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ABSTRACT 

Neuropeptide Y (NPY) is a prominent neuromodulator in the brain, playing a critical role in regulating stress responses, 

mood, and neuroplasticity. It influences various behavioural processes, including appetite, reward, and anxiety. 

Environmental enrichment (EE), which involves exposure to a stimulating environment with physical, social, and cognitive 

components, has been shown to promote brain health by enhancing neuroplasticity, neurogenesis, and cognitive function. 

This review examines the potential link between NPY and Alzheimer's disease (AD), suggesting that NPY may modulate 

the positive effects of EE on brain function in the context of neurodegeneration. Existing evidence indicates that EE can 

alter NPY expression, which in turn might influence neuroplasticity, neuronal survival, and resilience to neurodegeneration. 

In animal studies, EE has been shown to increase NPY levels, which are associated with improved cognitive performance, 

reduced anxiety, and enhanced neurogenesis, particularly in the hippocampus—the region most affected by Alzheimer's 

disease. Furthermore, NPY’s interactions with other neurotrophic factors, such as BDNF and IGF-1, further support its 

involvement in counteracting the neurological deficits seen in AD. The potential therapeutic implications of targeting NPY 

for AD, including its role in cognitive decline and neuroprotection, are promising. However, challenges remain, including 

inconsistent experimental approaches and a lack of long-term human clinical trials. Future research should focus on 

elucidating the molecular mechanisms by which NPY influences EE-induced effects, with the aim of developing 

innovative, non-pharmacological interventions for Alzheimer's disease and related neurodegenerative disorders. 

Keywords: Neuropeptide Y, Alzheimer's disease, environmental enrichment, neuroplasticity, cognitive enhancement, stress 

resilience. 
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1. INTRODUCTION 

Overview of Neuropeptide Y (NPY) 

The 36-amino acid peptide known as neuropeptide Y (NPY) functions in the brain and peripheral nervous system as a 

neurotransmitter and neuromodulator. It is one of the most prevalent neuropeptides in the central nervous system (CNS), 

and the hippocampus, amygdala, and hypothalamus are where it is primarily produced.(1). NPY plays a vital role in 

maintaining homeostasis by regulating essential physiological systems such as hunger, energy balance, cardiovascular 

regulation, and stress responses (2). 

The hippocampus, cortex, and amygdala are among the various areas of the brain where NPY operates through the three 

main receptors, Y1, Y2, and Y5. (3). Numerous biological effects are mediated by these receptors, such as regulating 

neuronal excitability, neurotransmitter release, and synaptic plasticity—the capacity of synapses to become stronger or 

weaker over time.(4). NPY's importance extends beyond only physiological regulation, influencing brain activities related 

to cognition, stress reactions, and emotional regulation (5). 
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GRAPHICAL ABSTRACT: 

 

 

NPY in Neuroplasticity, Behaviour, and Stress management: NPY plays a crucial role in stress management. (6). It reduces 

anxiety and fosters stress resilience by opposing the effects of cortisol and other stress hormones. (7). Because of its 

anxiolytic properties, NPY is essential for the brain's adaptive response to stress, and a lack of it is frequently linked to a 

higher risk of stress-related illnesses including melancholy and anxiety.(8). Furthermore, NPY plays a role in 

neuroplasticity, which includes neurogenesis (the development of new neurones) and synaptic connection strengthening, 

especially in memory-related areas like the hippocampus.(9). This neuroplasticity improves cognitive abilities like 

memory, learning, and judgement. (10). Additionally, NPY influences emotional reactions and social behaviours by 

controlling behaviours linked to hunger, reward, and fear. (11). 

Overview of Alzheimer's Disease (AD) 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the most common form of dementia, affecting 

millions of people worldwide, primarily those aged 65 and older. The disease leads to cognitive decline, memory loss, and 

behavioral changes that worsen over time12.   

AD is characterized by the buildup of amyloid-beta plaques and neurofibrillary tangles composed of the protein tau, 

both of which disrupt communication between brain cells and lead to neuronal death. 13 

These abnormalities particularly affect the hippocampus and cortex, brain regions involved in memory, learning, and 

higher cognitive functions, contributing to the hallmark symptoms of AD.14 

Symptoms of Alzheimer's progress in three stages:15 

• Early Stage: Memory loss, confusion, difficulty with familiar tasks, and mood changes. 

• Middle Stage: Severe confusion, inability to recognize loved ones, difficulty with daily activities, and behavioral 

disturbances like agitation, aggression, or depression. 

• Late Stage: Profound memory loss, loss of speech, motor function, and complete dependence on caregivers. 

Risk Factors include age, genetic predisposition (e.g., APOE ε4 allele), family history, cardiovascular health, and lifestyle 

factors like diet, exercise, and social engagement. In addition, conditions such as hypertension, diabetes, and obesity have 

been shown to increase the risk of developing AD.16 

While there is no cure for AD, treatment focuses on slowing cognitive decline and managing symptoms. Current treatments 

include medications like cholinesterase inhibitors (which help with memory and cognition) and NMDA antagonists 

(which regulate glutamate). Non-pharmacological interventions, including cognitive stimulation and environmental 

enrichment (EE), aim to enhance brain health, promote neuroplasticity, and improve quality of life.17 
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Environmental Enrichment (EE) has shown promise in improving cognitive function, neurogenesis, and emotional well-

being, offering a potential complementary strategy for AD management. 18 

This approach provides a stimulating environment that promotes brain health through physical, social, and cognitive 

engagement, all of which may help delay or reduce the cognitive decline associated with AD.19 

As research into Alzheimer’s continues, Neuropeptide Y (NPY) has emerged as an important focus. NPY plays a key role 

in stress regulation, memory enhancement, and neuroplasticity—functions that are often disrupted in Alzheimer's. 

