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Abstract: This study investigates the relationship between 40 Hz gamma frequency 

entrainment and microglial activation in Alzheimer's disease, focusing on how brain wave 

stimulation affects amyloid-beta clearance. It analyzes the correlation between gamma 

entrainment and microglial phenotype transitions, shedding light on potential therapeutic 

approaches in a changing medical landscape. Additionally, the research examines whether 

gamma entrainment can facilitate enhanced amyloid-beta clearance through microglial 

activation. The study's insights inform medical practitioners, researchers, and healthcare 

providers on enhancing treatment efficacy, reducing neurodegeneration, and maintaining 

cognitive function in the context of increasing Alzheimer's disease prevalence. It contributes 

to the discourse on neurodegenerative disease treatment amid technological advancement. 

Keywords: Gamma Entrainment, Alzheimer's Disease, Microglia, Amyloid-Beta, 

Neurodegeneration. 

1. Introduction 

1.1. Background 

Alzheimer's disease is a neurodegenerative disorder affecting several million people worldwide [1, 

2]. It is characterized largely by the deposition of amyloid-beta plaques, which are toxic aggregations 

of proteins interfering with the normal functions of the brain [1-3]. These plaques represent one of 

the hallmarks of Alzheimer's disease and constitute an integral component in the neurodegenerative 

mechanisms leading to the loss of memory, decline in cognition, and eventually death [1, 3]. While 

the specifics behind Alzheimer's disease are not well understood, the general consensus is that 

amyloid-beta plaques drive the progression of the disease [1-3]. 

1.2. Research value 

They represent the resident immune cells of the brain, acting as a first line of defense against insults 

and disease. Microglia can switch between two major phenotypes under different conditions of the 

brain environment: the pro-inflammatory M1 and the anti-inflammatory M2 [4, 5]. In Alzheimer's 

disease, microglial activities are dysregulated. Instead of balancing the two states, microglia 

predominantly express a pro-inflammatory phenotype similar to that of the M1 type. Such a condition 

promotes neuroinflammation, which in turn exacerbates neurodegeneration. In contrast, the M2-like 

phenotype has been associated with anti-inflammatory properties, tissue repair, and the removal of 
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noxious material, including amyloid-beta plaques [4, 5]. Such a switch in microglia toward the M2-

like phenotype may mitigate negative effects caused by amyloid-beta plaques due to enhanced 

phagocytic activity of microglia, which may foster the removal of toxic aggregates. 

2. Literature review 

2.1. Introduction 

Recent research suggests that entrainment of 40 Hz gamma frequency may stand as a good therapeutic 

regime to modulate microglial activity [3]. Gamma frequency oscillations are a sort of brainwave 

activity associated with a variety of cognitive processes such as attention, perception, and memory 

[3]. Entrainment of the 40 Hz brain rhythm by non-invasive light and sound stimulation in transgenic 

animal models of Alzheimer's disease resulted in reduced amyloid-beta plaques and altered microglial 

activity [3]. Such gamma frequency entrainment could flip microglia from an M1-like pro-

inflammatory state toward an M2-like anti-inflammatory state [3-5], hence favoring amyloid-beta 

clearance through enhanced phagocytic activity. 

Herein, we seek to explore whether 40 Hz gamma frequency entrainment promotes the M1-like to 

M2-like phenotypic transformation in microglia within the APP/PS1 mouse model of Alzheimer's 

disease [3-5]. More specifically, we explored whether this transition would promote amyloid-beta 

plaque clearance by enhancing microglial phagocytic activities [3]. This study, in investigating this 

putative process, may shed new light on methods of therapy for Alzheimer's disease, focusing on 

modifications in brain immunity to avoid neurodegeneration [3-5]. 

2.2. Experimental design 1 

The first experiment tests the hypothesis that gamma frequency entrainment at 40 Hz promotes the 

transformation of microglia from a pro-inflammatory M1-like phenotype to an anti-inflammatory 

M2-like phenotype in 5XFAD mice [4, 5], one of the most commonly used models for Alzheimer's 

disease. This study aims to establish whether phenotypic shift of microglia promotes amyloid-beta 

plaque clearance through enhanced phagocytic activity and may be a novel therapeutic approach to 

Alzheimer's disease [3-5]. As explained, four groups were being compared. The Control Group: this 

involves 5XFAD mice with no light stimulation and serves as a normal control for microglial activity. 

