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ABSTRACT 

Oxidative stress plays a central role in the pathogenesis of a wide range of human diseases, including 
cardiovascular diseases, neurodegeneration, cancer, diabetes, and inflammatory disorders. Natural 
antioxidants-compounds derived from dietary sources, medicinal plants, and isolated bioactive constituents such as 
vitamins, flavonoids, carotenoids, and polyphenols-offer biological modulation of reactive oxygen and nitrogen 
species (RONS) and influence numerous molecular targets linked to disease progression. These compounds 
scavenge free radicals, regulate redox-sensitive signaling pathways, and modulate gene expression through direct 
and indirect mechanisms, including the activation of endogenous antioxidant defenses such as Nrf2 and 

suppression of pro-inflammatory transcription factors like NF-κB. Despite promising preclinical evidence 
demonstrating beneficial effects across multiple systems, clinical outcomes have been mixed, with some large trials 
showing limited efficacy of isolated supplementation while others indicate protective effects in combination 
regimens or functional dietary patterns. This review synthesizes current understanding, from molecular 
mechanisms to clinical trials, examining how natural antioxidants influence biological processes and disease 
outcomes, highlighting key challenges, and proposing future research directions.  
Keywords: Natural antioxidants, Oxidative stress modulation, Molecular targets, Clinical outcomes, Redox 
signaling 

 
INTRODUCTION 

Oxidative stress refers to a pathological state in which the generation of reactive oxygen and nitrogen species 
(RONS) exceeds the capacity of cellular antioxidant defense systems, leading to cumulative damage to lipids, 
proteins, and nucleic acids [1]. Under normal physiological conditions, low to moderate levels of RONS play 
essential roles in cell signaling, immune defense, and homeostasis [2]. To maintain redox balance, organisms rely 
on an integrated antioxidant network composed of enzymatic antioxidants, such as superoxide dismutase, catalase, 
and glutathione peroxidase, as well as non-enzymatic molecules including glutathione, uric acid, and endogenous 
thiols [3]. Disruption of this balance, particularly during prolonged exposure to environmental pollutants, 
radiation, poor diet, metabolic disorders, and aging, results in persistent oxidative stress that contributes to 
chronic inflammation and tissue dysfunction [4]. Sustained oxidative stress is now recognized as a central 
mechanistic driver in the development and progression of numerous chronic diseases, including cancer, 
cardiovascular disease, diabetes, neurodegenerative disorders, and autoimmune conditions [5]. In this context, 
natural antioxidants have attracted considerable scientific interest as exogenous modulators capable of restoring 
redox homeostasis and influencing disease-related molecular pathways [6]. Natural antioxidants are commonly 
derived from dietary sources such as fruits, vegetables, herbs, and spices, and include vitamins C and E, 
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carotenoids such as lycopene and zeaxanthin, polyphenols such as curcumin, resveratrol, and quercetin, as well as 
other plant-derived bioactive compounds including epigallocatechin gallate and sulforaphane [7]. Unlike many 
synthetic antioxidants that exert limited or single-target effects, natural antioxidants often display pleiotropic 
biological actions. Beyond direct free radical scavenging, they modulate redox-sensitive enzymes, transcription 

