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Abstract
Noncommunicable diseases (NCDs) represent one of the most critical health concerns worldwide, being
responsible for about 68% of all deaths annually, which equates to roughly 38 million people. In India,
they contribute to nearly 60% of disease-related morbidity, affecting around 5.87 million individuals.
Chronic ailments such as diabetes mellitus, cardiovascular disorders, cancers, endocrine and urogenital
diseases, vascular complications, and respiratory illnesses account for the majority of these deaths,
causing nearly 41 million fatalities each year, approximately seven out of every ten global deaths.
Beyond mortality, NCDs impose severe socio-economic challenges through elevated healthcare costs,
diminished productivity, and financial instability, particularly evident during infectious disease outbreaks
like COVID-19. In response, the preventive and therapeutic potential of nanonutraceuticals, the bioactive
compounds derived from medicinal plants, fruits, vegetables, and grains, incorporated into nanoscale
delivery systems, has gained increasing scientific attention. Traditional nutraceuticals often face challenges
such as poor water solubility, low chemical stability, and limited bioavailability, which restrict their clinical
efficacy. Nanotechnology-based formulations offer a promising solution by enhancing the solubility,
stability, absorption, and targeted delivery of these bioactives, thereby maximizing their biologica l
effectiveness and therapeutic outcomes. This review summarizes the emerging importance of
nanonutraceuticals in mitigating and managing non-communicable diseases, emphasizing their potential
as complementary strategies alongside conventional medical interventions.
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1. Introduction

The term “noncommunicable diseases” (NCDs) refers to chronic
illnesses that are not primarily caused by infections. These illnesses
frequently create long-term health problems and call for ongoing
medical care. They are often termed as lifestyle diseases, arising
from genetic, environmental, and behavioural factors rather than
infection. In India, they account for about 52% of all deaths, primarily
due to cardiovascular diseases, diabetes, cancer, and chronic
respiratory disorders. Despite government initiatives since the 1980s,
the burden remains high due to the limited effectiveness of prevention
and management efforts. Strengthening early diagnosis, health

promotion, and preventive strategies is crucial. Effective monitoring,
integrated care, and public awareness are essential to curb the growing
NCD crisis (Sahu et al., 2024). About 17.9 million fatalities annually
are attributed to cardiovascular illnesses, making them the leading
cause of NCD-related mortality (WHO, 2024). While 4.1 million
people die from chronic respiratory diseases and 2.0 million from
diabetes, including complications from diabetes related renal disease,
cancer claims the lives of almost 9.3 million people annually
(Bhattacharyya et al., 2022). NCDs cause nearly 17 million premature
deaths each year, defined as deaths occurring before the age of 70.
About 86% of these deaths occur in low and middle-income countries,
with diabetes, cancer, cardiovascular diseases, and chronic respiratory
disorders accounting for over 80% of the total premature NCD
mortality (WHO, 2024).

Several behavioural and environmental risk factors, including poor
eating habits, sedentary lifestyles, smoking, alcohol misuse, and
exposure to air pollutants, cause the onset of NCDs. These habits
frequently show up as metabolic abnormalities, such as obesity,
dyslipidaemia, hypertension, and hyperglycemia, which raise the
risk of cardiovascular illnesses, the primary cause of premature NCD
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death (WHO, 2024).Research strongly emphasizes the urgent need
for effective interventions to prevent and mitigate the growing burden
of cancer, diabetes, hypertension, and obesity.

In this regard, the potential of nutraceutical substances obtained
from food sourcesto enhance health, postpone ageing, and lower the
risk of chronic illnesses is becoming more widely acknowle-dged.
Recent studies have highlighted the significant therapeutic potential
of nutraceuticals in managing a wide range of chronic diseases,
including immune dysfunction, obesity, diabetes, osteoporosis,
cardiovascular disorders, and cancer. Puri et al. (2022) provided a
comprehensive review of nutraceuticals’ therapeutic roles and
formulation challenges, while Dama et al. (2024) demonstrated their
ability to modulate oxidative stress and inflammation in metabolic
disorders. Similarly, Scarpa et al. (2024) reported on the antioxidant,
antidiabetic, and pro-osteogenic activities of polyphenols in diabetes
and osteoporosis. Clinical evidence from Ricottiniet al. (2024)
confirmed improvements in metabolic and lipid parameters among
overweight patients receiving nutraceutical combinations.  Despite
their therapeutic potential, many nutraceuticals exhibit low
bioavailability due to chemical instability and reactivity. Some
compounds are volatile or sensitive to environmental factors like
heat and moisture, leading to degradation during processing or storage.
Delivery technologies based on nanotechnology, like nanoparticles
and nanocarriers, have been created to overcome these obstacles.
These systems enhance stability, minimize nutrient loss, and improve
bioavailability. Nanoencapsulation techniques, in particular, provide
controlled release and protection of sensitive compounds during
formulation (Estevinho, 2020). Such nanocarrier-assisted delivery
approaches not only increase the efficacy of nutraceuticals in NCD
management but also enable the utilization of compounds that were
previously unsuitable for conventional formulations. This review
explores the current state of noncommunicable diseases (NCDs) and
how nanonutraceuticals are transforming treatment approaches for
managing and preventing them.

2. Nanotechnology in nutraceuticals delivery

2.1 Nutraceuticals’ impact on human health

According to Fung et al. (2018), nutraceuticals are bioactive
compounds that have physiological effects beyond simple
nourishment and help prevent or treat a number of illnesses. These
substances exhibit a variety of health promoting properties, including
anti-inflammatory, antidiabetic, cardioprotective, immunomodu-
latory, and organ protective effects (Dutta et al., 2018). Regular
consumption of nutraceutical enriched and functional foods has been
reported to play a crucial role in lowering the risk of age-related,
degenerative, and chronic conditions such as Parkinson’s disease,
Alzheimer’s disease, osteoporosis, cardiovascular diseases, diabetes,
and several types of cancer (Prakash and Kumar, 2011). Functional
foods are traditional dietary components that have been improved
or enriched by bioactive compounds, thus conferring beneficial
physiological effects beyond their mere nutritional value. In
distinction to food products in general, nutraceuticals are finite forms
of these bioactive compounds in more concentrated, purified or
isolated forms marketed specifically for the prevention of targeted
diseases, such as capsules, tablets and powders. This difference
reflects the increasing significance of bioactives from food in the
move towards linkages between nutrition and medicine. Beyond
their metabolic benefits, nutraceuticals also influence the gut

microbiota, thereby supporting metabolic and neurological health.
Modification of the intestinal flora has been linked to protection
against metabolic diseases such as type 2 diabetes, obesity, and non-
alcoholic fatty liver disease, as well as neurological and developmental
conditions like multiple sclerosis (MS), Parkinson’s disease (PD),
and autism spectrum disorder (ASD). Several nutraceuticals have
shown gut-modulatory potential, i.e., polyphenols (from green tea,
grapes, and berries), omega-3fatty acids (from flaxseed, fish oil, and
walnuts), curcumin (from turmeric), resveratrol (from grapes and
red wine), and probiotics and prebiotics (from fermented foods like
yogurt, kefir, and dietary fibers such as inulin) (Wang et al., 2022a;
Wang et al., 2022b; Cerullo et al., 2025; Kezer et al., 2025; Kumar et
al., 2025). Recent evidence further suggests that nutraceuticals may
mitigate complications associated with preterm birth, including
bronchopulmonary dysplasia, infant eczema, necrotizing
enterocolitis, and growth restrictions (Kerry et al., 2022). These
bioactives act through multiple mechanisms such as modulating gut
microbial diversity, enhancing anti-inflammatory pathways, and
maintaining intestinal barrier integrity.

2.2 Principles of nanotechnology

Nanotechnology involves the desigzsn, modification, and application
of materials at the nanoscale, typically less than 100 nm, to impart
unique physical, chemical, and biological properties. When applied
to nutraceutical delivery, nanoscale encapsulation enables targeted
release and enhanced absorption of bioactive molecules following
oral intake (Manocha et al., 2022). Through the creation of
nanonutraceuticals, nanotechnology improves the stability, solubility,
and therapeutic efficiency of sensitive compounds (Singh et al.,
2022). Nanocarriers provide several advantages such as high
encapsulation, slow or sustained release and protection from microbial
degradation. Furthermore, they offer to better biological effect and
higher therapeutic efficacy. Furthermore, nanomaterials have been
developed as the nano-sensor or bionano sensors that are capable of
encapsulating biomolecules (i.e., peptides, antibodies and enzymes),
which indicate an advanced diagnosis or delivery functions (Singh et
al., 2022). Nanostructured vehicles not only effectively improve
stability and bioavailability of nutraceuticals, but also facilitate a
targeted delivery to certain tissues or cells, especially for the treatment
of obesity and related complications like type 2 diabetes, dyslipidemia
and cardiovascular disease. These nanocarriers may be employed to
enhance the therapeutic efficacy, to decrease the amount of needed
doses, and to lower side effects through an accurate delivery of
bioactive compounds at the diseased location (Aguilar-Pérez et al.,
2023). Molecular diffusion movement from regions of high to low
concentrationis central to nanoparticle transport. While fat soluble
nanoparticles pass through cell membranes passively, small, non-
polar molecules can diffuse easily across them. In contrast, water-
soluble molecules need help to cross cell membranes, typically moving
through specialized membrane pores, with their ability to pass
influenced by factors like particle size and charge. Larger nanoparticles,
however; rely on specific transporter proteins that actively carry
them across the membrane, even against concentration gradients
(Magne et al., 2023).

