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Abstract: Objective: This study investigates the potential of genkwanin as a therapeutic agent for Alzheimer’s disease (AD), 
specifically targeting its effects on amyloid β (Aβ) aggregation, dissociation, cytotoxicity, and Aβ-induced memory impairment. 
Methods: A series of in vitro and in vivo experiments were conducted to assess the effects of genkwanin on Aβ pathology. In vitro 
assays evaluated the ability of genkwanin to inhibit Aβ aggregation and disaggregate pre-formed Aβ fibrils, measured through 
Thioflavin T (ThT) fluorescence and MTT cytotoxicity assays in Neuro2a cells. In vivo, a passive avoidance test was conducted in an 
Aβ-injected mouse model to determine the effect of genkwanin on memory retention. Results: Genkwanin demonstrated a significant 
concentration-dependent inhibition of Aβ aggregation and effectively reduced the cytotoxicity of Aβ aggregates in Neuro2a cells when 
co-incubated with Aβ. In contrast, pre-formed Aβ aggregates treated with genkwanin showed disaggregation efficacy and partial 
cytotoxicity mitigation. In the passive avoidance test, genkwanin-treated mice exhibited significantly improved latency times in test 
trials, indicating a protective effect against Aβ-induced memory impairment. Conclusion: Genkwanin exhibits promising potential as 
an AD therapeutic by inhibiting Aβ aggregation, reducing Aβ-related cytotoxicity, and mitigating Aβ-induced cognitive decline. These 
findings support further exploration of genkwanin as a multifunctional small-molecule treatment for AD. 
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1. Introduction 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that primarily affects older adults, leading to a 
gradual decline in cognitive functions such as memory, reasoning, and problem-solving [1]. A prominent pathological 
hallmark of AD is the accumulation of Amyloid β (Aβ) peptides in the brain, forming insoluble plaques. These plaques, 
along with neurofibrillary tangles composed of hyperphosphorylated tau protein, contribute to neuronal death, synaptic 
dysfunction, and widespread neuroinflammation, which are regarded as primary factors in AD pathology [2]. Due to the 
critical role of Aβ in AD progression, considerable research has focused on preventing Aβ aggregation, promoting its 
clearance, and mitigating its neurotoxic effects [3]. 

Recently, antibody-based therapies targeting Aβ have attracted significant interest in AD treatment development. 
However, the large molecular structure of antibodies poses challenges in crossing the blood-brain barrier (BBB) and 
may result in adverse side effects, including systemic immune reactions, cerebral edema, and microhemorrhages [4, 5]. 
Additionally, antibody-based treatments have high production costs and complex administration requirements, limiting 
their practicality for widespread clinical application [6]. These challenges underscore the need for alternative approaches, 
particularly small-molecule drugs, in effective AD therapy. Small molecules can more easily penetrate the BBB, typically 
have fewer side effects, and are often more cost-effective to produce, offering a more accessible therapeutic option for 
patients [7]. 

Flavonoids, a class of polyphenolic compounds derived from plants, have shown potential as neuroprotective agents 
due to their anti-inflammatory, antioxidant, and anti-apoptotic properties [8, 9]. Among these compounds, genkwanin 
(apigenin-7-methyl ether), a naturally occurring O-methylated flavonoid, has attracted attention for its wide range of 
bioactivities, including anti-inflammatory and anticancer effects [6]. Recent studies suggest that genkwanin may exhibit 
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protective effects against neurodegenerative processes, supporting its potential as a therapeutic candidate for AD [10, 
11]. However, the specific effects of genkwanin on AD-related pathologies, such as its ability to inhibit Aβ aggregation, 
facilitate Aβ clearance, and protect neurons from Aβ-induced toxicity, remain underexplored. 

This study aims to investigate the therapeutic potential of genkwanin in AD by examining its effects on multiple aspects 
of Aβ pathology. Specifically, we assess whether genkwanin can inhibit Aβ aggregation, promote the clearance of 
aggregated Aβ, and reduce Aβ-induced cytotoxicity in neuro2a cells. Additionally, we evaluate the efficacy of genkwanin 
in preventing Aβ-induced memory impairment in an ICR mouse model to determine its utility as multifunctional small-
molecule therapeutics. 