Investigating the effects of NPY in AD could lead to innovative, non-pharmacological treatments that improve brain 

function, reduce neurodegeneration, and offer hope for more effective management of the disease.20 

Environmental Enrichment (EE) and Alzheimer’s Disease (AD) 

Environmental Enrichment (EE) is a concept that involves creating an environment that offers a combination of physical, 

social, and cognitive stimuli, which go beyond basic survival needs to enhance brain health and overall well-being. 21 

In the context of Alzheimer's disease (AD), EE has shown significant potential in improving cognitive functions and 

providing neuroprotection against the degenerative processes seen in AD.22 

EE includes three core components: 

• Physical Stimulation: Involves offering opportunities for physical exercise, such as running wheels or climbing 

frames. Physical activity is known to enhance neurogenesis (growth of new neurons), motor coordination, and 

general brain function. In AD, physical stimulation can potentially mitigate neurodegenerative changes by 

enhancing brain plasticity and reducing the cognitive decline often associated with the disease. (23)24 

• Social Stimulation: This includes social interactions that foster collaboration, emotional regulation, and the 

maintenance of social behaviors. For animals, this is typically facilitated by keeping them in social groups, while 

humans might benefit from group activities and regular social engagement. Social stimulation can reduce feelings 

of isolation and improve mental health, both of which are important in counteracting the social withdrawal and 

cognitive decline seen in AD. (25). 26 

• Cognitive Stimulation: This aspect involves mentally engaging activities like puzzles, learning new skills, and 

problem-solving exercises. These activities activate brain regions related to memory and executive function, 

which are severely affected by Alzheimer’s disease. By promoting cognitive challenge, EE may help slow the 

progression of cognitive deficits in AD patients. (27).28 

Effects of EE on Behaviour, Cognition, and Brain Health in AD 

Research has shown that EE improves synaptic plasticity, neuroplasticity, and neurogenesis, particularly in areas like 

the hippocampus, which is crucial for memory and learning. The hippocampus is one of the first regions affected in 

Alzheimer’s disease. 29,30 

Thus, enhancing neuroplasticity and promoting the regeneration of new neurons through EE could potentially slow the 

progression of cognitive decline in AD patients. 31,32 

In addition to cognitive benefits, EE has been shown to improve behavior by reducing anxiety, depression, and promoting 

better social engagement. (33)  

These positive behavioral changes are particularly important in Alzheimer’s disease, as mood disturbances and social 

withdrawal are common symptoms. Furthermore, EE enhances stress resilience, which is crucial for individuals with AD, 

as chronic stress can accelerate neurodegeneration. 34,35,36 

Link Between NPY and EE in Alzheimer’s Disease 

The role of Neuropeptide Y (NPY) in Alzheimer’s disease and its potential interaction with Environmental Enrichment 

(EE) is an emerging area of interest. NPY is a neuromodulator that regulates stress responses, mood, and neuroplasticity—

key factors in the progression of Alzheimer's disease. 37 

Research suggests that both NPY and EE are instrumental in promoting brain health. NPY has been shown to improve 

cognitive function, reduce stress, and increase neuroplasticity, all of which are critical in combating the cognitive decline 

and emotional disturbances characteristic of Alzheimer's disease. Investigating how EE affects NPY signaling could 

provide valuable insights into how environmental factors can influence brain health and possibly offer therapeutic 

alternatives to traditional pharmacological treatments. 38 

Understanding the relationship between NPY and EE is crucial for developing non-pharmacological interventions for 

Alzheimer's disease. EE could modulate NPY levels, leading to enhanced cognitive function, reduced anxiety, and 

potentially slowing the progression of Alzheimer’s. This suggests that modifying environmental factors to boost NPY 

levels could be a promising strategy in treating or managing Alzheimer's disease and related cognitive disorders. 39 
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Hypotheses about How NPY May Mediate the Effects of EE in alzimers disease 

1. NPY and Neuroplasticity: One idea is that NPY may mediate the cognitive effects of EE by increasing 

neurogenesis and boosting synaptic plasticity. NPY's release in response to external stimuli may help create new 

neuronal connections, notably in the hippocampus, leading to gains in memory, learning, and cognitive 

performance (40). 

2. Stress Regulation: Another theory is that NPY might be crucial to EE's stress-buffering capabilities. Through 

regulation of the HPA axis, which controls stress reactions, EE may improve the brain's capacity to respond to 

and recover from stress by raising NPY levels.(41). 

3. Synergistic Effects with Other Neurotrophic Factors: Other neurotrophic factors, like brain-derived 

neurotrophic factor (BDNF), which is elevated by EE, may interact with NPY. Cognitive and emotional resilience 

as well as neuroplasticity may be further enhanced by this contact.(42). 

4. Behavioural Regulation: The way that NPY controls behaviour, especially in relation to social interactions, 

anxiety, and terror, may help to explain how EE improves mood, lowers anxiety, and increases stress tolerance. 

(43). 

2. NEUROPEPTIDE Y: MECHANISMS AND FUNCTIONS 

Neuropeptide Y System 

NPY Receptors (Y1, Y2, Y5) and Their Distribution in the Brain: 

The three main receptor types that neuropeptide Y (NPY) uses to affect biology are Y1, Y2, and Y5. Because of the 

distribution of these receptors in the peripheral tissues and central nervous system (CNS), NPY is able to control a variety 

of physiological functions. (44). 

• Y1 Receptor: The most researched receptor is the Y1 receptor, which is mostly engaged in neurotransmission, 

particularly in relation to stress, anxiety, and food intake. High levels of it can be detected in the hypothalamus, 

amygdala, hippocampus, and cortex. The anxiolytic (anxiety-reducing) effects of NPY are mediated by Y1, which 

also influences neuroplasticity in areas such as the hippocampus, which is essential for memory and learning.(45). 

• Y2 Receptor: The Y2 receptor is predominantly found on presynaptic neurons and acts as an auto receptor, 

regulating the release of NPY and other neurotransmitters. It is also present in brain areas involved in regulating 

food intake and energy balance, such as the hypothalamus. Activation of Y2 receptors inhibits further NPY release 

and modulates other neurotransmitter systems (46). 

• Y5 Receptor: The modulation of reward systems and appetite is the main function of the Y5 receptor. It is located 

in the limbic system and hypothalamus, two areas crucial to motivation, appetite control, and mood management. 

The impact of NPY on feeding behaviour and energy balance has been connected to Y5 receptor activation.(47). 
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Fig no. 1: Mechanism of Neuropeptide Y 

 

NPY Release and Signalling Pathways: 

Neurones produce and release NPY, which has both autocrine and paracrine effects. NPY attaches to its receptors upon 

release into the synaptic cleft, starting intracellular signalling cascades.(48). G-proteins are often activated by Y1 and Y5 

receptor activation, and these G-proteins in turn influence a number of intracellular processes, including calcium 

mobilisation, phospholipase C, and the adenylyl cyclase/cAMP pathway.(49). 

