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Abstract: Alzheimer's Disease (AD) presents a significant challenge in the wake of its multifaceted
nature, characterized by cognitive decline, memory impairment, and neuroinflammation. Despite
extensive research, effective pharmacological interventions remain elusive, prompting exploration
into non-pharmacological approaches. Microcurrent therapy (MC), utilizing imperceptible currents,
has emerged as a potent clinical protocol. While previous studies have focused on its therapeutic
effects, this study investigates its impact on neuronal damage and neuroinflammation in an AD
mouse model, specifically addressing potential side effects. Utilizing 5xFAD transgenic mice, we
examined the effects of MC therapy on neuronal integrity and inflammation. Our findings suggest
that MC therapy attenuates memory impairment and reduces neurodegeneration, as evidenced by
improved performance in memory tests and preservation of neuronal structure. Additionally, MC
therapy significantly decreases amyloid-beta (A() plaque deposition and inhibits apoptosis,
indicating its potential to mitigate AD pathology. Our study discovered that MC therapy effectively
reduces glial activation by inhibiting the TLR4-MyD88-NFkB pathway, consequently leading to
decreased levels of inflammatory factors TNF-a, IL-1f, and IL-6, thus implicating TLR4 in
neurodegenerative disease-related neuroinflammation. Furthermore, while our study did not
observe significant adverse effects, further clinical trial into potential side effects and
neuroinflammatory responses associated with MC therapy is warranted.
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1. Introduction

Alzheimer's Disease (AD) is a multifaceted neurodegenerative disorder that plagues millions
across the globe[l]. It is characterized by a relentless decline in cognitive function, debilitating
memory impairment, and a significant component of neuroinflammation [2]. The complex interplay
of these factors compounds the challenges in developing effective treatments. Despite many reports,
the quest for pharmacological interventions that can decisively treat AD remains unfulfilled. The
limitations of existing pharmacological treatments, which often carry side effects, have stimulated a
shift towards non-pharmacological protocols. In response to this impasse, the study needs to turn its
sight toward innovative non-pharmacological approaches.

The onset of AD is influenced by an extensive variety of parameters, and many pathogenic
processes have been identified. According to the AP hypothesis, the AB-protein is perceived as the
primary factor influencing the occurrence of AD [3]. According to prior research, Af impacts the
brain tissue of individuals with initial AD to a heightened extent in contrast to people with optimal
health conditions. This has a damaging impact on brain neurons, resulting in their degeneration or
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death [4]. According to the tau protein abnormal modification hypothesis, atypical alteration of tau
proteins induces the loss of tubulin's structural functioning, which subsequently causes microtubules
to disintegrate, thus inhibiting the usual transport activities of nerve terminals and neuronal cells.
This may eventually lead to degenerative changes in the synaptic and neuronal systems [5]. The core
of AD patients' cholinergic system displays evident degradation and abnormalities, as described by
the cholinergic system damage hypothesis. These findings are compatible with the medical signs of
AD patients [6]. The disrupted equilibrium between the body's peroxide and antioxidant systems,
instigating excessive synthesis of peroxides and oxygen-free radicals, is referred to as "oxidative
stress,” which harms the brain cells [7]. The primary reason for nerve impairment in AD patients can
be attributed to the death of brain neuronal cells, which is regarded as the ultimate step in many
hypotheses pertaining to the pathophysiology of AD. Corresponding research indicates that neuronal
cell death in AD patients is mostly caused by AP accumulation, oxidative stress, and malfunctioning
mitochondoria [8]. There is currently no effective therapy for AD as a result of its diverse and complex
processes, thus initiating for further exploration of significant medical protocols.

