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ABSTRACT 
Diabetic nephropathy (DN) is a severe complication of diabetes mellitus and a leading cause of end-stage renal 
disease worldwide. It is characterized by progressive kidney dysfunction, glomerular hypertrophy, and fibrosis. 
Oxidative stress has emerged as a central mechanism in the pathogenesis of DN, contributing to glomerular damage, 
endothelial dysfunction, and inflammatory responses that accelerate renal injury. The imbalance between reactive 
oxygen species (ROS) production and antioxidant defense systems plays a pivotal role in the initiation and 
progression of DN. This review highlights the molecular mechanisms through which oxidative stress contributes 
to the development of DN, focusing on ROS-mediated damage to cellular structures and the dysregulation of 
signaling pathways involved in kidney function. Additionally, we discuss novel therapeutic approaches targeting 
oxidative stress to prevent or treat DN, including antioxidants, pharmacological inhibitors, and lifestyle 
interventions. The potential benefits and limitations of these strategies are explored, with an emphasis on 
translational research and clinical applications. Understanding the role of oxidative stress in DN pathogenesis and 
developing effective antioxidant-based therapies may pave the way for more effective treatments for diabetic kidney 
disease. 
Keywords: Diabetic Nephropathy, Oxidative Stress, Reactive Oxygen Species, Antioxidants, Therapeutic 
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INTRODUCTION 

Diabetic nephropathy (DN) is a significant and devastating microvascular complication of diabetes mellitus, affecting 
approximately 30-40% of individuals with diabetes [1]. It has become one of the leading causes of chronic kidney 
disease (CKD) and end-stage renal disease (ESRD), imposing a substantial burden on healthcare systems worldwide. 
DN is characterized by a gradual and progressive decline in kidney function, marked by glomerular damage, 
increased albuminuria (protein in the urine), glomerular hypertension, and interstitial fibrosis [2]. These 
pathological changes eventually lead to renal failure, which can necessitate dialysis or kidney transplantation. The 
increasing prevalence of diabetes globally has made DN a major public health challenge, emphasizing the need for 
effective prevention and treatment strategies [3]. The pathogenesis of DN is multifactorial, involving a complex 
interplay between metabolic abnormalities, such as hyperglycemia and dyslipidemia, and kidney-specific cellular 
responses [4]. Among the various factors contributing to DN, oxidative stress has emerged as a critical mechanism 
driving its development and progression [5]. Oxidative stress occurs when there is an imbalance between the 
production of reactive oxygen species (ROS) and the body’s antioxidant defense systems. Elevated ROS levels can 
directly damage cellular structures, such as lipids, proteins, and DNA, leading to cellular dysfunction [7]. In the 
kidneys, this oxidative damage triggers a cascade of harmful events that include the activation of pro-inflammatory 
pathways, the promotion of fibrosis, and the impairment of vascular health, all of which accelerate renal injury [8]. 
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Given the central role of oxidative stress in the pathogenesis of DN, this review aims to provide a comprehensive 
analysis of its impact on renal cell function, as well as the signaling pathways that mediate kidney damage. 
Furthermore, we will explore emerging therapeutic approaches targeting oxidative stress, including antioxidant 
therapy, pharmacological agents, and lifestyle interventions, to identify novel strategies to prevent or slow the 
progression of diabetic nephropathy. 

Oxidative Stress and Its Role in Diabetic Nephropathy 

Oxidative stress is a significant contributor to the pathogenesis of diabetic nephropathy (DN), a common and severe 
complication of diabetes mellitus [5]. It arises from an imbalance between the production of reactive oxygen species 
(ROS), such as superoxide anions, hydrogen peroxide, and hydroxyl radicals, and the body’s ability to neutralize 
these molecules through antioxidants [9]. ROS are generated primarily during cellular metabolism, particularly in 
mitochondria, and play a vital role in various cellular functions [10]. Under normal physiological conditions, ROS 
are neutralized by antioxidant defense systems, which include enzymes like superoxide dismutase (SOD), catalase, 
and glutathione peroxidase [11]. However, in the context of diabetes, prolonged hyperglycemia exacerbates ROS 
production, overwhelming the antioxidant systems and leading to cellular dysfunction and tissue damage [12]. The 
kidneys, which are metabolically active and responsible for filtering waste products, are particularly vulnerable to 
oxidative stress, as they are exposed to high concentrations of glucose and ROS [13]. 