factors, and intracellular signaling cascades, including Nrf2, NF-κB, MAPK, and PI3K/Akt pathways [8]. 
Through these multifaceted mechanisms, natural antioxidants function not merely as chemical quenchers of 
reactive species but as dynamic biological modulators with significant implications for disease prevention and 
therapeutic intervention[9]. 
2. Mechanisms of Action: Molecular Targets of Natural Antioxidants 
Natural antioxidants exert their biological effects through a combination of direct chemical interactions and 
indirect regulatory mechanisms that influence cellular signaling, gene expression, and metabolic homeostasis 
[10]. Rather than acting solely as passive scavengers of reactive species, these compounds function as dynamic 
modulators of redox-sensitive molecular targets that govern cell survival, inflammation, and adaptation to stress 
[11]. 
2.1 Scavenging of Free Radicals 
One of the most established mechanisms of natural antioxidants is the direct neutralization of reactive oxygen and 
nitrogen species. Vitamins C and E act as electron donors, stabilizing free radicals and interrupting chain reactions 
involved in lipid peroxidation [12]. Carotenoids such as lycopene and beta-carotene efficiently quench singlet 
oxygen and peroxyl radicals, particularly within lipid-rich environments such as cell membranes [13]. 
Polyphenols, including flavonoids, phenolic acids, and stilbenes, can neutralize superoxide anions and hydroxyl 
radicals through hydrogen atom transfer and metal-chelating properties [14]. These direct interactions reduce 
oxidative damage to DNA, proteins, and membrane lipids, thereby preserving cellular integrity and function [15]. 
2.2 Activation of Endogenous Defensive Pathways 
Beyond direct scavenging, natural antioxidants strongly influence endogenous antioxidant defense systems by 
targeting transcriptional regulators of redox homeostasis [16]. A central molecular target is nuclear factor 
erythroid 2–related factor 2, which, upon activation, translocates to the nucleus and binds antioxidant response 
elements to induce the expression of phase II detoxifying and antioxidant enzymes such as glutathione 
S-transferase, NAD(P)H quinone oxidoreductase 1, and heme oxygenase-1[17]. Bioactive compounds such as 
sulforaphane, curcumin, and several flavonoids enhance this pathway, leading to sustained cellular protection 
[18]. In parallel, natural antioxidants suppress nuclear factor kappa-light-chain-enhancer of activated B cells 
signaling, thereby downregulating pro-inflammatory cytokines and limiting inflammation-driven oxidative stress 
[19]. 
2.3 Modulation of Redox-Sensitive Signaling Pathways 
Natural antioxidants also regulate intracellular signaling cascades that are sensitive to redox status [20]. 
Modulation of mitogen-activated protein kinase pathways influences cell proliferation, apoptosis, and stress 
adaptation [21]. Regulation of phosphoinositide 3-kinase and Akt signaling affects metabolic balance, insulin 
sensitivity, and cell survival. In addition, compounds such as resveratrol and quercetin promote mitochondrial 
biogenesis and autophagy, enhancing energy efficiency and resistance to oxidative injury [22]. 
2.4 Epigenetic Modulation and Noncoding RNA Interaction 
Emerging evidence indicates that natural antioxidants influence epigenetic mechanisms, including DNA 
methylation, histone modification, and the expression of noncoding RNAs such as microRNAs [23]. These 
post-transcriptional regulatory effects contribute to long-term modulation of oxidative stress responses and 
disease-related gene networks in conditions such as cancer, diabetes, and cardiovascular disorders [24]. 
3. Natural Antioxidant Classes and Their Biological Activities 
3.1 Vitamins and Small-Molecule Antioxidants 
Vitamins and small-molecule antioxidants represent some of the most extensively studied natural antioxidant 
compounds [25]. Vitamin C, or ascorbic acid, is a water-soluble antioxidant that directly scavenges reactive 
oxygen and nitrogen species in the aqueous compartments of cells and extracellular fluids [26]. In addition to its 
radical-neutralizing capacity, vitamin C plays a critical role in regenerating oxidized vitamin E, thereby sustaining 
membrane-associated antioxidant protection [27]. Vitamin E, primarily in the form of tocopherols, is lipid soluble 
and serves as a major defense against lipid peroxidation within cellular membranes and lipoproteins [28]. Despite 
strong mechanistic evidence, large randomized clinical trials investigating isolated supplementation of these 
vitamins have produced inconsistent results, particularly in the prevention of cardiovascular disease and cancer 
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[29]. These findings suggest that antioxidant efficacy may depend on physiological context, dosage, baseline 
nutritional status, and interactions with other bioactive compounds. 
3.2 Polyphenols 
Polyphenols constitute a broad and chemically diverse class of plant-derived antioxidants, including flavonoids, 
phenolic acids, and stilbenes [30]. These compounds exert antioxidant effects both through direct radical 
scavenging and through modulation of intracellular signaling pathways. Curcumin, derived from turmeric, 