Recent studies have increasingly demonstrated alterations in immune system functionality in
Alzheimer's Disease (AD) cases [9]. Notably, AD patients exhibit significant chronic
neuroinflammation, contributing to immune system dysregulation [10]. Toll-like receptors (TLRs), a
group of highly conserved receptors governing innate immune responses [11], have increased
attention in neurodegenerative disease research. Among the 13 mammalian TLRs, Toll-like receptor
4 (TLR4) has been extensively investigated in this context. TLR4 can initiate downstream signaling
via both MyD88-dependent and MyD88-independent pathways [12]. The nuclear factor kappa B
(NFkB) promoter, responsible for transcribing inflammatory mediators such as TNF-a, interleukin
1B (IL-1B), and interleukin 6 (IL-6), is a downstream effector of TLR4 [13]. In the central nervous
system, TLR4 is predominantly expressed in glial cells, with minimal expression in neurons [14].
Upregulation of TLR4 has been observed in the brains of both AD patients and AD model mice [15].
The presence of toxic A3 activates glial cells and enhances their phagocytic activity via TLR4 [16].
Given the observed alterations in TLR4 during AD progression, targeting this receptor represents a
promising method for overcoming AD. Indeed, studies have shown that TLR4 suppression exerts a
protective effect in AD pathology through its anti-inflammatory mechanism [17,18].

We reported that our research highlights the potential of microcurrent therapy as an alternative
non-pharmacological intervention for mitigating cognitive decline and neuroinflammation in
Alzheimer's Disease. Microcurrent stimulation therapy is a treatment method that uses a current of
less than 1000 pA, which can hardly be felt by the human body, and is measured in mA units [19].
This therapy holds promising the nonpharmacological therapeutic modalities in the treatment to AD,
shedding light on the value of developing unconventional therapeutic modalities. Thus, we
investigated that determining the clinical point balance between maximizing therapeutic effects and
minimizing potential neuronal damage is crucial.

2. Materials and Methods

2.1. Chemicals and Antibodies

Here is the information regarding the chemicals and antibodies utilized in the procedure:
Cresyl violet (C5042, Sigma Aldrich, St. Louis, MO, USA), Thioflavin T (T3516, Sigma Aldrich),
Amyloid-{ (sc-53822, 1:500, Santa Cruz, Dallas, TX, USA), B-actin (sc-8432, 1:1000, Santa Cruz), NeuN
(MAB-377, 1:100, Merck, Darmstadt, Hessen, Germary), Caspase-3 (cs-9661, 1:500, Cell signaling,
Danvers, MA, USA), TNF-a (sc-52746, 1:1000, Santa Cruz), IL-1f3 (sc-7884, 1:1000, Santa Cruz), TLR4
(sc-293072, 1:1000, Santa Cruz), TRAF6 (sc-8409, 1:1000, Santa Cruz), MyD88 (sc-74532, 1:1000, Santa
Cruz), p-NF-Kb (MA5-15160, ThermoFisher, Waltham, MA, USA), Anti-goat mouse (ADI-SAB-100-
J, 1:4000, Enzo Life Sciences, Farmingdale, NY, USA), Anti-goat rabbit (ADI-SAB-300-], 1:4000, Enzo
Life Sciences), ABC kit (PK-6100, Vector, Newark, CA, USA), DAB kit (SK-4100, Vector).
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2.2. Microcurrent Therapy

Microcurrent was administered at the designated intervals in accordance with the particular
time frame established for every group in order to assess its potential medicinal benefits. With this
configuration, the electricity passed through the mice's feet that were in touch with the cage surface,
thus allowing the flow of current to their brains. Corresponding to the application of microcurrent in
humans during the day when they are active, the passage of current in mice was done during the
night hours to coincide with their active nocturnal routines. Besides the existence of different
waveforms, Kim et al.'s research [20] pointed out that despite the effectiveness of each waveform, the
stepform waveform had a particularly notable impact on clinical measures including cognition and
Alzheimer's-linked protein synthesis among mice. Resultantly, we opted for the microcurrent
featuring wave superposition and a stepform waveform of 0, 1.5, 3, and 5 V. The base frequency of 7
Hz with an extra 44 kHz frequency superimposition was set, along with the 5V voltage and the
microcurrent with a magnitude of 1 pA (250 ohm).

