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Abstract: The seemingly disparate areas of oxygen toxicity, radiation exposure, and aging are 

now recognized to share a common feature—the aberrant production and/or removal of 

biologically derived free radicals and other reactive oxygen and nitrogen species (ROS/RNS). 

Advances in our understanding of the effects of free radicals in biology and medicine have been, 

and continue to be, actively translated into clinically tractable diagnostic and therapeutic 

applications. This issue is dedicated to recent advances, both basic discoveries and clinical 

applications, in the field of free radicals in biology and medicine. As more is understood about the 

proximal biological targets of aberrantly produced or removed reactive species, their sensors, and 

effectors of compensatory response, a great deal more will be learned about the commonalities in 

mechanisms underlying seemingly disparate disease states. Together with this deeper 

understanding, opportunities will arise to devise rational therapeutic interventions to decrease the 

incidence and severity of these diseases and positively impact the human healthspan. 
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Introduction 
Aberrant production and/or removal of biologically derived free radicals and other reactive oxygen 

and nitrogen species (ROS/RNS) is a common feature of many human diseases, as well as radiation 

exposure, oxygen toxicity. Advances in our understanding of the effects of free radicals in biology and 

medicine have been, and continue to be, actively translated into clinically tractable diagnostic and 

therapeutic applications. This issue is dedicated to recent advances, both basic discoveries and clinical 

applications, in the field of free radicals in biology and medicine. 

Illustrative of the breadth and depth of the now mature field of free radical biology and medicine, 

this special issue (www.mdpi.com/journal/ijms/special_issues/free_radicals) contains 24 rigorously 

peer-reviewed manuscripts representing authors from 11 different countries (Brazil, Canada, China, 

Italy, Korea, Mexico, Netherlands, Slovenia, Spain, Taiwan, and United States) across four continents 

(Asia, Europe, North America and South America) spanning the globe. Not only is interest in free 

radical biology and medicine broad geographically, but also across a broad spectrum of medical 

specialties that include the diagnosis and treatment of many or most of the major diseases and 

disorders of mankind. As a result, we believe the issue is well balanced, consisting of 14 original 

research articles and 10 review papers covering a range of topics encompassing the role(s) of 
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free radicals and ROS or nitric oxide in the etiologies and/or the molecular pathologies of nearly all of 

the major human diseases including cancer [1,2], vascular diseases [3–5], diabetes [6], and 

neurodegenerative disease [7]. One cancer study reported results from an analysis of mitochondrial 

adaptations in lymphoma [2], while the other associated a high mitochondrial DNA copy number with 

increased invasiveness in esophageal squamous cell cancer [1]. The vascular biology papers included 

reports regarding both cerebral vascular [4] and pulmonary vascular [3] endothelial cell function. Also 

included in this issue are papers describing the contributions of ROS and mitochondrial function to 

other more rare and specific disease states including lupus [8] and epilepsy [9] and chronic regional 

pain syndrome [10]. Popular topics in this special issue include mitochondrial function [1,2,5,8,11], 

oxidative stress [2,6,12–15], nitric oxide [3,16–18], cellular signaling [3,13,19]. In addition there are 

reports pertaining to endoplasmic reticulum stress [12], hypoxic stem cell niches [20], adaptive 

responses to oxidative stress [21], and a paper describing a Columbian medicinal plant that inhibits 

lipid peroxidation [22]. There are papers relating to the role of ROS and nitric oxide in different organ 

systems including brain [7,15], muscle [11,17], as well as papers detailing the role of reactive oxygen 

and free radical biology in mediating the toxicity of ischemia [13]. Finally, there are three papers that 

present significant technical advances; two on the in vivo detection of ROS [15,23], and one that 

introduces an advanced Electron Spin Resonance technique to study lipid peroxidation [24]. The 

word-cloud in Figure 1 is a convenient visual representation illustrative of the frequency of use of 

particular words in the titles of the 23 manuscripts contained in this special issue. 