2.3.Drug delivery using nanoparticles

The delivery of drugs and nutraceuticals has been completely
transformed by the development of tailored nanoparticles. Such
systems address key challenges associated with conventional
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formulations, including low stability, poor solubility, and limited
ability to cross biological barriers. These barriers vary widely across
tissues and individuals, highlighting the need for adaptable and
precision oriented nanocarriers (Smith et al., 2020; Zhao et al., 2022).
To address these challenges, precision nanoparticle design applies
the principles of personalized medicine, creating drug delivery
systems that are customized to an individual’s unique physiological
and disease characteristics (Chen et al., 2021). Although, current
research often relies on generalized design frameworks, innovations
in lipid-based, polymeric, and inorganic nanoparticle systems continue
to advance encapsulation efficiency, biocompatibility, and site-
specific targeting (Kumar et al., 2019; Patel et al., 2023). Emerging
approaches now focus on ‘surface functionalization’for target
specificity and biocompatibility (Gorohovs and Dekhtyar, 2025),
‘stimuli-responsive behaviour’for drug release kinetics and timing
(Wu et al, 2023), and biomimetic coatings for immune evasion and
biological communication (Abesekara and Chau, 2022) to fine-tune
nanoparticle interactions with biological environments, optimizing
their performance for specific medical applications (Li et al., 2022).
These intelligent nanostructures represent the next generation of
personalized drug-delivery platforms, capable of navigating patient
specific physiological barriers and optimizing therapeutic outcomes
(Chehelgerdi et al., 2023).

2.4 Nanocarriers for nutraceuticals delivery

Encapsulation technology is designed to protect the sensitive
bioactive compounds while enabling their controlled release. This is
achieved by enclosing the active nutraceutical (the core material)

within a protective layer made of lipids, proteins, or polysaccharides
(Esfanjani et al., 2018).  The resulting micro- or nanocapsules can be
engineered as emulsions, biopolymeric matrices, or vesicular systems
to achieve desired release characteristics. Liposomes, which are
spherical vesicles made up of phospholipid bilayers, are the most
efficient lipid-based transporters. Lipid membranes and watery cores
can contain hydrophilic and lipophilic substances, respectively.
Liposomes exhibit biocompatibility, biodegradability, and enhanced
intestinal absorption due to their ability to interact with enterocyte
transport pathways and lymphatic systems (Subramanian, 2021).
Starch based nanocarriers are capable of delivering nutrients or drugs
directly to specific areas of the digestive system. They remain stable
in the acidic environment of the stomach and adhere to the intestinal
wall, which enhances nutrient absorption (Rostamabadi et al., 2019).
Similarly, casein micelles (CMs), which are natural particles found in
milk, serve as effective carriers for nutrients such as minerals, fats,
vitamins, and plant compounds (Semo et al., 2007; Rehan et al.,
2019). Curcumin, which is derived from turmeric powder, has
significant therapeutic effects, including anticancer, antidiabetic, anti-
inflammatory, nephroprotective, and antiobesity properties (Figure
1). However, due to its poor water solubility and low bioavailability,
encapsulating curcumin in nanocarriers can enhance its stability,
absorption, and overall effectiveness. The milk protein -casein can
independently form small particles that effectively trap fat-soluble
compounds such as curcumin (Figure 2). This encapsulation process
improves the solubility and health benefits of these compounds
(Rezagholizade-Shirvan et al., 2024).

Figure 1: Therapeutic properties of curcumin.(Source: Created by the authors).
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Figure 2: Schematic representation of curcumin encapsulation and delivery using nano-
carrier systems. (Source: Created by the author).

Solid lipid nanoparticles (SLNs), which combine the benefits of
polymeric nanoparticles with conventional emulsions, are another
intriguing concept. Small particle sizes, high loading capacities,
enhanced bioavailability, and physical stability are all provided by
SLNs. Antioxidant nutraceuticals such as -carotene, astaxanthin,

zeaxanthin, lutein, curcumin, quercetin, and anthocyanins have been
effectively encapsulated in them, preventing degradation and boosting
their biological activity (Gunawan and Boonkanokwong, 2023). Table
1 summarizes representative nanonutraceutical systems and their
therapeutic applications across various health conditions.

Table 1: Nanonutraceuticals and their action to cure various medical conditions

Noncommunicable Nanonutraceuticals Nanocarrier Mechanism or References
dise ases type/material biological effect

Diabetes mellitus Combined extracts of Gelatine nanoparticles Streptozotocininduced rats Wickramasinghe
C. grandis, S. auriculata, (GNPs)  and high-fat diet rats showed et al., 2024
and M. koenigii improved glucose tolerance,

suggesting strong antihyper-
glycemic action.

Anthocyanin formu- Nanoparticles of poly Participates in the regulation Nunes et al., 2023
lation (pelargonidin) (lactide-co-glycolic of glucose metabolism

acid) (PLGA)

Curcumin and berbe- Polymeric nano- Demonstrated superior anti- Ganesan et al.,
rine combination particles diabetic potential in experi- 2017

mental type 2 diabetes
mellitus (T2DM) models

Gestational diabetes Resveratrol nanocomplex Chitosan-ZnO-resvera- Lowered blood glucose, Du et al.,
mellitus (GDM) trol (CS-ZnO-RS) reduced inflammation (IL-6, 2020

nanoparticles MCP-1), and modulated
ER-stress markers (GRP78,
p-IRE1, etc.)

Cancer Curcumin with temozo- Magnetic nanoparticles Induced apoptosis and tumour Dilnawaz and
lomide suppression via activation of Sahoo, 2013

cell-death pathways

Breast cancer Thymoquinone PLGA nanomatrix Increased apoptosis in MCF-7 El-Far et al.,
formulation cells, downregulated Bcl-2, and 2018

upregulated p53 to increase the
effectiveness of doxorubicin

Lung cancer Bauhinia tomentosa leaf Silver nanoparticles Exhibited cytotoxic and Mukundan et al.,
extract (AgNPs) anticancer activity toward 2015

A-549 lung carcinoma cells
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Curcumin Krill lipid-based lipo- Displayed strong cytotoxicity Ibrahim et al.,
somes (marinosomes) and anticancer potential 2018

against A-549 cells

Lung cancer and Curcumin nanoformulation CuR-NPs Demonstrated anticarcino- Bhat et al., 2023
pulmonary fibrosis genic actions and anti-inflam-

matory

Chronic obstructive Berberine nanodispersion Liquid crystalline nano- Decreased bronchoepithelial Paudel et al., 2022a
pulmonary disease particles (LCNs) and macrophage production
(COPD) of reactive oxygen species

(ROS)

Respiratory disorders Quercetin-3-O-rutinoside Rutinbased nanofor- Exhibited anti-inflammatory, Paudel et al., 2022b
(Asthma, COPD) and vitamin D mulation antiallergic, antioxidant and

immunomodulatory functions

Obesity Oleoresin capsicum Nanoemulsion  Decreased body fat formation Kim et al., 2014
through glycerol-3-phosphate
dehydrogenase inhibition and
AMPK activation

Nigella sativa seed  oil Fucoidanbased Prevented lipid buildup Oliyaei et al., 2023
nanoemulsion and steatosis in the

hepatic tissue

Soybean seed extract Phytosomalthermogel Improved lipid profile, cont- El-Menshawe et al.,
nanoliposomes rolled body weight, and less 2018

adipose tissue

Caffeine and chlorogenic Solid lipid nanoparticles Produced antiobesity effects Uner and Celebi, 2023
acid (from green coffee (SLNs) through lipidmetabolic
beans) modulation

