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ABSTRACT 

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by oxidative 

stress, amyloid-beta (Aβ) aggregation, and cholinergic dysfunction. Plant-mediated synthesis of silver 

nanoparticles (AgNPs) offers a biocompatible approach to target these pathological features. This study 

investigates the antioxidant, acetylcholinesterase (AChE) inhibitory, and amyloid (Aβ1–42) aggregation 

inhibitory properties of AgNPs synthesized using green tea and papaya leaf extracts, with a focus on their 

potential neuroprotective effects. 

Methodology: Silver nanoparticles were synthesized using green tea and papaya leaf extracts. The antioxidant 

activity of the AgNPs was assessed using DPPH and ABTS radical scavenging assays. The synthesized AgNPs 

were tested at varying concentrations (5–160 µg/mL) in all assays, and ascorbic acid was used as a standard 

antioxidant. The AChE inhibitory activity was evaluated using Ellman’s method, while the anti-amyloid activity 

was measured by examining the inhibition of Aβ1–42 peptide aggregation.  

Results: The AgNPs exhibited significant antioxidant activity, with DPPH inhibition reaching up to 89.85% and 

ABTS inhibition up to 85.43% at the highest concentration. The AChE inhibitory activity demonstrated 

concentration-dependent inhibition, with a maximum inhibition of 79.93% at 160 µg/mL. Furthermore, the 

AgNPs effectively inhibited Aβ1–42 aggregation, with only19.2% aggregation observed at 100µg/mL. The 

bioactivity of AgNPs is attributed to the polyphenolic compounds present in green tea and papaya leaf extracts, 

enhancing their neuroprotective properties. 

Conclusion: The AgNPs synthesized from green tea and papaya leaf extracts demonstrated potent antioxidant, 

AChE inhibitory, and anti-amyloid aggregation activities, making them promising candidates for therapeutic 

applications in Alzheimer’s disease. These findings support the potential of plant-mediated AgNPs as 

multifunctional agents in targeting key pathological mechanisms of AD, with future studies needed to explore 

their in vivo efficacy and mechanisms of action. 
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INTRODUCTION 

Neurological diseases are a leading cause of disability and death worldwide, accounting for approximately 12% 

of all global fatalities. The rapidly increasing number of individuals affected by neurodegenerative diseases 

(NDDs), which now totals tens of millions annually, has been identified by the World Health Organization as 

one of the greatest health challenges of the 21st century [1]. Neurodegenerative disorders (NDs) refer to a group 

of chronic or hereditary conditions characterized by the progressive loss of specific types of neurons. Among the 

most impactful of these diseases in modern society are Parkinson's disease (PD) and Alzheimer's disease (AD). 

NDDs are marked by the deterioration of brain neurons, leading to a range of clinical and pathological 

symptoms, including impairments in speech, movement, and cognition [2]. One of the significant hurdles in 

treating neurodegenerative diseases is the blood-brain barrier (BBB)—a tightly regulated network of blood 

vessels and endothelial cells that prevents harmful substances from entering the brain. This protective 
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mechanism, while crucial for brain health, poses a considerable challenge in the development of effective 

therapeutics for NDDs [3]. 

Nanotechnology offers a ground-breaking and promising avenue, particularly due to the distinct properties of 

nanoparticles, which enable them to traverse the blood-brain barrier (BBB) and address various 

neurodegenerative disorders [4]. The high surface area of nano systems significantly enhances their potential for 

interaction with diagnostic biomarkers, therapeutic agents for drug delivery with prolonged retention, and 

damaged cells for regenerative therapies [5]. Owing to their adaptable and advanced physicochemical, 

morphological, and topological characteristics, nano systems have become crucial in targeted drug delivery, 

neuroimaging, neuroprotection, neurosurgery, and neuroregeneration strategies. These capabilities make them 

invaluable for treating neurodegenerative diseases, especially with their potential to cross the BBB [6]. 