1. Glomerular Damage and Endothelial Dysfunction 
The glomeruli, which are the filtration units of the kidneys, are particularly susceptible to oxidative stress in diabetic 
nephropathy [13]. In diabetic conditions, elevated glucose levels contribute to the formation of advanced glycation 
end products (AGEs) [14]. These compounds are produced when excess glucose interacts with proteins, lipids, or 
nucleic acids, leading to the formation of highly reactive molecules [14]. AGEs bind to specific receptors called 
receptors for advanced glycation end products (RAGE), which are expressed on various renal cells, including 
endothelial cells and mesangial cells [15]. The binding of AGEs to RAGE activates a cascade of intracellular 
signaling pathways that lead to the generation of ROS [15]. The increased oxidative stress in the glomeruli 
contributes to glomerular hypertension, glomerular hyperfiltration, and damage to the glomerular basement 
membrane, impairing kidney filtration [16]. Additionally, the enhanced ROS production impairs endothelial 
function by reducing nitric oxide (NO) bioavailability [17]. Nitric oxide is a potent vasodilator that helps maintain 
blood vessel tone and promotes healthy glomerular filtration [18]. Dysfunction of endothelial nitric oxide synthase 
(eNOS) further exacerbates vasoconstriction, leading to increased blood pressure in the glomeruli, which aggravates 
glomerular damage and accelerates the progression of diabetic nephropathy [17]. 

2. Inflammation and Fibrosis 
Oxidative stress is strongly linked to the activation of inflammatory pathways in diabetic nephropathy. ROS act as 

signaling molecules that activate key transcription factors, such as nuclear factor-kappa B (NF-κB), which play a 

central role in the inflammatory response [19]. Upon activation, NF-κB regulates the expression of pro-
inflammatory cytokines, adhesion molecules, and chemokines, promoting the recruitment of immune cells such as 
macrophages to the kidney [20]. The persistent inflammatory response in the kidneys further enhances the release 
of cytokines, which can stimulate the proliferation of fibroblasts and the deposition of extracellular matrix (ECM) 
proteins, resulting in fibrosis [21]. Renal fibrosis is a hallmark of diabetic nephropathy and is a significant 
contributor to the decline in kidney function. As fibrosis progresses, the renal tissue becomes stiff and less able to 
perform its filtration functions, leading to further deterioration in renal health [22]. Therefore, the oxidative stress-
induced inflammatory response not only contributes to glomerular damage but also plays a key role in the fibrotic 
remodeling of kidney tissue. 

3. Mitochondrial Dysfunction and Cell Death 
Mitochondria are critical sources of ROS and are integral to cellular energy production. In diabetic nephropathy, 
mitochondrial dysfunction is a key event that exacerbates oxidative stress [23]. Under normal conditions, 
mitochondria generate energy in the form of adenosine triphosphate (ATP) through oxidative phosphorylation [24]. 
However, in the presence of excessive glucose and ROS, mitochondrial function is impaired. This dysfunction leads 
to the excessive production of ROS within the mitochondria, which further damages mitochondrial components, 
including mitochondrial DNA, proteins, and lipids [25]. This damage creates a vicious cycle of mitochondrial injury, 
as impaired mitochondria generate even more ROS, leading to further cellular damage. Additionally, oxidative stress 
triggers apoptotic and necrotic pathways, causing programmed cell death and contributing to the loss of renal cells 
[26]. The resulting loss of functional renal cells accelerates the progression of renal dysfunction and increases the 
likelihood of kidney failure [26]. 

4. Renal Lipid Peroxidation 
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Lipid peroxidation is another critical consequence of oxidative stress in diabetic nephropathy. The excessive ROS 
generated during oxidative stress attack lipids within cellular membranes, leading to the formation of lipid peroxides 
[27]. These peroxidized lipids decompose into reactive aldehydes such as malondialdehyde (MDA) and 4-hydroxy-
2-nonenal (HNE), which are highly reactive and can bind to proteins, lipids, and nucleic acids [28]. This interaction 
can lead to the modification of proteins and DNA, disrupting cellular function and promoting cellular injury. 
Furthermore, these aldehydes activate pro-inflammatory pathways, exacerbating the renal inflammatory response 
[29]. The accumulation of lipid peroxidation products contributes to further damage to renal cell membranes, 
impairing cellular integrity and function. As a result, lipid peroxidation is a key driver of cellular damage in diabetic 
nephropathy and further compromises kidney function. 

