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Abstract.
Background: Alzheimer’s disease (AD) is a debilitating disorder involving the loss of plasticity and cholinergic neurons in
the cortex. Pharmaceutical treatments are limited in their efficacy, but brain stimulation is emerging as a treatment for diseases
of cognition. More research is needed to determine the biochemical mechanisms and treatment efficacy of this technique.
Objective: We aimed to determine if forebrain repetitive transcranial magnetic stimulation can improve cortical BDNF gene
expression and cholinergic signaling in the 3xTgAD mouse model of AD.
Methods: Both B6 wild type mice and 3xTgAD mice aged 12 months were given daily treatment sessions for 14 days
or twice weekly for 6 weeks. Following treatment, brain tissue was extracted for immunological stains for plaque load,
as well as biochemical analysis for BDNF gene expression and cholinergic signaling via acetylcholinesterase and choline
acetyltransferase ELISA assays.
Results: For the 3xTgAD mice, both 14 days and 6 weeks treatment regimens resulted in an increase in BDNF gene expression
relative to sham treatment, with a larger increase in the 6-week group. Acetylcholinesterase activity also increased for both
treatments in 3xTgAD mice. The B6 mice only had an increase in BDNF gene expression for the 6-week group.
Conclusion: Brain stimulation is a possible non-invasive and nonpharmaceutical treatment option for AD as it improves both
plasticity markers and cholinergic signaling in an AD mouse model.
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INTRODUCTION

According to the World Health Organization,
deaths by neurodegenerative disorders will soon sur-
pass that of cancer and will become the second
leading cause of death [1]. Among these brain disor-
ders, Alzheimer’s disease (AD) is the most common
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cause of dementia and disability. In addition to amy-
loid plaques and neurofibrillary tangles, the number
of synaptic densities, dendritic spines, and neuronal
activity is drastically reduced in the AD brain. The
underlying cause of this pathology is yet to be
determined, and treatment options focusing on phar-
maceutical interventions have limited effectiveness
[2, 3]. For this reason, any therapeutic strategy with
the ability to delay AD progression could make a
lasting positive impact on the lives of affected indi-
viduals. Just the delay of disease onset by 5 years
would substantially reduce the prevalence for those
who would convert [4].

The cholinergic system is notably disrupted in AD,
and thus cholinergic modulators serve as one primary
pharmaceutical intervention [5] with some success
in improving cognitive impairment in patients with
AD [6]. Specifically, cholinergic loss in the fore-
brain and cortex has been well documented in AD
and linked to disruptions in episodic memory and
executive function early within the progression of the
disease [7]. While cholinesterase inhibitors may pro-
vide symptom relief by decreasing the degradation
of acetylcholine, they do not address the underly-
ing cause in the loss of cholinergic function [2, 8].
Therefore, other treatment strategies that can main-
tain cholinergic neural health over simply increasing
the circulation of acetylcholine may prove to be more
fruitful.

One important component in maintaining cholin-
ergic cell function and plasticity is brain-derived
neurotrophic factor (BDNF) [9]. There has been doc-
umented evidence for a loss of regulation in frontal
BDNF in patients with AD [10] and in mouse mod-
els of AD [11]. Indeed, BDNF has been implicated
as an underlying mechanism of learning and mem-
ory, as well as brain health [12], especially within
the realm of neurodegenerative disease [13]. Given
that BDNF is implicated in maintaining the health
of forebrain cholinergic cells and overall memory
performance, and both of these have decreased sig-
naling with AD [14], it is imperative to investigate
treatment mechanisms that can mitigate these physi-
ological alterations.

One promising new avenue of therapeutics for neu-
rocognitive health is noninvasive brain stimulation,
such as repetitive transcranial magnetic stimulation
(rTMS). This technique modulates neural excitabil-
ity and transmitter release through application of an
alternating magnetic field to the head. Clinical trials
have begun to show improved language [15, 16] and
memory [17] in patients with AD and mild cognitive

impairment (MCI). However, although there has been
some insights into how rTMS influences brain func-
tion, this has yet to be fully investigated [18]. rTMS
is thought to induce changes in plasticity primarily
through BDNF [19, 20]. This technique is believed to
influence cognition and BDNF signaling in aged mice
[21] as well as cognitive function and cholinergic
activity in a rat model of vascular dementia [20, 22].
Therefore, it is possible that rTMS improves choliner-
gic and neurotrophic signaling in AD. Thus, we aimed
to determine such mechanisms in a mouse model of
AD, where direct biochemical measurements can be
made.