• Y1 Activation: This leads to the activation of MAPK (mitogen-activated protein kinase) signalling pathways and 

the suppression of cyclic AMP (cAMP) synthesis. Neuronal development, survival, and gene expression are all 

influenced by these pathways.(50). 

• Y2 Activation: Particularly in relation to energy balance and food intake, the Y2 receptor regulates the release of 

NPY and other neurotransmitters by lowering intracellular cAMP levels through an inhibitory G-protein (Gi).(51). 

• Y5 Activation: While Y5 receptor activation similarly triggers MAPK pathways, it is more strongly linked to 

reward pathways and the control of food-seeking behaviour than Y1 receptor activation. (52). 

Role of NPY in the Brain 

Modulation of Stress Responses: 

The brain's reaction to stress is significantly influenced by NPY. Anxiety, depression, and other mood disorders can result 

from the body's secretion of stress hormones like cortisol. However, the effects of these stress hormones are 

counterbalanced by NPY.(53). 

• NPY has anxiolytic properties and is involved in the hypothalamic-pituitary-adrenal (HPA) axis regulation, which 

controls the release of cortisol. In stressful situations, NPY helps dampen the overactivation of the HPA axis and 

facilitates a more adaptive stress response(54). 

• By regulating the hippocampus, which is linked to memory and stress management, and the amygdala, which is 

involved in emotional processing and fear, NPY helps lessen anxiety and fear while fostering emotional stability 

and stress resilience.(55). 

Influence on Mood, Anxiety, and Depression: 

NPY's function in anxiety and depression has been connected to its role in mood regulation. (56). People with chronic 

anxiety and depression have been found to have low levels of NPY, whereas those with higher levels are linked to improved 

stress resilience and a decrease in anxiety-like behaviours. (57). 

• Anxiolytic Effects: NPY plays a crucial role in anxiety management by regulating the amygdala and other areas 

involved in processing fear. The hyperactivity that is frequently observed in anxiety disorders can be reduced 

when NPY binds to its Y1 receptor in the amygdala.(58). 

• Depression: In animal studies, NPY has been shown to have effects similar to those of antidepressants. (59). The 

peptide encourages neurogenesis and neuroplasticity, which may be crucial for restoring the emotional and 
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cognitive impairments linked to depression.(60). Additionally, there is evidence that NPY contributes to synaptic 

remodelling, which can assist mood disorders patients regain normal brain function.(61). 

Impact on Neuroplasticity and Neurogenesis: 

The brain's capacity to learn new information, adjust to changes in the environment, and heal from injuries is known as 

neuroplasticity, and NPY plays a key role in this process. (62). 

• Neurogenesis: NPY encourages the growth of new neurones, especially in the hippocampus, a portion of the brain 

that is essential for memory and learning. This effect is crucial for memory consolidation, cognitive flexibility, 

and brain development. (63). 

• Synaptic Plasticity: Synaptic plasticity—the capacity of synapses to become stronger or weaker in response to 

experience—is improved by NPY. This is essential for memory and learning. Because of its impact on synaptic 

plasticity, NPY is essential for adaptive cognitive processes, particularly when it comes to stress and 

environmental stimuli.(64). 

NPY and Behavioural Regulation 

Effect of NPY on Appetite, Reward, and Cognition: 

NPY is frequently called the "hunger peptide" because of its crucial function in controlling appetite. (65). By stimulating 

food intake in the hypothalamus, NPY affects feeding behaviour. (66). Furthermore, NPY may play a part in encouraging 

food-seeking behaviour and reward-driven behaviours based on its effects on the reward system, particularly through the 

Y5 receptor. (67). 

• Reward: The dopamine system, which is in charge of processing rewards in the brain, interacts with NPY. It can 

affect behaviours linked to reward and motivation by modifying the release of dopamine and other 

neurotransmitters involved in motivation and pleasure.(68). 

• Cognition: NPY's capacity to promote synaptic plasticity is associated with its function in cognitive processes 

including memory and learning. NPY promotes learning capacity, executive function, and cognitive flexibility 

through its actions on the prefrontal cortex and hippocampus.(69). 

Role of NPY in Regulating Fear and Anxiety Behaviours: 

One important modulator of anxiety and fear behaviours is NPY. NPY helps control the severity of fear reactions by 

influencing the amygdala, a part of the brain that is crucial to processing fear. (70). 

• Fear Responses: NPY works to lessen amygdala overactivity and fear-related behaviours under stressful or 

frightening circumstances. In order to prevent heightened fear reactions, NPY's anxiolytic effects are mediated 

through its interaction with the Y1 receptor.(71). 

• Social Anxiety: NPY influences social behaviour in addition to controlling fear reactions. Its wider function in 

controlling emotional and social behaviour is highlighted by the evidence that it affects social interaction and 

social anxiety. (72). 

Category Sub-Category Key Points 

Role of NPY in Stress Responses 

Stress Hormone Regulation 

NPY counterbalances the effects of 

cortisol and other stress hormones, 

modulating stress responses and 

reducing anxiety and depression. 

HPA Axis Regulation 

NPY helps regulate the HPA axis, 

reducing overactivation and 

promoting a more adaptive stress 

response. 

Brain Regions Involved 

NPY influences the hippocampus 

and amygdala, reducing anxiety and 

fear while fostering emotional 

stability. 

Influence on Mood, Anxiety, and 

Depression 
Anxiety 

NPY has anxiolytic effects, 

particularly in the amygdala, 

reducing anxiety-like behaviors by 
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binding to the Y1 receptor. 

Depression 

NPY promotes neurogenesis and 

neuroplasticity, contributing to 

antidepressant-like effects and 

helping to restore mood and 

cognitive function. 

Impact on Neuroplasticity and 

Neurogenesis 

Neurogenesis 

NPY encourages the growth of new 

neurons, particularly in the 

hippocampus, aiding memory 

consolidation and cognitive 

flexibility. 

Synaptic Plasticity 

NPY enhances synaptic plasticity, 

which is essential for memory, 

learning, and adaptive cognitive 

processes, especially in response to 

stress. 

