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The main risk factor for the emergence and spread of neurodegenerative disorders 
(ND) is age. The growth in ND prevalence, particularly in emerging nations, is thought 
to be mostly caused by the expansion of longevity. The challenge for doctors and 
researchers is to find treatment approaches able to slow down neurodegeneration 
and/or improve the patient's quality of life because there is currently no cure for any 
of them. Increased cellular oxidative stress has been identified as one of the potential 
risk factors in ND, along with genetics and environmental stresses. The antioxidant 
effects of a heterogeneous class of natural substances known as nutraceuticals, 
including vitamins, carotenoids, and polyphenols, have drawn the attention of the 
scientific community in recent years. Among polyphenols, resveratrol and curcumin. 
Although polyphenols have substantial antioxidant properties, their poor 
bioavailability and quick metabolism are the main factors that limit their ability to 
provide neuroprotection. Polymeric nanoparticle-based polyphenol delivery systems, 
which stop bioactive compounds from degrading and increase their absorption and 
bioavailability, offer a viable option. The bioavailability of polyphenols is now 
enhanced by food-grade lipid-based nanoparticles, polysaccharide nanoparticles, 
nanoemulsions, biopolymeric nanoparticles, nanocomplexes (proteins, 
carbohydrates), and copolymers (protein-carbohydrate conjugates). The enormous 
potential of nanoparticle-based systems for the administration of nutraceuticals may 
make them an effective therapeutic approach for the management of ND. 
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I N T R O D U C T I O N    
 

One of the main risk factors for neurodegenerative 
disorders (ND) is ageing. A pathological disease called 
neurodegeneration is defined by the malfunction or 
slowly progressing death of particular neuronal cells in 
the brain and spinal cord [1, 2]. The cellular and 
molecular mechanisms that underlie ND, including 
Alzheimer's disease (AD), Parkinson's disease (PD), 
Huntington's disease (HD), and amyotrophic lateral 
sclerosis (ALS), include protein misfolding and 
aggregation, mitochondrial dysfunction, defective 
cellular transport, and inflammation [3]. They are 
extremely debilitating, developing, and incurable 

illnesses, making them a serious issue in terms of 
suffering people and monetary cost [4, 5]. According to 
numerous reports, the prevalence of age-related 
neurodegenerative illnesses is predicted to rise, 
especially in emerging nations, where the population's 
share of seniors is projected to rise to 20% by 2050 [6, 
7]. The current issue facing medical professionals and 
scholars is to identify novel therapeutic approaches to 
halt neurodegeneration and hence enhance the 
patient's quality of life. 
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Figure 1: Reported scientific mechanisms for how natural polyphenols benefit the brain. 

Figure 2. Diagram illustrating how delivery systems based on nanoparticles might improve the bioavailability of 
polyphenols by lengthening their stay in the digestive tract, boosting their concentration in the blood, and enhancing their 
ability to penetrate the blood-brain barrier. 

And although the exact cause of ND is still unknown, 
risk factors like genetics and environmental stresses 
may be important. Additionally, it has been shown that 
one of the putative common etiologies of ND is an 
increase in cellular oxidative stress [2, 8]. Increased 
oxidative stress results in cell damage, weakened DNA 
repair mechanisms, and mitochondrial dysfunction, all 
of which are known to accelerate ageing and contribute 
to the onset and progression of ND [9, 10]. Recently, a 

sizable number of naturally occurring substances that 
are found in food and are capable of preventing the 
development of ND have been found. Vitamins, 
carotenoids, and polyphenols, which are extensively 
contained in fruit, vegetables, cereals, olives, dry beans, 
beverages (such as tea, wine, beer, and chocolate), as 
well as other natural products, have been the subject of 
several studies that have examined their antioxidant 
activity [11, 12]. Among nutraceutical compounds, 
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polyphenols are considered to be one of the most 
bioactive agents. Although polyphenols have strong 
antioxidant and other biological properties, their poor 
oral bioavailability and ineffective delivery route 
significantly limit their potential for neuroprotection 
and their use in functional foods and medications [13]. 

Both the biomedical and functional food industries have 
recently developed delivery technologies based on 
polymeric nanoparticles that encapsulate bioactive 
chemicals in order to protect them from the 
unfavourable environment of the gastrointestinal tract 
and transport them to target areas [14–16]. These 
methods provide an appropriate means of enhancing 
the administration of bioactive substances with poor 
oral bioavailability. 

The antioxidant and neuroprotective characteristics of 
polyphenols, the primary parameters affecting their 
bioavailability, and the extensively researched 
nanoparticle-based antioxidant delivery systems are all 
included in the current mini-review. 

