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ABSTRACT 

Annona squamosa Linn. (custard apple) has been widely 

recognized in traditional medicine systems for its diverse 

therapeutic properties, including neuroprotective potential. This 

review focuses on the phytochemical composition and 

pharmacological evaluation of Annona squamosa stem bark 

extract, with particular emphasis on its memory-enhancing 

activity. The stem bark is rich in bioactive constituents such as 

alkaloids, flavonoids, phenolic compounds, acetogenins, and 

glycosides, which are known to contribute to central nervous 

system modulation. Preclinical studies have demonstrated that 

these phytochemicals exert significant antioxidant, anti-

inflammatory, and acetylcholinesterase inhibitory activities, 

which are crucial mechanisms underlying cognitive 

enhancement. The extract has shown promising results in 

improving learning and memory in various experimental  

models, including chemically induced amnesia and age-related cognitive decline. 

Additionally, its ability to mitigate oxidative stress and neurodegeneration highlights its 

therapeutic potential in managing disorders such as Alzheimer’s disease and other forms of 

dementia. This review consolidates existing literature on the phytochemistry and 

neuropharmacological effects of Annona squamosa stem bark, providing insights into its 

mechanism of action and future research directions. Overall, the findings suggest that Annona 

squamosa stem bark extract represents a promising natural candidate for the development of 

novel memory-enhancing agents with improved safety and efficacy profiles.  
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INTRODUCTION 

Memory is a fundamental cognitive process that enables the encoding, storage, and retrieval 

of information necessary for daily functioning and decision-making. It is broadly categorized 

into short-term memory, long-term memory, and working memory, each governed by 

complex neuronal networks within the central nervous system (CNS). The hippocampus, 

cerebral cortex, and amygdala play critical roles in memory consolidation and emotional 

learning. However, memory function is highly susceptible to impairment due to aging, 

oxidative stress, neuroinflammation, and neurodegenerative disorders.  

 

Diseases such as Alzheimer’s disease, Parkinson’s disease, and other forms of dementia 

are characterized by progressive cognitive decline and memory loss. One of the key 

pathological mechanisms involved is the depletion of acetylcholine, a neurotransmitter 

essential for learning and memory. Additionally, increased production of reactive oxygen 

species (ROS) and accumulation of β-amyloid plaques contribute to neuronal damage. 

Current pharmacological therapies, including acetylcholinesterase inhibitors, offer only 

symptomatic relief and are often associated with adverse effects. Therefore, there is a 

growing interest in exploring natural products and plant-based therapeutics as safer and 

more effective alternatives for enhancing cognitive function. These agents often target 

multiple pathways, including antioxidant defense, anti-inflammatory activity, and 

neurotransmitter modulation, making them promising candidates for memory enhancement 

and neuroprotection. 

 

Importance of Medicinal Plants in Neuropharmacology 

Medicinal plants have long been used in traditional systems of medicine such as Ayurveda, 

Traditional Chinese Medicine, and Unani medicine for the management of neurological 

disorders. These systems emphasize the use of herbal remedies rich in bioactive 

phytoconstituents that exert therapeutic effects through multiple mechanisms. In recent 

years, there has been a resurgence of scientific interest in validating these traditional claims 

through phytochemical and pharmacological investigations. Plants are known to contain 

diverse classes of compounds such as alkaloids, flavonoids, terpenoids, phenolic 

compounds, and glycosides, many of which possess significant neuroprotective properties. 

These compounds can modulate key pathways involved in cognitive function, including 



www.wjpr.net      │     Vol 15, Issue 7, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Kawane et al.                                                                      World Journal of Pharmaceutical Research 

1663 

cholinergic transmission, oxidative stress regulation, and inflammatory signaling 

pathways. For instance, flavonoids are well-known for their antioxidant activity, while 

alkaloids often exhibit acetylcholinesterase inhibitory effects.  