The aim of this study was to test the hypothesis
that rTMS will alter BDNF expression and choliner-
gic signaling in the 3xTgAD mouse model of AD. The
female 3xTgAD mouse readily exhibits both plaques
and tangles as well as cognitive dysfunction by 12
months of age or sooner [23] and is therefore a rel-
evant model in which to test this hypothesis. rTMS
provides direct stimulation to cortical areas of the
brain and could be expected to directly modulate
cortical function [24]. We therefore focused our anal-
yses on cortical samples. Additionally, although most
treatment regimens are provided daily, some clinical
trials show a delayed effect in cognition [25], while
other show a benefit for either 4 weeks or 2 weeks
of stimulation [26]. Treatment timing has yet to be
fully explored and increasing the temporal allocation
between treatment sessions may allow more time for
the brain to respond to stimulation. Therefore, we
completed two treatment protocols, one daily treat-
ment for 2 weeks and one twice-weekly treatment
over 6 weeks. Treating mice daily for 14 days fit with
previous mouse rTMS protocols [24, 27, 28], whereas
twice weekly for six weeks is designed to recapitu-
late clinical practice where patients cannot come to
the clinic everyday but are encouraged to finish their
regimen by six weeks [29]. This allowed us to test the
secondary hypothesis that spacing treatments results
in augmented biochemical effects compared to daily
treatment.

MATERIALS AND METHODS

Stimulation

We used 12-month-old 3xTgAD mice and their
B6129SF2/J wild type (B6) controls (Jackson Lab-
oratories) for our experiments. All procedures were
carried out in accordance with the approved guide-
lines of the institutional and animal care and use
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committee at the Department of Veterans Affairs,
Palo Alto. Mice were housed in groups in a temper-
ature and humidity-controlled environment that was
maintained on a 12-h light/dark cycle, with ad libitum
access to food and water. Analyses involving differ-
ent brain regions were carried out on the same mice
rather than having a different mouse per region.

12-month-old female 3xTgAD mice and their wild
type B6 controls first underwent surgery to attach a
coil support to the skull. This support is used to place
the rTMS coil for stimulation in freely moving mice.
The surgical procedure follows that of Madore et al.
[24]. Briefly, mice are anesthetized using 3% isoflu-
rane, and a 2–3 cm incision is made into the scalp.
The peritoneum is scraped away, and the coil sup-
port is attached to the skull in a fixed location over
Bregma as the frontal stimulation site via LockTite
glue and dental cement. The skin was sutured together
around the coil support, and the mice were allowed
to recover for 5 days following surgery. Mice were
then habituated to the coil over the course of three
days prior to beginning the stimulation protocol. For
stimulation, the coil is placed over the coil support
and clipped into place. Stimulation ran at 10 Hz, and
20 V for 10 min. For the sham condition, the coil was
attached to the coil support for 10 min but no stimu-
lation was administered. Mice were stimulated every
day for 2 weeks, or twice a week for 6 weeks. The
total number of mice used in this study was 103: B6
rTMS 2 weeks = 15, B6 Sham 2 weeks = 13, B6 rTMS
6 weeks = 14, B6 Sham 6 weeks = 12, 3xTgAD rTMS
2 weeks = 12, 3xTgAD Sham 2 weeks = 12, 3xTgAD
rTMS 6 weeks = 14, 3xTgAD Sham 6 weeks = 11.
The 3xTgAD model produces fewer mice per lit-
ter and are less likely to live a full 12 months thus
we had slightly less 3xTgAD mice than B6 for this
study.

After finishing the stimulation protocol, we col-
lected vaginal samples to determine estrus cycle stage
of each mouse via vaginal cytology. One day after the
end of the experimental protocol, mice were perfused
with PBS and the brains extracted. The frontal and
temporal cortices were separated, and flash frozen
on dry ice. Alternatively, the brain was fixed in 4%
paraformaldehyde for 48 h and transferred to 30%
sucrose prior to slicing at 30 �m on a cryostat.

