inhibits further aggregation (McLaurin et al.,
2006). In murine models, scyllo-inositol administration decreased
plaque burden and inflammation, leading to improved cognitive
performance (Aytan et al., 2013; Hawkes et al., 2010; McLaurin
et al., 2006). scyllo-Inositol is actively transported into the brain
through sodium/myo-inositol transporters 1 and 2 (SMIT1, SMIT2),
which are expressed throughout the brain (Fenili et al., 2011).
Moreover, SMIT1 and SMIT2 expression in the brain remains stable
throughout aging in non-transgenic mice and increasing Ab pathol-
ogy in a mouse model of AD (Fenili et al., 2011). Similar to immu-
nization strategies, the primary clinical outcomes for cognition
were not met in patients treated with scyllo-inositol in a Phase 2
trial (Salloway, 2011).

MRIgFUS treatment alone has demonstrated beneficial effects in
transgenic rodent models of AD. After MRIgFUS treatment, endoge-
nous mouse antibodies were detected within cortical brain regions
and activated microglial cells with enhanced phagocytosis were
observed within 4 days of treatment (Jordão et al., 2013). Since
both antibody- and scyllo-inositol- driven clearance of Ab are par-
tially reliant on microglial phagocytosis and degradation (Hawkes
et al., 2012; Jordão et al., 2013), we hypothesized that a single
treatment with MRIgFUS delivery of an Ab-antibody would acti-
vate and boost microglial phagocytosis such that subsequent
removal of Ab with scyllo-inositol treatment would be accelerated
in comparison to scyllo-inositol treatment alone. The choice of anti-
body was driven by the ability to increase Ab degradation by
microglial cells after delivery using MRIgFUS, thus BAM-10 was
chosen (Bard et al., 2003; Morgan and Gitter 2004)
2. Results

We studied the effects of scyllo-inositol treatment alone and
MRIgFUS/BAM10/scyllo-inositol (SI) combination treatment in
TgCRND8 mice at an age that modelled mid AD-like pathology (5
months of age). Starting at 5 months of age, TgCRND8 mice
received one MRIgFUS/BAM10 treatment, targeting 3 foci per cor-
tex, bilaterally, followed by 1 month of scyllo-inositol treatment
(n = 6), or scyllo-inositol treatment alone for one month (n = 6),
along with age-matched untreated TgCRND8 controls (n = 6)
(Fig. 1). No side-effects were observed and body weights were sim-
ilar across treatment groups.

We investigated the effectiveness of single and combination
therapeutic treatment on the reduction of amyloid load, activation
of astrocytes and microglia in comparison to untreated TgCRND8
mice through immunochemistry and immunofluorescence staining
of sections spanning the brain. We also examined the effects of
both treatment paradigms on microglial phagocytosis of amyloid
plaques. An MRIgFUS-BAM10 group alone was not included as
we believed that previous work sufficiently demonstrated the
effects of MRIgFUS/ BAM-10 in reducing amyloid load in TgCRND8
mice (Jordão et al., 2010). Furthermore, other studies have also
reported the effect of MRIgFUS or Scanning Ultrasound (SUS) alone
in TgAD mice on the reduction of amyloid (Burgess et al., 2014;
Jordão et al., 2013; Leinenga and Gotz, 2015) as well as a rabbit
model of amyloidosis (Alecou et al., 2017).
3. Reduction of amyloid load in both scyllo-inositol and
combination treatments

The formation of Ab plaques is a dynamic process that involves
the aggregation of Ab peptides that lead to amyloid plaque forma-
tion and deposition (Ahmed et al., 2010). Previous studies have
shown scyllo-inositol treatment to inhibit the formation of fibrils
and stabilize non-toxic oligomeric forms of Ab, resulting in
decreased plaque load in TgCRND8 mouse models (Ma et al.,
2012; McLaurin et al., 2006; Salloway, 2011). Two month treat-
ment with scyllo-inositol in 5 month old TgCRND8 mice signifi-
cantly reduced the number of plaques as well as percent brain
area covered in plaques (Fenili et al., 2007). Previous studies with
a single MRIgFUS treatment combined with BAM-10 antibody in
4 month-old TgCRND8 mice significantly decreased size and num-
ber of Ab cortical plaques in the FUS-targeted compared to the
non-targeted hemisphere (Jordão et al., 2013, 2010). In the present
study, plaque load within the hippocampus and cortex were exam-
ined as a function of treatment. In the hippocampus, scyllo-inositol
treatment significantly reduced plaque load by 68% (38 ± 7 vs 116
± 28, p = .02), while combination treatment significantly reduced
plaque load by 66% (39 ± 4 vs 116 ± 28, p = .02) when compared
to the untreated TgCRND8-mice (Fig. 2A). This significant reduc-
tion was also evident in the cortex, where scyllo-inositol treatment
reduced plaque load by 45% (692 ± 51 vs 1263 ± 130, p = .001) and
combination treatment decreased plaque load by 53% (596 ± 34 vs
1263 ± 130, p < .001) when compared to the untreated TgCRND8
mice (Fig. 2B). There was no statistical difference in both the
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Fig. 1. Timeline of Therapeutic Interventions. TgCRND8 mice were treated or untreated at 5 months of age until sacrifice at 6-month. TgCRND8 mice were either treated with
a single treatment of MRIgFUS with peripherally administered BAM-10 antibody directed to Ab followed by scyllo-inositol (SI) treatment (MRIgFUS/BAM10/SI) or scyllo-
inositol treatment alone for 30-days.