2.3. Animals

We acquired transgenic mice bearing the B6SJL Tg (APPSwFlLon, PSEN1*M146L*
L286V)6799Vas/Mmjax strain from Jackson Laboratory located in Bar Harbor, ME, USA. Both female
WT and Tg-5xFAD AD mice were employed for this study and were assigned different groups. The
mice were exposed to microcurrents starting at 1.5 months of age, implying the underdeveloped
condition of their brains. The initiation of genetic advancement of Af3 aggregation in Tg-5xfaD AD
mice renders it a critical phase. The Institutional Animal Care and Use Committee accorded
permission for conducting these experiments (IRB no.: DCIAFCR-230329-06-YR). We adhered to
every official and global standard concerning the treatment of animals. After 7 days of adaptation,
the sample group comprising Tg-5xFAD mice underwent random segregation as the AD model
group or the microcurrent plus AD model group (n=5 in each group). Additionally, mice were
randomized into the microcurrent + NC group (n =5 per group) or the normal control (NC) group.
The therapy was followed by behavioral and biochemical analysis.

2.4. Novel Object Recognition Test (NOR)

Prior to the training; the mice were kept in a testing chamber at 23+1°C and 50%-60% humidity
with food and water available at all times for an entire night, and were subjected to a twelve-hour
light-dark cycle. Two circular filter units with identical heights and diameters (27 and 33 mm,
respectively) were placed within the chamber throughout the training session. Subsequently, the
mice were left for 10 minutes to explore the chamber. Next day; a 30 mm long plastic cone with a
diameter of 25 mm was used to replace an originally placed item. The object recognition was defined
on the basis of the duration required to touch or smell the newly placed item in a span of five minutes
[21]. The recording and analysis of the training and the assessment of the trials was done through
EthoVision XT8.5 [22].

2.5. Radial Arm Maze Test (RAM)

The microcurrent treatment was preceded as well as succeeded by a neurocognitive RAM
assessment of mice groups, comprising normal and non-Tg wild-type samples. As previously
mentioned, an eight-arm radial maze was utilized to assess spatial operational memory [23]. The
distal end of each arm was furnished with a single reward cup on top of a platform. Initially, for a
span of three days, all the mice were subjected to habituation training sessions for 10 minutes'
duration on the radial arm maze. Throughout the experiment, the mice were given access to open
arms after being acclimated with their two arms baited and placed 135 degrees apart for being
searched. Only the visit of the mice and their subsequent consumption of the baited food cup were
counted as an accurate response. The revisit of the mouse to an arm that was either unbaited or was
baited before was deemed a visiting mistake, which implies an inaccuracy of spatial functional
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memory [24]. These performance metrics were collected prior to as well as after the microcurrent
therapy, and the data were evaluated through ANOVA to identify the deviations.

2.6. Tissue Preparation

The mice were sacrificed for brain tissue retrieval following two months of behavioral screening
subsequent to microcurrent therapy. Regarding the histology study, the right hemispheres of three
mice (per group) were immersed in RNA at 4°C overnight, while the left hemispheres were kept in a
4% paraformaldehyde solution. The hippocampal tissue was removed from the brain prior to its
freezing at -80°C for subsequent PCR and microarray evaluation. Three mice per group were chosen
for dissection of their hippocampal and entorhinal cortex for Western blotting assessment, in
accordance with Paxinos and Franklin mapping [25].

2.7. Nissl Staining

All mice were sacrificed under anesthesia at the end of the experimental period, and the
hippocampal and cortical tissues were immediately isolated on ice and stored at -80°C for further
analysis. Three mouse brains from each group were perfused intracardially with PBS (pH 7.4) and
fixed in 4% paraformaldehyde. Brain paraffin blocks (5-um thick) were prepared. The section slides
were deparaffinized in xylene and hydrated with a series of graded ethanol. To quench endogenous
peroxidase activity, slides were treated with 0.3% hydrogen peroxide in methanol for 25 min and
briefly rinsed in PBS. For Nissl staining, slides were immersed in 1% cresyl violet acetate solution,
washed with water, and dehydrated through 90% and 100% ethanol for 5 min before mounting in
xylene.

2.8. Thioflavin-T Staining

The protocol involves treating tissue slides with xylene and graded ethanol to deparaffinize and
hydrate them. Then, incubate them in filtered Thioflavin-T (25 uM) for 8 minutes, protecting from
light. After washing, coverslip with mounting media and allow drying overnight. Seal with nail
polish the next day. Analyze within days-weeks as staining fades over time. Store slides in the dark
at 4°C [26].