Pterostilbene inclusion Chitosanbased polymeric Induced sustai nable weight loss Heikal et al., 2022
complex nanoparticles with minimal side effects;

potential oral antiobesity
agent

Chronic kidney injury Quercetin Quercetin macroparticles Downregulated pro-fibrogenic Sánchez-Jaramillo
(QMPs) and pro-inflammatory et al., 2022

cytokines while enhancing
antifibrotic responses

Hepatic cirrhosis Thymoquinone (black seed Solid lipid nanoparticles Reduced hepatic oxidative Al-Gabri et al.,
oil) (SLNs) stress markers and improved 2021

liver protection

Lupus nephritis Curcumin Nanoemulsion Lowered blood urea nitrogen Young et al., 2015
and exerted anti-inflammatory
effects

Allium jesdianum leaf Silver nanoparticles Reduced levels of kidney Sun and Zhang,
extract and serum inflammatory 2024

cytokines (TNF-, IFN-,
IL-12, and IL-6) and urine
protein

3. Noncommunicable diseases and potential benefits of
nanonutraceuticals

3.1 Diabetes mellitus

It is a chronic metabolic condition that, over time, can damage vital
organs like the kidneys, nerves, eyes, heart, and blood vessels, and is
characterised by elevated blood glucose levels. The majority of the
422 million persons with diabetes globally reside in the nations with
low- and middle-income. The disease directly accounts for
approximately 1.5 million deaths annually, and its prevalence has
steadily increased in recent decades, reflecting the growing impact of

lifestyle and metabolic disorders. Nutraceuticals derived from foods,
plants, and natural sources have gained considerable attention as
preventive and therapeutic interventions. In 2024, the World Health
Organization reaffirmed its goal to halt the rising prevalence of
diabetes by 2025, addressing a major contributor to the global NCD
burden. The WHO Global Diabetes Compact, launched in 2021,
emphasizes prevention, early diagnosis, and effective treatment, with
a focus on equitable access in low- and middle-income countries.
This initiative highlights the urgent need for global action to prevent
and manage diabetes and obesity, aiming to reduce their impact on
public health worldwide. This noncommunicable disease significantly
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contributes to premature illness and death among individuals aged
30-70 years (Arokiasamy et al., 2021). The financial impact of
diabetes is equally concerning. The International Diabetes Federation
(2015) states that 5-20% of total healthcare costs in most countries
are related to diabetes. In 2015, it was estimated that the world
would spend about USD 673 billion on diabetes and its implications;
by 2040, that amount is likely to rise to USD 802 billion (Herman,
2017). These figures underscore the pressing need for cost-effective
and sustainable management strategies.

Nanoformulated nutraceuticals have shown promising potential in
diabetes management by enhancing the bioavailability, metabolic
stability, and targeted delivery of bioactive compounds. Lipid based
nanopolyphenols have been reported to increase hepatic glycogen
stores while reducing glucose, albumin glycation, total cholesterol,
and HbA1C levels. Flavonoids encapsulated in liposomal systems
show superior antidiabetic potential compared to their free forms,
with liposomal delphinidin chloride exhibiting particularly enhanced
efficacy (Rocha et al., 2021).

A wide range of oral nano-delivery systems has been developed for
the effective management of T2DM, including polymeric
nanoparticles, lipidbased nanosystems, micelles, vesicular systems,
inorganic nanocarriers, and nanosuspensions. These advanced
delivery platforms offer several advantages over conventional
formulations. By bypassing hepatic firstpass metabolism,
nanocarriers allow a greater proportion of the active compound to
reach systemic circulation. They also enhance cellular uptake by
facilitating the transport of bioactive molecules across biological
membranes and improve the physicochemical stability of sensitive
phytochemicals, protecting them from degradation in the
gastrointestinal tract. Furthermore, nanoformulations can control
the rate and site of drug release, often through the lymphatic transport
pathway, ensuring sustained and targeted delivery. As a result,
phytocompounds encapsulated within these nanocarriers
demonstrate enhanced antidiabetic efficacy, lower systemic toxicity,
and greater therapeutic efficiency even at smaller or less frequent
doses (Nie et al., 2020). Animal model investigations further confirm
the superior therapeutic potential of phytobased nanocarriers. For
instance, in streptozotocin (STZ)-induced diabetic rat models,
berberine loaded nanoparticles significantly reduced fasting blood
glucose levels, prevented excessive body weight gain, and improved
pancreatic is let function (Ganesan et al., 2017). Similarly, copper
nanoparticles (CuNPs) synthesized using Dioscorea bulbifera extract
demonstrated both antioxidant and antidiabetic activities in
streptozotocin (STZ)-induced diabetic rats, indicating their potential
in preventing oxidative-stress-related diabetic complications.
Moreover, CuNPs were identified as potent inhibitors of pancreatic
-amylase and intestinal amylase (Marella et al., 2018).

According to Rambaran (2018), nanoquercetin provides both
neuroprotective and renoprotective effects in diabetic conditions by
reducing oxidative stress and neuroinflammation. This process
improves memory and helps mitigate diabetic nephropathy. The
mechanism of action for nanoquercetin includes inhibiting
acetylcholinesterase, downregulating proinflammatory cytokines,
and suppressing NF-B activation. Together, these actions contribute
to the preservation of cognitive function in diabetes. Furthermore,
nanoquercetin reduces the expression of intercellular adhesion
molecule-1 (ICAM-1) in endothelial tissues, which helps alleviate

diabetic nephropathy. Additionally, encapsulating anthocyanins in
chitosan nanoparticles has demonstrated beneficial metabolic effects
by reversing hyperlipidemic changes in rats that were fed high-fat
and alcohol-rich diets. These effects are primarily achieved through
the inhibition of lipogenesis, activation of antioxidant enzymes, and
suppression of lipid peroxidation. Similarly, in alloxan-induced
diabetic mice, loading anthocyaninrich extracts from vaccinium
arctostaphylos onto zinc oxide nanoparticles resulted in a significant
reduction in fasting blood glucose and low-density lipoprotein (LDL)
levels, along with an increase in high-density lipoprotein (HDL)
levels (Sapian et al., 2022).

3.2 Cancer

Cancer continues to be one of the major global health challenges,
with significant variations in incidence and mortality across different
regions and age groups. In developed countries, nearly 78% of cancer
cases occur in individuals over the age of 55, while this figure is
about 58% in developing nations (Deo et al., 2022). Recent global
estimates show a dramatic increase in both cancer incidence and
mortality. It is projected that the number of new cases will rise by
61%, reaching approximately 30.5 million by 2050. Meanwhile,
annual cancer-related deaths are expected to increase by nearly 75%,
reaching 18.6 million. This surge is largely attributed to population
growth and an ageing population (Health Data.org and IHME, 2025).
The most commonly diagnosed cancers include breast, lung,
colorectal, and prostate cancers, which account for the majority of
global cancer morbidity and mortality. The increasing burden of cancer
is primarily linked to ageing populations, changes in lifestyle, and
environmental factors. This highlights the urgent need for effective
strategies that focus on prevention, early diagnosis, and
comprehensive treatment (WHO, 2024).

Nanotechnology has revolutionized the therapeutic landscape of
cancer nutraceuticals by enhancing drug solubility, absorption,
stability, and tumour specific targeting, thereby minimizing systemic
toxicity. Nanonutraceuticals enable precision delivery of
phytoconstituents such as curcumin, quercetin, and resveratrol,
leading to higher intracellular concentrations and improved anticancer
responses (Singla et al., 2023). Advances in nanoscale systems,
including polymeric nanoparticles, liposomes, nanoemulsions, and
lipidbased carriers, have markedly improved the therapeutic efficiency
of many plant bioactives. Current studies demonstrate that these
nano-formulations not only increase bioavailability but also enable
controlled release and tissue specific accumulation. Reduced
cytotoxicity to normal cells and potential for personalized therapeutic
modulation are among their key advantages. Nevertheless, challenges
such as large-scale reproducibility, safety validation, and regulatory
standardization continue to impede clinical translation. For
nanonutraceuticals to be included in conventional cancer prevention
and treatment, these translational gaps must be filled. Figure 3
illustrates the role of nanotechnology in enhancing targeted cancer
treatment.