Fig. 2. Hippocampal and cortical Ab plaques in scyllo-inositol treated, MRIgFUS/BAM10/SI treated and untreated TgCRND8 mice. Number of amyloid plaques found in the
hippocampus (A), and in the cortex (B) are reduced after scyllo-inositol treatment and MRIgFUS/BAM10/SI treatment. Data presented as mean ± SEM, One-way ANOVA with
Tukey’s multiple comparisons test, a = 0.05, * p < .05, **p < .01, *** p < .001.
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hippocampal and the cortical plaque load between scyllo-inositol
and combination treatment (p = .998, p = .7, respectively).

4. Astrocyte activation reduction after scyllo-inositol and
combination therapy

Astrocytes are the main type of glial cells present in the central
nervous system, and play an important role in shaping the
microarchitecture of the brain (Rodriguez et al., 2009). In the AD
brain, the formation of Ab plaques leads to the activation of astro-
cytes, reactive gliosis, and inflammation (Pekny et al., 2016). To
examine the effectiveness of scyllo-inositol and combination treat-
ment paradigms, we examined Ab-related activation of GFAP+

astrocytes. Previously, scyllo-inositol treatment alone significantly
reduced astrogliosis throughout the hippocampus and the cortex
in TgCRND8 mouse brain at 6 months of age8. However, in studies
with MRIgFUS on 4 month old TgCRND8 mice, astrocyte activation
has been shown to significantly increase within the first 4 days
after the initial treatment when comparing treated and untreated
cortices, and appear to decline by 15 days post treatment (Jordão
et al., 2013). In the present study, the hippocampus and cortex
were examined independently for the percentage of the brain cov-
ered by activated astrocytes in scyllo-inositol, combination treat-
ment and untreated TgCRND8 mice (Fig. 3A). In agreement with
a reduction in amyloid load within the hippocampus, there was a
significant decrease in astrocyte coverage in both the scyllo-
inositol (17 ± 3%) and combination treatment (20 ± 3%) when com-
pared to the untreated TgCRND8 mice (33 ± 3%) (p = .006, p = .03,
respectively Fig. 3B). This decrease was also observed in the cortex,
whereby scyllo-inositol (7 ± 0.9%) and combination treatment (6 ±
0.6%) significantly reduced astrogliosis when compared to the
untreated TgCRND8 mice (14 ± 2%) (p = .001, p < .001, respectively
Fig. 3C). Again, no significant differences were observed between
the two treatment paradigms in both the hippocampus and cortex
(p = .68, p = .7, respectively).

5. Increased activated microglial and phagocytosis

Microglia are innate immune cells that are widely distributed
throughout the brain, and play a crucial role in the clearance of
Ab plaques (Condello et al., 2015) (Fig. 4A). To examine whether
the reduction of Ab plaques is a function of microglial phagocyto-
sis, we examined changes in microglia cell volume as a function of
treatment. Changes in microglial cell size and number can be
indicative of activation, as evidenced by increased cell surface area
following therapeutic interventions (Jordão et al., 2013). To this
end, microglia surrounding plaques in the scyllo-inositol, combina-
tion treatment and untreated TgCRND8 mouse cortex and hip-



Fig. 3. Astrocyte activation in scyllo-inositol treated, MRIgFUS/BAM10/SI treated and untreated TgCRND8 mice. (A) Immunofluorescent images of GFAP immunoreactivity in
the cortex of untreated, scyllo-inositol, and MRIgFUS/BAM10/SI treated mice. Percentage of GFAP immunoreactivity in the hippocampus (B), and in the cortex (C), are reduced
after scyllo-inositol treatment and MRIgFUS/BAM10/SI treatment. Data presented as mean ± SEM, One-way ANOVA with Tukey’s multiple comparisons test, a = 0.05, *
represents p < .05, ** represents p < .01, *** represents p < .001.