2.9. Immunohistochemistry

Sections’ immunostaining was carried out using a Vectastain Elite ABC kit purchased from US-
based Vector Laboratories Inc. To retrieve the antigen, the first step entailed placing these sections
inside citrate buffer before being boiled inside the water for half an hour. In terms of
immunoperoxidase labeling, 0.3% H>O: was used to block endogenous peroxidase in methanol at
room temperature for around fifteen minutes. Regarding immunohistochemistry, the blocking of
sections was done using horse serum before being incubated at 4°C for one night with antibodies.
After being incubated with mouse IgG or biotinylated goat anti-human at RT for 30 minutes. This
was followed by immunoreaction with a peroxidase complex avidin-biotin-based) at RT for half an
hour. The DAB kit was used to develop the peroxidase reaction. In all experiments, it was seen that
the primary antibody would be omitted for some sections counterstained using the hematoxylin of
Harris before being mounted. Each positive cells counting were quantified by using the Image ]
program (Java-based image processing program, NIH, Bethesda, MD, USA).

2.10. Analysis of Western Blot

Total proteins from cells were extracted in RIPA buffer (50 mM Tris-Cl, pH 7.4; 1% NP-40; 150
mM NaCl, and 1 mM EDTA) before being supplemented with protease inhibitors (1 mM PMSF, 1
pg/ml aprotinin, 1 pg/ml leupeptin, and 1 mM NasVOs) and then quantified using the Bradford
method. Protein samples (30 pg) were separated by SDS/polyacrylamide gel electrophoresis and
transferred to a nitrocellulose membrane used as described previously [27].
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2.11. Statistical Analysis

Statistical significance was determined using Tukey's method with one-way ANOVA.
Differences were deemed statistically important in case the P value was lower than 0.001 or0.05.
('p<0.05; *P < 0.01; *P < 0.001).

3. Results

3.1. Ameliorating Effects of MC Therapy on Memory Impairment in an AB-Induced Mouse Model of AD

5xFAD AD-mice were used to examine whether MC was capable of enhancing impaired
memory. Figure 1A presents a brief outline of the research methodology. To compute the percentage
recognition index, the ratio of the time spent examining the novel object to the time when 5xFAD AD
could identify familiar objects during the testing period was used. In comparison to the control group,
the percentage recognition index increased substantially in the MC group. When the 5xFAD started
recalling the familiar objects more often, they became more intrigued to examine the novel object.
According to the findings, the greatest improvement in recognition memory performance was shown
by the group treated with MC (Figure 1B,C). Figure 1E demonstrates the hematologic profiles after a
single MC treatment was performed on 5xFAD mice. There was no change in any other hematological
factor and the body weight gain was found to be the same throughout the entire life of WT mice
undergoing MC treatment in comparison to control WT mice (Figure 1D,E).
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Figure 1. Microcurrent therapy attenuating memory impairment. (A) An illustrative representation
of the experimental process. (B) The novel object recognition task was performed on ApB-injected mice
and their control group (non-transgenic mice). The discrimination index was calculated as the
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percentage ratio of TB/ (TA + TB) x 100, where TA represents the familiar object and TB represents the
novel object. (C) Spatial memory was assessed using the Radial Arm Maze test. (D) The body and
brain tissues of the mice were weighed at the conclusion of the final experiment (after 7 weeks). (E)
The hematological parameter of the mice were analyzed at the conclusion of the final experiment
(after 7 weeks). Data are presented as mean +SEM.ANOVA with post hoc Tukey’s test was used. *
p<0.05, *%P<0.01 vs. the AD model group.