influences oxidative stress responses by regulating Nrf2 signaling, suppressing NF-κB activation, and modulating 
apoptosis-related pathways [31]. Resveratrol, a stilbene abundant in grapes and berries, has been associated with 
cardioprotective, metabolic, and anti-aging effects. Quercetin, commonly found in onions, apples, and leafy 
vegetables, exhibits antioxidant, anti-inflammatory, and immunomodulatory properties[32]. Although 
polyphenols show strong efficacy in preclinical models of cancer, diabetes, and neurodegeneration, limited 
bioavailability and rapid metabolism remain key translational challenges. 
3.3 Carotenoids 
Carotenoids such as lycopene, lutein, and zeaxanthin are lipid-soluble pigments with potent antioxidant activity, 
particularly against singlet oxygen and lipid-derived radicals [33]. These compounds contribute to ocular health, 
immune modulation, and protection against photooxidative damage. Epidemiological studies consistently associate 
carotenoid-rich diets with reduced risk of chronic diseases, although supplementation trials have yielded variable 
outcomes. 
3.4 Other Plant-Derived Bioactives 
Additional bioactive compounds, including epigallocatechin gallate from green tea, sulforaphane from cruciferous 
vegetables, and thymoquinone from black seed, display strong antioxidant and anti-inflammatory effects [34]. 
These molecules modulate phase II detoxifying enzymes, suppress inflammatory mediators, and enhance cellular 
resilience to oxidative stress, underscoring the therapeutic potential of complex plant-derived antioxidant systems. 
4. Translational Evidence and Clinical Outcomes 
Growing translational and clinical evidence supports the relevance of natural antioxidants in disease prevention 
and management, although outcomes vary depending on the condition, formulation, and population studied [35]. 
In cardiovascular health, epidemiological studies consistently demonstrate that dietary patterns rich in fruits, 
vegetables, whole grains, and olive oil, such as the Mediterranean diet, are associated with reduced incidence of 
cardiovascular disease. These benefits are attributed in part to improved endothelial function, reduced low-density 
lipoprotein oxidation, modulation of lipid metabolism, and attenuation of vascular inflammation [36]. Clinical 
trials examining individual antioxidant supplements have produced mixed results; however, combination 
approaches, particularly those integrating antioxidants with polyunsaturated fatty acids, have shown benefits in 
specific clinical settings such as reduced oxidative stress and lower incidence of postoperative atrial fibrillation 
[37]. In ocular health, antioxidant intervention represents one of the most successful examples of clinical 
translation. The Age-Related Eye Disease Study demonstrated that a defined formulation of antioxidants and zinc 
significantly reduced the progression of advanced age-related macular degeneration in high-risk individuals [38]. 
This outcome highlights the importance of targeted antioxidant strategies guided by disease pathophysiology and 
patient risk profiles. 
Dermatological applications further underscore the clinical relevance of antioxidants. Both topical and oral 
antioxidant formulations have been shown to mitigate photoaging, improve skin barrier function, and reduce 
inflammatory skin conditions [39]. Vitamins A, C, and E, often used in combination, protect against 
ultraviolet-induced oxidative damage and support collagen synthesis and skin repair. In oncology, preclinical 
research indicates that natural antioxidants can modulate tumor growth, apoptosis, angiogenesis, and immune 
responses [40]. Some compounds may enhance the sensitivity of cancer cells to chemotherapy or radiotherapy by 
influencing oxidative balance and signaling pathways. However, clinical translation remains cautious, as 
antioxidants may also protect tumor cells from therapy-induced oxidative stress in certain contexts. Similarly, in 
neurodegenerative diseases, higher dietary intake of antioxidants has been associated with reduced cognitive 
decline and lower disease risk, although large-scale randomized trials are still needed to establish definitive 
therapeutic roles. 
5. Challenges in Clinical Translation 
Despite promising evidence, several challenges hinder the clinical application of natural antioxidants. Poor 
bioavailability and rapid metabolism limit effective tissue concentrations, prompting the development of advanced 
delivery systems. Determining optimal dosing is complex, as excessive antioxidant intake may disrupt 
physiological redox signaling. Additionally, synergistic interactions among dietary antioxidants appear more 
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effective than isolated supplementation. Finally, interindividual variability driven by genetics, nutritional status, 
and the gut microbiome complicates the design of standardized interventions, underscoring the need for 
personalized and context-specific antioxidant strategies. 