Among metal oxide nanoparticles, silver nanoparticles (AgNPs) have garnered significant attention due to their 

outstanding antioxidant, anticancer, anti-Alzheimer’sand catalytic properties [7]. Regarding the central nervous 

system (CNS), AgNPs have demonstrated the ability to cross the BBB and accumulate in brain tissue following 

ingestion or inhalation, highlighting their potential for CNS-related applications [8-10]. Previous studies have 

demonstrated that AgNPs reduced brain inflammation and its associated toxicity besides attenuating spatial and 

recognition memory impairments in sporadic Alzheimer rat [11, 12]. However, studies have also reported 

detrimental impact caused by AgNPs on neuronal functions [13-15]. Given the background, the present study 

has aimed to investigate the antioxidant and neuroprotective effect of green tea and papaya leaf extract mediated 

AgNPs.  

 

Materials and method 

DPPH Free radical scavenging assay [16] 

In DPPH radical scavenging assay, 10µL different concentrations of the synthesised AgNPs (5, 10, 20, 40, 80 & 

160µg/ml) was added to 190µL of DPPH (150µM prepared in ethanol). The reaction mixture was shaken 

thoroughly and incubated in dark for 30 min at 37°C. After incubation, the absorbance was measured at 517 nm 

using Biotek synergy H4 hybrid microplate reader, USA. The reaction mixture without the nanoparticle was 

used as control and ascorbic acid was used as standard. The % inhibition of DPPH free radical formation was 

calculated as follows: [(Control - Test)/Control] *100 

 

ABTS radical scavenging assay [17] 

The ABTS (2,2’-azino-di [3-ethylbenzthiazoline sulfonate]) assay was performed as follows: 10µL different 

concentrations of the synthesised AgNPs (5, 10, 20, 40, 80 & 160µg/ml) was added to 10µL of metmyoglobin 

and 150µL of 2mM ABTS. The reaction was initiated by adding 40µL of H202 (441µM). The reaction mixture 

without the test drug was kept as control and ascorbic acid was used as standard. The absorbance was read at 

690 nm using Biotek synergy H4 hybrid microplate reader, USA. The % inhibition of ABTS radical formation 

was calculated as follows: [(Control - Test)/Control] *100 

 

In vitro acetylcholinesterase (AChE) inhibition assay [18] 

Silver nanoparticles synthesised from papaya leaf and green tea were examined for its AChE inhibitory 

activities at different concentrations (10, 20, 40, 60, 80, 100µg/ml). The nanoparticles volume was made up to 

200µl using 0.05M tris base. Briefly, in this method, 200µl of acetylthiocholine iodide (15mM), 1000µl of 

DTNB (3mM), and 200µl of nanoparticle solution at the different concentrations were mixed and incubated for 

15 min at 30ºC. Then, the mixture was monitored spectrophotometrically at 412 nm 10 times, each 13 s. After 

that, 200µl of AChE (0.3U/ml) solution were added to the initial mixture, to start the reaction and then the 

absorbance was determined.Control contained all components except the nanoparticles. The percentage of 

AChE inhibitory activity (% IA) was calculated by using the following equation: 

IA (%) = (Activity of Control – Activity of Test)/ Activity of Control x 100 

All treatments were performed in triplicate with two replicates. 

 

Assessment of Aβ (1–42) Concentration 

Preparation of Aβ solution 

The Aβ solution was prepared according to the method of Miyazaki et al., 2019. Briefly, synthetic β-Amyloid 

Peptide 1-42 (Aβ1-42) (PP69, Sigma Merck, USA) was dissolved in 0.1% ammonia solution at a final 

concentration of 250 µM and sonicated in ice-cold water for a total of 5 min (1 min × 5 times) to avoid pre-

aggregation. For preparation of the Aβ solution, aliquots of Aβ were diluted to 25µM in 50mM phosphate buffer 

(pH 7.5) and 100 mM NaCl. 

 

Thioflavin T fluorescence assay 

The thioflavin T (ThT) fluorescence assay was performed as Miyazaki et al., 2019 [19]. Aβ solution (8µL) was 

mixed with the different concentrations of papaya leaf and green tea extract mediated Silver nanoparticles (10, 
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20, 40, 60, 80 & 100µg/ml) and the mixture then added to 1.6 mL of ThT solution containing 5µM ThT and 

50mM NaOH- glycine-buffer (pH 8.5). The samples were incubated at 37°C and the fibrillogenesis rate was 

monitored by using ThT fluorescence assays. The samples ThT fluorescence levels were evaluated by using an 

Biotek Synergy H4 hybrid multi-mode reader (USA). The respective excitation and emission wavelengths were 

446 nm and 490 nm. 

