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Superoxide dismutase (SOD) is a crucial enzyme in the 
antioxidant defense system, playing a pivotal role in scavenging 
superoxide radicals and maintaining cellular redox balance. 
Its therapeutic potential has garnered significant attention 
in various fields, including medicine, biotechnology, and 
cosmetology. However, despite promising preclinical evidence, 
the clinical translation of SOD-based therapies faces numerous 
challenges, including issues related to formulation, delivery, 
pharmacokinetics, and efficacy. This editorial article critically 
examines the current status of SOD-based therapeutics, 
identifies key challenges hindering their clinical translation, 
and explores potential strategies to overcome these obstacles. 
By addressing these challenges and capitalizing on emerging 
opportunities and promises, the full therapeutic potential of 
SOD may cover the ways for the development of effective 
antioxidant therapies for a wide range of human diseases.

SOD is an essential enzyme that catalyzes the dismutation 
of superoxide radicals into oxygen and hydrogen peroxide, 
thus playing a crucial role in the cellular antioxidant defense 
system.[1,2] Clinical studies investigating the efficacy of SOD-
based therapies in neurodegenerative disorders are underway, 
with promising preliminary results indicating the potential 
benefits of enhancing antioxidant defense mechanisms in 
slowing disease progression and improving patient outcomes.[3] 
SOD has also been shown to exert protective effects on the 
cardiovascular system by scavenging ROS, reducing endothelial 
dysfunction, and preserving vascular integrity.[4] In preclinical 
studies, overexpression of SOD has been demonstrated to 
attenuate oxidative stress and vascular inflammation, thereby 
preventing the development of atherosclerotic lesions and 
reducing the risk of cardiovascular events.[4] Moreover, 
clinical trials evaluating the therapeutic efficacy of SOD-based 
therapies, such as gene therapy and SOD mimetics, in patients 
with cardiovascular diseases have shown promising results, 
including improvements in endothelial function, myocardial 
perfusion, and overall cardiac function.[4] These findings 
underscore the potential of SOD as a novel therapeutic strategy 

for mitigating cardiovascular risk and improving outcomes 
in patients with heart disease. Furthermore, SOD has also 
emerged as a potential target for cancer therapy, given its role in 
modulating oxidative stress and regulating signaling pathways 
implicated in cell proliferation, apoptosis, and angiogenesis.[5] 
Several studies have demonstrated that SOD overexpression 
or supplementation can inhibit tumor growth and sensitize 
cancer cells to chemotherapy and radiation therapy.[6] In 
addition, SOD-based therapies have been explored as adjuvant 
treatments for cancer patients undergoing conventional 
anticancer therapies, with the aim of reducing treatment-related 
toxicity and enhancing therapeutic efficacy.[7-10] Preclinical 
trials investigating the combination of SOD mimetics with 
chemotherapy or radiotherapy have shown promising results, 
including improvements in treatment response rates and cancer 
survival outcomes.[3,7-10] However, further research is needed 
to optimize the dosing regimens and treatment strategies 
for maximizing the therapeutic benefits of SOD in cancer 
patients.[7] Aging is associated with a progressive decline 
in antioxidant defenses and an accumulation of oxidative 
damage, leading to age-related degenerative disorders, such as 
osteoporosis, sarcopenia, and frailty.[11] SOD has been proposed 
as a potential therapeutic target for attenuating age-related 
decline and promoting healthy aging by counteracting oxidative 
stress and preserving cellular function.[3,12,13] Preclinical studies 
have demonstrated that CuZn-SOD and catalase significantly 
increase the maximum life span, suggesting SOD with catalase 
potential as an anti-aging intervention.[13] Furthermore, clinical 
trials investigating the effects of SOD-based therapies on 
age-related disorders, such as osteoarthritis and frailty, are 
ongoing, with preliminary data suggesting beneficial effects on 
disease progression and functional outcomes.[14] These findings 
highlight the potential of SOD as a promising therapeutic 
strategy for promoting health-related benefits and preventing 
disease-related morbidities.