A small number of 3xTgAD mice (n = 4) received
daily injections of the TrkB blocker ANA12 (Sigma)
at 0.5 mg/kg or vehicle control of saline 0.5% DMSO,
2 h prior to two weeks of rTMS or sham treatment.
ANA12 was first dissolved to 5 mg/mL in DMSO
at 60◦C and then further diluted to 50 �g/mL for

injection. Other than the daily injections, these mice
were treated the same as the 2-week stimulation
group. Only the 3xTgAD mice were utilized for this
condition because our results (below) showed that
this was the only group that had consistent effects
on of rTMS on both BDNF and acetylcholinesterase
(AChE) measurements.

Additionally, we did all biochemistry analyses on
a set of 4 naı̈ve mice from each group to measure
any baseline differences between the 3xTgAD and B6
mice that exist without the perturbations of surgery.

Immunohistochemistry

To ensure that the 3xTgAD mice did develop
plaques and tangles, we performed a co-stain for
A� and phospho-tau using A� peptides antibody
(1:1200, Cell Signaling) and AT8 (1:1200, Ther-
moFisher), respectfully. Briefly, 30 �M floating
slices from the entire brain were rinsed in PBS prior to
permeabilization in PBS containing 0.3% triton and
blocking in 10% goat serum. Slices were incubated
in the primary antibodies overnight at 4◦C for 24 h,
rinsed in PBS, and the secondary antibodies were
applied for 1 hr at room temperature. DAPI was added
at final rinse, then the slices were mounted and cov-
erslipped (Fluoromount, Invitrogen) for imaging on a
Keyence microscope. Quantification for plaques and
tangles were carried out in ImageJ software, where
the number of positive cells were tabulated in corti-
cal regions and normalized to the total area of each
region counted. Overall, the quantification resulted
in skewed data (Kolmogorov-Smironov test), so we
took the square root of the raw numbers to avoid
violation of the normality assumption in subsequent
statistical analyses. All regions were quantified in the
same mice; thus we have multiple measurements per
mouse.

BDNF measurements

For RNA extraction, temporal cortical pieces were
first homogenized in Trizol (50 mg/mL) and spun at
12,000 × g for 5 min at 4◦C. To separate out the RNA,
chloroform was added at 1/3 of the supernatant vol-
ume into a phase lock gel heavy separation column
and spun at 12,000 × g for 5 min at 4◦C. The fraction
containing RNA was removed and precipitated out
with isopropanol. This RNA was rinsed with ethanol
and resuspended in RNAase-free water containing
1% DNAse. RNA purity was quantified via nan-
odrop. 1 �L of the RNA was subsequently converted
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to cDNA in 10 �M oligo primers, 1x reverse tran-
scriptase, and 10 mM dNTPs at 42◦C for 1 h and 85◦C
for 5 min. For qPCR, pan-BDNF (Mm04239607 s1)
and GADPH (Mm99999915 g1) primers from the
TaqMan gene expression assay were utilized in accor-
dance with the given protocol. The total reaction
volume was 20 �L (2 �L cDNA, 10 �L 2x Taqman
Master Mix 1 �L primer, 7 �L nuclease free water) in
a 96-well plate with coverfilm on a real-time qPCR
cycler (Stratagene). qPCR was performed on these
samples in the following phases: activation for 10 min
at 95◦C, followed by 40 cycles of 95◦C for 15 s, and
60◦C for 1 min. Standard curves and cycle thresh-
old (Ct) were generated using standards obtained
from total mouse brain RNA and the ddCt−2 method
[30], using GADPH as the housekeeping gene, was
utilized to determine relative gene expression differ-
ences between treatment and sham conditions.

Acetylcholine assays

The frontal cortex was homogenized in saline
containing 0.1% tween at 20 mg/400 �L (w/v) and
spun at 5000 × g for 30 min. The supernatant was
used for both the Ellman’s acetylcholinesterase assay
(ABCAM) and the choline acetyltransferase (ChAT)
assay (AntibodiesOnline) in accordance with the
instructions provided by the manufacturers. The Ell-
man’s assay was run in duplicate, where samples were
mixed with acetylthiocholine and DNTP for 30 min
before reading. Activity of AChE was calculated in
comparison with a set of standards ranging from
1 mU/mL to 1000 mU/mL. Samples for ChAT were
also run in duplicate using ELISA-based approach
and compared to standards ranging from 0.78 ng/mL
to 50 ng/mL. Measured ChAT and AChE levels were
normalized to bicinchonic acid (BCA) as measured
via a BCA assay kit according to the manufacturer’s
instructions (Pierce BCA Protein Assay Kit, Ther-
moFisher).