CONCLUSION 
Natural antioxidants play multifaceted roles in modulating oxidative stress and related biological processes 
through diverse molecular targets. Although the path from basic mechanisms to clinical outcomes is complex, 
evidence supports their potential to influence healthspan and disease processes, particularly when delivered as part 
of balanced diets or combination therapies. Future research bridging mechanistic insights with robust clinical 
trials will be critical to harness their full therapeutic potential. 

REFERENCES 
1. Alum, E.U., Uti, D.E. & Offor, C.E. Redox Signaling Disruption and Antioxidants in Toxicology: From 

Precision Therapy to Potential Hazards. Cell Biochem Biophys (2025). 
https://doi.org/10.1007/s12013-025-01846-8 

2. Ugwu, O.P., Okon, M.B., Ugwu, C.N., Anyanwu, E.G., Mariam, B., et al. (2025). Unveiling the therapeutic 
potential of the gut microbiota-brain axis: Novel insights and clinical applications in neurological 
disorders. Medicine (Baltimore). 2025 Jul 25;104(30):e43542. doi: 10.1097/MD.0000000000043542. 
PMID: 40725913; PMCID: PMC12303509. 

3. Uhuo E N, Egba S I, Nwuke P C, Obike C A and Kelechi G K. Antioxidative properties of Adansonia 
digitata L. (baobab) leaf extractexert protective effect on doxorubicin induced cardiac toxicity in Wistar 
rats. Clinical Nutrition Open Science 2022; 45:3-16  

4. Ugwu, CE., Sure, SM., Dike, CC., Okpoga, NA and Egba, SI. Phytochemical and in vitro antioxidant 
activities of methanol leave extract of Alternanthera basiliana. Journal of Pharmacy Research, 2018; 12(6): 
835-839 

5. Ochulor Okechukwu C., Njoku Obioma U., Uroko Robert I and Egba Simeon I. Nutritional composition 
of Jatropha tanjorensis leaves and effects of its aqueous extract on carbon tetrachloride induced oxidative 
stress in male Wistar albino rats. Biomedical Research 2018; 29(19): 3569-3576 

6. Ogugua, Victor N., Njoku, Obioma U., Egba, Simeon I., Uroko, Robert I and Ignatius Glory. In vitro study 
of nutritional and antioxidant properties of methanol extract of Nauclea latifolia root bark. Biomedical 
Research, 2018; 29(21): 3766-3773 

7. Uroko Robert Ikechukwu., Agbafor Amarachi, Uchenna Oluomachi Nancy, Achi Ngozi Kalu, Egba 
Simeon Ikechukwu, Nweje-Anyalowu Paul Chukwuemaka and Ngwu Ogochukwu Rita. Evaluation of 
Antioxidant Activity of Aqueous Extracts of Palm Friuts (Elaeis guineensis) Asian Journal of Biochemistry, 
2017; 12: 49-57 

8. Aja, P.M., Agu, P.C., Ogwoni, H.A., Ekpono, U.E., Ezeh, E.M., Ani, O.G., Asuk, A.A., Awoke, J.N., Ale, 
B.A., Nwite, F.E., Ukachi, O.U., Orji, O.U., Nweke, P.C., Ekpono, U.E., Ewa, G.O., Igwenyi, I.O., Alum, 
E.U., Chukwu, D.O., Maduagwuna, E. and Nwiziogo, F.C. (2022). Cucumeropsis mannii (African White 
Melon) Seed Oil Mitigates Dysregulation of Redox Homeostasis, Inflammatory Response, and Apoptosis 
in Testis of Bisphenol A Exposed Male Rats. Nigerian Journal of Biochemistry and Molecular Biology, 
37(4), 272-281.https://doi.org/10.2659/njbmb.74. 

9. Wang L, Zhang X, Xiong X, Zhu H, Chen R, Zhang S, Chen G, Jian Z. Nrf2 Regulates Oxidative Stress 
and Its Role in Cerebral Ischemic Stroke. Antioxidants. 2022; 11(12):2377. 
https://doi.org/10.3390/antiox11122377 

10. Kurutas EB. The importance of antioxidants which play the role in cellular response against 
oxidative/nitrosative stress: current state. Nutr J. 2016 Jul 25;15(1):71. doi: 10.1186/s12937-016-0186-5. 
PMID: 27456681; PMCID: PMC4960740. 