Despite the promising preclinical evidence supporting the 
therapeutic potential of SOD, the clinical translation of SOD-
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based therapies faces numerous challenges that have hindered 
their widespread adoption in clinical practice. One of the 
major challenges in the clinical development of SOD-based 
therapies is the formulation and stability of SOD formulations. 
SOD is a large, complex protein molecule that is susceptible 
to degradation and denaturation under physiological 
conditions.[2,15] Moreover, SOD has poor oral bioavailability 
and limited tissue penetration, further complicating its 
formulation and delivery.[4,15] Various strategies have been 
explored to improve the formulation and stability of SOD, 
including encapsulation in liposomes, nanoparticles, and other 
delivery vehicles.[16-18] These formulations can protect SOD 
from enzymatic degradation and enhance its pharmacokinetic 
profile, thereby improving its therapeutic efficacy and tissue 
distribution. However, further research is needed to optimize 
the formulation and delivery of SOD-based therapies for 
clinical use. Another major challenge in the clinical translation 
of SOD-based therapies is the pharmacokinetics and tissue 
distribution of SOD formulations.[19] SOD has a short half-life 
in circulation and tends to accumulate in the liver and other 
organs, limiting its availability at target sites.[20] Moreover, 
the biodistribution of SOD can be influenced by factors such 
as route of administration, formulation, and patient-specific 
factors, further complicating its pharmacokinetic profile.[15] 
To overcome these challenges, efforts have been made to 
optimize the pharmacokinetics and tissue distribution of SOD 
formulations through the use of targeted delivery strategies, 
such as receptor-mediated targeting and tissue-specific 
accumulation.[21,22] Moreover, the development of novel 
SOD mimetics and analogs with improved pharmacokinetic 
properties holds promise for enhancing the therapeutic efficacy 
and tissue distribution of SOD-based therapies.[23] Another 
major challenge is to ensure the efficacy and safety of SOD-
based therapies for their clinical translation. While preclinical 
studies have demonstrated the therapeutic potential of SOD 
in various disease models, the translation of these findings 
to the clinic has been challenging due to issues related to 
dosing, treatment duration, and patient selection.[15] Moreover, 
concerns have been raised about the potential side effects 
of SOD, including immunogenicity, off-target effects, and 
long-term toxicity.[24,25] To address these concerns, rigorous 
preclinical and clinical studies are needed to evaluate the 
efficacy and safety of SOD-based therapies in well-defined 
patient populations with appropriate outcome measures. 
Moreover, the development of predictive biomarkers and 
surrogate endpoints can facilitate the assessment of treatment 
response and optimize dosing regimens for maximizing 
therapeutic benefits while minimizing adverse effects.

Despite the challenges associated with the clinical translation 
of SOD-based therapies, several opportunities and promises 
exist for advancing their development and enhancing their 
therapeutic efficacy. One promising approach for enhancing the 
clinical translation of SOD-based therapies is the development 
of targeted delivery strategies that enable site-specific 
accumulation and controlled release of SOD formulations.[15-20] 

Targeted delivery systems, such as liposomes, nanoparticles, 
and hydrogels, can improve the pharmacokinetics and tissue 
distribution of SOD, thereby enhancing its therapeutic efficacy 
while minimizing off-target effects.[15-20] Moreover, the use 
of ligand-targeted nanoparticles and antibody-conjugated 
SOD formulations can further enhance the specificity and 
selectivity of SOD delivery to diseased tissues, such as tumor 
microenvironments or inflamed tissues.[22,26] By capitalizing on 
targeted delivery strategies, we can maximize the therapeutic 
benefits of SOD-based therapies and overcome the limitations 
associated with non-specific distribution and off-target effects. 
Another promising approach for enhancing the clinical 
translation of SOD-based therapies is the development of novel 
SOD analogs and mimetics with improved pharmacokinetic 
properties and enhanced therapeutic efficacy.[22,23] By 
optimizing the structure and stability of SOD molecules, 
we can design analogs that exhibit prolonged circulation 
time, enhanced tissue penetration, and increased resistance 
to degradation, thereby improving their bioavailability and 
therapeutic potential. Moreover, the use of rational drug design 
and computational modeling techniques including artificial 
intelligence can facilitate the identification of novel SOD 
mimetics with superior enzymatic activity and antioxidant 
properties. By harnessing the power of structure-based drug 
design and high-throughput screening approaches, we can 
accelerate the discovery and development of next-generation 
SOD analogs for clinical use. Moreover, finally, combinatorial 
approaches that leverage the synergistic interactions between 
SOD and other antioxidant compounds or therapeutic 
modalities represent another promising strategy for enhancing 
the clinical translation of SOD-based therapies.[27,28] Preclinical 
studies have suggested that combining SOD with natural 
antioxidants, such as Vitamins C and E, or pharmacological 
agents targeting oxidative stress and inflammation pathways 
can enhance the therapeutic efficacy of SOD and improve 
treatment outcomes.[27-29] Moreover, the combination of SOD 
with conventional anticancer therapies, such as chemotherapy 
or radiotherapy, has shown promise in preclinical models 
and early-phase clinical trials, with synergistic effects on 
tumor growth inhibition and treatment response rates.[30,31] 
By exploring the potential synergies between SOD and other 
therapeutic agents, combinatorial treatment strategies surely 
develop that enhance the efficacy of SOD-based therapies and 
overcome resistance mechanisms associated with monotherapy 
approaches. In conclusion, SOD holds tremendous promise 
as a multifaceted therapeutic agent with diverse applications 
across various fields, including medicine, biotechnology, and 
cosmetology. However, the clinical translation of SOD-based 
therapies faces numerous challenges, including issues related 
to formulation, delivery, pharmacokinetics, and efficacy. By 
addressing these challenges and capitalizing on emerging 
opportunities, we can overcome the obstacles hindering the 
clinical development of SOD-based therapies and harness the 
full therapeutic potential of SOD for improving human health 
and well-being.
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