NPY and Behavioural Regulation 

Appetite and Reward 

NPY Regulates appetite and food 

seeking behaviours through the Y5 

receptor and the dopamine system. 

Cognition 

NPY supports cognitive functions 

such as memory, executive function 

and cognitive. Flexibility, 

particularly in the hippocampus and 

Prefrontal Cortex. 

NPY in fear and Anxiety 

Regulation 

Fear Responses 

NPY Modulates the amygdala’s 

activity, reducing fear responses 

under stressful conditions and 

promoting adaptive anxiety 

regulation. 

Social Anxiety 

NPY also influences social 

behaviours affecting social 

interactions and anxiety related to 

social situations. 

Table No.1: Role of NPY in the Brain 

 

3. ENVIRONMENTAL ENRICHMENT (EE): EFFECTS ON BRAIN AND BEHAVIOUR 

The provision of an enriched environment that goes beyond the necessities for survival and includes a range of physical, 

social, and cognitive stimuli that support cognitive development, emotional control, and general well-being is known as 

environmental enrichment (EE).(73). It has been extensively researched in animal models and has been demonstrated to 

have significant impacts on behaviour, cognition, and brain health. This section examines the main elements of EE, the 

neurobiological alterations it causes, and the ensuing cognitive and behavioural effects.(74). 

Key Elements of Environmental Enrichment (EE) 

1. Physical Environment 

Increased physical activity and exploration—two important factors that influence brain health and cognitive function—are 

made possible by the physical environment in an enriched setting. The physical environment's salient characteristics 

include(75): 

• Novel Objects: The sensory and motor systems of the brain are stimulated by the presence of novel and diverse 

objects in the surroundings. Novelty stimulates novel sensory experiences and curiosity-driven exploration, which 

activates the hippocampus, a part of the brain important for memory and learning.(76). 

• Physical Exercise: Access to physical activity options, including climbing frames, running wheels, or wider living 
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areas, enhances motor function, supports cardiovascular health, and directly influences neuroplasticity.(77). 

Exercise improves neurogenesis and synaptic plasticity by increasing blood flow to the brain and encouraging the 

release of neurotrophic factors like brain-derived neurotrophic factor (BDNF) (78). 

2. Social Interaction 

An essential component of EE is social stimulation, which promotes interaction with conspecifics and can enhance social 

behaviour, stress resilience, and emotional regulation. (79). In animal research, this can entail keeping animals in groups 

or pairs, which promotes cooperative behaviour and social learning chances. Humans can interact socially through 

teamwork, group activities, or even just spending more time on social media.(80). 

• Social connection has been associated with better mental health, less loneliness, and increased social cognition, 

which includes the capacity to recognise and respond to others' emotional cues. (81). 

• Socialising also helps to control stress and anxiety, which has a neuroprotective effect. Good social interactions 

can mitigate the harmful impacts of stress and enhance emotional control in general.(82). 

3. Cognitive Stimulation 

Giving the brain opportunity to perform mentally taxing tasks that enhance memory and learning is known as cognitive 

stimulation. (83). Puzzles, problem-solving exercises, learning new abilities, and encountering difficult environmental 

difficulties are a few examples. (84). 

• Especially in brain areas related to memory, executive function, and decision-making, likes the prefrontal cortex 

and hippocampus, cognitive enrichment promotes the development of new neural connections and fortifies pre-

existing synaptic networks.(85). 

• Active learning, attention, and memory consolidation tasks foster cognitive flexibility, which allows the brain to 

adjust to new knowledge and problems. (86). 

Neurobiological Changes Induced by EE 

1. Enhancement of Neuroplasticity and Synaptic Plasticity 

It has been demonstrated that environmental enrichment fosters neuroplasticity, the brain's capacity to rearrange itself and 

create new connections in response to experiences. (87). This process includes the creation of new synapses between 

neurones as well as synaptic plasticity, which is the strengthening or weakening of synapses depending on activity.(88). 

• Research has shown that EE exposure improves synapse density, especially in areas like the cortex and 

hippocampus that are important for memory and cognition. (89). 

• Long-term potentiation (LTP), In enriched surroundings, a crucial synaptic plasticity mechanism that supports 

memory and learning is strengthened. (90). This implies that the brain improves memory encoding and retrieval 

by becoming more adept at transmitting impulses between neurones. (91). 

2. Increased Neurogenesis 

The capacity of EE to promote neurogenesis—the creation of new neurones from neural stem cells—particularly in the 

hippocampus is one of its most notable effects. (92). 

• A crucial region for memory and learning, the hippocampus is very sensitive to external stimuli. (93). Improved 

memory formation, cognitive flexibility, and spatial learning have all been associated with increased neurogenesis 

in this area. (94). 

• EE not only encourages the growth of new neurones but also their survival and assimilation into preexisting brain 

networks. As a result, emotional control and cognitive function are enhanced. (95). 

Behavioural and Cognitive Outcomes of EE 

1. Improvements in Learning, Memory, and Cognitive Performance 

The effects of EE on cognitive function, especially memory and learning, are among its main advantages. (96). 

• Spatial Learning: When it comes to spatial memory challenges, such navigating a submerged platform in the 

Morris water maze, animals in EE conditions perform better. This illustrates how greater neurogenesis and 

synaptic plasticity have improved hippocampus function.(97). 

• Cognitive Flexibility: Additionally, it has been demonstrated that EE improves cognitive flexibility, or the 

capacity to adjust to shifting environmental circumstances. This is particularly crucial for assignments that call 

for making decisions and addressing problems. (98). 

• Enhanced Executive Function: Research conducted on both people and animals indicates that enhanced brain 
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connections and cognitive stimulation in richer surroundings enhance executive skills like working memory, 

attention, and planning.(99). 

2. Reduction in Anxiety and Depression-Like Behaviours 

In animal models, EE has been demonstrated to lessen behaviours associated with anxiety and sadness; this effect is 

believed to be caused by the environment's provision of social stimulation as well as physical activity.(100). 

• Anxiolytic Effects: By encouraging neurogenesis and changing neurotransmitter systems, such as by increasing 

the availability of serotonin and dopamine, exposure to EE lowers anxiety-related behaviours like hyperactivity 

and avoidance. This may lead to better coping strategies and a decrease in stress sensitivity.(101). 