Resveratrol loaded polymeric nanoparticles, for example; caused
G1/S cell cycle arrest, mitochondrial depolarisation, DNA
fragmentation, and ROS accumulation in prostate cancer (LNCaP)
cells, which in turn decreased cancer cell viability (Nassir et al.,
2018). Liposomal doxorubicin (Doxil), a clinically approved
nanomedicine, exemplifies the advantages of nanocarrier-based drug
delivery. In this formulation, doxorubicin is encapsulated within
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liposomes, which protect it from rapid degradation and extend its
plasma circulation time. The liposomal system enhances tumour
accumulation through the enhanced permeability and retention (EPR)
effect while minimizing exposure to healthy tissues, thereby
significantly reducing cardiotoxicity compared with free doxorubicin
(Salama et al., 2020). When added to hydrogels and microspheres,

omega-3 polyunsaturated fatty acids (PUFAs), particularly
docosahexaenoic acid (DHA), have also demonstrated improved
antitumour properties against colon cancer cells. DHA’s high degree
of unsaturation (six double bonds) makes it highly peroxidizable,
thereby augmenting the oxidative cytotoxicity of anthracycline drugs
such as doxorubicin, improving their overall anticancer performance
(Serini et al., 2022).

Figure 3: Nanotechnology for improved targeted cancer treatment. (Created with BioRender.com.).

3.3 Cardiovascular diseases

Cardiovascular diseases remain the leading cause of death globally
and are a major factor contributing to reduced life expectancy. The
WHO (2025) reports that cardiovascular diseases (CVDs), such as
heart and blood vessel diseases (cerebrovascular illness, rheumatic
heart disease, and coronary heart disease), are the leading cause of
death globally, accounting for an estimated 19.8 million deaths
annually, representing approximately 32% of all global deaths.
Among these, 85% are due to heart attacks and strokes, and onethird
occur prematurely in individuals under 70 years of age. Among the
main behavioural risk factors that lead to CVDs are poor diet, excessive

alcohol consumption, tobacco use, and physical inactivity.
Intermediate risk factors like obesity, hypertension, hyperglycemia,
and hypercholesterolaemia are frequently brought on by these
behaviours. Early detection of these metabolic risk factors in primary
healthcare settings can help diminish the likelihood of severe
cardiovascular complications like heart failure, myocardial infarction,
and stroke (WHO, 2024).

The incorporation of nanotechnology into cardiovascular therapeutics
has yielded notable benefits, primarily through improved delivery
and efficacy of natural cardioprotective agents. By inhibiting P-
glycoprotein (P-gp) expression, bioperine, a black pepper alkaloid
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encapsulated in PLA-chitosan/PEG-coated nanoparticles, exhibited
enhanced cytotoxic activity against multidrug-resistant breast cancer
cells. In addition, this nanoformulation may offer cardiovascular
protection through the modulation of oxidative stress (Pillai et al.,
2021). Strong cardioprotective effect is demonstrated by lycopene-
enriched nanoemulsions, which reduce heart tissue damage and drug-
induced cardiotoxicity while lowering inflammatory responses and
oxidative stress (Quagliariello et al., 2018). Furthermore, metallic
nanocarriers like gold and silver nanoparticles improve the action
and transport of phytoconstituents with cardioprotective and
anticancer properties. These nanoparticles can increase reactive
oxygen species (ROS) production selectively within tumour cells,
promoting apoptotic or necrotic death while sparing healthy tissue
(Singla et al., 2023).

Curcumin encapsulated in carboxymethyl chitosan nanoparticles was
effectively delivered to damaged cardiac tissue in Wistar rats, where
it reduced myocardial hypertrophy and apoptosis, indicating a
potential role in post-ischemic recovery (Ray et al., 2016). In people
with dyslipidaemia, taking nanocurcumin supplements has also been
shown to improve triglyceride, total cholesterol, and LDL profiles
while raising HDL cholesterol. Furthermore, nanocurcumin has strong
anti-inflammatory properties that support general cardiovascular
protection by suppressing proinflammatory indicators, including
IL-6 and CRP (Ashtary-Larky et al., 2021).

3.4 Obesity

Over the past few decades, obesity, once thought to be a problem
exclusive to wealthy societies, has grown to become a significant
global public health concern. Childhood overweight and obesity
continue to be significant global health issues, according to the WHO
(2024) and UNICEF (2023). In 2022, approximately 390 million
children and adolescents aged 5 to 19 were classified as overweight,
with around 160 million considered obese. Additionally, about 37
million children under the age of five were overweight. These statistics
underscore the rising global trend of childhood obesity, especially in
low- and middle-income countries, where urbanization and changes
in dietary habits have greatly impacted energy balance and physical
activity levels. Obesity results from an imbalance between caloric
intake and energy expenditure, influenced by various factors such as
genetics, environment, and psychosocial conditions. Environmental
factors, including sedentary lifestyles, urbanization, and the easy
availability of highcalorie foods, have significantly contributed to
the increasing prevalence of obesity worldwide (WHO, 2024). In
developing countries like India, limited access to nutritious food,
insufficient physical activity, and lifestyle changes have heightened
the risk of obesity related disorders. Specifically, abdominal obesity
has been identified as a major risk factor for cardiovascular diseases
within the Indian population (Ahirwar and Mondal, 2019).

Nanotechnology has offered new strategies for managing obesity by
improving the delivery and physiological performance of bioactive
compounds with lipidmodulating and thermogenic effects. Niosomes
loaded with anthocyanins have been demonstrated to improve insulin
sensitivity and glucose tolerance by lowering blood levels of insulin,
cholesterol, glucose, and leptin, so mitigating metabolic abnormalities
linked to obesity (Sapian et al., 2022). Among emerging
nanoformulations, pterostilbene nanoparticles have demonstrated
remarkable antiobesity effects while remaining biocompatible and
nontoxic. Their oral administration effectively lowered serum

cholesterol and promoted sustained weight management, positioning
them as an innovative and safe therapeutic option for obesity control
(Heikal et al., 2022).

A clinical investigation by Salem et al. (2023) indicated that
consumption of a polyherbal tea blend produced significant
reductions in body mass index and improved lipid and glucose
profiles. The blend appeared to reduce systemic inflammation by
downregulating mRNA expression of genes linked to lipogenesis, like
ADD1/SREBP-1C and TNF-, while upregulating key lipolytic
markers, including GLUT-4 as well as P-AMPK, Sirt-1, and PPAR-.
These molecular responses point to the blend’s potential role in
managing obesity through simultaneous modulation of lipid
metabolism and inflammatory pathways. In animal models, oleoresin
capsicum nanoemulsions dramatically decreased body weight and
adipose tissue mass in rats that were made obese by a high-fat diet.
According to Kim et al. (2014), these benefits were ascribed to
AMPK activation and glycerol-3-phosphate dehydrogenase inhibition,
which led to decreased lipogenesis and improved energy utilisation.
Similarly, rats on a high-fat diet showed a 23.5% decrease in body
weight increase when quercetin loaded nanoemulsions were given
orally, demonstrating their function in controlling adiposity (Pangeni
et al., 2017).

Furthermore, the combination of probiotic nanoemulsions with
indigenous herbal extracts has been found to improve hepatic markers
such as bilirubin, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) while exerting synergistic antiobesity effects
(Rathod and Yadav, 2024). When taken as a whole, nanonutraceutical
systems offer a versatile strategy for metabolic regulation by
effectively increasing the solubility and bioactivity of poorly
absorbed antiobesity phytocompounds.

3.5 Chronic respiratory diseases

Chronic respiratory illnesses are conditions that damage the airways
and other structures of the lungs over an extended period of time
(CRDs). Common CRDs include chronic obstructive pulmonary
disease (COPD), occupational lung diseases, pulmonary hypertension,
and asthma. The use of tobacco, air pollution, occupational exposure
to dust and chemicals, and recurrent lower respiratory infections in
children are significant risk factors (WHO, 2024). Although, chronic
respiratory diseases cannot be cured, effective management strategies
can help alleviate symptoms, enhance lung function, and improve
overall quality of life. Conditions such as interstitial lung disease,
pulmonary sarcoidosis, and pneumoconiosis (e.g., asbestosis and
silicosis) are also categorized under CRDs. Despite overall global
declines in age standardized mortality and disability-adjusted life
years between 1990 and 2017, the absolute prevalence of CRDs
continues to rise, mainly due to environmental and behavioural
factors, including tobacco smoking, indoor air pollution from biomass
fuel use, occupational dust exposure, ambient air pollution, and low
physical activity levels. Among these, smoking remains the
predominant risk factor for chronic respiratory morbidity and
mortality, particularly among men in all regions (Labaki and Han,
2020).