RESULTS

3xTgAD model evaluation

Given that only female mice were utilized, we
checked for an association between estrus cycle and
our variables of interest. The estrus cycle stages
were not associated with experimental condition
(p = 0.499) nor any of the variables of interest (ChAT:
p = 0.436, AChE: p = 0.915 BDNF qPCR: p = 0.747),
so controlling for this variable was deemed unneces-
sary and thus was excluded from analysis.

Fig. 1. Examples front and midbrain coronal slices of 3xTgAD
mice taken at 2x magnification in the 2-week and 6-week treat-
ment groups showing greater A� plaque accumulation (red) in
the 6-week group as compared to the 2-week group (blue = DAPI,
red = A�). The largest change in plaque load found in the septum
as shown in the frontal slices.

Additionally, we evaluated all our 3xTgAD mice
for plaque and tangle load to ensure the model
correctly exhibited the AD phenotype. Stain quantifi-
cation for the dorsal cortex, ventral cortex, septum,
hippocampus, amygdala, and subiculum for each
mouse revealed that the 3xTgAD mice did develop
both plaques and tangles in the expected regions.
Quantification revealed there were no consistent dif-
ferences between rTMS and sham groups for both
treatment conditions. However, multivariate analysis
showed an overall increase in plaque load for the 6-
week group (M = 7.94, SD = 3.40) when compared to
the 2-week stimulation group (M = 6.02, SD = 3.64),
presumably because of the age difference (p < 0.0005,
Pillai’s Trace = 0.50). Further investigation found that
although there was a trend toward significance in the
dorsal cortex (p = 0.068, etasq = 0.08) this result was
driven by a significant effect in the septum (2 weeks:
M = 0.60, SD = 0.57; 6 weeks: M = 4.04, SD = 2.79;
p < 0.0001, etasq = 0.48). Figure 1 provides an exam-
ple of the plaque accumulation in these mice in the
2-week and 6-week groups. No significant results
were found for the tau quantification in any region.

We measured BDNF gene expression and cholin-
ergic function on a small number of naı̈ve mice to
measure a difference between the AD model and
the B6 controls at baseline. BDNF gene expres-
sion for the naı̈ve 3xTgAD mice was downregulated
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Fig. 2. BDNF gene expression calculated using the ddCt2 method
of the 2-week and 6-week groups for the B6 and 3xTgAD groups.
Error bars represent the standard error; ∗p < 0.05, ∗∗p < 0.01. Sam-
ple size per group are as follows: B6 rTMS 2 weeks = 15, B6 Sham
2 weeks = 13, B6 rTMS 6 weeks = 14, B6 Sham 6 weeks = 12
3xTgAD rTMS 2 weeks = 12, 3xTgAD Sham 2 weeks = 12,
3xTgAD rTMS 6 weeks = 14, 3xTgAD Sham 6 weeks = 11.

relative to the B6 mice (ddCT2 = 0.73, SD = 0.19).
Additionally, 3xTgAD naive mice showed and over-
all lower level of ChAT (B6: M = 0.49, SD = 0.09;
3xTgAD: M = 0.37, SD = 0.05) and AChE (B6:
M = 8.51, SD = 4.59; 3xTgAD: M = 7.75, SD = 4.15).
These differences were not statistically significant
due to the small sample size (n = 4 per group) of
this preliminary data, but is consistent with the liter-
ature [9, 14, 31, 32]. Given the findings that our mice
showed a trend for a loss of function that is consis-
tent with previous findings and thus a suitable model,
we assessed for differences between sham and rTMS
in full experiment groups to determine if stimulation
may help boost such deficits.

BDNF gene expression in sham versus rTMS
conditions

BDNF gene expression remained unchanged in the
B6 group that received 2 weeks of daily rTMS treat-
ment but was significantly upregulated in the 6-week
rTMS group as compared to sham (p = 0.045). For
the 3xTgAD group, there was an upregulation in both
the 2-week (p = 0.048) and 6-week group (p = 0.007),
with a trend towards a higher fold expression change
in the 6-week group (Fig. 2).