Fig. 4. Microglial activation in scyllo-inositol treated, MRIgFUS/BAM10/SI treated and untreated TgCRND8 mice. (A) 3D IMARIS rendering of a triple stain for astrocyte (GFAP,
blue), microglia (Iba1, green) and amyloid plaque (ThioS, red), with colocalization of amyloid and microglia in yellow. (B) Microglia surface area is increased after scyllo-
inositol and MRIgFUS/BAM10/SI treatment. Data presented as mean ± SEM, One-way ANOVA with Tukey’s multiple comparisons test, a = 0.05, *** represents p < .001.
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pocampus were randomly sampled and analyzed. In the scyllo-
inositol treated group, there was a significant increase in microglial
surface area (14534 ± 892 mm2) when compared to untreated
group (8485 ± 677 mm2) (p < .001, Fig. 4B). Similarly, in the combi-
nation treated group, there was an increase in microglial activation
(17216 ± 1007 mm2) when compared to the untreated cortex (p <
.001, Fig. 4B). However, no significant differences were detected
between the treatment groups (p = .11).

To determine whether microglia actively phagocytosed Ab/
amyloid in contrast to surrounding Ab/amyloid plaques to function
as a barrier, we investigated the co-localization of Abwithin micro-
glial cells (Fig. 5A-C). After scyllo-inositol treatment, there was a
significant increase in the percent of Ab phagocytosed within
microglia (23 ± 4% vs 12 ± 2%) in comparison to the untreated
group (p = .048, Fig. 5D). Similarly, the combination treated group
Fig. 5. Microglial phagocytosis in scyllo-inositol treated, MRIgFUS/BAM10/SI treated and
(Iba1) and amyloid plaques (ThioS) of an untreated (B), scyllo-inositol treated and (C) MR
was significantly increased after scyllo-inositol treatment and showed a strong increasin
ANOVA with Tukey’s multiple comparisons test, a = 0.05, * represents p < .05.
(21 ± 3% vs 12 ± 2%) showed a trend towards an increase in Ab
phagocytosis when compared to the untreated group (p = .1,
Fig. 5D). Overall, both scyllo-inositol and combination treatments
increased microglial activation around Ab plaques, and increased
Ab internalization within microglial cells.

6. Discussion

In this study, we investigated the potential synergistic effects of
a combination therapy between two Ab lowering strategies, one
with high central nervous system (CNS) bioavailability and the
other with enhanced activation of endogenous clearance mecha-
nisms (Jordão et al., 2013; McLaurin et al., 2006). The work was dri-
ven by the idea that a single treatment with MRIgFUS in
combination with an anti-Ab antibody, BAM10, would prime
untreated TgCRND8 mice. (A) 3D IMARIS rendering of a double stain for microglia
IgFUS/BAM10/SI treated TgCRND8 mouse hippocampus. (D) Microglia phagocytosis
g trend in MRIgFUS/BAM10/SI treatment. Data presented as mean ± SEM, One-way
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microglial cells into active phagocytes and thus either synergisti-
cally or additively increase the scyllo-inositol induced clearance
of Ab over time. This hypothesis was based on the preclinical stud-
ies in a TgAD mouse model that demonstrated MRIgFUS + BAM10
reduced amyloid plaques and MRIgFUS alone increased microglial
activation 4 days after treatment and resolved after 15 days (Jordão
et al., 2013; 2010). Furthermore, BAM-10 as well as endogenous
mouse IgG and IgM were detectable within the brain 4 days post
FUS treatment (Jordão et al., 2013; 2010). Thus, these previous
studies suggested that priming of microglia into active phagocytes
was not sustained. We then hypothesized that the primed phago-
cytes would be more efficient in removing scyllo-inositol-Ab com-
plexes to decrease amyloid plaque load. Preclinical studies with
scyllo-inositol demonstrated that steady state levels were achieved
within 5 days of treatment (Fenili et al., 2007), thus optimal drug
dose would be achieved within the window of MRIgFUS/BAM-10
efficacy. Our results demonstrate a trend to increased surface area
covered in microglia within the cortex in the MRIgFUS/BAM-10/SI
treatment in comparison to the scyllo-inositol treatment. However,
the reduction in amyloid plaques and the amount of amyloid that
was detected within microglial cells were not statistically different
between the two treatment groups. This apparent discrepancy may
be attributed to the difference in mechanism of action of BAM-10
and scyllo-inositol. BAM-10 specifically targets the amyloid pla-
ques and thus drives direct clearance by plaque associated micro-
glia (Kotilinek et al., 2002; Lai and McLaurin, 2012), whereas scyllo-
inositol binds to and stabilizes small soluble conformers of Ab that
are phagocytosed by both plaque associated and non-plaque asso-
ciated microglia (Hawkes et al., 2012; McLaurin et al., 2006). Fur-
thermore, our study showed a difference in treatment effect
when compared to that of the initial MRIgFUS+BAM10 studies
(Jordão et al., 2010). Due to the differences in FUS parameters,
number of foci targeted, age of the TgCRND8 mice receiving treat-
ment, and the differences in the region of interest analyzed, these
two studies cannot be directly compared. However, we believe that
these two results are supportive of utilizing MRIgFUS for the reduc-
tion in amyloid, whether as a function of BAM10 or combination
therapy.