Persistent airway inflammation and oxidative stress are major causes
of chronic respiratory diseases like asthma and chronic obstructive
pulmonary disease (COPD). Nanoencapsulated formulations of
curcumin and other phytochemicals have demonstrated significant
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improvements in pulmonary function and inflammatory control.
Clinical data suggest that nanocurcumin supplementation in patients
with severe COPD improves respiratory indices such as FEV, FVC,
and FEV/FVC ratio, while reducing serum IL-6 levels and systemic
inflammation (Zare’I et al., 2024). Experimental studies using
berberine-encapsulated solid lipid nanoparticles (SLN) coated with
chitosan revealed enhanced therapeutic potential against cigarette
smoke induced airway injury in rats. These berloaded nanoparticles
outperformed free berberine in terms of their anti-inflammatory
activity, significantly lowering inflammatory cytokines such as
interleukin-1 (IL-1), IL-6, IL-17, and tumour necrosis factor-alpha
(TNF-), as well as reducing neutrophil and macrophage infiltration
in bronchoalveolar lavage fluid (Liu et al., 2022).

Other promising herbal nanosystems include micelles, lipid based
liquid crystalline nanoparticles, and nanoemulsions, which serve as
advanced carriers for phytochemicals used in asthma management
(Yang et al., 2022). Chitosan coated SLN nanoparticles improve
berberine’s solubility and intestinal absorption, thereby enhancing
its anti-inflammatory action in respiratory tissues. Their high
bioavailability and mucoadhesive properties make them particularly
suited for oral or inhalation based drug delivery in chronic respiratory
disorders (Young et al., 2015). Overall, nanonutraceuticals in
respiratory therapy offer dual advantages, improved pharma-
cokinetics and targeted modulation of oxidative and inflammatory
pathways, thus representing a promising adjunct to conventional
treatment strategies for chronic airway diseases.

3.6 Chronic kidney diseases

Chronic kidney disease (CKD) is a progressive and irreversible loss
of kidney function, which reduces the kidneys’ ability to eliminate
waste and excess fluid from the body. As kidney function declines,
harmful levels of electrolytes and toxins can build up, leading to
systemic complications. Key risk factors for CKD include diabetes,
hypertension, obesity, cardiovascular disease, and smoking (WHO,
2024). Although, CKD cannot be cured, early detection and effective
management can help delay its progression and minimize
complications. Globally, CKD affects approximately 13-14% of the
population, with 5-7 million people needing renal replacement
therapy for end-stage disease (Lv and Zhang, 2019).

Progressive nephron loss and deteriorating renal function are hallmarks
of chronic kidney disease, which frequently results in end-stage
renal failure. Nanonutraceuticals have become protective agents that
can reduce inflammation, oxidative stress, and fibrosis linked to renal
decline. Strong antioxidant properties of ironoxide nanoparticles (IO-
NPs) coupled with glutathione (GSH) preserve normal renal
physiology without changing the structure of cortical or medullary
tissue. Selenium nanoparticles (SeNPs) have also been shown to
counteract cadmium chloride induced nephrotoxicity and
neurotoxicity by scavenging free radicals, chelating heavy metals,
and regulating apoptosis and cell protective pathways (Upadhyay,
2017).

Clinical findings indicate that oral intake of nano-emulsified curcumin
(40 mg/kg/day) significantly ameliorates glomerulonephritis
pathology, suggesting therapeutic potential against autoimmune renal
inflammation such as lupus nephritis (Young et al., 2015). Likewise,
quercetin nanoparticles have demonstrated antifibrotic activity and
the ability to attenuate chronic renal failure (Sánchez-Jaramillo et al.,

2022). Nanocurcumin supplementation improved vascular and renal
outcomes in haemodialysis patients by lowering inflammatory
indicators such as hs-CRP and adhesion molecules (ICAM-1,
VCAM-1) (Vafadar-Afshar et al., 2020). Further investigations by
Futuhi et al. (2022) showed that curcumin supplementation in
patients with CKD significantly improved metabolic and
inflammatory profiles. The study reported notable reductions in
serum triglycerides, total cholesterol, and LDL levels, as well as a
decrease in systemic inflammatory markers. This indicates curcumin’s
potential role in alleviating lipid abnormalities and inflammation
associated with CKD.  Treatment using metalorganic frameworks
(MOFs) produced through nanochelating techniques also resulted in
decreased urinary albumin, malondialdehyde, and 8-isoprostane,
alongside reduced plasma uric acid, blood urea nitrogen, and insulin
resistance indices, while improving creatinine clearance, underscoring
chromium’s renal protective potential (Fakharzadeh et al., 2021).

In rats with streptozotocin-induced hepatorenal impairment,
Ebokaiwe et al. (2019) showed that Loranthus micranthus leaf
nanoparticles (LMLNPs) and selenium nanoparticles (SeNPs) have
nephroprotective effects. Both SeNPs and LMLNPs have exhibited
considerable antioxidant and protective effects in diabetic models.
The administration of these nanoparticles significantly reversed
oxidative damage, restored antioxidant enzyme activity such as
superoxide dismutase, catalase, and glutathione peroxidase, and
improved hepatic and renal biomarkers, including ALT, AST,
creatinine, and urea. In comparison to untreated diabetic control
groups, those receiving both nanoparticles demonstrated pronounced
improvements in oxidative balance and organ function, thereby
underscoring their potential role in alleviating oxidative damage
associated with diabetes. In a separate study, curcuminloaded chitosan
nanoparticles protected rabbit kidneys from cypermethrin induced
biochemical and histopathological alterations, highlighting the
potential of nano-curcumin as a preventive intervention against
nephrotoxic insults (Anwar et al., 2020). Collectively, these findings
demonstrate that nanonutraceutical systemsby enhancing antioxidant
defence, modulating inflammatory cascades, and improving renal
cellular resilience offer substantial promise in mitigating CKD
progression and associated metabolic disorders.

4. Conclusion

Nanotechnology has revolutionized the field of functional foods and
nutraceuticals by improving sustainability, reducing toxicity, and
enhancing the bioavailability of active compounds. Nanonutrac-
euticals have emerged as innovative healthcare supplements capable
of precise and targeted delivery of bioactives. These advanced
formulations exhibit considerable therapeutic promise in diverse
disease conditions. They help to regulate the glucose metabolism in
diabetes mellitus, suppress inflammatory responses in renal and
pulmonary diseases, reduce cardiotoxic effects, and enhance
anticancer efficacy. In light of the escalating global incidence of
noncommunicable diseases, nanonutraceuticals offer a forward looking
approach for disease prevention and health maintenance. Their
integration into dietary and clinical practices underscores their
potential as vital components of next generation therapeutic nutrition.



317

Acknowledgements

The authors express their heartfelt gratitude to the Students’
Computer Centre and Library of CSC&RI and AC&RI, TNAU,
Madurai, for providing the tools and resources required to finish this
work on time.

Conflict of interest

The authors declare no conflicts of interest relevant to this article.

References
Abesekara, M.S. and Chau, Y. (2022). Recent advances in surface modification

of micro- and nano-scale biomaterials with biological membranes
and biomolecules. Frontiers in Bioengineering and Biotechnology,
10:972790. https://doi.org/10.3389/fbioe.2022.972790

Aguilar-Pérez, K.M.; Ruiz-Pulido, G.; Medina, D.I.; Parra-Saldivar, R. and Iqbal,
H.M. (2023). Insight into nanotechnological processing for
nanofortified functional foods and nutraceuticals: Opportunities,
challenges, and future scope in food for better health. Critical
Reviews in Food Science and Nutrition, 63(20):4618-4635.

Ahirwar, R. and Mondal, P.R. (2019). Prevalence of obesity in India: A
systematic review. Diabetes and Metabolic Syndrome: Clinical
Research and Reviews, 13(1):318-321.

Al-Gabri, N.A.; Saghir, S.A.; Al-Hashedi, S.A.; El-Far, A.H.; Khafaga, A.F. and
Swelum, A.A. (2021). Therapeutic potential of thymoquinone and its
nanoformulations in pulmonary injury: A comprehensive review.
International Journal of Nanomedicine. pp:5117-5131.

Anwar, M.; Muhammad, F.; Akhtar, B.; Rehman, S.U. and Saleemi, M.K. (2020).
Nephroprotective effects of curcuminloaded chitosan nanoparticles
in cypermethrin induced renal toxicity in rabbits. Environmental
Science and Pollution Research, 27:14771-14779.

Arokiasamy, P.; Salvi, S. and Selvamani, Y. (2021). Global burden of diabetes
mellitus: In: Handbook of Global Health.  Cham, Springer
International Publishing.pp:1-44.

Ashtary-Larky, D.; Rezaei Kelishadi, M.; Bagheri, R.; Moosavian, S.P.; Wong, A.;
Davoodi, S.H. and Asbaghi, O. (2021). The effects of nano-curcumin
supplementation on risk factors for cardiovascular disease: A
GRADE-assessed systematic review and metaanalysis of clinical
trials. Antioxidants, 10(7):1015.