3.2. MC Therapy Decreased Ap Levels and Amyloid Burden in the Cortex and the Hippocampus of 5xFAD
AD Mice

The impact of MC therapy on Af3 pathology in the brain of the 5xFAD AD mice was studied by
using the immunohistochemical analysis (Figure 2A,B) and thioflavin-T staining (Figure 2C,D) to
examine the A plaque. It was seen that in the frontal cortex and the hippocampus regions, there was
a low expression of AB-positive proteins in the NC group, while it was upregulated in the AD model
group and inhibited in the group undergoing MC treatment. The findings of the quantification
analysis demonstrated that there was a substantial decrease in the amount of Af immunolabeled cells
in the cortex and the hippocampus of the MC-treated group in comparison to the AD model group.
The regions covered with Ap also exhibited a decrease of around 68% in the cortex and hippocampus
of the MC treatment group in contrast to the AD model group. Thioflavin-T staining, a fluorescein
that particularly attaches to amyloid deposits and can be excited to generate green fluorescence, was
used to show that the group treated with MC brings about a considerable decrease in the amount of
thioflavin-T positive plaques in the cortex as well as the hippocampus regions in comparison to the
AD model group. Compared to the AD model group, the MC-treated group decreased the plaque
load by 59% in the cortex and the hippocampus region, which showed that it was possible to bring
about a significant decline in A deposition in AD brains through MC treatment.
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Figure 2. MC therapy decreased brain AP levels and alleviated AP pathology in AD mice. (A)
Representative AfB-staining images in the cortex and the hippocampus of each group. Scale bar = 100
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cells. (B) The number of A immunolabeled cells per view and the covered area of A staining in the
brain of each group, n=>5 mice per group. (C) An example image of Af3 plaque immunoreactivity in
the cortex and the hippocampus of each group by thioflavin-T staining. Scale bar = 200 pm. White
squares indicate images with higher-magnification. (D) Quantification of thioflavin-T positive
deposits in the cortex and the hippocampus of the three groups, n= 5 mice per group. Data are
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presented as mean +SEM.ANOVA with post hoc Tukey’s test was used. *¥p<0.01, ***p<0.001 vs. the
AD model group.

3.3. MC Therapy Reduced Neuronal Loss and Inhibited Apoptosis in 5xFAD AD Mice

The impact of MC treatment on neuronal loss in the AD brain was examined by carrying out
nissl staining. The figure shows that in comparison to the NC group, a standard Alzheimer’s
pathology was exhibited by the 5xFAD AD mice, which involved loss of neurons, nucleus
contraction, and loss of Nissl bodies within the cortex and the hippocampus (Figure 3A,B). There was
a remarkable improvement in the cell organization in the MC treatment group, where the MC
treatment offered significant protection of 17% against neuron loss in the hippocampal CA1 region
in comparison to the AD model group. It is indicated by these findings that MC treatment is capable
of increasing the number of neurons and enhancing neuronal structures in the AD brain. Neuronal
marker NeuN IHC staining was carried out in the cortex and hippocampus to examine whether MC
has an impact on the number of neurons in 5xFAD mice (Figure 3C,D). A substantial decrease in
NeuN-positive cell number in the cortex and hippocampus of 5xFAD mice was observed in
comparison to WT mice. These findings were corroborated by evaluating the expression level of
stimulated caspase-3 in the brain of each group using immunohistochemistry. There was a substantial
increase in the number of activated caspase-3 immunolabeled cells and in the covered parts of
activated caspase-3 in the cortex and hippocampus of the AD model in contrast to the NC group
(Figure 3E). On the other hand, there was a significant decline in the number of activated caspase-3
immunolabeled cells in the cortex and hippocampus of the MC treatment group in comparison to the
AD model group. In contrast to the AD model group, there was a decrease of around 61% in the
covered regions of activated caspase-3 in the cortex and hippocampus of the MC treatment group (p
<0.01), which suggested that neuronal apoptosis can be suppressed by MC treatment.
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Figure 3. MC rescued neuronal loss and reduced activated caspase-3 expression levels in the brain of
AD mice. (A) Nissl-staining images in the frontal cortex and the hippocampus of the AD model, MC
and NC group. Scale bar =200, 50, 20 um. Neuronal loss in the hippocampal CA1 regions among the
three groups, n=>5 mice per group. (B) Thickness quantification in the hippocampal CA1 region. (C)
Representative figures of NeuN staining in the cortex and hippocampus. Scale bar = 200, 50 um. (D)
Quantification of neuronal content in the cortex and hippocampus from NeuN IHC staining results.
(E) Representative activated caspase-3 staining sections in the brain of the AD model, MC and NC
group. Scale bar = 100, 50 um. Black squares indicate images with higher-magnification. (F)The
number of activated caspase-3 immunolabeled cells per view and the covered area of activated
caspase-3 staining in the frontal cortex and the hippocampus of the three groups, n=>5 mice per group.
Data are presented as mean +SEM.ANOVA with post hoc Tukey’s test was used. *p<0.05, *¥p<0.01,
##kp<0.001 vs. the AD model group.
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3.4. Treatment with MC Exerts Anti-Inflammatory Effects on the Brains of 5xFAD AD Mice