As previously proposed, the reduction in astrogliosis that was
detected in both the MRIgFUS/BAM-10/SI and scyllo-inositol treat-
ment groups in comparison to untreated TgCRND8 mice, is the
direct result of decreased Ab load, as they were not statistically
different.

Previous studies have shown that scyllo-Inositol treatment or
BAM-10 treatment alone significantly improve cognitive outcomes
in Tg-AD mice and that performance was not significantly different
from non-transgenic littermates (Kotilinek et al., 2002; McLaurin
et al., 2006). With regards to spatial memory, after 1 month of
scyllo-Inositol treatment, no significant differences were found in
cognitive performance between 6 months old TgCRND8 mice and
their nontransgenic littermates (Hawkes et al., 2012; McLaurin
et al., 2006). Furthermore, MRIgFUS treatment in TgAD mice
showed improvements in hippocampal dependent memory in
comparison to untreated TgAD mice and were not statistically dif-
ferent from treated non-transgenic littermates (Burgess et al.,
2014). Taken altogether, given that both MRIgFUS and scyllo-
Inositol treatment alone returned cognitive function of TgAD mice
to levels of their nontransgenic littermates and due to the limita-
tion of examining behavioural phenotypes in TgAD mice, we chose
not to incorporate a behavioral arm in our studies.
7. Conclusions

In light of the current results, we propose that the 30-day treat-
ment with scyllo-inositol saturated the potential benefit of the
MRIgFUS/BAM-10 treatment. MRIgFUS is likely to increase treat-
ment efficacy the most for therapeutics with poor CNS bioavailabil-
ity. In the future, we propose that repeated FUS treatments in
combination with immunotherapy and scyllo-inositol may result
in more effective amyloid clearance. Treatment strategies with
high CNS bioavailability including scyllo-inositol, will benefit from
better patient selection and earlier intervention times.
8. Methods and materials

8.1. Mice

Sex-balanced 5-month old TgCRND8 mice (n = 18) expressing
both Swedish (KM670/671NL) and Indiana (V717F) APP mutations
under the hamster prion (PrP) promoter and maintained on a C3H/
C57BL6 background were used for this study. After treatment, mice
were perfused with phosphate-buffered saline and 4%
paraformaldehyde (PFA). Brains were removed, and post-fixed in
4% PFA overnight, prior to 30% sucrose solution for tissue preserva-
tion. Coronal brain sections were obtained using a freezing micro-
tome at 40 mm and stored in tissue collecting solution at �20 �C
until use. All animal procedures were conducted with approval
from the Animal Care Committee of Sunnybrook Research Institute,
and in accordance with the Canadian Council on Animal Care.
8.2. MRI-guided FUS delivery

Mice were anesthetized using 2% isofluorane and medical air,
and secured in the supine position on a small animal MRIgFUS
compatible positioning system (Chopra et al., 2009; Ellens et al.,
2015). MR imaging was performed at 7T Bio-Spec 70/30 USR (Bru-
ker, Billerica, MA). MRI gadolinium contrast agent (0.2 ml/kg,
Omniscan, 574 Da, GE Healthcare) and FUS microbubble contrast
agent (0.04 ml/kg, Definity), and BAM-10 (1 mg/kg, Sigma A3981)
were administered through a tail vein catheter simultaneously
with the start of the ultrasound treatment. Focused ultrasound
(10 ms bursts, 1Hz repetition rate) was targeted to 3 foci per cortex
and treated bilaterally for a total of 2 min. The acoustic pressure
was actively controlled on a burst-to-burst basis based on the anal-
ysis of microbubble signal recorded during each burst, as has been
previously described (O’Reilly and Hynynen, 2012). The FUS trans-
ducer had a 7.5 mm diameter aperture, 6 cm radius of curvature
and a frequency of 0.5515 MHzscyllo-Inositol treatment