Cholinergic function in sham versus rTMS
conditions

There was a significantly lower level of AChE
activity for the 3xTgAD 6-week sham group com-
pared to the B6 sham group (p = 0.02), while the

2-week group was trending in the same direction
(p = 0.18). This is consistent with the notion that there
is a deficit in AChE in the 3xTgAD mice. No differ-
ences were found for the ChAT sham groups when
comparing 3xTgAD and B6 mice for two (p = 0.83)
and six weeks (p = 0.22).

Associations between BDNF gene expression
and cholinergic function

Under the notion that increased BDNF gene
expression could be related to improved choliner-
gic functioning, we ran separate ANOVAs for the
2-week and 6-week groups on our acetylcholine mea-
surements. For the AChE data (Fig. 3a), there was a
significant interaction between condition and geno-
type for 2 weeks (F(1,46) = 5.44, p = 0.02), while the
effect in the 6-week group was marginally signif-
icant (F(1,42) = 4.829, p = 0.06). These interactions
reflected an increase in AChE activity in the 3xTgAD
group who received rTMS as compared to sham,
while there were no differences in the B6 groups
(Fig. 3). There was no change in ChAT expres-
sion with brain stimulation in the 2-week group (all
Fs < 1). The 6-week group also had no significant
effects (all Fs < 1). Although the mean ChAT levels
did show a trend for an increase in ChAT activity for
the 3xTgAD group who received stimulation relative
to sham, this was not significant (Fig. 3b).

To further test if there is an association between
BDNF and cholinergic signaling, we ran a simple
correlation between the qPCR and AChE data. First,
the values for the AChE rTMS groups were normal-
ized to the mean of the B6 sham group to allow for
a comparison with the calculated ddCt2 (Fig. 4a).
The Pearson coefficient was significant in the positive
direction (r = 0.32, p = 0.02). Including both geno-
type and stimulation time into a linear model did
not alter the significance of the relationship between
BDNF gene expression and AChE activity (p = 0.02),
while both genotype (p = 0.83) and treatment time
(p = 0.86) did not significantly contribute to the vari-
ance. Thus, regardless of genotype and treatment
regimen, we found a positive relationship in the
biochemical response to treatment for BDNF gene
expression and AChE activity.

Finally, we measured AChE on the 3xTgAD mice
who were injected with ANA12 or vehicle control
before rTMS or sham treatment. The 3xTgAD mouse
model was chosen because it showed a significant
effect of rTMS on AChE as well as BDNF. With a
small sample size (n = 4), no effects were significant,
but overall, the ANA12 was associated with lower
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Fig. 3. a) AChE and b) ChAT activity for both the B6 and 3xTgAD mice in the 2-week and 6-week groups. Error bars represent the standard
error; ∗p < 0.05. Sample size per group are as follows: B6 rTMS 2 weeks = 15, B6 Sham 2 weeks = 13, B6 rTMS 6 weeks = 14, B6 Sham 6
weeks = 12 3xTgAD rTMS 2 weeks = 12, 3xTgAD Sham 2 weeks = 12, 3xTgAD rTMS 6 weeks = 14, 3xTgAD Sham 6 weeks = 11.

Fig. 4. a) Scatterplot showing the relationship between BDNF gene expression and AChE activity normalized to sham in response to rTMS
treatment for both genotypes and treatment conditions. b) AChE activity normalized to total protein as measured via bicinchonic acid (BCA)
for 3xTgAD mice (n = 4) treated with either the TrkB blocker ANA12 or Vehicle 2 hrs before rTMS or Sham daily for two weeks.

AChE levels as compared to the vehicle (Fig. 4b).
There a was modest increase in AChE at 120% of
sham in the Vehicle condition, but no difference
between sham and rTMS in the ANA12 condition
(103% of sham).

DISCUSSION

This study aimed to investigate if rTMS can be
a useful treatment tool for AD through improving
BDNF and cholinergic signaling. Analysis of cortical
samples showed that rTMS does increase BDNF gene
expression and AChE activity, regardless of the treat-
ment schedule. For the B6 mice, rTMS did increase
BDNF gene expression but only in the group that
received two treatments a week for 6 weeks, and not
in the group that received daily treatments for two
weeks. Additionally, we found a correlation between
BDNF gene expression and AChE in response to
treatment, which was not modulated by genotype or
treatment timing, while blocking the BDNF TrkB
receptor trended towards a reduction in the AChE

response to rTMS. Although future research is needed
to solidify these findings, these data argue in favor
for rTMS as a therapeutic option for AD, as it can
increase BDNF gene expression and AChE activity,
both which are related to cognitive decline in AD
[33, 34].