Bele, A.A. and Khale, A. (2013). An approach to a nutraceutical. Asian Journal
of Research in Chemistry, 6:1161-1164.

Bhat, A.A.; Thapa, R.; Goyal, A.; Subramaniyan, V.; Kumar, D.; Gupta, S., et al.
(2023). Curcuminbased nanoformulations as an emerging therapeutic
strategy for inflammatory lung diseases. Future Medicinal Chemistry,
15(7):583-586.

Bhattacharyya, P.; Nongrum, Y. and Beniwal, A. (2022). Status and management
of noncommunicable diseases: A global scenario. Advances in
Microbiology, Volume III, Bhumi Publishing, Kolhapur. pp:38-46.

Cerullo, M.; Armeli, F.; Mengoni, B.; Menin, M.; Crudeli, M.L. and Businaro, R.
(2025). Curcumin modulation of the gutbrain axis for neuro
inflammation and metabolic disorders prevention and treatment.
Nutrients, 17:1430.

Chehelgerdi, M.; Chehelgerdi, M. and Allela, O.Q.B. (2023). Progressing
nanotechnology to improve targeted cancer treatment: Overcoming
hurdles in its clinical implementation. Mol. Cancer, 22:169. https:/
/doi.org/10.1186/s12943-023-01865-0

Chen, G.; Roy, I.; Yang, C. and Prasad, P. N. (2021).Nanochemistry and
nanomedicine for nanoparticle based diagnostics and therapy.

Chemical Reviews, 121(3):1923-2019. https://doi.org/10.1021/
acs.chemrev.0c00874

Dama, A.; Shpati, K.; Daliu, P.; Dumur, S.; Gorica, E. and Santini, A. (2024).
Targeting Metabolic Diseases: The role of nutraceuticals in
modulating oxidative stress and inflammation. Nutrients, 16(4):507.
https://doi.org/10.3390/nu16040507

Dav, G.; Santilli, F. andPatrono, C. (2010). Nutraceuticals in diabetes and
metabolic syndrome. Cardiovascular Therapeutics, 28:216-226.
https://doi.org/10.1111/j.1755-5922.2010.00179

Deo, S.V.S.; Sharma, J. and Kumar, S. (2022). GLOBOCAN 2020 report on
global cancer burden: Challenges and opportunities for surgical
oncologists. Annals of Surgical Oncology, 29(11):6497-6500.

Dilnawaz, F. and Sahoo, S.K. (2013). Enhanced accumulation of curcumin and
temozolomide loaded magnetic nanoparticles executes profound
cytotoxic effect in glioblastoma spheroid model. European Journal
of Pharmaceutics and Biopharmaceutics, 85(3):452-462.

Du, S.; Lv, Y.; Li, N.; Huang, X.; Liu, X. and Li, H.(2020). Biological investigations
on therapeutic effect of chitosan encapsulated nano resveratrol
against gestational diabetes mellitus rats induced by streptozotocin.
Drug Delivery, 27(1):953-963.

Dutta, S.; Ali, K.M.; Dash, S.K. and Giri, B. (2018). Role of nutraceuticals on
health promotion and disease prevention: A review. Journal of
Drug Delivery and Therapeutics, 8(4):42-47. http://dx.doi.org/
10.22270/jddt.v8i4.1759

Ebokaiwe, A.P.; Ijomone, O.M.; Griffin, S.; Ehiri, R.C.; Obeten, K.E.; Nwankwo, K.
and Keck, C.M. (2019). Nanosized selenium and Loranthus micranthus
leaves ameliorate streptozotocin induced hepatorenal dysfunction
in rats via enhancement of the antioxidant system, regulation of
caspase 3, and Nrf2 protein expression. Pharma Nutrition,
9:100150.

El-Far, A.H.; Al Jaouni, S.K.; Li, W. and Mousa, S.A. (2018). Protective roles of
thymoquinone nanoformulations: Potential nanonutraceuticals in
human diseases. Nutrients, 10(10):1369.

El-Menshawe, S.F.; Ali, A.A.; Rabeh, M.A. and Khalil, N.M. (2018). Nanosized soy
phytosomebased thermogel as a topical antiobesity formulation:
An approach for an acceptable level of evidence of an effective
novel herbal weight loss product. International Journal of
Nanomedicine. pp:307-318.

Esfanjani, A.F.; Assadpour, E. and Jafari, S.M. (2018).  Improving the
bioavailability of phenolic compounds by loading them within
lipidbased nanocarriers. Trends in Food Science and Technology,
76:56-66.

Estevinho, B.N. (2020). Chapter 13 - Nanocarriers loaded with nutraceuticals
and bioactive ingredients (vitamins and minerals). In: Nanotech-
nology in the Beverage Industry - Fundamentals and Applications
- Micro and Nano Technologies, 373-412.

Fakharzadeh, S.; Kalanaky, S.; Argani, H.; Dadashzadeh, S.; Torbati, P.M.; Nazaran,
M.H. and Basiri, A. (2021). Ameliorative effect of a nano chromium
metalorganic framework on experimental diabetic chronic kidney
disease. Drug Development Research, 82(3):393-403.

Fung, F.; Wang, H.S. and Menon, S. (2018). Food safety in the 21st century.
Biomedical Journal, 41:88-95.

Futuhi, F.; Naghibzadeh, T.A.; Azmandian, J. and Saber, A. (2022). The effects of
curcumincontaining supplementations on inflammatory markers
and lipid profiles in patients with chronic kidney diseases: A
systematic review and metaanalysis of randomized controlled trials.
Journal of Complementary and Integrative Medicine, 19(3):531-
541.



318

Ganesan, P.; Arulselvan, P. and Choi, D.K. (2017).Phytobioactive
compoundbased nanodelivery systems for the treatment of type 2
diabetes mellitus: Current status. International Journal of
Nanomedicine, 1097-1111.

Golla, U. (2018). Emergence of nutraceuticals as alternative medications
for pharmaceuticals. International Journal of Complementary and
Alternative Medicine, 11:155-158. https://doi.org/10.15406/
ijcam.2018.11.00388

Gorohovs, M.and Dekhtyar, Y. (2025). Surface Functionalization of
Nanoparticles for Enhanced Electrostatic Adsorption of
Biomolecules. Molecules, 30:3206. https://doi.org/10.3390/
molecules30153206.

Gunawan, M. andBoonkanokwong, V. (2023). Current applications of solid
lipid nanoparticles and nanostructured lipid carriers as vehicles in
oral delivery systems for antioxidant nutraceuticals: A review.
Colloids and Surfaces B: Biointerfaces, 113608.

Health Data.org / Institute for Health Metrics and Evaluation (IHME). (2025).The
Lancet: Cancer deaths expected to rise to over 18 million in 2050,
an increase of nearly 75% from 2024, study forecasts. Available at:
https://www.healthdata.org/news-events/newsroom/news-releases/
l ancet-ca ncer-deaths-expected-r ise-over-18 -mi ll ion-20 50 -
increase?utm_source=chatgpt.com

Heikal, L.A.; El-Kamel, A.H.; Mehanna, R.A.; Khalifa, H.M. and Hassaan, P.S.
(2022). Improved oral nutraceutical-based intervention for the
management of obesity: Pterostilbene-loaded chitosan
nanoparticles. Nanomedicine, 17(15):1055-1075.

Herman, W.H. (2017). The global burden of diabetes: An overview. In
Diabetes Mellitus in Developing Countries and Underserved
Communities, 1-5.

Ibrahim, S.; Tagami, T.; Kishi, T. and Ozeki, T. (2018). Curcumin marinosomes
as promising nanodrug delivery system for lung cancer. International
Journal of Pharmaceutics, 540(1-2):40-49.

Johnston, T.P.; Korolenko, T.A.; Pirro, M. andSahebkar, A. (2017). Preventing
cardiovascular heart disease: Promising nutraceutical and non-
nutraceutical treatments for cholesterol management.
Pharmacological Research, 120:219-225. https://doi.org/10.1016/
j.phrs.2017.04.008

Kerry, R.G.; Das, G.; Golla, U.; Pilar, M.D.; Torres, R.; Shin, H.S. and Patra, J.K.
(2022). Engineered probiotic and prebiotic nutraceutical
supplementations in combating non-communicable disorders: A
review. 23(1):72-96.

Kezer, G.; Paramithiotis, S.; Khwaldia, K.; Harahap, I.A.; Èagalj, M.; Šimat, V.;
Smaoui, S.; Elfalleh, W.; Ozogul, F. and Esatbeyoglu, T. (2025).  A
comprehensive overview of the effects of probiotics, prebiotics
and synbiotics on the gut-brain axis. Frontiers in Microbiology,
16:1651965.