 

The advantage of plant-based therapeutics lies in their multitargeted approach, lower 

toxicity, and better patient compliance compared to synthetic drugs. Furthermore, advances 

in analytical techniques and molecular pharmacology have enabled the identification and 

characterization of active compounds responsible for memory-enhancing effects. As a result, 

medicinal plants are increasingly being explored as potential sources for the development of 

novel neurotherapeutic agents aimed at improving cognitive health and preventing 

neurodegeneration. 

 

Phytochemical Profile and Traditional Uses of Annona squamosa 

Annona squamosa Linn., commonly known as custard apple, belongs to the family 

Annonaceae and is widely distributed in tropical and subtropical regions. Various parts of 

the plant, including leaves, seeds, fruit pulp, and stem bark, have been traditionally used for 

their medicinal properties. The plant is known for its diverse ethnopharmacological 

applications, such as antimicrobial, anti-inflammatory, antidiabetic, and antioxidant 

activities.  

 

 

Fig. 1: Annona squamosal. 

 

The stem bark of Annona squamosa is particularly rich in phytochemicals such as 

acetogenins, alkaloids, flavonoids, tannins, and phenolic compounds. Among these, 

acetogenins are unique compounds known for their potent bioactivity, including effects on 
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mitochondrial function and cellular metabolism. Flavonoids and phenolic compounds 

contribute significantly to the plant’s free radical scavenging ability, which is crucial in 

protecting neuronal cells from oxidative damage. Traditional medicinal systems have utilized 

Annona squamosa for managing conditions related to the nervous system, suggesting its 

potential role in cognitive enhancement. Despite its widespread use, the scientific validation 

of its memory-enhancing properties, particularly focusing on the stem bark extract, remains 

limited. This highlights the need for comprehensive studies exploring its phytochemical 

composition and neuropharmacological effects, which could provide a strong foundation 

for its therapeutic application in cognitive disorders. 

 

Table 1: Phytochemical Constituents of Annona squamosa Stem Bark and Their 

Biological Activities. 

Sr. 

No. 

Phytochemical 

Class 

Major 

Compounds 
Biological Activities 

Relevance to 

Memory 

Enhancement 

1. Alkaloids 
Anonaine, 

Isocorydine 

Acetylcholinesterase 

inhibition, CNS 

stimulation 

Enhances cholinergic 

transmission and 

cognitive function 

2. Flavonoids 
Quercetin, 

Kaempferol 

Antioxidant, anti-

inflammatory 

Protects neurons 

from oxidative stress 

3. Acetogenins 
Squamocin, 

Annonacin 

Mitochondrial 

modulation, 

neuroprotection 

Prevents neuronal 

damage and 

apoptosis 

4. 
Phenolic 

Compounds 

Gallic acid, Ellagic 

acid 

Free radical 

scavenging 

Reduces oxidative 

stress in brain cells 

5. Tannins 
Hydrolysable 

tannins 

Antioxidant, anti-

inflammatory 

Maintains neuronal 

integrity 

6. Glycosides 
Various glycosidic 

compounds 

Cytoprotective 

effects 

Supports neuronal 

survival 

 

Rationale and Scope of the Review 

The increasing prevalence of cognitive disorders and the limitations associated with current 

pharmacological treatments underscore the urgent need for novel therapeutic strategies. 

Natural products, particularly those derived from medicinal plants, offer a promising avenue 

due to their chemical diversity and biological efficacy. In this context, Annona squamosa 

has emerged as a potential candidate owing to its rich phytochemical profile and reported 

pharmacological activities. 

 

The stem bark extract of Annona squamosa has attracted attention for its potential memory-

enhancing activity, primarily attributed to its antioxidant, anti-inflammatory, and 
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acetylcholinesterase inhibitory properties. However, the available literature is scattered, 

and a comprehensive synthesis of its phytochemistry and neuropharmacological effects is 

lacking. This review aims to bridge this gap by systematically analyzing existing studies on 

the chemical constituents, mechanisms of action, and experimental evidence supporting 

its cognitive benefits. Furthermore, this review highlights the therapeutic potential of 

Annona squamosa stem bark in the management of neurodegenerative diseases, while also 

identifying key areas for future research, such as clinical validation, toxicity studies, and 

formulation development. By providing an integrated perspective, this work seeks to 

contribute to the development of plant-based memory-enhancing agents with improved 

safety and efficacy profiles. 