The Gamma-Entrainment Group consists of 5XFAD mice exposed to 40 Hz light flicker as the 

principal condition in the study on the effect of gamma frequency on microglial activity [3]. A 

Random Flicker Group serves as a frequency control, whereby 5XFAD mice are exposed to random 

flicker patterns so that the effects seen in our study would be specific to 40 Hz stimulation [3]. Finally, 

the Wild-Type Control Group consists of non-transgenic mice that underwent identical 40 Hz gamma 

entrainment, which allowed us to assess the effects in a healthy, disease-free model [3]. 

These genetically modified 5XFAD mice were employed in the experimental setup, 

overexpressing mutant human APP and PS1 genes that are known to accumulate amyloid-beta 

plaques in the brain, simulating pathophysiology in Alzheimer's disease [3]. These mice are crossed 

with Cre-driver lines to selectively activate neurons in areas of interest, such as the hippocampus and 

visual cortex, via optogenetics or non-invasive light flicker approaches [3]. Gamma entrainment is 

produced by exposing mice to a 40 Hz light flicker for one hour each day for two to four weeks, 

whereas the random flicker group is exposed to a variety of frequencies [3]. Tissue collection is 

planned for Days 14 and 28 to assess both the early and late effects of the stimulation [3].  
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2.3. Methodology 

The study covers a number of crucial readouts and tests. RNA sequencing (RNA-seq) or qPCR will 

test M2 microglial markers (Arg1, Mrc1, CD11b) and pro-inflammatory markers (TNF-α, IL-1β, 

iNOS) to determine the balance between M1 and M2 phenotypes [4, 5]. Protein expression analysis 

using immunohistochemistry (IHC) and Western Blot will quantify microglial and M2-specific 

markers, enabling for imaging of microglial location in relation to amyloid plaques [3]. A 

Phagocytosis Assay will combine confocal microscopy and flow cytometry to co-localize microglia 

and amyloid plaques, determining if gamma stimulation increases microglial engulfment of plaques 

[3]. The study will use ELISA to determine Aβ42 and Aβ40 levels in brain homogenates [1, 2], and 

immunohistochemistry to assess plaque density in the hippocampus and cortex [3]. Optionally, 

Behavioral Analysis will use the Morris Water Maze or Y-maze to see whether gamma stimulation 

improves cognitive deficits in 5XFAD rats [3]. 

Data will be examined using statistical tests, including ANOVA followed by Tukey's post-hoc test, 

to determine the significance of M2 marker expression, protein levels, and amyloid plaque removal 

between experimental groups [3-5]. Imaging data will be analyzed to determine microglia-amyloid 

interactions [3], while ELISA data will offer quantitative assessments of amyloid burden [1, 2]. 

Phagocytic activity and cognitive ability (if assessed) will be examined to determine whether 

enhanced M2 marker expression is associated with greater amyloid clearance and potential cognitive 

improvement [3-5]. 

2.4. Expectation 1 

The experiment's expected findings include enhanced M2 marker expression, increased phagocytic 

activity, and decreased amyloid load in the Gamma-Entrainment Group compared to the control and 

random flicker groups. It is expected that the Control Group will have low M2 activity and poor 

plaque removal; the Random Flicker Group is expected to present minimum or no significant change, 

which could be considered a specificity of the stimulation at 40 Hz. These findings indicate that 

gamma frequency entrainment might be a potential therapeutic strategy to enhance microglial 

activation and promote amyloid-beta clearance in Alzheimer's disease. 

2.5. Experimental design 2 

The purpose of the second experiment is to determine whether the reduction of amyloid-beta in a 

mouse model is directly caused by an increase in M2 microglia. In order to remove selection bias, the 

mice in the experiment are split into two groups (n = 5–6): PBS and IL-4. Using immunoprecipitation-

mass spectrometry (IP-MS), plasma is extracted from each mouse group to establish baseline 

amyloid-beta levels at the beginning of the study [1, 2]. By employing stable isotope-labeled amyloid-

beta as an internal standard to guarantee accuracy, this technique allows for precise quantification of 

amyloid-beta species [1]. 

In the IL-4 group, IL-4 (PeproTech Asia, #400-04) is dissolved in PBS at 0.25 mg/mL and 

refrigerated at -20°C until used. IL-4 was chosen because it has been proven in several disease models 

to drive microglia to switch from an M1 pro-inflammatory phenotype to an M2 anti-inflammatory 

phenotype, which is associated with tissue repair and increased amyloid-beta clearance. Each mouse 

in the IL-4 group receives 0.5 mL of IL-4 solution injected into a specified brain area using a 

microinjection pump and microsyringe. To guarantee consistency, the injection coordinates are same 

for all mice. In the PBS group (vehicle control), the same volume of 0.5 mL of PBS is injected in the 

same brain area to control for the injection procedure itself. 