 

2. Materials and Methods 

2.1. Animals   
For experiments involving Aβ-induced memory impairment, male ICR mice (6 weeks old, weighing 25–30 g) were 
obtained from Samtako (Osan, Korea). The mice were acclimated to the laboratory environment for one week prior to 
beginning the experiments, which started with 7-week-old mice. Before Aβ injection, the 60 mice were randomly 
assigned to six groups (n = 10 per group): Normal, Aβ + vehicle, Aβ + genkwanin 10 mg/kg, Aβ + genkwanin 30 mg/kg, 
Aβ + genkwanin 100 mg/kg, and Aβ + curcumin 10 mg/kg. All mice were housed with free access to food and water, 
under a 12/12 h light/dark cycle. The animals were cared for in accordance with National Institutes of Health guidelines 
for the care and use of laboratory animals (NIH Publications No. 8023, revised 1978), and all procedures were approved 
by the Institutional Animal Care and Use Committee of Dong-A University (DIACUC-approve-19–1). 

2.2. Materials   
Genkwanin, thioflavin T (ThT) and 3-(4,5-dimethylthiazol-2-yl) (MTT) were obtained from Sigma-Aldrich (St. Louis, MO, 
USA). Aβ1–42 was supplied by Anaspec (Fremont, CA, USA). All other materials were sourced from standard 
commercial suppliers and were of the highest available purity. 

2.3. ThT assay   
ThT assay was performed to assess the aggregation of Aβ1–42 peptides and evaluate the inhibitory effects of genkwanin 
on this aggregation and dissociation processes [12]. First, lyophilized Aβ peptides were dissolved in 100% dimethyl 
sulfoxide (DMSO) to prepare a 5 mM stock solution, which was then aliquoted and stored at -80°C to prevent 
degradation from repeated freeze-thaw cycles. For the assay, the stock solution was diluted in phosphate-buffered 
saline (PBS, pH 7.4) to a working concentration of 25 µM and incubated at 37°C for 24 hours to promote aggregation. 
Freshly aggregated Aβ was prepared before each experiment to maintain consistency. The ThT solution was prepared 
separately by dissolving ThT powder in PBS to create a 1 mM stock solution, which was then filtered through a 0.22 µm 
filter to remove any particulates. This ThT stock was further diluted in PBS to a final concentration of 20 µM immediately 
before the assay to prevent potential photobleaching, which could reduce assay sensitivity. For the experimental setup, 
ThT solution and pre-aggregated Aβ1–42 solution were mixed in a black 96-well plate (designed to minimize background 
fluorescence), resulting in a final concentration of 10 µM for Aβ and 20 µM for ThT in each well. Control wells containing 
only ThT were included to measure baseline fluorescence and confirm ThT specificity in binding to Aβ aggregates. In 
wells evaluating inhibitory effects, test compounds (e.g., Genkwanin) were added at varying concentrations, with care 
taken to maintain a consistent final volume across all wells. After plate preparation, it was incubated in the dark at room 
temperature for 15 minutes to allow ThT to fully interact with Aβ aggregates. Fluorescence was then measured using a 
microplate reader set to an excitation wavelength of 440 nm and an emission wavelength of 485 nm, as ThT 
fluorescence increases upon binding to β-sheet-rich structures in Aβ fibrils. Each measurement was performed in 
triplicate to ensure reliability. 

To assess the dissociation effect of genkwanin on pre-formed Aβ aggregates, a two-step incubation procedure followed 
by a Thioflavin T (ThT) assay was performed. Initially, Aβ peptides were dissolved in 100% dimethyl sulfoxide (DMSO) 
to prepare a stock solution, which was then diluted to a working concentration of 25 µM in phosphate-buffered saline 
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(PBS, pH 7.4). This Aβ solution was incubated at 37°C for 24 hours to promote aggregation. After the initial 24-hour 
aggregation period, genkwanin was added to the pre-formed Aβ aggregates at varying concentrations (e.g., 10, 30, and 
100 µM), and the mixture was incubated for an additional 24 hours at 37°C.  

2.4. MTT assay with neuro2a cell 
The MTT assay was utilized to measure cell viability in Neuro2a cells treated with Aβ aggregates and to examine the 
protective effect of genkwanin on cellular survival [12]. Neuro2a cells, a murine neuroblastoma cell line, were cultured 
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin. Cells were maintained in a humidified environment at 37°C with 5% CO₂. For the experiment, cells were 
seeded in 96-well plates at a density of 1 × 10⁴ cells per well and allowed to attach overnight. The next day, the culture 
medium was exchanged with fresh DMEM containing Aβ aggregates (Aβ + genkwanin co-incubation for anti-aggregation, 
Aβ aggregates + genkwanin co-incubation for dissociation) at a concentration identified in preliminary studies to induce 
cellular stress without excessive mortality. After 24 hours of incubation with Aβ and/or test compounds, the medium in 
each well was replaced with 100 µL of DMEM containing 0.5 mg/mL of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide). The plate was incubated at 37°C for an additional 4 hours to allow viable cells to convert 
MTT into purple formazan crystals. Following this, the medium was carefully removed, and 100 µL of DMSO was added 
to each well to dissolve the formazan, resulting in a uniform purple solution. Absorbance was measured at 570 nm using 
a microplate reader, with readings at 630 nm subtracted as background correction. All samples were measured in 
triplicate. 