 

RESULTS 

Effect of AgNPs on DPPH free radicals’ formation 

The antioxidant activity of green tea and papaya leaf extract-mediated silver nanoparticles (AgNPs) was 

evaluated using the DPPH free radical scavenging assay across a concentration range of 5-160µg/mL. The % 

inhibition of DPPH radical formation demonstrated a dose-dependent trend, starting with a slight negative 

inhibition at the lower concentrations (-0.03% and -9.35% at 5 and 10 µg/mL, respectively). However, as the 

concentration increased, a marked rise in DPPH inhibition was observed, with % inhibition reaching 89.85% at 

160µg/mL. In comparison, the standard antioxidant, ascorbic acid, exhibited a higher and more consistent % 

inhibition across all concentrations, ranging from 0.56% at 5 µg/mL to 94.78% at 160µg/mL. The initial 

negative inhibition observed at the lower concentrations of AgNPs may indicate that, at lower doses, the 

nanoparticles either do not effectively scavenge DPPH radicals or may interact with the assay medium in a way 

that temporarily reduces free radical scavenging. However, at concentrations above 40µg/mL, the AgNPs 

showed a substantial increase in free radical scavenging, comparable to that of ascorbic acid at the highest 

concentrations tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of papaya leaf and green tea extracts mediated silver nanoparticles on DPPH free radical 

scavenging activity. Data are expressed as Mean±SEM (n=3). 

 

Effect of AgNPs on ABTS free radicals’ formation 

The antioxidant potential of AgNPs was evaluated using the ABTS free radical scavenging assay across a 

concentration range of 5-160µg/mL. The results revealed a concentration-dependent increase in % inhibition of 

ABTS radicals, with inhibition values starting at 0% for the lowest concentration and rising to 85.43% at 

160µg/mL. The standard antioxidant, ascorbic acid, also demonstrated a dose-dependent increase in % 

inhibition, ranging from 1.05% at 5 µg/mL to 92.76% at 160µg/mL. At lower concentrations (5-20 µg/mL), 

AgNPs displayed moderate radical scavenging activity, with inhibition levels slightly below those of ascorbic 

acid. However, as the concentration increased, the % inhibition of ABTS radicals by AgNPs improved 

substantially, reaching 85.43% at 160µg/mL, which is comparable to the 92.76% inhibition achieved by 

ascorbic acid at the same concentration. 
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Figure 2: Effect of papaya leaf and green tea extracts mediated silver nanoparticles on ABTS free radical 

scavenging activity. Data are expressed as Mean±SEM (n=3). 

 

Effect of AgNPs on in vitro acetylcholinesterase activity 

The inhibition of acetylcholinesterase (AChE) activity by silver nanoparticles (AgNPs) was assessed across a 

concentration range of 10-100µg/mL. The results demonstrated a concentration-dependent inhibition, with % 

inhibition increasing from 0.21% at 10 µg/mL to 79.93% at the highest concentration of 100µg/mL. At lower 

concentrations, AgNPs exhibited minimal AChE inhibitory activity, but as the concentration increased, there 

was a marked rise in inhibition, with 46.79% inhibition observed at 80µg/mL and a substantial inhibition of 

79.93% at 100 µg/mL. These findings indicate that AgNPs exhibit strong inhibitory effects on AChE activity at 

higher concentrations. The dose-dependent increase in inhibition suggests that AgNPs have the potential to 

modulate acetylcholinesterase activity, which could be explored further for applications related to neurological 

conditions where AChE inhibition is beneficial, such as Alzheimer's disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effect of papaya leaf and green tea extracts mediated silver nanoparticles on acetylcholinesterase 

activity. Data are expressed as Mean±SEM (n=3). 

 

Effect of AgNPs on in vitro amyloid (A 1-42) peptide aggregation 

The inhibition of amyloid (Aβ1–42) peptide aggregation by silver nanoparticles (AgNPs) was assessed across 

concentrations ranging from 10 to 100µg/mL. The results showed a concentration-dependent decrease in the 

amyloid aggregation. At the lowest concentration of 10µg/mL, the AgNPs exhibited a % aggregation of 99.85%.  