11. Losada-Barreiro S, Sezgin-Bayindir Z, Paiva-Martins F, Bravo-Díaz C. Biochemistry of Antioxidants: 
Mechanisms and Pharmaceutical Applications. Biomedicines. 2022 Nov 25;10(12):3051. doi: 
10.3390/biomedicines10123051. PMID: 36551806; PMCID: PMC9776363. 

12. Ryan MJ, Dudash HJ, Docherty M, Geronilla KB, Baker BA, Haff GG, Cutlip RG, Alway SE. Vitamin E 
and C supplementation reduces oxidative stress, improves antioxidant enzymes and positive muscle work 
in chronically loaded muscles of aged rats. Exp Gerontol. 2010 Nov;45(11):882-95. doi: 
10.1016/j.exger.2010.08.002. Epub 2010 Aug 10. PMID: 20705127; PMCID: PMC3104015. 

13. Didier AJ, Stiene J, Fang L, Watkins D, Dworkin LD, Creeden JF. Antioxidant and Anti-Tumor Effects 
of Dietary Vitamins A, C, and E. Antioxidants. 2023; 12(3):632. https://doi.org/10.3390/antiox12030632 

https://doi.org/10.1007/s12013-025-01846-8
https://doi.org/10.3390/antiox11122377
https://doi.org/10.3390/antiox12030632


                                                                                                                                                                     
OPEN ACCESS  

NIJBAS                                                       ONLINE ISSN: 2992-5797 
Publications 2025                                                PRINT ISSN: 2992-6122 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited 

 
 

Page | 40 

14. Rao MJ, Zheng B. The Role of Polyphenols in Abiotic Stress Tolerance and Their Antioxidant Properties 
to Scavenge Reactive Oxygen Species and Free Radicals. Antioxidants (Basel). 2025 Jan 10;14(1):74. doi: 
10.3390/antiox14010074. PMID: 39857408; PMCID: PMC11761259. 

15. Andrés CMC, Pérez de la Lastra JM, Juan CA, Plou FJ, Pérez-Lebeña E. Polyphenols as 
Antioxidant/Pro-Oxidant Compounds and Donors of Reducing Species: Relationship with Human 
Antioxidant Metabolism. Processes. 2023; 11(9):2771. https://doi.org/10.3390/pr11092771 

16. Koppula S, Kumar H, More SV, Lim HW, Hong SM, Choi DK. Recent updates in redox regulation and 
free radical scavenging effects by herbal products in experimental models of Parkinson's disease. 
Molecules. 2012 Sep 26;17(10):11391-420. doi: 10.3390/molecules171011391. PMID: 23014498; PMCID: 
PMC6268813. 

17. Zhang M, An C, Gao Y, Leak RK, Chen J, Zhang F. Emerging roles of Nrf2 and phase II antioxidant 
enzymes in neuroprotection. Prog Neurobiol. 2013 Jan;100:30-47. doi: 10.1016/j.pneurobio.2012.09.003. 
Epub 2012 Sep 29. PMID: 23025925; PMCID: PMC3623606. 

18. Hasan SK, Jayakumar S, Espina Barroso E, Jha A, Catalano G, Sandur SK, Noguera NI. Molecular 
Targets of Oxidative Stress: Focus on Nuclear Factor Erythroid 2–Related Factor 2 Function in 
Leukemia and Other Cancers. Cells. 2025; 14(10):713. https://doi.org/10.3390/cells14100713 

19. Ngo V, Duennwald ML. Nrf2 and Oxidative Stress: A General Overview of Mechanisms and Implications 
in Human Disease. Antioxidants (Basel). 2022 Nov 27;11(12):2345. doi: 10.3390/antiox11122345. PMID: 
36552553; PMCID: PMC9774434. 

20. Kuczyńska M, Jakubek P, Bartoszek A. More than Just Antioxidants: Redox-Active Components and 
Mechanisms Shaping Redox Signalling Network. Antioxidants (Basel). 2022 Dec 4;11(12):2403. doi: 
10.3390/antiox11122403. PMID: 36552611; PMCID: PMC9774234. 