2.5. Intracerebroventricular injection of Aβ aggregates 
The administration of Aβ aggregates into the third ventricle of ICR mice was conducted to investigate the effects of Aβ 
on memory and cognitive function. Before surgery, mice were anesthetized using an intraperitoneal injection of a 
ketamine-xylazine mixture (ketamine: 100 mg/kg, xylazine: 10 mg/kg) to ensure deep anesthesia. Each animal was then 
placed on a stereotaxic apparatus, and the head was secured to maintain a flat skull position, with the bregma and 
lambda aligned horizontally. Betadine and 70% ethanol were applied to the scalp for antisepsis, and a small incision 
was made along the midline to expose the skull. The third ventricle was targeted based on stereotaxic coordinates 
relative to the bregma: anterior-posterior (AP) = -1.8 mm, medial-lateral (ML) = 0 mm, and dorsal-ventral (DV) = -5.0 
mm. A small hole was drilled at the designated point, taking care to avoid excessive damage to the surrounding tissue. 
Aβ peptide, previously prepared in sterile artificial cerebrospinal fluid (aCSF) and aggregated by incubation at 37°C for 
24 hours, was injected at a volume of 3 µL with a Hamilton microsyringe. The injection was performed slowly over a 5-
minute period to prevent backflow and minimize tissue damage. Following injection, the needle was left in place for an 
additional 2 minutes to allow diffusion of the solution. After injection, the needle was carefully withdrawn, and the scalp 
was sutured. Mice were given analgesic treatment (e.g., meloxicam, 2 mg/kg, subcutaneously) to minimize post-surgical 
pain and monitored until full recovery. The animals were returned to their home cages and closely observed for signs of 
distress or infection.To verify the placement of injections, a subset of mice was injected with trypan blue dye and 
examined post-mortem to confirm the accuracy of the third ventricle targeting. 1 h after the injection genkwanin was 
administered genkwanin (10, 30 or 100 mg/kg) was administered orally once daily for 6 days, beginning 1 hour after the 
Aβ injection. 

2.6. Passive avoidance test 
The passive avoidance test was conducted to assess memory retention and cognitive function in ICR mice following Aβ 
administration. This test evaluates the animal's ability to remember and avoid an aversive stimulus in a specific context. 
A two-chamber passive avoidance apparatus was used, consisting of a brightly lit compartment and a dark compartment, 
separated by a guillotine door. On the first day (training phase), each mouse was placed individually in the brightly lit 
compartment. After a 30-second acclimatization period, the door to the dark compartment was opened. Due to their 
natural preference for dark spaces, the mice typically moved into the dark compartment within a few seconds. Once the 
animal fully entered the dark compartment (defined by all four paws crossing the threshold), the door was closed, and 
an electric foot shock (0.5 mA, 2 seconds) was administered through the grid floor. The animal was then removed from 
the apparatus and returned to its home cage. The retention test was conducted 24 hours after the training session. Each 
mouse was again placed in the brightly lit compartment, and after a 30-second delay, the door to the dark compartment 
was opened. The latency time to enter the dark compartment was recorded, with a maximum cutoff time of 300 seconds. 
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Mice that remembered the aversive stimulus from the training session typically delayed or avoided entering the dark 
compartment. 

2.7. Statistics 
All experimental data were analyzed using one-way analysis of variance (ANOVA) to determine the statistical 
significance of differences among groups. Post hoc tests were conducted using Tukey's multiple comparison test to 
identify specific group differences where ANOVA indicated significance. Data are presented as mean ± SEM, and a p-
value of less than 0.05 (p < 0.05) was considered statistically significant. Statistical analyses were performed using 
GraphPad Prism (version 9.5.1) software. All experiments were conducted in triplicate to ensure data reliability and 
reproducibility. 