Therapeutic Approaches Targeting Oxidative Stress in Diabetic Nephropathy 
Given the central role of oxidative stress in the pathogenesis of diabetic nephropathy (DN), various therapeutic 
strategies have been developed to mitigate its harmful effects. These approaches include antioxidant therapies, 
pharmacological agents, and lifestyle modifications aimed at reducing ROS production and enhancing antioxidant 
defenses in the kidneys. 

1. Antioxidant Therapies 
Antioxidants play a critical role in reducing oxidative damage and protecting renal function in diabetic nephropathy 
[30]. Several potent antioxidants have been extensively studied for their potential therapeutic benefits: 
Vitamin E and C: Both vitamins are well-known antioxidants that scavenge ROS, thus preventing cellular damage 
caused by oxidative stress. Studies have shown that supplementation with Vitamin E and C can reduce proteinuria 
and improve renal function in diabetic patients by protecting kidney cells from oxidative injury [31,32]. The 
combined antioxidant properties of these vitamins can also enhance the overall antioxidant defense system in the 
kidneys, potentially slowing the progression of nephropathy. 
N-acetylcysteine (NAC): NAC serves as a precursor to glutathione, one of the body’s most important endogenous 
antioxidants [33]. NAC supplementation has been found to reduce oxidative stress and improve kidney function in 
patients with diabetic nephropathy [34]. Additionally, NAC has been shown to decrease albuminuria, a key marker 
of kidney damage, indicating its potential to mitigate renal injury [35]. 
Polyphenols: Plant-derived polyphenols, such as those found in green tea (epigallocatechin gallate), curcumin, and 
resveratrol, possess antioxidant, anti-inflammatory, and anti-fibrotic properties [36]. These compounds have been 
shown to reduce oxidative damage, alleviate inflammation, and slow the progression of kidney disease in 
experimental models. Polyphenols can also inhibit the activation of pro-inflammatory pathways and prevent the 
accumulation of extracellular matrix proteins, which contributes to fibrosis [37]. 

2. Pharmacological Agents 
Several pharmacological agents have been investigated for their ability to reduce oxidative stress in diabetic 
nephropathy. Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) are 
commonly used in the treatment of DN [38]. These drugs reduce both hypertension and oxidative stress by blocking 
the effects of angiotensin II, a molecule that contributes to oxidative damage in the kidneys [38]. Additionally, 
medications such as metformin and pioglitazone, which target insulin resistance, have been shown to reduce 
oxidative stress and improve renal outcomes in diabetic patients [39]. These drugs work by improving glucose 
metabolism and decreasing inflammation, thereby enhancing kidney function. 

3. Lifestyle Interventions 

Lifestyle modifications, including dietary changes and regular physical activity, are essential in managing oxidative 
stress in diabetic nephropathy. A diet rich in antioxidants from fruits, vegetables, whole grains, and healthy fats can 
provide natural protection against oxidative damage [40]. These foods help neutralize ROS and promote the body's 
intrinsic antioxidant defense systems. Regular physical exercise has been shown to improve insulin sensitivity, 
reduce ROS production, and alleviate oxidative stress in renal tissues. Exercise also helps manage blood sugar levels, 
further reducing the risk of diabetic complications [40]. Combining dietary changes with physical activity provides 
a comprehensive approach to managing oxidative stress and protecting kidney health in diabetic nephropathy. 
In conclusion, managing oxidative stress is critical in the treatment of diabetic nephropathy. Antioxidant therapies, 
pharmacological agents, and lifestyle interventions offer promising approaches to mitigate oxidative damage, protect 
kidney function, and slow the progression of kidney disease. Continued research into these therapeutic strategies is 
essential to develop more effective treatments for diabetic nephropathy. 