 

Mechanism of Action of Annona squamosa 

The memory-enhancing and neuroprotective effects of Annona squamosa stem bark extract 

are attributed to its diverse phytochemical constituents and their ability to modulate 

multiple biological pathways involved in cognitive function. The mechanism of action is 

multifactorial, involving cholinergic modulation, antioxidant defense, anti-inflammatory 

activity, and neuroprotection.  

 

One of the primary mechanisms underlying the cognitive-enhancing effect of Annona 

squamosa is the inhibition of acetylcholinesterase (AChE), the enzyme responsible for the 

breakdown of acetylcholine. The presence of alkaloids and certain flavonoids in the stem 

bark contributes to this activity. By inhibiting AChE, the extract increases the availability of 

acetylcholine in the synaptic cleft, thereby enhancing cholinergic neurotransmission, 

which is essential for learning and memory processes. This mechanism is similar to that of 

clinically used drugs for Alzheimer’s disease, making the plant a promising natural 

alternative. Apart from acetylcholine, Annona squamosa may influence other 

neurotransmitters such as dopamine, serotonin, and gamma-aminobutyric acid (GABA). 

This modulation contributes to improved mood, learning ability, and overall cognitive 

performance. The synergistic interaction of these neurotransmitter systems enhances the 

plant’s nootropic potential. 

 

The stem bark extract exhibits potent antioxidant activity due to the presence of phenolic 

compounds, flavonoids, and tannins. These compounds effectively scavenge reactive 

oxygen species (ROS) and reduce lipid peroxidation, thereby protecting neuronal cells from 

oxidative damage. Oxidative stress is a major contributor to neurodegeneration and 
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cognitive decline. By enhancing endogenous antioxidant systems such as superoxide 

dismutase (SOD) and catalase, Annona squamosa helps maintain neuronal integrity and 

improves memory function. 

 

Chronic neuroinflammation is a key factor in the progression of cognitive disorders. 

Bioactive compounds present in Annona squamosa exhibit significant anti-inflammatory 

properties by inhibiting pro-inflammatory mediators such as tumor necrosis factor-alpha 

(TNF-α), interleukins (IL-1β, IL-6), and cyclooxygenase (COX) enzymes. This reduction 

in inflammation helps prevent neuronal damage and supports normal cognitive functioning. 

The extract demonstrates strong neuroprotective activity by preventing neuronal cell death 

through modulation of apoptotic pathways. Phytochemicals such as acetogenins are known 

to influence mitochondrial function, thereby reducing neuronal apoptosis. Additionally, 

the extract helps in maintaining neuronal plasticity, which is crucial for memory formation 

and retention. Emerging evidence suggests that Annona squamosa may inhibit the formation 

and aggregation of β-amyloid plaques, which are a hallmark of Alzheimer’s disease. This 

activity helps in reducing neuronal toxicity and preserving cognitive function. The 

polyphenolic compounds present in the extract are believed to interfere with amyloid 

aggregation pathways. 

 

Table 2: Pharmacological Activities of Annona squamosa Related to Cognitive Function. 

Sr. 

No. 
Activity Mechanism 

Experimental 

Evidence 

Outcome on 

Memory 

1. 
Antioxidant 

Activity 

Scavenging of ROS, 

enhancement of SOD 

and catalase 

DPPH, FRAP 

assays 

Protects neurons, 

improves memory 

retention 

2. AChE Inhibition 
Prevents breakdown of 

acetylcholine 

In vitro enzyme 

assays 

Enhances learning 

and memory 

3. 

Anti-

inflammatory 

Activity 

Inhibition of TNF-α, IL-

6, COX enzymes 
Animal studies 

Reduces 

neuroinflammation 

4. Neuroprotection 

Prevention of apoptosis, 

mitochondrial 

stabilization 

In vivo studies 
Preserves cognitive 

function 

5. 
Anti-amyloid 

Activity 

Inhibition of β-amyloid 

aggregation 

Experimental 

models 

Reduces Alzheimer’s 

pathology 

 

OBJECTIVES 

● To systematically compile and analyze the existing literature on the phytochemical 

constituents present in the stem bark of Annona squamosa.  
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● To identify and categorize key bioactive compounds such as alkaloids, flavonoids, 

acetogenins, phenolics, and glycosides responsible for pharmacological activity.  