Oxidative Stress and neurodegeneration  

Both exogenous (ultraviolet rays, ionising radiation, 
medicines, environmental pollutants, and chemicals) 
and endogenous sources can produce cellular reactive 
oxygen species (ROS) (mitochondrial and non-
mitochondrial ROS-generating enzymes). In a healthy 
environment, the defensive mechanisms of antioxidant 
enzymes (such as superoxide dismutase, catalase, and 
glutathione peroxidase) and small-molecule 
antioxidants balance the production of ROS (e.g. 
vitamin E and vitamin C). On the other hand, it has been 
observed that some pathological disorders, such as ND, 
have an imbalance between the antioxidant defense 
system and ROS generation that causes an excessive 
buildup of ROS [8,10]. Long-term oxidative stress has 
been identified as a key element in ND formation and 
progression as well as in speeding the ageing process. 
Additionally, variations in antioxidant enzyme activity, 
mitochondrial disturbance, and gene mutations are all 
frequently described in ND [2, 9]. A high concentration 
of polyunsaturated fatty acid in neuronal membranes 
makes them particularly vulnerable to oxidative stress, 
insufficient antioxidant defense methodologies, and, in 
particular, low levels of catalase, glutathione 
peroxidase, and vitamin E make the central nervous 
system one of the strongest metabolically active organs, 
making it extremely highly susceptible to ROS-
mediated injury [17, 18]. According to these findings, 
the challenge for the scientific community is to find 
agents able to protect the brain against oxidative 
damage and thereby potentially treat 
neurodegeneration.  

 

Polyphenols and neurodegeneration  

Secondary plant metabolites known as polyphenols are 
frequently used in pathogen or ultraviolet radiation 
defense [19]. They can be divided into stilbenes, 
flavonoids, phenolic acids, diferuloylmethane, and 
tannins if they have at least one aromatic ring with one 
or more hydroxyl groups attached [20, 21]. Since they 
can reduce oxidative damage indirectly by influencing 
the expression of free radical-generating enzymes or 
the expression of intracellular antioxidant defense 
enzymes, polyphenols have a strong antioxidant 
activity [2]. Given their therapeutic potential for ND, 
curcumin (diferuloylmethane), resveratrol (stilbene), 
and the green tea polyphenol epigallocatechin-3-gallate 
(ECGC) (flavonoid) have received the greatest research 
attention [20, 21]. Many epidemiological studies have 
documented that moderate intake of wine, the most 
well-known source of resveratrol, can reduce the 
incidence of age-related ND. Additionally, regular use of 
foods high in flavonoids has been linked to a lower risk 
of dementia and a delay in the onset of AD symptoms 
[22]. A growing body of research points to the role 
curcumin and resveratrol play in boosting the activity 
of particular antioxidant enzymes such glutathione 
peroxidase, catalase, and superoxide dismutase [2, 11, 
23]. The neuroprotective responsibility of polyphenols 
can be attributed to other methods of action in addition 
to their antioxidant activity, such as the decrease in 
amyloid-beta (A) fibril/aggregate establishment (a 
hallmark of AD) [2, 24], the ability to chelate metal ions 
accumulating in particular brain regions of AD, PD, HD, 
and ALS patients [2, 25], Preventing the expression of 
pro-inflammatory genes, such as cyclo-oxygenase, 
nitric oxide production, and numerous cytokines, has 
been shown to have anti-inflammatory effects [2, 26]. 
Although polyphenols have potent antioxidant and 
perhaps other biological properties, their poor oral 
bioavailability, and ineffective delivery route severely 
restrict their use in the medical industry. By "the 
proportion of an eaten molecule that reaches the 
systemic circulation and the precise locations where it 
can exert its biological activity" [13, 27], we mean the 
bioavailability of a substance. The first-pass 
metabolism, intestinal permeability, and/or 
polyphenols' low solubility all have a role in the 
bioavailability of these compounds. Polyphenols are 
exposed to the stomach acid state due to their 
interactions with salivary proteins that are high in 
proline, which affects their stability; they undergo 
quick metabolism and are conjugated to glucuronic 
acid, methyl, and sulphate groups in the liver and 
intestines. The structure and biological activity of 
polyphenols undergo striking modifications as a result 
of these metabolic processes [2, 28]. The ability of 
polyphenols and their metabolites to penetrate the 
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Blood-Brain Barrier (BBB), a selective diffusion barrier 
that restricts the movement of the majority of 
substances from the bloodstream to the brain tissue, is 
another significant concern [29, 30]. Less polar 
molecules show a greater absorption in the brain than 
more polar molecules, and the pace at which 
polyphenols permeate through the BBB is strongly 
associated with their lipophilicity. According to these 
results, the polyphenol fraction that reaches the 
bloodstream and consequently targets regions like the 
brain is different from that found in the food that has 
been consumed. Therefore, the scientific community 
faces a problem in developing a polyphenol delivery 
method that can pass the BBB and carry out its 
biological function. 