CONCLUSION 

Oxidative stress plays a central role in the pathogenesis of diabetic nephropathy, contributing to glomerular damage, 
inflammation, fibrosis, and mitochondrial dysfunction. Targeting oxidative stress through antioxidants, 
pharmacological agents, and lifestyle modifications holds promise as a therapeutic strategy to prevent or slow the 
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progression of DN. Although promising results from experimental models and early clinical studies are encouraging, 
further research is needed to identify the most effective and safe antioxidant-based therapies for diabetic 
nephropathy. Developing targeted interventions to reduce oxidative stress and restore redox balance may offer new 
opportunities for the management of DN and improve outcomes for diabetic patients at risk of kidney disease. 

REFERENCES 
1. Rout P, Jialal I. Diabetic nephropathy. StatPearls – NCBI Bookshelf. 2025. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK534200/ 
2. Lim A. Diabetic nephropathy – complications and treatment. International Journal of Nephrology and 

Renovascular Disease. 2014;361. doi:10.2147/IJNRD.S40172 
3. World Health Organization: WHO, World Health Organization: WHO. Diabetes. 2024. Available from: 

https://www.who.int/news-room/fact-sheets/detail/diabetes 
4. Ugwu, O.P.C., Kungu, E., Inyangat, R., Obeagu, E. I., Alum, E. U., Okon, M. B., Subbarayan, S. and 

Sankarapandiyan, V. Exploring Indigenous Medicinal Plants for Managing Diabetes Mellitus in Uganda: 
Ethnobotanical Insights, Pharmacotherapeutic Strategies, and National Development Alignment. INOSR 
Experimental Sciences. 2023; 12(2):214-224. https://doi.org/10.59298/INOSRES/2023/2.17.1000. 

5. Dash UC, Bhol NK, Swain SK, Samal RR, Nayak PK, Raina V, et al. Oxidative stress and inflammation in 
the pathogenesis of neurological disorders: Mechanisms and implications. Acta Pharmaceutica Sinica B. 
2024;15(1):15–34. doi:10.1016/J.APSB.2024.10.004 

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. Alum, E. U., Ibiam, U. A., Ugwuja, E. I., Aja, P. M., Igwenyi, I. O., Offor, C. E., Orji, O. U., Ezeani N. N, 
Ugwu, O. P. C., Aloke, C., Egwu, C. O. Antioxidant Effect of Buchholzia coriacea Ethanol Leaf Extract and 
Fractions on Freund’s Adjuvant-induced Arthritis in Albino Rats: A Comparative Study. Slovenian 
Veterinary Research. 2022; 59 (1): 31–45. doi: 10.26873/svr-1150-2022.  

8. 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 

9. Uroko RI., Egba SI., Uchenna ON., Ojiakor CA., Agbafor A., and Alaribe, CA (2018) Therapeutic effects of 
methalonic extracts of Funtumia Africana leaves on antioxidants and hematological indices of carbon tetra 
chloride induced oxidative stress on rats. Drug Invention Today 12(1) 

10. De Almeida AJPO, De Oliveira JCPL, Da Silva Pontes LV, De Souza Júnior JF, Gonçalves TAF, Dantas 
SH, et al. ROS: Basic Concepts, Sources, Cellular Signaling, and its Implications in Aging Pathways. 
Oxidative Medicine and Cellular Longevity. 2022;2022:1–23. doi:10.1155/2022/1225578 

11. 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  

12. Alum, E. U., Krishnamoorthy, R., Gatasheh, M. K., Subbarayan, S., Vijayalakshmi, P., Uti, D. E. Protective 
Role of Jimson Weed in Mitigating Dyslipidemia, Cardiovascular, and Renal Dysfunction in Diabetic Rat 
Models: In Vivo and in Silico Evidence. Natural Product Communications. 2024;19(12). 
doi:10.1177/1934578X241299279 

13. Uhuo E N, Egba S I, Nwuke P C and Odinamadu H Renoprotective effects of adansonia digitata leaf extracts 
on renal functions and histopatological changes vancomycin induced nephrotoxicity in Wistar rats. 
Comparative Clinical Pathology, 2022; 31(1):1-14 

14. Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation end products and diabetic complications. Korean 
Journal of Physiology and Pharmacology. 2014;18(1):1. doi:10.4196/KJPP.2014.18.1.1 