BDNF has previously been shown to be a major
factor in the effects of rTMS and is an important
signaling component in cellular health and plasticity
[35]. It has been shown to play a vital role in the health
of cholinergic neurons, which degrade early in the
onset of AD [36]. Although this study does not deter-
mine the specific pathway between rTMS, AChE, and
BDNF, it does establish an important relationship that
should be investigated further for mitigating the loss
of neurons in AD. A noninvasive nonpharmaceutical
alternative to AD treatment that can boost neurotrans-
mitter signaling and, in turn, cognitive functioning
would be critically important in improving the quality
of life for patients.

Although we found an increase in cortical AChE
activity, we did not find a concurrent significant
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increase in ChAT. This is consistent with the notion
that rTMS increases acetylcholine levels, although
future research should more directly measure changes
in acetylcholine with brain stimulation. A larger sam-
ple size may be able to uncover a more consistent
relationship between ChAT and rTMS. Indeed, previ-
ous studies have shown that AChE has higher activity
levels than ChAT in rodents [37], so a larger sample
size may be needed to uncover a more subtle effect.
However, increasing acetylcholine levels by modu-
lating AChE rather than ChAT is the main target of
most AD drugs [38], as this enzyme is more abun-
dant, while ChAT requires a regular supply of choline
[39]. Therefore, our findings of increased AChE and
a trend of increase ChAT remains an important effect
of rTMS.

The association between AChE and BDNF in
terms of brain stimulation is a novel finding but is
well aligned with other potential AD treatments. For
example, vitamin D and apelin-13 have been found to
regulate AChE through the actions of BDNF in AD
[40, 41]. Indeed, similarly to the present study, previ-
ous research has shown a correlation between cortical
AChE and BDNF [40], and is in alignment with the
notion that BDNF is important for cholinergic health
[9]. Data from the current study also show that block-
ing the action of BDNF does has a negative effect
on AChE activity. These results must be taken with
caution given the small sample size and lack of sta-
tistical significance, but future studies will hopefully
further elucidate this relationship. Therefore, meth-
ods that boost cellular health and plasticity through
BDNF will likely lead to improved brain function in
AD patients. One primary advantage for rTMS is it
is less invasive and likely has fewer side effects than
any pharmaceutical intervention.

The current study begins to demonstrate that a
longer temporal allocation of treatment sessions is
a viable option and has interesting implications for
treatment regimens for human clinical trials. We rec-
ognize that the daily treatment group overall received
two more treatment sessions than the 6-week group
(14 versus 12), but our significant and positive results
shed light on the importance of timing. Given the dis-
crepancy in total treatment sessions, the current study
is limited in its ability to directly and comprehen-
sively compare the two treatment timings here, but
the results from the 6-week group provide promis-
ing evidence that different timing options may be
more efficacious. This opens the door for a dia-
logue related to treatment regimens in patients with
AD or other diseases in terms of reducing cognitive

decline and delaying the onset of late-stage AD. The
next relevant step would be to test for behavioral
or memory performance differences between a daily
treatment, a twice weekly treatment, or even another
periodic timeframe. Six weeks is relatively long in
the mouse lifespan of approximately 2 years or less
in the 3xTgAD model [42]. Given how important it
is to delay the conversion from MCI to AD, future
research should determine if rTMS could be used as
a maintenance treatment once a week, or less often, to
reduce decline and chances of conversion from MCI
to AD.

Overall, this data provides encouraging evidence
for the use of rTMS as a therapeutic tool for neuro-
degeneration. Increased cortical BDNF and acetyl-
choline signaling will likely be accompanied by
improved neuroplasticity [43, 44] and even cognitive
functioning [45]. The next steps include solidifying
the biochemical chain of activation between BDNF
and AChE and relating this to behavioral measure-
ments. Additionally, the systematic investigation of
the optimal treatment regimen, in terms of timing,
location, and amplitude is very much needed [46,
47]. The combination of basic research, such as the
current study, with clinical trials aimed at answering
these issues will result in heightened treatment effi-
cacy and thus the improvement in patient quality of
life.
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