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Introduction
Hypertension is a complex condition that often requires 
a multifaceted approach, including lifestyle modifications 
(such as diet and exercise), medications, and sometimes 
other interventions. Antioxidants are compounds that 
help neutralize harmful free radicals in the body, which 
can cause damage to cells and contribute to various health 
conditions, including hypertension. This treatment has 
been studied as a potential treatment for hypertension, 
as oxidative stress is believed to play a role in the 
development and progression of high blood pressure 
(1,2). Antioxidant therapy for hypertension targets the 
molecular mechanisms underlying oxidative stress, which 
is a key contributor to the development and progression 
of hypertension. Therefore, targeting oxidative stress 
through antioxidant therapies may be a promising 
approach to prevent or treat this condition (3). Previous 
studies showed that oxidative stress plays a significant role 

in the development and progression of various chronic 
diseases (2,3). Oxidative stress can contribute to the 
development of atherosclerosis, hypertension, and other 
cardiovascular diseases by promoting inflammation, 
endothelial dysfunction, and vascular damage. Oxidative 
stress is also involved in the pathogenesis of diabetes by 
impairing insulin secretion, promoting insulin resistance, 
and contributing to the development of diabetic 
complications (4). Moreover, oxidative stress can impair 
kidney structure and function which can contribute to the 
development of chronic kidney disease. The mechanisms 
by which oxidative stress contributes to chronic diseases 
include direct damage to cellular macromolecules 
like DNA, proteins, and lipids, across with activation 
of redox-sensitive signaling pathways, promotion of 
inflammation and induction of apoptosis and cell death 
and finally, impairment of mitochondrial function along 
with disruption of cellular homeostasis (5). In this mini-
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review we aimed to discuss the impact of oxidative stress 
on the emerge or aggravation of hypertension (HTN) and 
potential antioxidant therapy of this disease.

Search strategy
For this study, we searched PubMed, Web of Science, 
EBSCO, Scopus, Google Scholar, Directory of Open 
Access Journals (DOAJ) and Embase, using different 
keywords including; Oxidative stress, reactive nitrogen 
species, hypertension, antioxidant therapy and reactive 
oxygen species.

Contribution of oxidative stress to hypertension 
Oxidative stress reduces nitric oxide (NO) bioavailability, 
impairing endothelium-dependent vasodilation and 
promoting vasoconstriction (6). Reactive oxygen species 
(ROS) can also modify proteins involved in redox 
signaling, further contributing to endothelial dysfunction. 
Excessive ROS production leads to vascular smooth 
muscle cell hypertrophy, hyperplasia, and migration, 
resulting in structural changes and increased vascular 
stiffness. Moreover, oxidative stress also promotes 
extracellular matrix deposition and fibrosis (7). Likewise, 
ROS activate redox-sensitive transcription factors like NF-
κB, leading to the upregulation of pro-inflammatory genes 
and the recruitment of inflammatory cells to the vascular 
wall. This inflammatory response further exacerbates 
vascular damage. Besides, ROS can directly induce 
vasoconstriction by increasing intracellular calcium levels 
in vascular smooth muscle cells (8). Oxidative stress also 
enhances the vasoconstrictor effects of angiotensin II, 
endothelin-1, and urotensin II. Finally, ROS can induce 
post-translational modifications of proteins, altering their 
function and contributing to vascular dysfunction25. 
Redox proteomics has identified specific proteins that 
undergo oxidative modifications in hypertension (9,10).

Molecular mechanisms of antioxidant therapy of HTN
Antioxidant therapy works by neutralizing ROS and 
reactive nitrogen species (RNS), which are generated in 
excess during hypertension. This imbalance between ROS/
RNS production and antioxidant defense mechanisms 
leads to oxidative and nitrosative stress, promoting 
vascular damage and hypertension (11). Antioxidants 
neutralize excess ROS/RNS, preventing oxidative damage 
to cellular components. Strategies that combat oxidative 
stress by targeting Noxs, which are the primary sources of 
ROS in the vasculature, have shown promise in reducing 
oxidative stress and hypertension. Antioxidants can 
protect mitochondria from oxidative damage, which is a 
key mechanism underlying hypertension (12). 