15. Ramasamy R, Yan SF, Schmidt AM. Receptor for AGE (RAGE): signaling mechanisms in the pathogenesis 
of diabetes and its complications. Annals of the New York Academy of Sciences. 2011;1243(1):88–102. 
doi:10.1111/J.1749-6632.2011.06320.X 

16. Arendshorst WJ, Vendrov AE, Kumar N, Ganesh SK, Madamanchi NR. Oxidative stress in kidney injury 
and hypertension. Antioxidants. 2024;13(12):1454. doi:10.3390/ANTIOX13121454 

17. Scioli MG, Storti G, D’Amico F, Guzmán RR, Centofanti F, Doldo E, et al. Oxidative stress and new 
pathogenetic mechanisms in endothelial dysfunction: potential diagnostic biomarkers and therapeutic 
targets. Journal of Clinical Medicine. 2020;9(6):1995. doi:10.3390/JCM9061995 

https://www.ncbi.nlm.nih.gov/books/NBK534200/
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://doi.org/10.59298/INOSRES/2023/2.17.1000


 
 
https://www.eejournals.org                                                                                                                       Open Access 

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 | 100 

18. Ahmad A, Dempsey SK, Daneva Z, Azam M, Li N, Li PL, et al. Role of nitric oxide in the cardiovascular 
and renal systems. International Journal of Molecular Sciences. 2018;19(9):2605. 
doi:10.3390/IJMS19092605 

19. Lingappan K. NF-κB in oxidative stress. Current Opinion in Toxicology. 2017;7:81–6. 
doi:10.1016/J.COTOX.2017.11.002 

20. Liu T, Zhang L, Joo D, Sun SC. NF-κB signaling in inflammation. Signal Transduction and Targeted 
Therapy. 2017;2(1). doi:10.1038/SIGTRANS.2017.23 

21. Stenvinkel P, Chertow GM, Devarajan P, Levin A, Andreoli SP, Bangalore S, et al. Chronic inflammation 
in chronic kidney Disease progression: Role of NRF2. Kidney International Reports. 2021;6(7):1775–87. 
doi:10.1016/J.EKIR.2021.04.023 

22. Panizo S, Martínez-Arias L, Alonso-Montes C, Cannata P, Martín-Carro B, Fernández-Martín JL, et al. 
Fibrosis in chronic kidney Disease: Pathogenesis and consequences. International Journal of Molecular 
Sciences. 2021;22(1):408. doi:10.3390/IJMS22010408 

23. Takasu M, Kishi S, Nagasu H, Kidokoro K, Brooks CR, Kashihara N. The role of mitochondria in diabetic 
kidney disease and potential therapeutic targets. Kidney International Reports. 2024. 
doi:10.1016/J.EKIR.2024.10.035 

24. Alum EU. Optimizing patient education for sustainable self-management in type 2 diabetes. Discov Public 
Health 22, 44 (2025). https://doi.org/10.1186/s12982-025-00445-5 

25. Guo C, Sun L, Chen X, Zhang D. Oxidative stress, mitochondrial damage and neurodegenerative diseases. 
PubMed. 2013;8(21):2003–14. Available from: https://pubmed.ncbi.nlm.nih.gov/25206509/ 

26. Endale HT, Tesfaye W, Mengstie TA. ROS induced lipid peroxidation and their role in ferroptosis. 
Frontiers in Cell and Developmental Biology. 2023;11. doi:10.3389/FCELL.2023.1226044 

27. Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: production, metabolism, and signaling mechanisms 
of malondialdehyde and 4-hydroxy-2-nonenal. Oxidative Medicine and Cellular Longevity. 2014;2014:1–
31. doi:10.1155/2014/360438 

28. Lee SE, Park YS. Role of lipid peroxidation-derived α,β-unsaturated aldehydes in vascular dysfunction. 
Oxidative Medicine and Cellular Longevity. 2013;2013:1–7. doi:10.1155/2013/629028 

29. Godfrey Ogochukwu Ezema, Ndukaku Yusuf Omeh, Egba Simeon Ikechukwu, Ejiofor C Agbo, Adachukwu 
Ada Ikeyiand Emmanuel Ifeanyi Obeagu. Evaluation of Biochemical Parameters of Patients with Type 2 
Diabetes Mellitus Based on Age and Gender in Umuahia (2023) Asian Journal of Dental and Health 
Sciences 2023; 3(2):32-36 

