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Abstract

Nutraceuticals, a blend of “nutrition” and “pharmaceutical,” represent bioactive compounds derived
from food sources that provide health benefits beyond basic nutrition. In recent years, they have gained
considerable attention due to their potential role in the prevention and management of chronic diseases
such as cardiovascular disorders, diabetes, cancer, osteoporosis, and neurodegenerative conditions.
Nutraceuticals include a wide range of products such as dietary supplements, functional foods, herbal
extracts, probiotics, and fortified nutrients. Their therapeutic actions are attributed to antioxidant, anti-
inflammatory, immunomodulatory, and neuroprotective mechanisms that support physiological
functions and reduce the risk of disease progression. Growing scientific evidence suggests that
nutraceuticals can complement conventional therapies, offering a safe, cost-effective, and preventive
approach to healthcare. However, challenges related to standardization, clinical validation, and
regulatory frameworks remain significant barriers to their widespread acceptance in modern medicine.
Future research focused on clinical efficacy, safety, and molecular mechanisms will further strengthen
their role in global healthcare systems.
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Introduction

The concept of using food as medicine dates back to Hippocrates, who famously stated, “Let
food be thy medicine and medicine be thy food.” The term “nutraceutical” was coined by Dr.
Stephen DeFelice in 1989 by combining “nutrition” and “pharmaceutical” [*l. Nutraceuticals
lack a universally accepted definition but are generally considered products derived from
food sources that provide additional health benefits, including the prevention and treatment
of chronic illnesses. The increasing prevalence of lifestyle-related diseases such as diabetes,
obesity, cardiovascular disorders, and neurodegenerative conditions has accelerated interest
in nutraceuticals as preventive and adjunct therapies 2.

Classification of Nutraceuticals: Nutraceuticals are broadly classified into categories: (i)
Nutrients such as vitamins, minerals, amino acids, and fatty acids; (ii) Herbal products
including curcumin, ginseng, and green tea polyphenols; (iii) Dietary supplements like
probiotics, prebiotics, and antioxidants; (iv) Phytochemicals such as carotenoids, flavonoids,
and polyphenols; and (v) Functional foods enriched with health-promoting compounds [,
They are further divided into traditional nutraceuticals (naturally occurring) and non-
traditional nutraceuticals (biotechnology-derived, fortified products) 4.

Mechanisms of Action: Nutraceuticals act through multiple pathways. Polyphenols
scavenge free radicals and reduce oxidative stress [*l. Omega-3 fatty acids modulate lipid
metabolism and inflammatory mediators 1. Probiotics balance gut microbiota, enhancing
immunity and metabolic health [l. Bioactive peptides derived from milk and soy proteins
exhibit antihypertensive and antioxidant activity €. Many nutraceuticals also affect gene
regulation and epigenetic mechanisms, a focus of emerging nutrigenomics research [,
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Health Benefits and Applications

Cardiovascular health: Cardiovascular diseases are
among the leading causes of mortality worldwide,
largely associated with risk factors such as high
cholesterol, hypertension, obesity, and oxidative stress.
Nutraceuticals play a crucial role in supporting
cardiovascular health by improving lipid profiles,
reducing inflammation, and enhancing vascular
function. Omega-3 fatty acids obtained from fish oil
and flaxseed are effective in lowering triglyceride levels
and improving endothelial activity. Plant sterols and
stanols act by reducing the intestinal absorption of
cholesterol, leading to decreased LDL-cholesterol
concentrations. Polyphenols present in green tea,
grapes, and berries provide antioxidant protection,
improve nitric oxide bioavailability, and promote
healthy blood pressure regulation. Similarly, dietary
fibers such as B-glucan from oats and psyllium husk
reduce total and LDL cholesterol, thereby decreasing
cardiovascular risk. Other nutraceuticals, including
coenzyme Q10 and L-carnitine, support cardiac energy
metabolism and have shown benefits in heart failure
management. Overall, the integration of nutraceuticals
into daily diets, along with lifestyle modifications, can
significantly reduce cardiovascular disease risk and
improve long-term heart health €1,

Diabetes and obesity: Chromium, dietary fibers, and
isoflavones regulate insulin sensitivity and glucose
metabolism [%, Herbal extracts like Momordica
charantia have anti-diabetic effects 111,

Cancer prevention: Phytochemicals such as curcumin,
lycopene, and resveratrol modulate pathways linked to
carcinogenesis [*?1, However, results from large clinical
trials remain mixed [*31,