Antioxidant therapy for the treatment of HTN
Antioxidant therapy can enhance endothelial function, 
which is crucial for maintaining healthy blood vessels and 
regulating blood flow. Antioxidants also defend against 

oxidative stress, which is a key factor in the development 
and progression of hypertension. By reducing oxidative 
stress, antioxidants may protect against vascular damage 
and other complications associated with hypertension 
(13). Accordingly, antioxidants can improve NO 
bioavailability, a molecule essential for vasodilation and 
maintaining healthy blood pressure levels. Moreover, 
antioxidant therapy prevents cardiovascular complications 
associated with hypertension by targeting oxidative stress 
and improving overall vascular health (14). Finally, 
antioxidants may possess anti-inflammatory properties, 
which can further benefit individuals with hypertension 
by reducing inflammation in the cardiovascular system. 
These additional benefits highlight the multifaceted role 
of antioxidant therapy in managing hypertension beyond 
just lowering blood pressure (14, 15). However, the 
evidence on the effectiveness of antioxidant therapy for 
hypertension is mixed, with some studies showing positive 
results while others have found no significant benefit. In a 
study by Vaziri et al using the potent antioxidant desmethyl 
tirilazad, significant amelioration of hypertension was 
observed after 3 weeks of administration. They suggest 
that antioxidant therapy can have a relatively rapid effect 
on blood pressure reduction (16). Though, the translation 
of antioxidant strategies from animal studies to human 
hypertension has been disappointing. Factors like trial 
design, type of antioxidants used, and the presence 
of irreversible oxidative damage may account for the 
differences (14,16).

Among antioxidants, vitamin D is emerging as a 
promising anti-hypertensive agent through activation of 
antioxidant mechanisms. Hence, maintaining adequate 
levels of vitamin D through sunlight exposure, diet, 
and possibly supplementation may have benefits in 
managing blood pressure, especially in individuals 
with vitamin D deficiency (17). Some antihypertensive 
drugs like celiprolol, carvedilol and nebivolol also 
have antioxidant properties in addition to their blood 
pressure lowering effects (18). However, some studies 
deny the beneficial effects of antioxidant to improve the 
high blood pressure. This disparity in results highlights 
the complexity of antioxidant therapy in hypertension 
and the need for further research to determine the 
optimal treatment duration and dosage (17,19). The 
examples of antioxidant-rich foods that can help reduce 
oxidative stress in hypertension include berries such as 
blueberries, strawberries, and raspberries, citrus fruits 
like oranges and grapefruits, and tropical fruits such 
as mangoes and papayas are rich in antioxidants like 
vitamin C and flavonoids that can help combat oxidative 
stress (17,20,21). Additionally, dark leafy greens such as 
spinach and kale, bell peppers, broccoli, and tomatoes are 
excellent sources of antioxidants like vitamins A, C, and E, 
as well as phytonutrients that can support cardiovascular 
health and reduce oxidative damage in hypertension 
(22). Moreover, Whole grains like quinoa, brown rice, 
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oats, and whole wheat contain antioxidants, fiber, and 
other nutrients that can help lower blood pressure and 
reduce oxidative stress in the body. Accordingly, almonds, 
walnuts, chia seeds, and flaxseeds are rich in antioxidants, 
omega-3 fatty acids, and minerals like magnesium that 
can help protect against oxidative stress and inflammation 
in hypertension (22,23). Likewise, turmeric, ginger, 
cinnamon, and garlic are known for their antioxidant 
and anti-inflammatory properties, which can help reduce 
oxidative stress and support cardiovascular health in 
individuals with hypertension (24). Finally, it should 
remember that antioxidants may have some potential 
benefits for hypertension; however, they should not be 
used as a standalone treatment. Lifestyle changes such 
as maintaining a healthy diet, regular exercise, managing 
stress, and medication therapy are still the cornerstone of 
managing high blood pressure (14,25).