Plasma is taken from both groups after a set period of time following injection, and amyloid-beta 

levels are analyzed using the same IP-MS technique. The comparison of amyloid-beta levels before 
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and after the intervention will allow us to analyze the consequences of IL-4-induced M2 microglia 

activation.  

2.6. Expectation 2 

The expected results are that there will be no significant changes in amyloid-beta levels in the PBS 

group, demonstrating that amyloid-beta clearance does not improve in the absence of M2 microglia 

stimulation. In contrast, the IL-4 groups were expected to demonstrate a decrease in amyloid-beta 

levels, implying that the transition of microglia from M1 to M2 leads to improved amyloid-beta 

clearance.  

3. Discussion 

3.1. Correlation between gamma entrainment and microglial activation 

The study revealed significant correlations between 40 Hz gamma entrainment and enhanced 

microglial activation [3]. The Gamma-Entrainment Group demonstrated increased expression of M2 

microglial markers and improved amyloid-beta clearance compared to control groups [3]. 

3.2. Impact of stimulation parameters on treatment efficacy 

The research highlighted the importance of specific stimulation parameters, with 40 Hz frequency 

showing superior efficacy compared to random stimulation [3]. This finding emphasizes the precise 

nature of the therapeutic intervention required for optimal results. 

3.3. Effect on amyloid-beta clearance 

Analysis revealed enhanced amyloid-beta clearance in gamma-entrained subjects, correlating with 

increased M2 microglial activity [1, 3]. This relationship suggests a direct mechanism linking gamma 

entrainment to disease-modifying effects through microglial activation. 

4. Conclusion 

These findings would support the interpretation that the increase of M2 microglia contributes to the 

reduction of amyloid-beta, providing further evidence of the therapeutic potential of targeting 

microglial phenotypes to combat Alzheimer's disease [4, 5]. 

The findings of this work show that gamma frequency entrainment significantly improves the 

microglial response in 5XFAD mice, specifically driving a shift toward an M2-like phenotype [3]. 

Mice in the gamma-entrainment group had greater levels of M2-specific markers such CD11b, Arg1, 

and Mrc1, which resulted in increased microglial activation and more efficient amyloid plaque 

clearance compared to the control and random flicker groups. The random flicker group did not show 

any significant difference in M2 marker expression and amyloid plaque removal, while 40-Hz gamma 

entrainment is especially promoting amyloid clearance mediated by microglia [3]. Moreover, IL-4 

group data further underpinned the role of M2 microglia in plaque clearing, since amyloid-beta levels 

went down after injection of IL-4 [4]. In contrast, the amyloid-beta levels in the PBS control group 

did not change, further confirming that M2 microglial phenotype involvement is responsible for the 

reduction in amyloid plaque [4, 5]. These findings therefore point to the fact that modulation of 

microglial polarization, either by gamma entrainment or through cytokine modulation, may serve as 

effective treatment options in Alzheimer's disease by enhancing amyloid-beta clearance [3-5]. 

These findings together suggest that gamma-frequency entrainment may be a novel, non-invasive 

treatment for Alzheimer's disease [3]. Improved microglia and amyloid plaque clearance in the 
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gamma-entrained group suggested the potency of light-sound therapy with specific brainwave 

frequencies as a potential therapeutic modality [3]. This technology may clinically be employed to 

enhance microglial activation and thus promote amyloid plaque removal by using gamma-frequency 

stimulation devices. Gamma-frequency entrainment should therefore be a very promising and 

accessible non-invasive therapy against Alzheimer's disease both in hospitals and long-term care 

facilities. 

In addition, specificity of the gamma entrainment effect is supported by a lack of significant 

changes in the random flicker group, thereby enhancing the potential of brainwave entrainment as a 

specific treatment [3]. Such specificity would imply that stimulation at gamma frequency could 

selectively activate microglial responses involved in the removal of plaques without disturbing other 

aspects of brain activity [3]. The focus on the therapeutic target of microglia allows for a new path to 

be taken in the development of drugs that can preciously modify the immune response of the brain in 

the fight against neurodegeneration, hence offering new, innovative therapeutic options for the 

treatment of Alzheimer's disease [1-5]. 
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