It is hoped that this special issue will spark discussion across disciplines about the fundamental role 

that free radicals and ROS/RNS play in the fundamental underlying causes to many of the major 

diseases of mankind. As more is learned about the proximal biological targets of aberrantly produced 

reactive species, their sensors, and effectors of compensatory response, it is likely that even more 

commonalities in mechanism(s) underlying seemingly disparate disease states will emerge. Together 

with this deeper understanding, opportunities will arise to devise rational therapeutic interventions to 

decrease the incidence and severity of these diseases and positively impact the human healthspan. 

Figure 1. A word cloud created using the titles of all 24 peer-reviewed articles in this 

special issue. The relative size of each word is weighted according to the frequency with 

which it is used among all titles. 



Frontiers in Clinical Trials and Drug Interactions 
Volume1, Issue1, 2025 

4 

 

 

 

References 

 

1. Lin, C.-S.; Lee, H.-T.; Lee, S.-Y.; Shen, Y.-A.; Wang, L.-S.; Chen, Y.-J.; Wei, Y.-H. High 

mitochondrial DNA copy number and bioenergetic function are associated with tumor invasion of 

esophageal squamous cell carcinoma cell lines. Int. J. Mol. Sci. 2012, 13, 11228–11246. 

2. Wilkinson, S.T.; Tome, M.E.; Briehl, M.M. Mitochondrial adaptations to oxidative stress confer 

resistance to apoptosis in lymphoma cells. Int. J. Mol. Sci. 2012, 13, 10212–10228. 

3. Sharma, S.; Sun, X.; Agarwal, S.; Rafikov, R.; Dasarathy, S.; Kumar, S.; Black, S. Role of 

carnitine acetyl transferase in regulation of nitric oxide signaling in pulmonary arterial endothelial 

cells. Int. J. Mol. Sci. 2013, 14, 255–272. 

4. Tomassoni, D.; Amenta, F.; Amantini, C.; Farfariello, V.; di Cesare Mannelli, L.; Nwankwo, I.; 

Marini, C.; Tayebati, S. Brain activity of thioctic acid enantiomers: In vitro and in vivo studies in 

an animal model of cerebrovascular injury. Int. J. Mol. Sci. 2013, 14, 4580–4595. 

5. Xie, X.; Zhao, R.; Shen, G. Impact of cyanidin-3-glucoside on glycated ldl-induced nadph oxidase 

activation, mitochondrial dysfunction and cell viability in cultured vascular endothelial cells. 

Int. J. Mol. Sci. 2012, 13, 15867–15880. 

6. De M. Bandeira, S.; da Fonseca, L.; da S. Guedes, G.; Rabelo, L.; Goulart, M.; Vasconcelos, S. 

Oxidative stress as an underlying contributor in the development of chronic complications in 

diabetes mellitus. Int. J. Mol. Sci. 2013, 14, 3265–3284. 



Frontiers in Clinical Trials and Drug Interactions 
Volume1, Issue1, 2025 

5 

 

 

7. Kumar, H.; Lim, H.-W.; More, S.V.; Kim, B.-W.; Koppula, S.; Kim, I.S.; Choi, D.-K. The role of 

free radicals in the aging brain and parkinson’s disease: Convergence and parallelism. Int. J. 

Mol. Sci. 2012, 13, 10478–10504. 

8. Lee, H.-T.; Lin, C.-S.; Chen, W.-S.; Liao, H.-T.; Tsai, C.-Y.; Wei, Y.-H. Leukocyte mitochondrial 

DNA alteration in systemic lupus erythematosus and its relevance to the susceptibility to lupus 

nephritis. Int. J. Mol. Sci. 2012, 13, 8853–8868. 

9. Cardenas-Rodriguez, N.; Huerta-Gertrudis, B.; Rivera-Espinosa, L.; Montesinos-Correa, H.; 

Bandala, C.; Carmona-Aparicio, L.; Coballase-Urrutia, E. Role of oxidative stress in refractory 

epilepsy: Evidence in patients and experimental models. Int. J. Mol. Sci. 2013, 14, 1455–1476. 

10. Fischer, S.; Perez, R.; Nouta, J.; Zuurmond, W.; Scheffer, P. Oxidative stress in CRPS: No 

systemically elevated levels of malondialdehyde, F2-isoprostanes and 8OHdG in a selected 

sample of patients. Int. J. Mol. Sci. 2103, 14, 7784–7794. 