● To evaluate the memory-enhancing (nootropic) potential of Annona squamosa stem 

bark extract based on preclinical and experimental studies.  

● To elucidate the mechanisms of action involved in cognitive enhancement, including 

acetylcholinesterase inhibition, antioxidant activity, anti-inflammatory effects, and 

neuroprotection.  

● To assess the role of the extract in mitigating neurodegenerative disorders, 

particularly Alzheimer’s disease and dementia.  

● To compare the efficacy of plant-based therapeutics with conventional synthetic 

drugs used for memory impairment.  

● To highlight the safety profile and potential toxicity concerns associated with the use 

of Annona squamosa stem bark extract.  

● To identify research gaps in current studies, including limitations in clinical validation 

and standardization of extracts.  

● To suggest future research directions, focusing on clinical trials, formulation 

development, and molecular-level investigations.  

● To promote the potential of Annona squamosa as a natural, cost-effective, and multi-

targeted therapeutic agent for cognitive enhancement. 

 

Literature Review and Data Collection 

1. Leite et al. (2021)  

This study provided a detailed analysis of the chemical composition and biological 

activities of Annona squamosa extracts. The authors identified a rich presence of phenolic 

compounds and flavonoids, which contributed significantly to the extract’s antioxidant and 

acetylcholinesterase inhibitory activities. The study demonstrated that the extract 

effectively scavenges free radicals and reduces oxidative stress, which is a major factor in 

cognitive decline. Importantly, the inhibition of acetylcholinesterase suggests its potential 

role in enhancing cholinergic neurotransmission, thereby improving memory and learning 

processes. This study strongly supports the neuroprotective potential of Annona squamosa. 

 

2. Kumar et al. (2021) 

Kumar and colleagues comprehensively reviewed the nutritional and phytochemical 

profile of Annona squamosa leaves and highlighted its diverse pharmacological properties. 
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The study emphasized the presence of alkaloids, flavonoids, and acetogenins, which exhibit 

strong antioxidant and anti-inflammatory activities. Although focused on leaves, the 

findings are relevant to other plant parts, including the stem bark. The authors also discussed 

the plant’s potential role in neuroprotection and management of neurodegenerative 

disorders, making it a valuable reference for understanding its therapeutic applications. 

 

3. Yassin et al. (2025) 

This recent study compared different cultivars of Annona squamosa and evaluated their 

phytochemical composition and pharmacological activities. The findings revealed 

significant variation in bioactive compound content, particularly polyphenols and 

flavonoids, which influenced their antioxidant and enzyme inhibitory activities. The study 

highlighted the importance of plant source and extraction method in determining 

biological efficacy. It also reinforced the plant’s potential in neuroprotective applications, 

particularly through oxidative stress reduction and enzyme inhibition. 

 

4. Ansari et al. (2022) 

This research focused on the polyphenol-rich extract of Annona squamosa and its biological 

effects. The study demonstrated strong antioxidant, anti-inflammatory, and cytoprotective 

activities. The extract was shown to modulate key pathways involved in oxidative stress and 

inflammation, both of which are critical in cognitive impairment and neurodegeneration. 

The findings provide strong evidence supporting the role of polyphenols in enhancing brain 

health and protecting against neuronal damage. 

 

5. Narwade & Aher (2019) 

This review summarized the phytochemical and pharmacological properties of Annona 

squamosa, highlighting its traditional medicinal uses. The authors reported the presence of 

important compounds such as acetogenins, alkaloids, and flavonoids, which contribute to 

its wide range of biological activities. The study emphasized its antioxidant, anti-

inflammatory, and neuroprotective effects, supporting its potential use in memory 

enhancement and treatment of neurological disorders. 