• Antidepressant-like Effects: In areas of the brain linked to mood regulation, including the hippocampus and 

prefrontal cortex, EE has been demonstrated to improve serotonergic signalling and raise the availability of BDNF. 

This lessens depressive-like behaviours and elevates mood.(102). 

3. Enhancement of Resilience to Stress 

Stress resilience is one of the most important behavioural effects of EE. The increased ability of animals to adjust to 

stressors in enriched environments suggests that EE has neuroprotective properties that help mitigate the negative 

consequences of stress.(103). 

• Reduced Stress Sensitivity: EE lessens the physiological stress response by influencing the HPA axis, which 

regulates the body's reaction to stress. This lowers cortisol levels and lessens anxiety. (104). 

• Enhanced Coping Mechanisms: Additionally, when faced with difficulties or uncontrollable stressors, people 

are less likely to display passive reactions like learnt helplessness thanks to EE's improvement in coping 

behaviour. (105). 

4. THE INTERACTION BETWEEN NEUROPEPTIDE Y (NPY) AND ENVIRONMENTAL ENRICHMENT 

(EE) IN ALZIMERS DISEAS 

1. NPY as a Mediator of EE Effects 

How NPY Expression is Modulated by Environmental Enrichment 

EE is one of several environmental variables that regulate NPY expression. Studies on EE have demonstrated that exposure 

to enriched environments raises NPY levels, especially in the hippocampus and other brain areas related to memory, 

learning, and stress management.(106). 

• Increased NPY in EE: Studies show that NPY gene expression and protein levels are increased in animals kept 

in EE settings, which usually include social contact, new items, and complex habitats. This is particularly true in 

the hippocampal area, which is essential for cognitive processes including stress response and memory 

formation.(107). 

• NPY and Stress Regulation: By modulating the HPA axis and improving stress resilience, environmental 

enrichment has been demonstrated to lessen the detrimental effects of stress.(108). With its anxiolytic and anti-

stress qualities, NPY seems to be essential to this process. Anxiety-like behaviours may be lessened and adaptive 

coping strategies may be encouraged by the elevated NPY expression in EE settings.(109). 

Evidence for NPY's Role in EE-Induced Neuroplasticity and Stress Resilience 

• Neuroplasticity: The regulation of synaptic plasticity, especially in the hippocampus, has been linked to NPY. 

(110). Increases in NPY brought on by EE are associated with increased dendritic branching, synaptic density, 

and total neuronal development in hippocampus areas, according to research conducted on mice. The development 

of memory and learning depend on this neuroplasticity.(111). 

• Stress Resilience: NPY's function in stress management is widely recognised. Chronic stress causes a rise in NPY 

expression, which mitigates the effects of stress hormones like cortisol. According to EE models, NPY enhances 

stress resilience by encouraging adaptive modifications to the brain's stress response mechanisms. (112). 
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2. Animal Models and Experimental Evidence 

 

Summary of Studies Showing Changes in NPY Levels Following EE 

• Rodent Models: Numerous studies have demonstrated that environmental enrichment increases NPY expression 

in important brain regions like the hippocampus, cortex, and amygdala in rodent models of EE, such as those 

involving rats or mice.(113). One study, for instance, found that rats kept in enriched environments for a few 

weeks had NPY levels that were noticeably greater than those of rats kept in regular cages. Improvements in 

cognitive abilities like spatial memory and identification were linked to these elevated NPY levels.(114). 

• Human Studies: Although animal models account for a large portion of the research on NPY and EE, certain 

studies indicate that humans may experience similar neurological pathways. (115). For example, those who are 

exposed to richer settings (such as participating in new physical or cognitive activities) perform better cognitively; 

these effects may be mediated by neuropeptides such as NPY.(116). 

Correlation Between NPY Activity and Enhanced Cognitive Outcomes in EE Models 

Several studies have found that increased NPY activity correlates with enhanced cognitive outcomes in EE models: 

• Cognitive Performance: When given EE, animals perform better on learning and memory tests like the Morris 

Water Maze and object recognition exercises. (117). These cognitive advantages are frequently linked to higher 

levels of NPY expression in the hippocampus, a part of the brain important in memory and learning.(118). 

• Synaptic Plasticity: In the cortex and hippocampal regions, EE has been demonstrated to enhance dendritic 

branching and synaptic connections. (119). NPY appears to act on many signalling pathways that support 

synaptogenesis and neurogenesis, hence facilitating these plastic changes. (120). 

• Cognitive Flexibility: Additionally, NPY supports cognitive flexibility, or the capacity to adjust to novel or 

shifting surroundings. In EE models, where animals must continuously adjust to novel stimuli and environmental 

difficulties, this is especially pertinent.(121). 
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3. Mechanisms of Interaction Between NPY and EE 

 

NPY’s Role in Regulating Neurogenesis, Synaptic Plasticity, and Stress Response During EE 

• Neurogenesis: In the adult brain, NPY contributes to neurogenesis, especially in the hippocampus, where new 

neurones are constantly being formed. (122). NPY has been identified as a crucial component in the process by 

which EE promotes neurogenesis. According to studies, NPY promotes the growth and survival of new 

hippocampal neurones, which are critical for memory and learning functions.(123). 

• Synaptic Plasticity: NPY plays a role in controlling synaptic plasticity, which includes long-term potentiation 

(LTP), a crucial memory and learning mechanism. (124). In EE models, NPY promotes stronger and more 

effective synaptic connections by upregulating the expression of certain receptors and signalling molecules 

involved in LTP. Cognitive processes like spatial memory and sensory processing depend on this synaptic 

plasticity.(125). 

• Stress Response: When it comes to controlling the brain's reaction to stress, NPY is essential. By interacting with 

the hypothalamic-pituitary-adrenal (HPA) axis, it lowers the release of cortisol and other stress hormones. (126). 

NPY improves resilience and lessens the impact of anxiety and depressive-like behaviours in the context of EE 

by mitigating the consequences of chronic stress.(127). 