 

3. Results 

3.1. The effect of genkwanin on Aβ aggregation and Aβ aggregates dissociation 
The effects of genkwanin on Aβ aggregation and Aβ aggregates dissociation were evaluated across various 
concentrations (0, 1, 3, 10, 30, and 100 µM), demonstrating that genkwanin significantly inhibited Aβ aggregation at 
higher concentrations. Specifically, at 30 µM and 100 µM, genkwanin led to a notable reduction in Aβ aggregation, while 
at 100 µM, it also exhibited dissociation effects on preformed Aβ aggregates. The positive control, curcumin, displayed 
both inhibition of Aβ aggregation and dissociation of Aβ aggregates at a lower concentration of 10 µM, indicating a 
similar effect at a reduced concentration. These findings suggest that genkwanin is capable of concentration-dependent 
inhibition and disaggregation of Aβ aggregates, with significant effects observed at higher concentrations. 

 
Figure 1. Effects of genkwanin on Aβ aggregation and dissociation. (A) Inhibitory effect of genkwanin on Aβ aggregation. The extent 
of Aβ aggregation was measured in the presence of varying concentrations of genkwanin (1, 3, 10, 30 or 100 µM), with curcumin (10 
µM)as the positive control. Lower fluorescence intensity indicates reduced aggregation. (B) Dissociation effect of genkwanin on pre-
formed Aβ aggregates. Genkwanin was added to pre-aggregated Aβ, and the degree of disaggregation was assessed. Curcumin 
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was included as a positive control. Data represent mean ± SEM for each group, with statistical significance indicated for comparisons 
between treated and control groups. **p < 0.01. ***p < 0.001. ****p < 0.0001. Curc., curcumin. 

 

3.2. The effect of genkwanin on Aβ-induced neuro2a cell death 
To determine whether the Aβ aggregates inhibited or disaggregated by genkwanin were broken down sufficiently to 
eliminate cytotoxicity, a toxicity assay was conducted using Neuro2a cells. When Aβ (10 µM) was co-aggregated with 
genkwanin (100 µM) for 24 hours prior to being applied to Neuro2a cells, cell death was reduced compared to Neuro2a 
cells exposed to Aβ alone that had been pre-aggregated for 24 hours. This suggests a protective effect of genkwanin 
when simultaneously incubated with Aβ. However, when pre-aggregated Aβ (after 24 hours) was further incubated with 
genkwanin for an additional 24 hours before being applied to Neuro2a cells, there was no significant reduction in cell 
death, indicating that genkwanin did not reverse toxicity in pre-formed Aβ aggregates. In contrast, the positive control, 
curcumin (10 µM), demonstrated protective effects in both conditions, reducing cell death in Neuro2a cells regardless 
of whether it was co-incubated with Aβ from the beginning or added after Aβ had already aggregated. These findings 
suggest that genkwanin’s protective effects against Aβ-induced cytotoxicity may be limited to early stages of aggregation, 
whereas curcumin displays broader protective capabilities in both early and late stages of Aβ aggregation. 

 
Figure 2. Cytotoxicity of Aβ aggregates treated with genkwanin in Neuro2a cells. (A) Neurotoxicity of Aβ aggregates co-incubated 
with genkwanin for 24 hours, as assessed by MTT assay in Neuro2a cells. This panel shows the effect of genkwanin on the cytotoxicity 
of Aβ when aggregated in the presence of the compound. (B) Neurotoxicity of Aβ aggregates that were pre-formed over 24 hours, 
followed by an additional 24-hour incubation with genkwanin, evaluated by MTT assay in Neuro2a cells. Data represent mean ± SEM 
for each group, with statistical significance indicated for comparisons between treated and control groups. *p < 0.05. **p < 0.01. ***p 
< 0.001. Curc., curcumin. 
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3.3. The effect of genkwanin on Aβ-induced memory impairment 
Following the administration of Aβ aggregates into the third ventricle of male mice, genkwanin was given orally once 
daily for 7 days, starting 1 hour post-Aβ injection. In the training phase, there were no significant difference in latency 
time between groups (Fig. 3A) In the subsequent test trial of passive avoidance test, the Aβ-only group exhibited a 
significantly lower latency time compared to the control group, indicating impaired memory retention (Fig. 3B). In contrast, 
the genkwanin (100 mg/kg)-treated group demonstrated a significantly higher latency time, suggesting a protective effect 
of genkwanin against Aβ-induced cognitive decline (Fig. 3B). Similarly, the positive control group treated with curcumin 
(10 mg/kg) also showed a significant increase in latency time compared to the Aβ-only group (Fig. 3B). These results 
suggest that genkwanin, like curcumin, effectively mitigates Aβ-induced memory impairment in mice. 