21. Yiran Z, Chenyang J, Jiajing W, Yan Y, Jianhong G, Jianchun B, Xuezhong L, Zongping L. Oxidative 
stress and mitogen-activated protein kinase pathways involved in cadmium-induced BRL 3A cell 
apoptosis. Oxid Med Cell Longev. 2013;2013:516051. doi: 10.1155/2013/516051. Epub 2013 Mar 21. 
PMID: 23577223; PMCID: PMC3618937. 

22. Martins-Gomes C, Nunes FM, Silva AM. Modulation of Cell Death Pathways for Cellular Protection and 
Anti-Tumoral Activity: The Role of Thymus spp. Extracts and Their Bioactive Molecules. International 
Journal of Molecular Sciences. 2023; 24(2):1691. https://doi.org/10.3390/ijms24021691 

23. Bakrim S, El Omari N, El Yaagoubi OM, Khalid A, Abdalla AN, Hamza SMA, Ibrahim SE, Atifi F, Zaid 
Y, Bouyahya A, El Fessikh M, Ming LC, Aanniz T. Epi-nutrients for cancer prevention: Molecular 
mechanisms and emerging insights. Cell Biol Toxicol. 2025 Jul 15;41(1):116. doi: 
10.1007/s10565-025-10054-2. PMID: 40663150; PMCID: PMC12263776. 

24. Cord D, Rîmbu MC, Iordache MP, Albulescu R, Pop S, Tanase C, Popa M-L. Phytochemicals as 
Epigenetic Modulators in Chronic Diseases: Molecular Mechanisms. Molecules. 2025; 30(21):4317. 
https://doi.org/10.3390/molecules30214317 

25. Charlton NC, Mastyugin M, Török B, Török M. Structural Features of Small Molecule Antioxidants and 
Strategic Modifications to Improve Potential Bioactivity. Molecules. 2023 Jan 20;28(3):1057. doi: 
10.3390/molecules28031057. PMID: 36770724; PMCID: PMC9920158. 

26. Aja, W., Ugwu, O. P. C., Obeagu, E. I., Okon, M. B. Assessment of vitamin composition of ethanol leaf 
and seed extracts of Datura stramonium. Avicenna J Med Biochem. 2023; 11(1):92-97. 
doi:10.34172/ajmb.2023.2421. 

27. Gulcin İ. Antioxidants: a comprehensive review. Arch Toxicol. 2025 May;99(5):1893-1997. doi: 
10.1007/s00204-025-03997-2. Epub 2025 Apr 15. PMID: 40232392; PMCID: PMC12085410. 

28. Rizvi S, Raza ST, Ahmed F, Ahmad A, Abbas S, Mahdi F. The role of vitamin e in human health and 
some diseases. Sultan Qaboos Univ Med J. 2014 May;14(2):e157-65. Epub 2014 Apr 7. PMID: 24790736; 
PMCID: PMC3997530. 

29. Galli F, Bonomini M, Bartolini D, Zatini L, Reboldi G, Marcantonini G, Gentile G, Sirolli V, Di Pietro N. 
Vitamin E (Alpha-Tocopherol) Metabolism and Nutrition in Chronic Kidney Disease. Antioxidants. 2022; 
11(5):989. https://doi.org/10.3390/antiox11050989 

30. Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in human health and disease. Oxid Med 
Cell Longev. 2009 Nov-Dec;2(5):270-8. doi: 10.4161/oxim.2.5.9498. PMID: 20716914; PMCID: 
PMC2835915. 

https://doi.org/10.3390/pr11092771
https://doi.org/10.3390/cells14100713
https://doi.org/10.3390/ijms24021691
https://doi.org/10.3390/molecules30214317
https://doi.org/10.3390/antiox11050989


                                                                                                                                                                     
OPEN ACCESS  

NIJBAS                                                       ONLINE ISSN: 2992-5797 
Publications 2025                                                PRINT ISSN: 2992-6122 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited 

 
 