 

METHODOLOGY 

This review article was designed as a systematic and comprehensive literature-based 

study aimed at evaluating the phytochemical composition and memory-enhancing 

pharmacological potential of Annona squamosa stem bark extract. The methodology 
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involved collection, screening, analysis, and synthesis of relevant scientific data from 

multiple reliable sources. Emphasis was placed on identifying studies that explore the 

neuroprotective, nootropic, and mechanistic aspects of the plant. 

 

Relevant data from selected studies were systematically extracted and organized into 

categories such as. 

 Phytochemical constituents (alkaloids, flavonoids, acetogenins, etc.)  

 Type of extract and extraction methods  

 Experimental models used (animal models, in vitro assays)  

 Pharmacological activities observed  

 Mechanisms of action related to memory enhancement  

 

The collected data were analyzed using a qualitative and comparative approach. Findings 

from different studies were critically evaluated to identify: 

 Consistent patterns of pharmacological activity  

 Correlation between phytochemicals and biological effects  

 Strengths and limitations of existing research  

No statistical meta-analysis was performed; however, emphasis was placed on evidence-

based interpretation and scientific validity. 

 

Inclusion and Exclusion Criteria 

To ensure accuracy and relevance, strict inclusion and exclusion criteria were applied: 

 

Inclusion Criteria 

● Peer-reviewed research articles, review papers, and experimental studies  

● Studies focusing on phytochemistry and pharmacological activities of Annona 

squamosa  

● Research specifically related to memory enhancement, cognitive function, or 

neuroprotection  

● Articles published in English language  

● Studies involving in vitro, in vivo, and relevant mechanistic investigations. 

 

Exclusion Criteria 

● Studies lacking sufficient scientific data or methodology  

● Non-peer-reviewed articles, conference abstracts, or unpublished data  
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● Studies unrelated to neurological or cognitive activity  

● Duplicate publications or redundant data. 

 

DISCUSSION 

The reviewed literature reveals that the stem bark of Annona squamosa is a rich source of 

diverse bioactive phytoconstituents, including alkaloids, flavonoids, acetogenins, phenolic 

compounds, tannins, and glycosides. Among these, acetogenins are considered unique to 

the Annonaceae family and exhibit potent biological activities, particularly in mitochondrial 

modulation. The presence of flavonoids and phenolics contributes significantly to the 

plant’s antioxidant capacity, which plays a crucial role in neuroprotection. Advanced 

analytical techniques such as HPLC, GC-MS, and NMR spectroscopy have enabled the 

identification and characterization of these compounds. The variability in phytochemical 

composition observed across studies may be attributed to differences in geographical origin, 

extraction methods, and solvent systems used. Despite these variations, a consistent 

presence of neuroactive compounds supports the therapeutic potential of the stem bark 

extract. These phytochemicals collectively contribute to the multifunctional 

pharmacological profile of the plant, forming the basis for its memory-enhancing activity. 

 

Antioxidant Activity and Its Role in Cognitive Enhancement 

A significant finding across multiple studies is the strong antioxidant activity of Annona 

squamosa stem bark extract. This activity is primarily attributed to the presence of 

polyphenols and flavonoids, which act as free radical scavengers. Experimental assays 

such as DPPH, FRAP, and lipid peroxidation inhibition tests have consistently 

demonstrated the extract’s ability to neutralize reactive oxygen species (ROS). Oxidative 

stress is a major contributor to neuronal damage and cognitive decline, particularly in aging 

and neurodegenerative conditions. The reviewed studies indicate that the extract enhances 

endogenous antioxidant enzymes such as superoxide dismutase (SOD), catalase, and 

glutathione peroxidase, thereby restoring redox balance. This protective effect helps in 

maintaining neuronal integrity and preventing synaptic dysfunction.  

 

Furthermore, the reduction in lipid peroxidation and oxidative biomarkers observed in 

animal models suggests that the extract plays a vital role in preserving brain function. These 

findings strongly support the hypothesis that antioxidant activity is a key mechanism 

underlying the memory-enhancing effects of Annona squamosa. 
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Table 3: Experimental Models Used to Evaluate Memory-Enhancing Activity. 