Conclusion
Oxidative stress has a significant impact on blood vessels 
in hypertension, contributing to endothelial dysfunction, 
vascular remodeling, and inflammation. Antioxidant 
therapy can have a significant impact on blood pressure 
reduction in hypertension, however the duration of 
treatment before observing results varies depending on 
the specific antioxidant, dosage, and individual health 
status. Hence, incorporating the antioxidant-rich foods 
into the diet can help lower blood pressure, reduce 
oxidative stress, and promote overall cardiovascular well-
being in individuals with hypertension.
 
Authors’ contribution 
Conceptualization: Mohammad Memarian, Rahimeh Eskandarian.
Data curation: All authors.
Investigation: Rahimeh Eskandarian.
Resources: Samira Mehrabi Pari.
Supervision: Mohammad Memarian, Rahimeh Eskandarian.
Validation: All authors. 
Visualization: All authors.
Writing–original draft: Mohammad Memarian, Rahimeh 
Eskandarian.
Writing–review and editing: Samira Mehrabi Pari.

Conflicts of interest
The authors declare that they have no competing interests. 

Declaration of generative AI and AI-assisted technologies in 
the writing process
During the preparation of this work, the authors utilized 
Perplexity to refine grammar points and language style in 
writing. Subsequently, the authors thoroughly reviewed and 
edited the content as necessary, assuming full responsibility for 
the publication’s content.

Ethical issues
Ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the authors.

Funding/Support
None.

References
1.	 Pham-Huy LA, He H, Pham-Huy C. Free radicals, 

antioxidants in disease and health. Int J Biomed Sci. 
2008;4:89-96. 

2.	 Tan BL, Norhaizan ME, Liew WP, Sulaiman Rahman H. 
Antioxidant and Oxidative Stress: A Mutual Interplay in 
Age-Related Diseases. Front Pharmacol. 2018;9:1162. doi: 
10.3389/fphar.2018.01162. 

3.	 Amponsah-Offeh M, Diaba-Nuhoho P, Speier S, Morawietz 
H. Oxidative Stress, Antioxidants and Hypertension. 
Antioxidants (Basel). 2023;12:281. doi: 10.3390/
antiox12020281. 

4.	 Tangvarasittichai S. Oxidative stress, insulin resistance, 
dyslipidemia and type 2 diabetes mellitus. World J Diabetes. 
2015;6:456-80. doi: 10.4239/wjd.v6.i3.456. 

5.	 Verma S, Singh P, Khurana S, Ganguly NK, Kukreti R, 
Saso L, et al. Implications of oxidative stress in chronic 
kidney disease: a review on current concepts and therapies. 
Kidney Res Clin Pract. 2021;40:183-193. doi: 10.23876/j.
krcp.20.163. 

6.	 Scioli MG, Storti G, D’Amico F, Rodríguez Guzmán R, 
Centofanti F, Doldo E, et al. Oxidative Stress and New 
Pathogenetic Mechanisms in Endothelial Dysfunction: 
Potential Diagnostic Biomarkers and Therapeutic Targets. J 
Clin Med. 2020;9:1995. doi: 10.3390/jcm9061995. 

7.	 Chen Q, Wang Q, Zhu J, Xiao Q, Zhang L. Reactive oxygen 
species: key regulators in vascular health and diseases. Br 
J Pharmacol. 2018;175:1279-1292. doi: 10.1111/bph.13828. 

8.	 Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. 
Reactive oxygen species in inflammation and tissue injury. 
Antioxid Redox Signal. 2014;20:1126-67. doi: 10.1089/
ars.2012.5149. 

9.	 Virdis A, Duranti E, Taddei S. Oxidative Stress and Vascular 
Damage in Hypertension: Role of Angiotensin II. Int J 
Hypertens. 2011;2011:916310. doi: 10.4061/2011/916310. 

10.	 Wen H, Gwathmey JK, Xie LH. Oxidative stress-mediated 
effects of angiotensin II in the cardiovascular system. 
World J Hypertens. 2012 Aug 23;2:34-44. doi: 10.5494/wjh.
v2.i4.34. 

11.	 Sorriento D, De Luca N, Trimarco B, Iaccarino G. The 
Antioxidant Therapy: New Insights in the Treatment of 
Hypertension. Front Physiol. 2018 Mar 21;9:258. doi: 
10.3389/fphys.2018.00258. 