The inflammatory response in the transgenic mice brain was quantitatively examined in the
cortex and hippocampus by evaluating the amount of the proinflammatory markers tumor necrosis
factor a (TNFa) and interleukin-1f3 (IL-1p). It was shown by Westen blotting that there was a
substantial increase in the levels of TNFa and IL-13 in the cortex and hippocampus of the transgenic
mice, and this increase was further enhanced by MC treatment (Figure 4A,B).
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Figure 4. Effects of MC on the inflammatory response in in the brain of AD mice. (A) Representative
immunoblots of IL-1B and TNF-a protein in 5x mice tissue. (B) Semiquantitative analysis of the
relative level of IL-13 and TNF-a by densitometric analysis. Data are presented as mean
+SEM.ANOVA with post hoc Tukey’s test was used. *p<0.05, *¥p<0.01, *#*kp<0.001 vs. the AD model

group.
3.5. MC Therapy Ameliorated Neuroinflammation through Reducing TLR4 in AD Mice Model

The TLR4 signaling pathway proteins were examined to further evaluate the possible method
forming the basis of the impact of MC treatment on AD pathology-related neuroinflammation. It was
determined that in 5xFAD mice, there were higher concentrations of TLR4, MyD88, TRAF6, and p-
NFkB in comparison to the WT mice (Figure 5A,B). The levels of TLR4, MyD88, TRAF6, and p-NF«B
decreased following MC treatment in comparison to the vehicle-treated 5xFAD mice. A significant
variation was also noted between the MC-treated mice and the control group.
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Figure 5. Effects of MC therapy on regulating the TLR4/TRAF6/MyD88/NF-kB axis to alter AD
proinflammatory cytokine levels. (A) Representative immunoblots of TLR4, TRAF6, MyD88, and NF-
kB p65 proteins in the 5x mice tissues. (B) Semiquantitative analysis of the relative levels of TLR4,
MyD88, and NF-kB p65 in (A) by densitometric analysis. All experiments were performed in
triplicate. Data are presented as mean +SEM.ANOVA with post hoc Tukey’s test was used. *p<0.05,
*%p<(0.01, ***p<0.001 vs. the AD model group.

4. Discussion

Alzheimer's disease (AD) is a complex neurodegenerative disorder marked by cognitive decline
and neuropathological alterations, including abnormal protein accumulation, neuronal loss, and
alterations in brain chemistry [28]. These results showed AD difficult to treat comprehensively.

The evidences from various studies suggest that MC therapy has in mitigating neuronal damage
associated with neurodegenerative disorders such as AD. Our research indicates that MC therapy
effectively preserves neuronal integrity, reduces apoptosis, reduces oxidative stress, and potentially
modulates neuronal excitotoxicity. These findings underscore MC therapy's potential as a therapeutic
intervention for protecting neurons from damage or degeneration. However, a deeper understanding
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of the precise mechanisms behind these effects and validation of its efficacy in clinical settings are
crucial aspects that require further investigation.

The positive outcomes of our study suggest that MC therapy could verify a multifaceted
approach to directing the complex challenges posed by AD. Instead of targeting a single aspect of AD
pathology, our findings imply that MC therapy may simultaneously address multiple facets, making
it a versatile solution. The term "multifaceted intervention" aligns with the necessity of tackling
various aspects of AD, such as memory impairment, neuronal damage, A{ plaque accumulation, and
oxidative stress, for effective treatment.

Our study's positive results with MC therapy suggest its potential to impact various elements of
AD pathology concurrently, presenting it as a variable prospect for further investigation and
potential application in managing Alzheimer's disease.