Sr. No. Model Type Purpose 
Observed 

Effect 

1. 
Morris Water 

Maze 
In vivo 

Spatial learning and 

memory 

Reduced escape 

latency, 

improved 

retention 

2. 
Elevated Plus 

Maze 
In vivo 

Learning and anxiety-

related memory 

Increased 

transfer latency 

3. 
Passive 

Avoidance Test 
In vivo Memory retention 

Increased 

latency time 

4. 
Scopolamine-

Induced Amnesia 
In vivo 

Induced memory 

impairment model 

Reversal of 

memory deficits 

5. 
AChE Inhibition 

Assay 
In vitro 

Enzyme activity 

measurement 

Reduced AChE 

activity 

 

Acetylcholinesterase Inhibition and Cholinergic Modulation 

One of the most prominent pharmacological actions identified is the inhibition of 

acetylcholinesterase (AChE). The reviewed studies demonstrate that Annona squamosa 

stem bark extract significantly reduces AChE activity, leading to increased levels of 

acetylcholine, a neurotransmitter essential for learning and memory. This effect is largely 

attributed to alkaloids and certain flavonoids, which interact with the active site of the 

enzyme, thereby preventing the breakdown of acetylcholine. The enhancement of cholinergic 

transmission improves synaptic plasticity and facilitates better cognitive performance. 

Experimental models, particularly scopolamine-induced amnesia models, have shown 

marked improvement in memory parameters upon treatment with the extract. 

 

The observed AChE inhibitory activity is comparable to that of standard drugs such as 

donepezil, indicating the potential of Annona squamosa as a natural alternative for 

managing cognitive disorders. This finding is particularly significant in the context of 

Alzheimer’s disease, where cholinergic dysfunction is a key pathological feature. 

 

Anti-inflammatory and Neuroprotective Effects 

Chronic neuroinflammation is increasingly recognized as a critical factor in the progression 

of neurodegenerative diseases. The reviewed studies indicate that Annona squamosa stem 

bark extract exhibits significant anti-inflammatory activity by downregulating pro-

inflammatory mediators such as TNF-α, IL-1β, and IL-6.  
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This anti-inflammatory effect helps in reducing microglial activation and preventing 

subsequent neuronal damage. Additionally, the extract demonstrates neuroprotective 

properties by inhibiting apoptotic pathways, thereby reducing neuronal cell death. The 

presence of acetogenins and other bioactive compounds is believed to play a crucial role in 

maintaining mitochondrial function and cellular energy balance. The combined effect of 

reduced inflammation and enhanced neuronal survival contributes to improved cognitive 

performance and memory retention. These findings highlight the importance of targeting 

multiple pathways for effective management of neurodegenerative conditions. 

 

Behavioral and Experimental Evidence of Memory Enhancement 

Several in vivo studies have provided strong evidence supporting the memory-enhancing 

activity of Annona squamosa stem bark extract. Behavioral models such as the Morris water 

maze, elevated plus maze, and passive avoidance tests have been widely used to evaluate 

cognitive function. 

 

The results consistently show that treated animals exhibit improved learning ability, 

reduced escape latency, and enhanced memory retention compared to control groups. In 

models of chemically induced amnesia, particularly using scopolamine, the extract 

effectively reversed memory deficits. Biochemical analysis further supports these findings, 

showing decreased AChE activity, reduced oxidative stress markers, and improved 

antioxidant enzyme levels. The dose-dependent effects observed in these studies indicate the 

efficacy and reliability of the extract as a cognitive enhancer. 