12.	 Poljsak B, Šuput D, Milisav I. Achieving the balance 
between ROS and antioxidants: when to use the synthetic 
antioxidants. Oxid Med Cell Longev. 2013;2013:956792. 
doi: 10.1155/2013/956792.

13.	 Amponsah-Offeh M, Diaba-Nuhoho P, Speier S, Morawietz 
H. Oxidative Stress, Antioxidants and Hypertension. 
Antioxidants (Basel). 2023;12:281. doi: 10.3390/
antiox12020281. 

14.	 Amponsah-Offeh M, Diaba-Nuhoho P, Speier S, Morawietz 
H. Oxidative Stress, Antioxidants and Hypertension. 
Antioxidants (Basel). 2023;12:281. doi: 10.3390/
antiox12020281. 

15.	 Montezano AC, Touyz RM. Molecular mechanisms of 
hypertension--reactive oxygen species and antioxidants: 
a basic science update for the clinician. Can J Cardiol. 

https://jnephropharmacology.com


Journal of Nephropharmacology, Volume 13, Issue 2, 2024          https://jnephropharmacology.com4 

Mehrabi Pari S et al

2012;28:288-95. doi: 10.1016/j.cjca.2012.01.017. 
16.	 Vaziri ND, Ni Z, Oveisi F, Trnavsky-Hobbs DL. Effect of 

antioxidant therapy on blood pressure and NO synthase 
expression in hypertensive rats. Hypertension. 2000;36:957-
64. doi: 10.1161/01.hyp.36.6.957. 

17.	 Sorriento D, De Luca N, Trimarco B, Iaccarino G. The 
Antioxidant Therapy: New Insights in the Treatment of 
Hypertension. Front Physiol. 2018;9:258. doi: 10.3389/
fphys.2018.00258. 

18.	 Silva IVG, de Figueiredo RC, Rios DRA. Effect of Different 
Classes of Antihypertensive Drugs on Endothelial Function 
and Inflammation. Int J Mol Sci. 2019;20:3458. doi: 10.3390/
ijms20143458. 

19.	 García-Sánchez A, Miranda-Díaz AG, Cardona-Muñoz 
EG. The Role of Oxidative Stress in Physiopathology and 
Pharmacological Treatment with Pro- and Antioxidant 
Properties in Chronic Diseases. Oxid Med Cell Longev. 
2020 Jul 23;2020:2082145. doi: 10.1155/2020/2082145. 

20.	 Jideani AI, Silungwe H, Takalani T, Omolola AO, Udeh HO, 
Anyasi TA. Antioxidant-rich natural fruit and vegetable 
products and human health. Intern J Food Properties. 
2021;24:41-67.

21.	 Abeyrathne ED, Nam K, Huang X, Ahn DU. Plant-and 
animal-based antioxidants’ structure, efficacy, mechanisms, 
and applications: A review. Antioxidants. 2022;11:1025.

22.	 Adeyanju AA, Oyenihi OR, Oguntibeju OO. Antioxidant-
rich vegetables: Impact on human health. Intech Open; 
2021.

23.	 Hever J, Cronise RJ. Plant-based nutrition for healthcare 
professionals: implementing diet as a primary modality in 
the prevention and treatment of chronic disease. J Geriatr 
Cardiol. 2017;14:355-368. doi: 10.11909/j.issn.1671-
5411.2017.05.012. 

24.	 Abubakar JO, Uchechi NC, Olayinka Abosede O, Oladimeji 
Samuel T. Role of oral phytogenic supplementation to 
protect cardiac, hepatic, nephrotic, and splenic oxidative 
stress in broiler chickens. Transl Anim Sci. 2023;7:txad106. 
doi: 10.1093/tas/txad106. 

25.	 Caminiti R, Carresi C, Mollace R, Macrì R, Scarano 
F, Oppedisano F, et al. The potential effect of natural 
antioxidants on endothelial dysfunction associated 
with arterial hypertension. Front Cardiovasc Med. 
2024;11:1345218. doi: 10.3389/fcvm.2024.1345218. 

Copyright © 2024 The Author(s); Published by Society of Diabetic Nephropathy Prevention. 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.

https://jnephropharmacology.com/