Nanoparticle-based polyphenol delivery systems  

Due to their ineffective systemic transport and low oral 
bioavailability, polyphenols can only be used to a 
limited extent in functional foods and medicines at the 
moment [14]. Therefore, it is urgently necessary to 
develop novel ways that can control polyphenol 
bioavailability. Recently, polymeric nanoparticle-based 
delivery systems that encapsulate bioactive compounds 
have been developed for both biomedical and 
functional food sectors in order to preserve and 
transport them to target functions [14-16]. By shielding 
bio-functional molecules from the unfavorable 
gastrointestinal tract environment and extending their 
duration there, the nanoparticle systems can increase 
the absorption and bioavailability of those molecules., 
boosting their solubility rate and bloodstream 
concentration, as well as their penetration in the small 
intestine, and facilitating their transportation to the 
target organ (Figure 2) [14, 31]. Food-grade 
macromolecules are the ideal polyphenol delivery 
vehicles for oral intake, according to a growing body of 
research, because of their safety. Food-derived 
macromolecules are biodegradable, biocompatible, and 
useful [14, 32]. Currently, food-grade nanoparticle 
systems that increase the bioavailability of polyphenols 
(such as curcumin, resveratrol, and ECGC, which are 
characterized by poor bioavailability) are being 
thoroughly investigated [14, 33, 34]. These systems 
include lipid-based nanoparticles, polysaccharide 
nanoparticles, nanoemulsions, biopolymeric 
nanoparticles, nanocomplexes (proteins, 
carbohydrates), and solubility and cell-membrane 
permeability of the polyphenols determine which 
nanoparticle-based delivery technique is most 
appropriate. Polyphenols are frequently divided into 
three groups: Curcumin has both low solubility and low 
cell-membrane permeability; resveratrol exhibits both 

low solubility and high cell-membrane permeability, 
and ECGC exhibits both high solubility and poor cell-
membrane permeability [14, 35]. The ability of the solid 
lipid nanoparticle-based technology to increase the 
solubility and bioavailability of lipid-soluble 
polyphenols was demonstrated in a number of studies 
[14, 36, 37]. Solid lipid nanoparticles have been shown 
by Chen et al. to be able to regulate the release of 
curcumin and increase its bioavailability. Given their 
ability to adhere to mucosal surfaces, a critical quality 
for extending the polyphenol residence time in the 
colon, dietary polysaccharides are heavily researched 
for application in the creation of nanoparticles [14]. 
According to the literature, the protein-polysaccharide 
complex nanoparticles are a biocompatible method to 
boost polyphenol bioavailability. The delivery system 
created by the regulated self-assembly of a 
polysaccharide and a bioactive peptide derived from 
the digestion of milk casein was demonstrated by Hu et 
al. to increase the rate at which ECGC permeates cell 
membranes but also its antioxidant activity [14]. 

An expanding corpus of research over the past year has 
shown how food-grade nanoparticle-based delivery 
technologies effectively increase the solubility and 
bioavailability of polyphenols. Despite the encouraging 
outcomes, further work needs to be done to refine the 
design of nanoparticles, increase their stability in the 
gastrointestinal environment, and more clearly define 
how encapsulation affects the metabolism of 
polyphenols [14]. The solution to these problems could 
result in important innovations in science and 
technology. 

The occurrence of potential side effects from the 
injection of nanoparticles presents another obstacle 
that needs to be overcome. A growing body of research 
suggested that factors like size, surface chemistry, 
chemical composition, surface activity, and solubility 
may influence how dangerous nanoparticles are, which 
has led to an increase in studies examining the adverse 
effects of their exposure. However, the creation of 
nanoparticles is increasingly using materials that are 
safe for consumption and biodegradable substances, 
which helps to reduce the likelihood of adverse health 
impacts. Additionally, in vitro experiments are 
frequently performed to determine the toxicity of 
nanoparticles using cell lines selected based on the 
exposure route and the target organ, and they produce 
invaluable results used to set up preclinical and clinical 
investigations. Poly (Lactic-co-Glycolic Acid) (PLGA) 
curcumin nanoparticles may be both safe and effective, 
according to an intriguing in vitro study. 
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C O N C L U S I O N S  

Despite mounting evidence that polyphenols have 
therapeutic benefits in the management of ND, their 
limited bioavailability remains a major cause for worry. 
Polyphenol delivery techniques based on polymeric 
nanoparticles are currently thought to be a potential 
approach. Although it has been demonstrated that 
nanoparticles can increase the concentration of 
bioactive compounds in the blood, more work has to be 
done to take these results "from bench to bedside." For 
the treatment of ND, the optimization of nanoparticle-
based systems may prove to be a successful technique 
for enhancing the transport of bioactive substances 
with low bioavailability, such as curcumin and 
resveratrol. 

Abbreviations  

ND: Neurodegenerative Disease; AD: Alzheimer’s 
Disease; PD: Parkinson’s Disease; HD: Huntington’s 
Disease; ALS: Amyotrophic Lateral Sclerosis; ROS: 
Reactive Oxygen Species; ECGC: (-)-epigallocatechin-3-
gallate; Aβ: amyloid-beta; BBB: Blood-Brain Barrier. 
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