30. Baltusnikiene A, Staneviciene I, Jansen E. Beneficial and adverse effects of vitamin E on the kidney. 
Frontiers in Physiology. 2023;14. doi:10.3390/FPHYSIOL.2023.1145216 

31. Wang C, Zhao J, Zhou Q, Li J. Serum vitamin C levels and their correlation with chronic kidney disease in 
adults: a nationwide study. Renal Failure. 2024;46(1). doi:10.1080/0886022X.2023.2298079 

32. Tieu S, Charchoglyan A, Paulsen L, Wagter-Lesperance LC, Shandilya UK, Bridle BW, et al. N-
Acetylcysteine and its immunomodulatory properties in humans and domesticated animals. Antioxidants. 
2023;12(10):1867. doi:10.3390/ANTIOX12101867 

33. Nogueira GB, Punaro GR, Oliveira CS, Maciel FR, Fernandes TO, Lima DY, et al. N-acetylcysteine 
protects against diabetic nephropathy through control of oxidative and nitrosative stress by recovery of 
nitric oxide in rats. Nitric Oxide. 2018;78:22–31. doi:10.1016/J.NIOX.2018.05.003 

34. Renke M, Tylicki L, Rutkowski P, Larczyński W, Aleksandrowicz E, Łysiak-Szydłowska W, et al. The 
effect of N-acetylcysteine on proteinuria and markers of tubular injury in non-diabetic patients with chronic 
kidney disease. Kidney & Blood Pressure Research. 2008;31(6):404–10. doi:10.1159/000185828 

35. Cione E, La Torre C, Cannataro R, Caroleo MC, Plastina P, Gallelli L. Quercetin, epigallocatechin gallate, 
curcumin, and resveratrol: from dietary sources to human microRNA modulation. Molecules. 
2019;25(1):63. doi:10.3390/MOLECULES25010063 

36. Mitaki, N.B., Fasogbon, I.V., Ojiakor, O.V., Makena, W., Ikuomola, E. O., Dangana, R.S., et al. A systematic 
review of plant-based therapy for the management of diabetes mellitus in the East Africa community. 
Phytomedicine Plus, 2025; 5(1): 100717. https://doi.org/10.1016/j.phyplu.2024.100717 

37. Shannon ME, Malecha SE, Cha AJ. Angiotensin converting enzyme inhibitors (ACEIs) and Angiotensin II 
receptor blockers (ARBs) and lactation: an update. Journal of Human Lactation. 2000;16(2):152–5. 
doi:10.1177/089033440001600213 

38. Mirmiranpour H, Mousavizadeh M, Noshad S, Ghavami M, Ebadi M, Ghasemiesfe M, et al. Comparative 
effects of pioglitazone and metformin on oxidative stress markers in newly diagnosed type 2 diabetes 

https://doi.org/10.1186/s12982-025-00445-5
https://pubmed.ncbi.nlm.nih.gov/25206509/
https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X
https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X


 
 
https://www.eejournals.org                                                                                                                       Open Access 

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 | 101 

patients: A randomized clinical trial. Journal of Diabetes and Its Complications. 2013;27(5):501–7. 
doi:10.1016/J.JDIACOMP.2013.05.006 

39. Rahaman MdM, Hossain R, Herrera‐Bravo J, Islam MT, Atolani O, Adeyemi OS, et al. Natural antioxidants 
from some fruits, seeds, foods, natural products, and associated health benefits: An update. Food Science & 
Nutrition. 2023;11(4):1657–70. doi:10.1002/FSN3.3217 

40. Zahalka SJ, Abushamat LA, Scalzo RL, Reusch JEB. The role of exercise in diabetes. Endotext – NCBI 
Bookshelf. 2023. Available from: https://www.ncbi.nlm.nih.gov/books/NBK549946/ 

 
 
 
 
 

 

 
 

CITE AS: Awafung Emmanuel (2025). Oxidative Stress in the Pathogenesis of Diabetic Nephropathy: 
Novel Insights and Therapeutic Approaches. EURASIAN EXPERIMENT JOURNAL OF PUBLIC 
HEALTH, 7(3):96-101 
 

 

https://www.ncbi.nlm.nih.gov/books/NBK549946/