TgCRND8 mice were administered scyllo-inositol (kind gift of
Transition Therapeutics Inc.) ad libitum via drinking water at 10
mg/ml for 4 weeks starting at 5 months of age (McLaurinet al.,
2006). The amount of water consumed was monitored across the
cages to ensure similar dosage of scyllo-Inositol amongst animals.
8.3. Ab plaque quantification

For the brighfield staining of Ab plaques, sections were pre-
treated in 1% hydrogen peroxide and 70% formic acid. Ab plaques
were stained using 6F3D anti-Ab antibody (1:400; Dako) followed
by streptavidin-conjugated horseradish peroxidase (Vectastain
ABC Kit, Vector Laboratories, Inc.) and 3,30diaminobenzidine
(DAB; Vector Laboratories, Inc.). Images were acquired at 4X on
the Zeiss Axioplan II microscope, using Stereo Investigator (version
8.27, MBF Bioscience), and counted manually using ImageJ. Six
coronal sections equally spanning the mouse brain (0.8 mm apart)
were analzyed per mouse (Bregma +2 mm to Bregma �2.8 mm).
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8.4. Quantification of astrocytes

Fluorescent detection of astrocytes was performed using rabbit
anti-Glial Fibrillary Acidic Protein (GFAP) 1�antibody (1:500;
Dako), and visualized using Alexafluor 647 donkey anti-Rabbit
(1:200; Life Technologies) 2� antibody. Astrocytosis was assessed
using the percentage area coverage of either the cortex or the hip-
pocampus. Whole coronal section images were acquired at 10� on
the ApoTome microscope (AxioImage M2; Carl Zeiss, Toronto, ON,
Canada). Using ImageJ, the cortex or hippocampus was outlined
manually with the outline tool and the total area (TA) was mea-
sured. The image was then converted using the ‘‘Binary” function,
to select for stained astrocytes, and the area of the region of inter-
est was again measured (RA). The RA value represents the area of
immunofluorescent signal in the outlined area of interest. These
two area values were then used to determine the percentage cov-
ered by astrocytes based on the following formula: RA/TA⁄100.

8.5. Quantification of microglia

Microglial recruitment and Ab engulfment were examined
through fluorescent double staining of microglia and Ab. Sections
were pretreated with 10 mM citric acid buffer and heated for 30
min at 90�C. Detection of Ab was performed with Thioflavin-S
(ThioS; 1% in ddH2O, Sigma), microglia with 1� Rabbit anti-Iba1
(1:500; Wako), and subsequently visualized with 2� Alexafluor
647 Donkey anti-Rabbit (1:200; Life Technologies) respectively.
Co-localization of microglia with Ab plaques was detected with a
Zeiss spinning disk microscope (CSU-W1; Yokogawa Electric, Zeiss
Axio Observer. Z1 – Carl Zeiss, Don Mills, Ontario, Canada) coupled
to Axiocam camera and operated with Zen 1.1.2 software. Z-stack
images (0.28 mm optimal slice thickness) were taken at 63x oil-
immersion of plaques and the surrounding microglial cell popula-
tion. Confocal z-stack images were reconstructed in three dimen-
sions using Imaris software (Bitplane). The surface function was
used to create three-dimensional surfaces of Ab plaques andmicro-
glia (surface area detail level = 0.3 mm, threshold = 80) within each
image. Using previously established methods, a surface was cre-
ated for microglia fluorescence (Alexafluor 647 channel) and Ab
fluorescence (Alexafluor 488 channel) in the Imaris program
(Jordão et al., 2013). These surfaces automatically generate 3D
quantification of parameters such as microglia volume. To detect
the Ab within microglial cells, a separate channel was created by
subtracting the ThioS staining for Ab plaque from the image, repre-
senting the engulfed Ab. Then, only staining that co-localized with
Alexafluor 647 channel was isolated, and a new surface was cre-
ated for the phagocytosed Ab (surface area detail level = 0.3 mm, t
hreshold = 80). Finally, the surface area of the microglia surround-
ing the Ab plaque was also examined to determine whether treat-
ment affected the recruitment of microglia.

8.6. Statistical analysis

Statistical analyses were performed using GraphPad Prism 6.0
(GraphPad Software Inc.). One-way ANOVA analyses with Tukey’s
multiple comparisons test, a = 0.05, was used to examine differ-
ences between combination treatment, scyllo-inositol treatment
and untreated transgenic mice.
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