 
Figure 3. Effect of genkwanin on Aβ-induced memory impairment in the passive avoidance test. (A) Latency time during the training 
phase. (B) Latency time in the test trial, assessing memory retention post-treatment to evaluate the potential of genkwanin in 
counteracting Aβ-induced memory impairment. Data represent mean ± SEM for each group, with statistical significance indicated for 
comparisons between treated and control groups. *p < 0.05. ***p < 0.001. ****p < 0.0001. Curc., curcumin. 

 

4. Discussion 

This study examined the effects of genkwanin on Aβ aggregation, Aβ-induced cytotoxicity in Neuro2a cells, and cognitive 
decline in an Aβ-injected mouse model. The findings suggest that genkwanin holds potential as a therapeutic agent 
targeting key mechanisms associated with AD pathology. 
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Genkwanin demonstrated a concentration-dependent inhibition of Aβ aggregation, with significant effects at 
concentrations of 30 µM and 100 µM, effectively preventing fibril formation. Furthermore, at 100 µM, genkwanin showed 
a disaggregation effect on pre-formed Aβ fibrils, suggesting its ability to not only interfere with initial aggregation but 
also destabilize established fibrillar structures [13, 14]. However, curcumin, used as a positive control, displayed similar 
effects at a lower concentration of 10 µM, indicating that while genkwanin possesses promising anti-amyloidogenic 
properties, it may require higher concentrations to achieve similar efficacy compared to curcumin [15]. 
In cell viability assays using Neuro2a cells, genkwanin exhibited a protective effect when co-incubated with Aβ for 24 
hours, reducing cell death compared to cells exposed only to Aβ. However, when genkwanin was added to pre-
aggregated Aβ (after 24 hours of aggregation), it did not significantly reduce Aβ-induced cytotoxicity. In contrast, 
curcumin provided significant cellular protection under both conditions, showing a broad protective effect against Aβ 
toxicity regardless of the aggregation stage [16]. The protective effects of genkwanin against Aβ-induced cytotoxicity 
were significant when co-incubated during the early stages of Aβ aggregation but not with pre-aggregated Aβ. This 
suggests that genkwanin may inhibit the formation of toxic Aβ oligomers, reducing early-stage cytotoxicity. Additionally, 
genkwanin’s antioxidant properties likely help mitigate Aβ-induced oxidative stress, although these effects may be 
insufficient to disrupt mature aggregates. In contrast, curcumin’s ability to bind directly to Aβ fibrils and reduce toxicity 
at both early and late aggregation stages demonstrates its broader protective mechanism [16]. Therefore, genkwanin 
appears to be more effective in early intervention, while curcumin shows versatility across different aggregation stages. 
Further studies are needed to clarify the specific molecular interactions involved. These findings indicate that 
genkwanin's protective effects are more effective during the early stages of Aβ aggregation, whereas curcumin exhibits 
versatility, providing cellular protection even in the presence of mature Aβ aggregates. 
Previous studies have reported possible neuroprotective effects of genkwanin on the brain. For instance, genkwanin 
has been shown to exhibit anti-inflammatory and antioxidant activity, thereby reducing oxidative stress in brain tissues 
[10, 17]. The present study’s findings align with these previous studies, particularly strengthening evidence for 
genkwanin’s neuroprotective mechanism related to Aβ aggregation inhibition. Genkwanin’s ability to mitigate Aβ-
induced neurotoxicity and protect cognitive function at specific concentrations provides valuable support for its potential 
as a candidate in AD treatment and as a drug that could target multiple mechanisms of neurodegeneration. 
In behavioral tests, genkwanin demonstrated cognitive protection in Aβ-injected male mice. After administering 
genkwanin orally once daily for 7 days (beginning 1 hour post-Aβ injection), the passive avoidance test showed that 
genkwanin-treated mice had significantly longer latency times than the Aβ-only group, suggesting a protective effect on 
memory retention. This indicates that genkwanin may be effective in alleviating Aβ-induced memory impairment, 
possibly due to its ability to inhibit Aβ aggregation and provide early-stage cellular protection. Curcumin also significantly 
increased latency time, confirming its known cognitive protective effects against Aβ toxicity [18, 19]. While curcumin was 
effective at a lower concentration than genkwanin, both compounds demonstrated meaningful effects in reducing Aβ-
induced cognitive decline. 
In conclusion, genkwanin shows potential as an anti-amyloid and neuroprotective agent based on both molecular and 
behavioral outcomes. However, its efficacy in reversing the toxicity of pre-existing Aβ aggregates appears to be limited 
compared to curcumin, suggesting that higher concentrations or combination therapies may be needed for optimal 
effectiveness. Future research should explore the optimal administration methods, long-term effects, and more detailed 
mechanisms of genkwanin to better establish its therapeutic utility for AD. 
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