Neuroprotection: ~ Nutraceuticals have  gained
significant attention for their potential role in
neuroprotection, as they offer natural compounds that
can protect the brain and nervous system from oxidative
stress, inflammation, and age-related degeneration.
Several bioactive substances such as omega-3 fatty
acids, polyphenols, flavonoids, curcumin, resveratrol,
and vitamins (like vitamin E and B-complex) have been
shown to enhance neuronal survival, improve synaptic
plasticity, and reduce the risk of neurodegenerative
disorders including Alzheimer’s disease, Parkinson’s
disease, and dementia. These compounds act through
multiple mechanisms such as scavenging free radicals,

regulating neurotransmitter  function, modulating
mitochondrial activity, and inhibiting
neuroinflammation.  Regular  dietary intake of

nutraceuticals with neuroprotective potential not only
supports cognitive performance but also delays the
progression of neurological disorders, making them a
promising complementary strategy in brain health
management (14,

Joint and bone health: Nutraceuticals play an
important role in maintaining joint and bone health by
providing essential nutrients and bioactive compounds
that support skeletal strength and mobility. Key
nutraceuticals such as calcium, vitamin D, magnesium,
and phosphorus are vital for bone mineralization and
prevention of conditions like osteoporosis and rickets.
In  addition, nutraceuticals like  glucosamine,
chondroitin sulfate, collagen peptides, and hyaluronic
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acid are widely used for improving joint flexibility,
reducing inflammation, and alleviating symptoms of
osteoarthritis. Polyphenols and omega-3 fatty acids
further contribute by modulating inflammatory
pathways and protecting cartilage from degeneration.
Regular intake of these nutraceuticals not only enhances
bone density and structural integrity but also improves
overall joint function, thereby reducing the risk of age-
related bone disorders and mobility impairments [*51,

e Immune system: Nutraceuticals are widely recognized
for their role in strengthening the immune system and
protecting the body against infections and chronic
illnesses. Essential vitamins such as vitamin C, vitamin
D, and vitamin E act as powerful antioxidants that
enhance the activity of immune cells, support antibody
production, and reduce oxidative stress. Minerals like
zinc, selenium, and iron are equally important in
regulating immune responses and improving resistance
to pathogens. In addition, bioactive compounds such as
polyphenols, flavonoids, beta-glucans, probiotics, and
omega-3 fatty acids help modulate inflammatory
pathways, enhance gut microbiota balance, and boost
both innate and adaptive immunity. Regular
consumption of these nutraceuticals has been linked to
improved defense against viral and bacterial infections,
reduction in inflammation, and lowered risk of
autoimmune and age-related immune decline. Thus,
nutraceuticals offer a natural and preventive approach

for maintaining immune health and overall well-being.
[16]

Formulation and Bioavailability: A major limitation of
nutraceutical efficacy is low bioavailability. Curcumin, for
instance, is poorly absorbed but its activity can be enhanced
by piperine co-administration [, Nanotechnology-based
delivery systems such as liposomes, nanoparticles, and
phytosomes improve solubility, stability, and absorption of
poorly bioavailable compounds [€. Probiotic efficacy
depends on strain viability and survival through gastric
acidity 291,

Safety, Quality, and Regulation: Though often perceived
as safe, nutraceuticals may cause adverse effects at high
doses. Fat-soluble vitamins like A and D can be toxic in
excess 21, Herbal products may interact with prescription
drugs; for example, St. John’s wort induces CYP3A4 and
reduces drug effectiveness 2. Quality issues such as
adulteration, contamination, and inconsistent labeling are
common 22, Regulatory frameworks differ globally: in the
U.S., nutraceuticals fall under the DSHEA (1994), while in
Europe, they are classified as food supplements [#I,
Harmonization of global regulations and stringent quality
control are urgently needed.