Khurana, A. and Hartmann, P. (2025). Gut microbiomespecific nanoparticle-
based therapeutics for liver diseases. World Journal of
Gastroenterology, 31(27):109105.

Kim, J.Y.; Lee, M.S.; Jung, S.; Joo, H.; Kim, C.T.; Kim, I.H. and Kim, Y.
(2014).Antiobesity efficacy of nanoemulsion oleoresin capsicum in
obese rats fed a high-fat diet. International Journal of Nanomedicine,
301-310.

Kramer, K.; Hoppe, P.P. and Packer, L. (2001).Nutraceuticals in Health and
Disease Prevention. Boca Raton, FL, USA: CRC Press, pp:340.

Kumar, R.; Kulkarni, A.; Nagesha, D. K.; Sridhar, S. andGajbhiye, V. (2019).
Polymeric nanoparticles: A promising platform for cancer drug
delivery. Colloids and Surfaces B: Biointerfaces, 180:150-162. https:/
/doi.org/10.1016/j.colsurfb.2019.04.053

Kumar, V.; Rohilla, A. and Ahire, J.J. (2025). Omega-3 fatty acids and the gut
microbiome: a new frontier in cardiovascular disease prevention.
Discovery Medicine, 2:53.

Labaki, W.W. and Han, M.K. (2020). Chronic respiratory diseases: A global
view. The Lancet Respiratory Medicine, 8(6):531-533.

Li, J. and Mooney, D. J. (2022). Designing hydrogels for controlled drug
delivery. Nature Reviews Materials, 7(6):389-402. https://doi.org/
10.1038/s41578-021-00397-9

Liu, H.; Li, Y.; Zhang, X.; Shi, M.; Li, D. and Wang, Y. (2022). Chitosancoated solid
lipid nanoencapsulation improves the therapeutic anti-airway
inflammation effect of berberine against COPD in cigarette
smokeexposed rats. Canadian Respiratory Journal. https://doi.org/
10.1155/2022/8509396

Lv, J.C. and Zhang, L.X. (2019). Prevalence and disease burden of chronic
kidney disease. In Renal Fibrosis: Mechanisms and Therapies,
1165:3-15.

Magne, T.M.; Alencar, L.M.R.; Carneiro, S.V.; Fechine, L.M.U.D.; Fechine, P.B.A.;
Souza, P.F.N. and Santos-Oliveira, R. (2023).Nanonutraceuticals for health:
Principles and applications. Revista Brasileira de Farmacognosia,
33(1):73-88.

Manocha, S.; Dhiman, S.; Grewal, A.S. andGuarve, K. (2022). Nanotechnology:
An approach to overcome bioavailability challenges of
nutraceuticals. Journal of Drug Delivery Science and Technology,
72:103418. https://doi.org/10.1016/j.jddst.2022.103418

Marella, S. andTollamadugu, N.V.K.V.P. (2018). Nanotechnological approaches
for the development of herbal drugs in the treatment of diabetes
mellitus: A critical review. IET Nanobiotechnology, 12(5):549-556.

Mensah, G.A.; Roth, G. and Fuster, V. (2019). The global burden of cardiovascular
diseases and risk factors: 2020 and beyond. Journal of the American
College of Cardiology, 74(20):2529-2532.

Mukundan, D.; Mohankumar, R. and Vasanthakumari, R. (2015). Green synthesis
of silver nanoparticles using leaves extract of Bauhinia tomentosa
Linn and it’s in vitro anticancer potential. Materials Today:
Proceedings, 2(9):4309-4316.

Nassir, A.M.; Shahzad, N.; Ibrahim, I.A.; Ahmad, I.; Md, S. and Ain, M.R. (2018).
Resveratrolloaded PLGA nanoparticles mediated programmed cell
death in prostate cancer cells. Saudi Pharmaceutical Journal,
26(6):876-885.

Nie, X.; Chen, Z.; Pang, L.; Wang, L.; Jiang, H.; Chen, Y., et al. (2020). Oral nano
drug delivery systems for the treatment of type 2 diabetes mellitus:
An available administration strategy for antidiabetic
phytocompounds. International Journal of Nanomedicine.
pp:10215-10240.

Nunes, A.R.; Costa, E.C.; Alves, G. and Silva, L.R. (2023).Nanoformulations for
the delivery of dietary anthocyanins for the prevention and
treatment of diabetes mellitus and its complications.
Pharmaceuticals, 16(5):736.

Oliyaei, N.; Tanideh, N.; Moosavi-Nasab, M.; Dehghanian, A.R. andIraji, A. (2023).
Development and characterization of a fucoidanbased nanoemulsion
using Nigella sativa oil for improvement of antiobesity activity of
fucoxanthin in an obese rat model. International Journal of
Biological Macromolecules, 235:123867.

Pangeni, R.; Kang, S.W.; Oak, M.; Park, E.Y. and Park, J.W. (2017). Oral delivery
of quercetin in oil-in-water nanoemulsion: In vitro characterization
and in vivo anti-obesity efficacy in mice. Journal of Functional
Foods, 38:571-581.



319

Patel, N. R.; Pattni, B. S.; Abouzeid, A. H. and Torchilin, V. P. (2023).
Nanopreparations to overcome multidrug resistance in cancer.
Advanced Drug Delivery Reviews, 190:114501. https://doi.org/
10.1016/j.addr.2022.114501

Paudel, K.R.; Dua, K.; Panth, N.; Hansbro, P.M. and Chellappan, D.K. (2022b).
Advances in research with rutinloaded nanoformulations in
mitigating lung diseases. Future Medicinal Chemistry, 14(18):1293-
1295.

Paudel, K.R.; Panth, N.; Manandhar, B.; Singh, S.K.; Gupta, G.; Wich, P.R., et al.
(2022a). Attenuation of cigarettesmokeinduced oxidative stress,
senescence, and inflammation by berberineloaded liquid crystalline
nanoparticles: In vitro study in 16HBE and RAW264.7 cells.
Antioxidants, 11(5):873.

Pillai, S.C.; Borah, A.; Jacob, E.M. and Kumar, D.S. (2021). Nanotechnological
approach to delivering nutraceuticals as promising drug candidates
for the treatment of atherosclerosis. Drug Delivery, 28(1):550-
568.

Prakash, D. and Kumar, N. (2011).Costeffective natural antioxidants. In R.R.
Watson, J.K. Gerald & V.R. Preedy (Eds.), Nutrients, Dietary
Supplements and Nutriceuticals. Humana Press, Springer,
USA.pp:163-188.

Puri, V.; Nagpal, M.; Singh, I.; Singh, M.; Dhingra, G.A.; Huanbutta, K.; Dheer, D.;
Sharma, A.; Sangnim, T. (2022). A comprehensive review on
nutraceuticals: therapy support and formulation challenges.
Nutrients, 14(21):4637.

Quagliariello, V.; Vecchione, R.; Coppola, C.; Di Cicco, C.; De Capua, A.; Piscopo,
G. and Maurea, N. (2018).Cardioprotective effects of nanoemulsions
loaded with anti-inflammatory nutraceuticals against doxorubicin-
induced cardiotoxicity. Nutrients, 10(9):1304.

Rambaran, T.F. (2018). Nano polyphenols: A review of their encapsulation
and anti-diabetic effects. SN Applied Sciences, 2(8):1335.

Rathod, P. and Yadav, R.P. (2024). The gut microbiome as a therapeutic
target for diabesity management: Opportunity for
nanonutraceuticals and associated challenges. Drug Delivery and
Translational Research, 14(1):17-29.

Ray, A.; Rana, S.; Banerjee, D.; Mitra, A.; Datta, R.; Naskar, S. and Sarkar, S. (2016).
Improved bioavailability of targeted Curcumin delivery efficiently
regressed cardiac hypertrophy by modulating apoptotic load within
the cardiac microenvironment. Toxicology and Applied
Pharmacology, 290:54-65.

Rehan, F.; Ahmad, N. and Gupta, M. (2019). Casein nano micelle as an
emerging biomaterial: A comprehensive review. Colloids and Surfaces
B: Biointerfaces, 179:280-292.

Rezagholizade-Shirvan A,; Soltani, M,; Shokri, S,; Radfar, R,; Arab, M, and Shamloo,
E. (2024).Bioactive compound encapsulation: Characteristics,
applications in food systems, and implications for human health.
Food Chem X. 2;24:101953.