11. Qi, Z.; Zhang, Y.; Guo, W.; Ji, L.; Ding, S. Increased insulin sensitivity and distorted 

mitochondrial adaptations during muscle unloading. Int. J. Mol. Sci. 2012, 13, 16971–16985. 

12. Bhandary, B.; Marahatta, A.; Kim, H.-R.; Chae, H.-J. An involvement of oxidative stress in 

endoplasmic reticulum stress and its associated diseases. Int. J. Mol. Sci. 2013, 14, 434–456. 

13. Kong, S.-S.; Liu, J.-J.; Yu, X.-J.; Lu, Y.; Zang, W.-J. Protection against ischemia-induced 

oxidative stress conferred by vagal stimulation in the rat heart: Involvement of the AMPK-PKC 

pathway. Int. J. Mol. Sci. 2012, 13, 14311–14325. 

14. Percário, S.; Moreira, D.; Gomes, B.; Ferreira, M.; Gonçalves, A.; Laurindo, P.; Vilhena, T.; 

Dolabela, M.; Green, M. Oxidative stress in malaria. Int. J. Mol. Sci. 2012, 13, 16346–16372. 

15. Pogue, A.I.; Jones, B.M.; Bhattacharjee, S.; Percy, M.E.; Zhao, Y.; Lukiw, W.J. Metal-sulfate 

induced generation of ros in human brain cells: Detection using an isomeric mixture of 5- and 

6-carboxy-2',7'-dichlorofluorescein diacetate (carboxy-DCFDA) as a cell permeant tracer. Int. J. 

Mol. Sci. 2012, 13, 9615–9626. 

16. Gamba, J.; Gamba, L.; Rodrigues, G.; Kiyomoto, B.; Moraes, C.; Tengan, C. Nitric oxide 

synthesis is increased in cybrid cells with m.3243A>G mutation. Int. J. Mol. Sci. 2013, 14, 394–

410. 

17. Tengan, C.; Rodrigues, G.; Godinho, R. Nitric oxide in skeletal muscle: Role on mitochondrial 

biogenesis and function. Int. J. Mol. Sci. 2012, 13, 17160–17184. 

18. Chen, S.-H.; Chiu, S.-J.; Hu, T.-M. Superoxide dismutase as a novel macromolecular nitric oxide 

carrier: Preparation and characterization. Int. J. Mol. Sci. 2012, 13, 13985–14001. 

19. Cosentino-Gomes, D.; Rocco-Machado, N.; Meyer-Fernandes, J.R. Cell signaling through protein 

kinase C oxidation and activation. Int. J. Mol. Sci. 2012, 13, 10697–10721. 

20. Berniakovich, I.; Giorgio, M. Low oxygen tension maintains multipotency, whereas normoxia 

increases differentiation of mouse bone marrow stromal cells. Int. J. Mol. Sci. 2013, 14, 2119–

2134. 

21. Milisav, I.; Poljsak, B.; Šuput, D. Adaptive response, evidence of cross-resistance and its potential 

clinical use. Int. J. Mol. Sci. 2012, 13, 10771–10806. 



Frontiers in Clinical Trials and Drug Interactions 
Volume1, Issue1, 2025 

6 

 

 

22. Lizcano, L.J.; Viloria-Bernal, M.; Vicente, F.; Berrueta, L.A.; Gallo, B.; Martínez-Cañamero, M.; 

Ruiz-Larrea, M.B.; Ruiz-Sanz, J.I. Lipid oxidation inhibitory effects and phenolic composition of 

aqueous extracts from medicinal plants of colombian amazonia. Int. J. Mol. Sci. 2012, 13, 5454–

5467. 

23. Uusitalo, L.M.; Hempel, N. Recent advances in intracellular and in vivo ROS sensing: Focus on 

nanoparticle and nanotube applications. Int. J. Mol. Sci. 2012, 13, 10660–10679. 

24. Xu, Y.; Gu, Y.; Qian, S. An advanced electron spin resonance (ESR) spin-trapping and 

LC/(ESR)/MS technique for the study of lipid peroxidation. Int. J. Mol. Sci. 2012, 13, 14648–

14666. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/) 

http://creativecommons.org/licenses/by/3.0/)