Future Prospects: The future of nutraceuticals lies in their
integration with precision nutrition, biotechnology, and
personalized  healthcare  approaches. Advances in
nutrigenomics and metabolomics will help identify how
individual genetic variations influence responses to
bioactive compounds, enabling the development of
customized nutraceutical interventions tailored to specific
populations. Novel formulation technologies, including
nanoparticles, liposomes, and phytosomes, are being
explored to overcome bioavailability challenges of poorly
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absorbed compounds such as curcumin and resveratrol.
Sustainable sourcing and the use of food industry by-
products for nutraceutical production will also play a
significant role in meeting rising global demand while
minimizing environmental impact. Furthermore, increasing
consumer awareness and the preference for natural,
preventive therapies will continue to drive innovation in the
nutraceutical industry. However, to achieve their full
potential, nutraceuticals must undergo rigorous clinical
trials, standardized quality control, and harmonized global
regulations to ensure safety, efficacy, and reliability. In the
coming years, nutraceuticals are expected to become an
integral  component  of  mainstream  healthcare,
complementing conventional therapies and contributing to
the prevention and management of chronic diseases 21,

Conclusion

Nutraceuticals serve as a bridge between nutrition and
medicine, offering preventive and therapeutic benefits for
lifestyle and chronic diseases. While they hold strong
potential in cardiovascular, metabolic, neurodegenerative,
and immune-related disorders, limitations in evidence,
standardization, and regulation must be addressed. With
advancements in biotechnology and stronger regulatory
frameworks, nutraceuticals can become integral components
of global healthcare strategies.

References

1. DeFelice SL. The nutraceutical revolution. Trends Food
Sci Technol. 1995;6(2):59-61.

2. Nasri H, et al. New concepts in nutraceuticals as
alternatives for pharmaceuticals. Int J Prev Med.
2014;5:1487-1499.

3. Singh J, Sinha S. Classification, regulatory acts and
applications of nutraceuticals. Int J Pharm Bio Sci.
2012;2:177-187.

4. Santini A, Novellino E. Nutraceuticals: beyond the diet
before the drugs. Curr Opin Food Sci. 2018;24:127-
129.

5. Kuriyama S, et al. Green tea consumption and mortality
due to cardiovascular disease. JAMA. 2006;296:1255-
1265.

6. Kris-Etherton PM, et al. Fish consumption, fish oil,
omega-3 fatty acids, and cardiovascular disease.
Circulation. 2002;106:2747-2757.

7. Goldenberg JZ, et al. Probiotics for prevention of

Clostridium difficile-associated diarrhea. Cochrane
Database Syst Rev. 2017;12:CD006095.
8. Korhonen H, Pihlanto A. Bioactive peptides:

production and functionality. Int Dairy J. 2006;16:945-
960.

9. Ferguson LR. Nutrigenomics approaches to functional
foods. J Am Diet Assoc. 2009;109:452-458.

10. Biesalski HK, Dragsted LO, Elmadfa I, et al. Bioactive
compounds: definition and assessment of activity.
Nutrition. 2009;25:1202-1205.

11. Akhtar MS, et al. Hypoglycemic activity of Momordica
charantia. Planta Med. 1981;42:205-212.

12. Gupta SC, Patchva S, Aggarwal BB. Curcumin:
therapeutic roles from clinical trials. AAPS J.
2013;15:195-218.

13. Bjelakovic G, et al. Antioxidant supplements for
prevention of mortality. Cochrane Database Syst Rev.
2014;3:CD007176.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

~ 285~

https://www.pharmaceuticaljournal.net

Ono K, et al. Anti-amyloidogenic effects of curcumin
in Alzheimer’s models. J Neurosci Res. 2004;75:742-
750.

Reginster JY, et al. Long-term effects of glucosamine
sulfate on osteoarthritis. Lancet. 2001;357:251-256.
Caramia G, Silvi S. Probiotics and immune function. In:
Malago JJ, ed. Probiotic Bacteria and Enteric
Infections. Springer; 2011:3-37.

Shoba G, et al. Influence of piperine on curcumin
pharmacokinetics. Planta Med. 1998;64:353-356.

Helal NA, et al. Nutraceuticals’ novel formulations.
Recent Pat Drug Deliv Formul. 2019;13:105-116.
Ouwehand AC, et al. Probiotic and other functional
microbes. Int Dairy J. 2002;12:119-126.

Hathcock JN. Vitamin and mineral safety. Am J Clin
Nutr. 1997;66:427-437.

Izzo AA, Ernst E. Interactions between herbal
medicines and prescribed drugs. Drugs. 2009;69:1777-
1798.

Gurley BJ, et al. Content versus label claims in herbal
supplements. Am J Health Syst Pharm. 2000;57:963-
969.

Raskin I, et al. Plants and human health in the twenty-
first century. Trends Biotechnol. 2002;20:522-531.
Gupta RC, Srivastava A, Lall R. Nutraceuticals in
cancer chemoprevention. Cancer Lett. 2013;334:13-17


https://www.pharmaceuticaljournal.net/