Interaction with Other Neurotrophic Factors (e.g., BDNF, IGF-1) and Signaling Pathways 

• BDNF (Brain-Derived Neurotrophic Factor): Both BDNF and NPY participate in neuroplasticity and are co-

regulated in reaction to external stimuli. (128). According to studies, NPY may increase the expression of BDNF, 

which promotes synaptic plasticity and neurogenesis. In the hippocampus, BDNF is particularly crucial for the 

survival and differentiation of nascent neurones.(129). The synergistic process through which EE causes structural 

and functional alterations in the brain may be represented by the interplay between NPY and BDNF. (130). 

• IGF-1 (Insulin-like Growth Factor 1): Additionally, NPY interacts with IGF-1, another neurotrophic factor that 

plays a role in synaptic plasticity and neurogenesis. IGF-1 is essential for improving synaptic functioning and 

encouraging the survival of new neurones. Increased NPY levels in EE models have the ability to trigger IGF-1 

release, which supports the neuroplastic alterations observed in enriched environments.(131). 

• Signalling Pathways: NPY influences several signalling pathways that are essential for neuroplasticity. These 

include: 

o cAMP/PKA Pathway: Protein kinase A (PKA), which is essential for synaptic plasticity and memory formation, 
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can be activated by NPY through the cAMP route.(132). 

o PI3K/Akt Pathway: Additionally, NPY engages in interactions with the phosphoinositide 3-kinase (PI3K)/Akt 

signalling system, which is implicated in neurogenesis, synaptic plasticity, and cell survival. The impact of EE on 

the health and function of neurones depends on this pathway.(133). 

o MAPK/ERK Pathway: Cellular reactions to environmental stimuli involve the mitogen-activated protein kinase 

(MAPK) pathway. It has been demonstrated that NPY influences this pathway, which impacts gene expression 

and neuronal survival.(134). 

 

5. POTENTIAL IMPLICATIONS FOR MENTAL HEALTH AND COGNITIVE ENHANCEMENT 

1. Therapeutic Potential of NPY and EE 

NPY-Based Interventions in Psychiatric Disorders (e.g., Anxiety, Depression, PTSD) 

• NPY in Anxiety and Depression: In animal studies, NPY has demonstrated anxiolytic and antidepressant-like 

effects. Decreased anxiety and depressive-like behaviours are linked to higher NPY levels, especially in the 

hippocampus and amygdala. (135). It is believed that NPY reduces the excessive release of stress hormones like 

cortisol by modulating the hypothalamic-pituitary-adrenal (HPA) axis. This HPA control may lessen the 

pathophysiological effects of anxiety and depression by buffering the body's reactions to stress.(136). 

o Animal Models: Research has demonstrated that NPY can reverse anxiety-like behaviours in rodents, especially 

when chronic stress or learnt helplessness models are present. Furthermore, NPY's function in mood regulation is 

further supported by the fact that NPY deletion mice frequently display increased anxiety and depressive-like 

behaviours. (137). 

o Therapeutic Applications: Treatments for anxiety and depression may benefit from NPY-based therapy, such as 

medications that boost NPY expression or NPY receptor activation.(138). As possible treatments, methods to 

increase NPY expression using pharmacological or gene therapy are being investigated. (139). 

• NPY in PTSD: Patients with post-traumatic stress disorder (PTSD) frequently display emotional dysregulation, 

hyperarousal, and elevated stress reactions. NPY is a prospective target for PTSD treatment because of its function 

in regulating stress reactions.(140). Improved NPY signalling may lessen PTSD symptoms by restoring normal 

stress responses and lowering hyperactivity in the HPA axis. (141). 

o EE and PTSD: In preclinical models of PTSD, environmental enrichment has demonstrated promise by 

enhancing stress and anxiety resilience, maybe via NPY regulation. EE may help restore normal emotional 

regulation and lessen symptoms of PTSD by influencing neurogenesis, synaptic plasticity, and hippocampus 

function. (142). 

EE as a Potential Non-Pharmacological Treatment for Cognitive Decline and Mental Health Disorders 

• Cognitive Enhancement: One successful non-pharmacological strategy for improving cognitive function is 
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environmental enrichment. EE encourages neuroplasticity, synaptic remodelling, and neurogenesis by boosting 

intellectual, social, and sensory stimulation.(143). These alterations can enhance cognitive functions including 

memory, learning, and problem-solving, even in ageing or diseased brains. (144). 

o Animal Models of Cognitive Decline: It has been demonstrated that EE reverses learning and memory 

deficiencies in ageing mouse models, improving executive function and spatial memory. (145). The activation of 

pathways that raise NPY levels and encourage hippocampus neurogenesis may be connected to these advantages. 

In the early phases of neurodegenerative disorders like Alzheimer's and Parkinson's, EE may be especially 

helpful.(146). 

• Mental Health: Because it is non-pharmacological, EE can also improve mental health by lowering stress, 

anxiety, and depressive symptoms. Exposure to EE reduces anxiety-like behaviours, raises NPY expression, and 

restores normal HPA axis function in models of chronic stress and depression, indicating that EE may be used as 

a supplemental treatment for these disorders.(147). 

o Clinical Relevance: Exercise, social engagement, and cognitive stimulation are examples of EE-like therapies 

that may offer comparable advantages in people. Initiatives aimed at boosting participation in socially and 

intellectually stimulating activities may help stop cognitive decline and enhance mental health in general.(148). 

2. Effects of NPY on Brain Aging and Neurodegenerative Diseases 

Role of NPY in Aging-Related Cognitive Decline and Neurodegeneration (e.g., Alzheimer's Disease) 

• NPY and Brain Aging: Numerous neurobiological functions, such as neurotrophic factor signalling, 

neurogenesis, and synaptic plasticity, deteriorate with age in the brain. It is thought that NPY protects against 

cognitive impairment brought on by ageing.(149). It has demonstrated the ability to preserve synaptic health and 

promote neurogenesis, especially in the hippocampus, which is essential for memory formation. Furthermore, 

NPY regulates cell survival, oxidative stress, and inflammation—all important aspects of age-related cognitive 

decline.(150). 

o NPY and Alzheimer's Disease: In Alzheimer's disease (AD), neurotoxic amyloid plaques build up and there is a 

marked decrease in the number of neurones and synapses. (151). In animal models of AD, NPY has been 

demonstrated to enhance neuronal survival and lessen amyloid-beta toxicity. In AD models, elevated NPY 

signalling can enhance synaptic plasticity, cognitive function, and decrease neuronal death.(152). 

o Neuroprotective Effects: NPY can guard against excitotoxicity, a condition in which neurones are harmed by 

excessive glutamate activity. (153). Additionally, it suppresses the neuroinflammatory processes that are 

especially heightened in neurodegenerative illnesses. Therefore, improving NPY signalling may aid in reducing 

or delaying the development of Alzheimer's disease and associated dementias.(154). 