A significant finding in our study is the remarkable improvement in memory impairment
following MC treatment. The increased percentage recognition index in the MC-treated groups
signifies enhanced recognition memory ability, crucial for addressing cognitive deficiencies linked to
AD. This improvement aligns with prior research indicating the cognitive benefits of MC therapy in
various neurological disorders. Importantly, the reduction of histological abnormalities and observed
structural changes in the prefrontal cortex underscore the neuroprotective effects of MC therapy, with
Nissl staining showing a partial reversal of neurodegeneration, suggesting the potential of MC to
maintain neuronal integrity.

Amyloid-beta (AP) plaque buildup is a key indicator of AD pathogenesis. Our study
demonstrates a significant decrease in A{ levels and amyloid burden in the cortex and hippocampus
after MC therapy. This reduction in Af-positive proteins and amyloid plaque load highlights the
potential of MC therapy in targeting crucial aspects of AD treatment. Moreover, MC treatment
exhibited notable benefits in halting apoptosis and decreasing neuronal loss in the AD brain,
suggesting its ability to preserve neurons and reduce neuronal apoptosis—critical factors in AD
progression.

The potential of MC treatment to prevent synapse loss and its effects on synaptic degeneration
are particularly promising. The increase in Nissl-positive and NeuN-positive cells in MC-treated AD
animals indicates the preservation of neuronal and synaptic integrity, essential for neural
communication and cognitive function.

The pathogenesis of AD is complex, and as such, the inhibition of A production and
aggregation should not be the only intervention target. Alternatives, including anti-inflammatory
and anti-oxidative drugs, have also been developed as therapeutic strategies for AD [29,30]. The
present study revealed that MC suppresses glial activation, oxidative stress and inhibits the release
of pro-inflammatory factors, including TNFa and IL-1f3, consistent with our previous in vitro
findings [31].

While our research revealed that MC therapy can inhibit reactive gliosis in AD mouse brains,
the precise molecular mechanisms underlying this inhibition were unknown. Prior investigations
have indicated that the anti-inflammatory properties of MC are linked to the inhibition of NF«xB
phosphorylation both in vivo and in vitro [32]. Expounding on this observation, we examined the
proteins involved in the TLR4-MyD88-NFkB pathway. Consistent with our expectations, we
observed overexpression of TLR4-MyD88 pathway proteins and phosphorylation of NFkB in the
brains of 5XFAD mice. However, treatment with MC reversed these changes in this AD mouse model,
suggesting that the anti-inflammatory effects of MC might be predicated on the TLR4-MyD88-NF«B
pathway. Furthermore, our investigations demonstrated that MC diminished the levels of
inflammatory factors regulated by NF«kB phosphorylation in correlation with this reference [32].

In congruence with our findings, previous studies have revealed that loss of function or
inhibition of TLR4 attenuates AD progression in mouse models [33,34]. Additionally, research has
indicated that inhibiting the TLR4 pathway ameliorates motor impairment and prevents
dopaminergic neuron death in Parkinson’s disease mouse models [35]. Moreover, TLR4 antagonists
have been shown to mitigate the production of proinflammatory factors and motor dysfunction in
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experimental autoimmune encephalomyelitis mouse models [36]. Collectively, these studies suggest
that TLR4 represents a promising target for neuroinflammation treatment.

Given that inflammatory factors contribute to neuronal and synaptic loss as well as behavioral
impairments in AD progression, we propose that the TLR4-MyD88-NFkB-dependent anti-
inflammatory effects of MC therapy may underlie its neuroprotective effects. Taken together, our
findings highlight the broad potential of MC therapy in addressing various aspects of AD
pathophysiology, including memory loss, neuronal damage, Af accumulation, and synaptic
degeneration.

While the results are encouraging, it is essential to consider certain factors. Firstly, variations in
brain complexity and disease manifestation between animal models and human clinical situations
warrant cautious interpretation of results. Secondly, additional research is required to determine the
optimal waveform, intensity, and duration for MC therapy to maximize therapeutic success. Practical
utility depends on understanding the precise mechanisms underlying the observed effects of MC
treatment on AD pathogenesis.
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