As the concentration increased, the inhibitory effect progressively increased, with % aggregation values of 

86.55% at 20µg/mL, 64.66% at 80µg/mL, and 23.72% at the highest concentration of 100µg/mL. These findings 

suggest that AgNPs are highly effective in inhibiting Aβ1–42 aggregation at almost all the tested concentrations. 
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The strong inhibitory effect against amyloid aggregation highlights the potential of AgNPs as a therapeutic 

agent for conditions like Alzheimer's disease, where amyloid aggregation plays a key pathological role. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of papaya leaf and green tea extracts mediated silver nanoparticles on in vitro Aβ42 

aggregation. Data are expressed as Mean±SEM (n=3). 

 

Discussion 

The present study investigated the antioxidant, acetylcholinesterase (AChE) inhibitory, and amyloid (Aβ1–42) 

aggregation inhibitory activities of silver nanoparticles (AgNPs) synthesized using green tea and papaya leaf 

extracts. The findings reveal significant potential for these AgNPs in modulating oxidative stress and 

neurodegenerative processes, which are critical factors in conditions like Alzheimer's disease (AD). 

The antioxidant activity of the synthesized AgNPs, as demonstrated by their ability to inhibit DPPH and ABTS 

free radicals, was concentration-dependent, with higher inhibition percentages observed at increasing 

concentrations. This aligns with previous studies indicating the potent antioxidant properties of silver 

nanoparticles synthesized from natural plant extracts [20, 21]. The high antioxidant activity can be attributed to 

the polyphenolic content of green tea and papaya leaf extracts, which are known to enhance the bioactivity of 

AgNPs [22, 23]. Green tea catechins, in particular, have been shown to possess strong free radical scavenging 

abilities, potentially mitigating oxidative stress, a major contributor to neurodegeneration [24, 25]. 

In addition to their antioxidant potential, the AgNPs also demonstrated significant AChE inhibitory activity, 

with inhibition increasing as the concentration of AgNPs rose. The inhibition of AChE, a key enzyme involved 

in the breakdown of acetylcholine, is crucial for the management of Alzheimer's disease [20]. Previous research 

supports the idea that plant-based AgNPs, particularly those synthesized from green sources like Kickxiaelatine 

and pawpaw leaf extract, exhibit AChE inhibitory properties [26]. The alkaloids and phenolic compounds 

present in papaya leaf extracts, coupled with the bioactive compounds in green tea, likely contribute to the 

enhanced AChE inhibition observed in our study. This supports the potential therapeutic role of these AgNPs in 

managing AD symptoms by improving cholinergic transmission. 

Moreover, the AgNPs synthesized in our study were also effective in inhibiting the aggregation of amyloid 

(Aβ1–42) peptides, which is a hallmark of Alzheimer's disease pathology. Our findings demonstrated a 

significant inhibition of amyloid aggregation at all tested lower concentrations of AgNPs. This is consistent with 

previous reports that silver nanoparticles, particularly those synthesized from green sources, can interfere with 

amyloid fibril formation [11]. The ability of AgNPs to inhibit amyloid aggregation suggests that they could play 

a preventative role in the development of AD, as amyloid plaques are a key factor in the neurotoxicity and 

cognitive decline associated with the disease [22]. 

Additionally, the neuroprotective properties of AgNPs may extend beyond amyloid inhibition. Recent in vivo 

studies have shown that AgNPs can reduce brain inflammation and oxidative stress through the induction of 

H2S-synthesizing enzymes, which further contributes to their neuroprotective role [11]. The combination of 

antioxidant, AChE inhibitory, and anti-amyloid aggregation properties make AgNPs synthesized from green tea 

and papaya leaf extracts a promising candidate for further exploration in neurodegenerative disease treatment 

strategies. 
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Conclusion 

In conclusion, the AgNPs synthesized from green tea and papaya leaf extracts demonstrated multifaceted 

bioactivities, including strong antioxidant effects, AChE inhibition, and amyloid aggregation inhibition. These 

findings align with previous studies on the neuroprotective and anti-inflammatory potential of AgNPs (Nam et 

al., 2021). Future research should focus on in vivo models to further elucidate the mechanisms behind these 

effects and their potential therapeutic applications in the treatment of Alzheimer's disease and other 

neurodegenerative disorders. 
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