How EE May Enhance NPY Activity to Mitigate Aging Effects 

• EE and Neuroprotection in Aging: One of the most effective environmental elements for fostering brain health 

and preventing cognitive decline is EE. It has been demonstrated that EE exposure raises NPY expression in the 

hippocampus of ageing animals, as well as other neurotrophic factors like BDNF.(155)By enhancing synaptic 

plasticity, lowering neuroinflammation, and stimulating neurogenesis, the elevated NPY levels linked to EE may 

help reverse age-related alterations in the brain. (155). 

o Neurogenesis: Increased hippocampus neurogIncreased hippocampus neurogenesis, which is known to decrease 

with age, has been connected to EE. (156). In order to preserve cognitive function in older animals, NPY is 

essential for the survival and maturation of new neurones in the ageing hippocampus. (157). 

o Synaptic Plasticity and Memory: Age-related cognitive decline may be lessened by EE-induced hippocampal 

plasticity, which is most likely mediated by NPY. (158)A major mechanism underlying learning and memory, 

long-term potentiation (LTP), is improved by increased NPY signalling, which also strengthens synapses. (159). 

o Stress Resilience: Prolonged stress hastens cognitive deterioration and ageing. EE helps mitigate the negative 

effects of stress by raising NPY, which enhances resilience and guards against cognitive decline and hippocampus 

shrinkage.(160). 

3. Future Directions in Research 

Exploring the Molecular Mechanisms of NPY’s Involvement in EE Effects 

• Understanding NPY Signaling: Although NPY's function in regulating stress and cognitive function has been 

extensively studied, the precise biochemical pathways by which NPY influences neuroplasticity remain unclear. 

In the context of EE, future studies should concentrate on pinpointing the precise NPY receptor subtypes 

implicated in these mechanisms and comprehending the ways in which NPY interacts with other signalling 
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pathways (such as BDNF, IGF-1, and cAMP/PKA) (162).. 

o NPY Receptor Dynamics: Y1, Y2, and Y5 are the subtypes of NPY receptors, and each subtype affects neuronal 

function differently. (161). Optimising NPY-based therapies will require an understanding of which receptors are 

active during EE circumstances and how they support synaptic plasticity and neurogenesis. (162). 

• Interaction with Other Neurotrophic Factors: NPY probably interacts with other important neurotrophic 

factors such as BDNF, IGF-1, and VEGF (vascular endothelial growth factor) rather than acting alone. The manner 

in which these elements work together in EE-induced pathways to improve neuroplasticity and cognitive function 

should be investigated.(163). 

Investigating Potential Clinical Applications of NPY Modulation through EE or Pharmacological Approaches 

• Non-Pharmacological Interventions: Clinical therapies could concentrate on creating organised environments 

or lifestyle modifications that replicate the effects of EE, given its strong impact on NPY expression and brain 

plasticity. (164). Programs that combine social interaction, cognitive training, and physical exercise may help 

improve mental health and cognitive function in older adults or those with early-stage neurodegeneration.(165). 

o Personalized EE Programs: Subsequent studies may examine customised EE approaches based on a person's 

cognitive requirements and preferences. For instance, older persons may benefit greatly from combining physical 

exercise with particular cognitive exercises to enhance memory and executive function. (166). 

• Pharmacological Approaches: Creating pharmaceuticals that increase NPY levels or activate NPY receptors 

may provide novel therapies for neurodegenerative diseases, cognitive decline, and mental illnesses. To optimise 

therapeutic results, these could be taken either by themselves or in combination with EE. (167). 

o Targeting NPY Signaling: Depression, anxiety, and Alzheimer's disease may be treated by pharmacological 

regulation of NPY pathways, such as agonists for NPY receptors or medications that boost NPY synthesis. To 

find safe and efficient substances that can specifically increase NPY activity without producing undesirable side 

effects, more research is necessary.(168).  

6. CHALLENGES AND LIMITATIONS 

1. Variability in Research Findings 

Differences in Experimental Designs, Species Used, and EE Protocols 

One of the primary challenges in understanding the interaction between NPY and EE is the heterogeneity of experimental 

designs across studies. Variability in study protocols, species, and the way EE is implemented can lead to conflicting 

results, making it difficult to draw generalizable conclusions (169). 

• Species Differences: Many studies on NPY and EE are conducted in animal models, particularly rodents (rats and 

mice). While these models provide valuable insights, there are notable differences between species that may limit the 

applicability of findings to humans. Rodents, for example, have different brain structures and neurochemical systems, 

which may influence how NPY and EE interact. Furthermore, the specific behaviors assessed (e.g., anxiety, memory, 

or learning) can vary based on species-specific responses to environmental stimuli. 

• Example: Rodents and primates may respond differently to the same environmental enrichment. In non-human 

primates, the complexity and social aspects of EE may have different impacts compared to rodents, who may benefit 

more from physical and novel sensory stimulation. 

• Differences in Experimental Designs: Another challenge is the variation in how EE is implemented across studies. 

In some studies, EE involves physical activity (e.g., running wheels, mazes), cognitive stimulation (e.g., puzzles, 

training tasks), social interaction (e.g., group housing), or a combination of these elements. The specific components 

of EE, their duration, and their intensity can all influence the outcomes. As a result, the effects on NPY expression and 

brain plasticity can vary considerably depending on the precise setup. 

o EE Protocols: Some studies use a "standard" EE setup that provides a large, complex space with toys, running 

wheels, and other sensory stimulation. Other studies may focus more on cognitive enrichment or socialization. 

There is no single, universally accepted EE protocol, leading to variability in findings. 

o Duration and Timing of EE: The duration of EE exposure also varies across studies. Some studies use chronic 

EE exposure (weeks to months), while others apply short-term (days to weeks) interventions. Chronic exposure 

to EE may produce different biological changes compared to acute exposure, and this variability can affect NPY 

expression and its downstream effects. 