Page | 41 

31. Nwuruku, A.O. and Edwin, N. Targeting Oxidative Stress in Cancer Management: The Role of 
Antioxidant Phytochemicals. KIU J. Health Sci., 4(2): 1-10. https://doi.org/10.59568/KJHS-2024-4-2-01 

32. Tufail, T., Uti, D.E., Aja, P.M., Offor, C.E., Ibiam, U.A., Ukaidi, C.U.A. Utilizing Indigenous Flora in East 
Africa for Breast Cancer Treatment: An Overview. Anticancer Agents Med Chem. 2025;25(2):99-113. doi: 
10.2174/0118715206338557240909081833 

33. Black HS, Boehm F, Edge R, Truscott TG. The Benefits and Risks of Certain Dietary Carotenoids that 
Exhibit both Anti- and Pro-Oxidative Mechanisms-A Comprehensive Review. Antioxidants (Basel). 2020 
Mar 23;9(3):264. doi: 10.3390/antiox9030264. PMID: 32210038; PMCID: PMC7139534. 

34. Alum, E. U. (2025). Role of phytochemicals in cardiovascular disease management: Insights into 
mechanisms, efficacy, and clinical application. Phytomedicine Plus, 5(1),100695. 
https://doi.org/10.1016/j.phyplu.2024.100695. 

35. Kalogerakou T, Antoniadou M. The Role of Dietary Antioxidants, Food Supplements and Functional 
Foods for Energy Enhancement in Healthcare Professionals. Antioxidants. 2024; 13(12):1508. 
https://doi.org/10.3390/antiox13121508 

36. Fatima G, Khan S, Shukla V, Awaida W, Li D, Gushchina YS. Nutraceutical formulations and natural 
compounds for the management of chronic diseases. Front Nutr. 2025 Oct 15;12:1682590. doi: 
10.3389/fnut.2025.1682590. PMID: 41170369; PMCID: PMC12568601. 

37. Meulmeester FL, Luo J, Martens LG, Mills K, van Heemst D, Noordam R. Antioxidant Supplementation 
in Oxidative Stress-Related Diseases: What Have We Learned from Studies on Alpha-Tocopherol? 
Antioxidants (Basel). 2022 Nov 24;11(12):2322. doi: 10.3390/antiox11122322. PMID: 36552530; 
PMCID: PMC9774512. 

38. Cammisotto V, Nocella C, Bartimoccia S, Sanguigni V, Francomano D, Sciarretta S, Pastori D, Peruzzi M, 
Cavarretta E, D’Amico A, et al. The Role of Antioxidants Supplementation in Clinical Practice: Focus on 
Cardiovascular Risk Factors. Antioxidants. 2021; 10(2):146. https://doi.org/10.3390/antiox10020146 

39. Lin TK, Zhong L, Santiago JL. Anti-Inflammatory and Skin Barrier Repair Effects of Topical Application 
of Some Plant Oils. Int J Mol Sci. 2017 Dec 27;19(1):70. doi: 10.3390/ijms19010070. PMID: 29280987; 
PMCID: PMC5796020. 

40. Tsiapali OI, Kontaxi N-I, Pavlidis K, Ofrydopoulou A, Prokopiou V, Letsiou S, Kosheleva RI, 
Mitropoulos A, Tsoupras A. Anti-Inflammatory and Antioxidant Properties of Anti-UV Creams Enriched 
with Natural Extracts from Avocado, Apple, and Kiwi By-Products, with and Without Nanobubbles. 
Cosmetics. 2025; 12(5):231. https://doi.org/10.3390/cosmetics12050231 

 
 
 CITE AS: Twesigye Davis (2026). Natural Antioxidants as Biological 

Modulators: From Molecular Targets to Clinical Outcomes. NEWPORT 
INTERNATIONAL JOURNAL OF BIOLOGICAL AND APPLIED 
SCIENCES 7(2):36-41. https://doi.org/10.59298/NIJBAS/2026/7.2.3641    

 

https://doi.org/10.59568/KJHS-2024-4-2-01
https://doi.org/10.1016/j.phyplu.2024.100695
https://doi.org/10.3390/antiox13121508
https://doi.org/10.3390/antiox10020146
https://doi.org/10.3390/cosmetics12050231
https://doi.org/10.59298/NIJBAS/2026/7.2.3641