Ricottini, L.; Basciani, S.; Spizzichini, M.L.; de Mattia, D.; Coniglio-Iannuzzi delle
Noci, M.; Sorrentino, S.; Nordio, M. (2024).The effectiveness and safety
of a nutraceutical combination in overweight patients with metabolic
syndrome. Nutrients, 16(23):3977. https://doi.org/10.3390/
nu16233977

Rocha, S.; Lucas, M.; Ribeiro, D.; Corvo, M.L.; Fernandes, E. and Freitas, M. (2021).
Nanobased drug delivery systems are used as vehicles to enhance
polyphenols’ therapeutic effect for diabetes mellitus treatment.
Pharmacological Research, 169:105604.

Rostamabadi, H.; Falsafi, S.R. and Jafari, S.M. (2019). Starchbased nanocarriers
as cutting-edge natural cargos for nutraceutical delivery. Trends in
Food Science & Technology, 88:397-415.

Sahu, S: Kumar, S; Nagtode, N.R. and Sahu, M. (2024). The burden of lifestyle
diseases and their impact on the health service in India: A narrative
review. J Family Med Prim Care. 13(5):1612-1619. doi: 10.4103/
jfmpc.jfmpc_693_23.

Salama, L.; Pastor, E.R.; Stone, T. and Mousa, S.A. (2020). Emerging
nanopharmaceuticals and nano nutraceuticals in cancer
management. Biomedicines, 8(9):347.

Salem, M.A.; Aborehab, N.M.; Abdelhafez, M.M.; Ismail, S.H.; Maurice, N.W.; Azzam,
M.A. and Ezzat, S.M. (2023).Antiobesity effect of a tea mixture nano-
formulation on rats occurs via the upregulation of AMP-activated
protein kinase/sirtuin-1/glucose transporter type 4 and peroxisome
proliferator-activated receptor gamma pathways. Metabolites,
13(7):871.

Sánchez-Jaramillo, E.A.; Gasca-Lozano, L.E.; Vera-Cruz, J.M.; Hernández-Ortega,
L.D.; Gurrola-Díaz, C.M.; Bastidas-Ramírez, B.E. and Salazar-Montes, A.M.
(2022). Nanoparticles formulation improves the antifibrogenic effect
of quercetin on an adenine-induced model of chronic kidney disease.
International Journal of Molecular Sciences, 23(10):5392.

Sapian, S.; Taib, I.S.; Katas, H.; Latip, J.; Zainalabidin, S.; Hamid, Z.A. and Budin,
S.B. (2022). The role of anthocyanin in modulating diabetic
cardiovascular disease and its potential to be developed as a
nutraceutical. Pharmaceuticals, 15(11):1344.

Scarpa, E.-S.; Antonelli, A.; Balercia, G.; Sabatelli, S.; Maggi, F.; Caprioli, G.;
Giacchetti, G.; Micucci, M. (2024).Antioxidant, antiinflammatory,
antidiabetic, and proosteogenic activities of polyphenols for the
treatment of two different chronic diseases: type 2 diabetes mellitus
and osteoporosis. Biomolecules, 14(7):836. https://doi.org/10.3390/
biom14070836.

Semo, E.; Kesselman, E.; Danino, D. andLivney, Y.D. (2007). Casein micelle as a
natural nanocapsular vehicle for nutraceuticals. Food Hydrocolloids,
21(5-6):936-942.

Serini, S.; Cassano, R.; Curcio, F.; Trombino, S. and Calviello, G.
(2022).Nutraceuticalbased nanoformulations for breast and ovarian
cancer treatment. International Journal of Molecular Sciences,
23(19):12032.

Singh, A.R.; Desu, P.K.; Nakkala, R.K.; Kondi, V.; Devi, S.; Alam, M.S. and
Kesharwani, P. (2022). Nanotechnologybased approaches applied to
nutraceuticals. Drug Delivery and Translational Research, 1-15.

Singla, M.; Smriti; Gupta, S.; Behal, P.; Singh, S.K.; Preetam, S. and Slama, P. (2023).
Unlocking the power of nanomedicine: The future of nutraceuticals
in oncology treatment. Frontiers in Nutrition, 10:1258516.

Smith, D. M.; Simon, J. K. and Baker Jr, J. R. (2020). Applications of
nanotechnology for immunology. Nature Reviews Immunology,
20(1):21-34. https://doi.org/10.1038/s41577-019-0247-4

Subramanian, P. (2021). Lipidbased nanocarrier system for th e effective
delivery of nutraceuticals. Molecules, 26(18):5510.

Sun, X. and Zhang, Q. (2024). Green formation of Ag NPs in ultrasonic
conditions and treatment of lupus nephritis by following the TGF-
â1 signalling pathway in mice. Inorganic Chemistry
Communications, 162:112174.



320

Uner, B. and Celebi, M.S. (2023).Antiobesity effects of chlorogenic acid and
caffeine-lipid nanoparticles through PPAR-ã/C/EBP-á pathways.
International Journal of Obesity, 47(11):1108-1119.

UNICEF, World Health Organization and World Bank Group (2023). Levels and
Trends in Child Malnutrition: Key Findings of the 2023 Edition of
the Joint Child Malnutrition Estimates (JME). Geneva: WHO.
Available at: https://data.unicef.org/resources/jme-report-2023/

Upadhyay, R.K. (2017). Chronic kidney diseases and nanoparticle
therapeutics. J Tissue Sci Eng, 8(209): 2.

Vafadar-Afshar, G.; Khadem-Ansari, M.H.; Makhdomii, K. and Rasooli, J. (2020).
The effects of nanocurcumin supplementation on serum level of
hs-CRP, adhesion molecules, and lipid profiles in hemodialysis
patients: A randomized controlled clinical trial. Iranian Journal of
Kidney Diseases, 14(1):52.

Wang, X.; Qi, Y. and Zheng, H. (2022a). Dietary polyphenol, gut microbiota,
and health benefits. Antioxidants (Basel), 11(6):1212.

Wang, Y.; Hong, C.; Wu, Z.; Li, S.; Xia, Y.; Liang, Y.; He, X.; Xiao, X. and Tang, W.
(2022b). Resveratrol in intestinal health and disease: focusing on
intestinal barrier. Frontiers in Nutrition, 9:848400.

Wickramasinghe, A.S.D.; Attanayake, A.P. andKalansuriya, P. (2024). Gelatine
nanoparticles encapsulating three edible plant extracts as potential
nanonutraceutical agents against type 2 diabetes mellitus. Journal
of Microencapsulation, 41(2):94-111.

World Health Organization. (2024).WHO Fact Sheets. Available at: https://
www.who.int/news-room/fact-sheets

World Health Organization. (2025). Cardiovascular diseases (CVDs), Available
at: https://www.who.int/news-room/fact-sheets/detail/cardio-
vascular-diseases-%28cvds%29?utm_source=chatgpt.com

Wu, Z.; Nie, R.; Wang, Y.; Wang, Q.; Li, X. and Liu, Y. (2023). Precise antibacterial
therapeutics based on stimuliresponsive nanomaterials. Frontiers
in Bioengineering and Biotechnology, 11:1289323. https://doi.org/
10.3389/fbioe.2023.1289323

Yang, J.; Song, B. and Wu, J. (2022). Herbal nanoformulations for asthma
treatment. Current Pharmaceutical Design, 28(1):46-57.

Young, N.A.; Wu, L.C.; Gardner, M.; Hampton, J.; Bruss, M. and Jarjour, W. (2015).
Nano Emulsified Curcumin (NEC), a patented antiinflammatory
nutraceutical compound developed at Ohio State, reduces renal
pathology in an animal model of lupus nephritis. Annals of the
Rheumatic Diseases, 74(Suppl. 2):952. https://doi.org/10.1136/
annrheumdis-2015-eular.5113

Zare’i, M.; Rabieepour, M.; Ghareaghaji, R.; Zarrin, R. andFaghfouri, A.H. (2024).
Nanocurcumin supplementation improves pulmonary function in
severe COPD patients: A randomized, double-blind, and
placebocontrolled clinical trial. Phytotherapy Research,
38(3):1224-1234. https://doi.org/10.1002/ptr.8114

Zhao, Z.; Ukidve, A.; Kim, J. and Mitragotri, S. (2020). Targeting strategies for
tissuespecific drug delivery. Cell, 181(1): 151-167. https://doi.org/
10.1016/j.cell.2020.02.001.

S. Sangeetha, L. Karpagapandi, R. Vijayalakshmi, S. Marimuthu, P. Meenakshisundaram,  A.Kalaiselvan and M.
Ilamaran (2025). Nanonutraceuticals and their impact on non-communicable diseases: A review.  Ann. Phytomed.,
14(2):308-320. http://dx.doi.org/10.54085/ap.2025.14.2.30.

Citation