• Outcome Measures: Studies often use different measures of cognitive function (e.g., learning and memory tests, 

behaviour assays, neuroimaging) and brain health (e.g., neurogenesis, synaptic plasticity, protein markers). These 
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differences in methodology complicate the interpretation of results, making it harder to compare studies and establish 

consistent findings on NPY's role in EE-induced brain changes. 

2. Limitations of Current Studies 

Lack of Long-Term Human Studies on NPY and EE Interactions 

o Preclinical vs. Clinical Research: Most research on NPY and EE has been conducted in animal models, mainly 

rodents, providing insights into biological mechanisms. However, translating these findings to humans is 

challenging, as long-term human studies on the relationship between NPY and EE are scarce, making it unclear 

whether animal results will apply to humans or how EE and NPY modulation will affect humans over time. 

o Challenges in Human Studies: There are several challenges in conducting long-term studies on NPY and EE in 

humans: 

• Measurement of NPY: Measuring NPY levels in human brains is difficult, as invasive methods used in rodents 

are not feasible in humans. Non-invasive imaging techniques or alternative biomarkers are needed for human 

research. 

o EE in Humans: Translating EE protocols to humans is challenging, as it's harder to control factors like social 

stimulation, physical activity, and cognitive challenges. Long-term studies are needed to explore how these 

elements of EE impact NPY modulation and mental health over time. 

o Aging Populations: Most long-term studies on aging and cognitive decline are observational. While lifestyle 

factors like physical activity and cognitive engagement may help preserve brain function, the specific role of NPY 

in these processes remains unclear. 

Difficulty in Isolating NPY’s Effects from Other Factors in Environmental Enrichment 

o Complexity of EE: Environmental enrichment EE is a combination of physical, social, and cognitive stimuli, 

making it difficult to isolate NPY's specific contribution. NPY interacts with other factors like neuropeptides (e.g., 

BDNF, IGF-1), neurotransmitters (e.g., serotonin, dopamine), and cellular processes (e.g., inflammation, 

oxidative stress). 

• Multifactorial Effects: In EE protocols, the exposure to various stimuli may affect multiple brain regions and 

pathways, making it hard to determine if changes in cognitive function and stress resilience are driven by NPY or 

other factors.  

• Example: In an EE experiment with physical exercise, social interaction, and cognitive tasks, it is difficult to 

determine how much improvement in learning and memory is due to physical exercise (affecting pathways like 

BDNF) versus the specific role of NPY. 

• Mechanistic Complexity: NPY's effects on neuroplasticity, synaptic function, and stress regulation are complex 

and involve interactions with other molecules like BDNF and IGF-1. Disentangling NPY's direct effects from 

these factors is challenging, and many studies use broad measures of brain function that may not reveal NPY's 

specific molecular contributions. 

• Challenges in Experimental Controls: Some studies lack controls to isolate NPY's effects from other factors 

like exercise or social interaction. Using control groups or genetic/pharmacological manipulation of NPY is 

needed to better understand its specific role in EE. 

7. CONCLUSION  

In conclusion, both Neuropeptide Y (NPY) and Environmental Enrichment (EE) play vital roles in enhancing brain 

function, emotional regulation, and cognitive performance. NPY, a peptide involved in stress regulation, mood, and 

cognitive processes, contributes to emotional resilience, neuroplasticity, and neurogenesis, with its anxiolytic and 

antidepressant-like effects holding promise for treating mood disorders and cognitive decline. Its role in buffering stress 

hormones like cortisol and its presence in brain regions crucial for memory and learning, such as the hippocampus, 

underscores its importance in mental health and cognitive function. 

Environmental Enrichment, which offers a stimulating environment with physical, social, and cognitive challenges, fosters 

neuroplasticity, enhances cognitive flexibility, and promotes resilience to stress. It positively impacts memory, learning, 

and emotional regulation, making it a promising non-pharmacological intervention for mental health and cognitive 

impairments. 

The interplay between NPY and EE is significant, as exposure to enriched environments increases NPY expression, 

particularly in the hippocampus. This interaction may enhance cognitive function, improve stress resilience, and contribute 

to neurogenesis. However, challenges remain in fully understanding how these mechanisms translate to human populations, 
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particularly given species differences and the complexity of EE protocols. Future research should focus on unravelling the 

molecular pathways underlying NPY’s effects in EE, aiming to develop personalized interventions that leverage NPY for 

improving brain health and mental well-being. 

In conclusion, this review highlights the potential of Neuropeptide Y (NPY) and Environmental Enrichment (EE) as 

key modulators of brain function, particularly in the context of Alzheimer's disease (AD). NPY, known for its role in 

regulating stress, mood, and cognitive processes, has significant promise in addressing the neurodegenerative effects of 

Alzheimer's. By promoting neuroplasticity, neurogenesis, and emotional resilience, NPY could potentially mitigate some 

of the cognitive decline and emotional disturbances associated with AD. Its involvement in buffering stress hormones, such 

as cortisol, and its presence in brain regions critical for memory, like the hippocampus, underlines its importance for 

maintaining cognitive function in Alzheimer's patients. 

Similarly, Environmental Enrichment (EE), which provides a stimulating and supportive environment through physical, 

social, and cognitive challenges, has been shown to improve cognitive performance and stress resilience. EE's positive 

effects on neuroplasticity, memory, and learning make it a promising non-pharmacological intervention for those suffering 

from cognitive impairments, including Alzheimer's disease. 

The interplay between NPY and EE is particularly promising, as exposure to enriched environments increases NPY 

expression in the brain, particularly in areas impacted by AD. This interaction could offer a potential therapeutic strategy 

to enhance cognitive function, improve stress resilience, and promote neurogenesis, which may help combat the cognitive 

deficits and mood disturbances characteristic of Alzheimer's disease. 

While the research shows significant potential, more studies are needed to fully understand the molecular mechanisms 

underlying the NPY-EE interaction in Alzheimer's. Future research should aim to clarify how these pathways can be 

harnessed in therapeutic contexts, with the goal of developing non-pharmacological interventions that leverage NPY to 

improve brain health and quality of life for Alzheimer's patients. 
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