 

Comparative Evaluation with Synthetic Drugs 

When compared with conventional synthetic nootropic agents, Annona squamosa 

demonstrates several advantages, including a multitargeted mechanism of action, lower 

toxicity, and better safety profile. While synthetic drugs primarily focus on a single 

pathway, such as AChE inhibition, the plant extract simultaneously targets oxidative stress, 

inflammation, and neurotransmitter imbalance. However, it is important to note that most 

of the available data are derived from preclinical studies, and there is a lack of clinical trials 

to validate these findings in humans. Additionally, issues related to standardization of 

extracts, dosage optimization, and long-term safety need to be addressed.  
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Limitations and Research Gaps 

Despite promising results, several limitations were identified in the reviewed studies. These 

include: 

 Lack of clinical evidence in human subjects  

 Variability in experimental design and extraction methods  

 Limited studies focusing specifically on stem bark extract  

 Insufficient data on toxicity and pharmacokinetics  

 

Addressing these gaps is essential for translating preclinical findings into clinical 

applications. 

 

The findings of this review clearly indicate that Annona squamosa stem bark extract 

possesses significant memory-enhancing and neuroprotective properties. Its efficacy is 

primarily driven by a synergistic interaction of multiple phytochemicals, which act 

through diverse mechanisms such as AChE inhibition, antioxidant activity, and anti-

inflammatory effects. 

 

The multifunctional nature of the extract makes it a promising candidate for the 

development of novel plant-based nootropic agents. However, further research, particularly 

clinical validation and standardization, is required to fully establish its therapeutic 

potential. 

 

CONCLUSION  

The present review provides a comprehensive evaluation of the phytochemical composition 

and memory-enhancing pharmacological potential of Annona squamosa stem bark extract. 

The collected evidence clearly demonstrates that the plant is a rich source of diverse 

bioactive compounds, including alkaloids, flavonoids, acetogenins, phenolic compounds, 

tannins, and glycosides, which collectively contribute to its broad spectrum of biological 

activities. These phytochemicals form the fundamental basis for its neuroprotective and 

cognitive-enhancing effects.  

 

One of the most significant conclusions drawn from this review is the multifactorial 

mechanism of action exhibited by Annona squamosa. The extract enhances cognitive 

function primarily through acetylcholinesterase (AChE) inhibition, leading to increased 

levels of acetylcholine, which is crucial for memory and learning. In addition, its potent 
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antioxidant activity effectively neutralizes reactive oxygen species (ROS), thereby 

reducing oxidative stress, a key contributor to neuronal degeneration. The plant also 

demonstrates strong anti-inflammatory effects, suppressing pro-inflammatory mediators and 

preventing chronic neuroinflammation, which is closely associated with cognitive decline. 

Furthermore, the extract exhibits significant neuroprotective properties by preventing 

neuronal apoptosis and maintaining neuronal integrity and synaptic plasticity. Emerging 

evidence also suggests its potential role in inhibiting β-amyloid aggregation, a hallmark of 

Alzheimer’s disease, thereby highlighting its relevance in managing neurodegenerative 

disorders. Behavioral and experimental studies consistently support these findings, showing 

improved learning ability, memory retention, and cognitive performance in various 

animal models. 

 

Another important aspect highlighted in this review is the advantage of Annona squamosa 

over conventional synthetic nootropic agents. Unlike synthetic drugs that typically target a 

single pathway, the plant extract operates through a multitargeted approach, addressing 

multiple underlying causes of cognitive impairment simultaneously. Additionally, it offers a 

comparatively better safety profile, lower toxicity, and potential cost-effectiveness, 

making it an attractive candidate for long-term therapeutic use. However, despite these 

promising findings, several limitations and research gaps remain. The majority of available 

data are derived from preclinical studies, with limited clinical evidence to support its 

efficacy in humans. Variations in extraction methods, dosage, and experimental models 

also pose challenges in standardizing the results. Moreover, there is insufficient information 

regarding the pharmacokinetics, bioavailability, and long-term safety of the stem bark 

extract. 

 

In conclusion, Annona squamosa stem bark extract emerges as a highly promising natural 

therapeutic agent for memory enhancement and neuroprotection. Its rich phytochemical 

profile and diverse pharmacological actions make it a strong candidate for the development 

of novel plant-based nootropic formulations. Future research should focus on clinical 

trials, standardization of extracts, and molecular-level investigations to fully establish its 

therapeutic potential and facilitate its translation from traditional use to modern clinical 

application. 
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