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Abstract 
____________________________________________________________________________________________________________ 

Background: Exposure to ionizing radiation poses serious health risks, including DNA damage, 
oxidative stress, and increased cancer susceptibility. Natural radioprotectors are gaining 
attention due to their safety and efficacy. A natural supply of arthrospira called Oxy+, which is 
produced in Aruba for lifefactors as a phytotherapeutic agent. Its chief ingredient is spirulina. 
Spirulina, a blue-green microalga, is rich in antioxidants, vitamins, and proteins, making it a 
promising candidate for radioprotection. 

Objective: This review examines the radioprotective potential of Oxy+, focusing on its 
biochemical composition, mechanisms of action, and therapeutic applications in mitigating 
radiation-induced damage. 

Methods: A comprehensive literature review was conducted using databases such as PubMed, 
Scopus, and Google Scholar. Studies focusing on Oxy+’s antioxidant properties, 
immunomodulatory effects, and ability to mitigate radiation-induced cellular damage were 
analyzed. In vivo and in vitro experimental findings were examined to assess its efficacy. 

Results: Oxy+ demonstrates strong radioprotective properties due to its high content of 
phycocyanin, β-carotene, and phenolic compounds. These bioactive molecules scavenge free 
radicals, reducing oxidative stress and DNA damage caused by radiation. Studies indicate that 
Oxy+ enhances the activity of endogenous antioxidant enzymes such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GPx). Additionally, Oxy+ modulates immune 
responses by promoting cytokine production and reducing inflammation. Animal studies 
suggest that Oxy+ supplementation improves survival rates and mitigates radiation-induced 
hematopoietic and gastrointestinal injuries. 

Conclusion: Oxy+ exhibits significant potential as a natural radioprotector due to its 
antioxidant, immunomodulatory, and anti-inflammatory properties. Further clinical studies are 
necessary to validate its efficacy in humans and optimize dosage recommendations. Oxy+ could 
be a valuable adjunct in radiation therapy, space missions, and nuclear exposure scenarios. 

Keywords: Oxy+; Spirulina, Radioprotection; DNA Damage, Immunomodulation, Radiation 
Therapy 

 

1. Introduction 

Radiation exposure, whether from medical treatments, 
occupational hazards, nuclear accidents, or cosmic rays, 
poses significant health risks to humans 1. Ionizing 
radiation induces oxidative stress, DNA damage, and 
cellular apoptosis, leading to severe conditions such as 
cancer, acute radiation syndrome, and long-term genetic 
mutations 2. While synthetic radioprotective agents such 
as amifostine have been developed, their high cost and 
potential side effects necessitate the search for natural, 
safe, and effective alternatives3. In this context, Oxy+, a 
blue-green microalga, has emerged as a promising 
natural radioprotector due to its rich composition of 
bioactive compounds with antioxidant and 

immunomodulatory properties 4. Ionizing radiation 
generates reactive oxygen species (ROS), which attack 
cellular macromolecules, including lipids, proteins, and 
nucleic acids5. This results in lipid peroxidation, protein 
denaturation, and DNA strand breaks, ultimately leading 
to cell death or carcinogenesis 6. Additionally, radiation 
exposure suppresses the immune system, disrupts 
hematopoiesis, and damages vital organs such as the 
liver, kidneys, and gastrointestinal tract 7. Given these 
detrimental effects, the development of radioprotective 
agents is essential for individuals exposed to radiation 
due to medical treatments (e.g., radiotherapy for cancer), 
space exploration, nuclear industry work, or accidental 
exposure 8. 
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Synthetic radioprotectors such as amifostine have 
demonstrated efficacy in reducing radiation-induced 
damage. However, they are often associated with adverse 
effects such as hypotension, nausea, and vomiting, 
limiting their widespread use 9. Consequently, 
researchers have turned to natural radioprotectors 
derived from plants, algae, and microbes 10. Among these, 
Spirulina (Arthrospira platensis) has gained significant 
attention due to its exceptional nutritional and medicinal 
properties 11. 

Spirulina is a cyanobacterium widely recognized for its 
high protein content, essential amino acids, vitamins (A, 
C, E, and B-complex), and minerals such as iron, zinc, and 
selenium 12. It is also a rich source of phycocyanin, β-
carotene, polysaccharides, and phenolic compounds, all 
of which exhibit potent antioxidant and anti-
inflammatory properties 13. These bioactive molecules 
play a crucial role in neutralizing free radicals and 
enhancing cellular defense mechanisms against 
radiation-induced oxidative stress 14. 

Several in vitro and in vivo studies have demonstrated 
the radioprotective effects of Spirulina 4. The key 
mechanisms underlying its protective action include: (i) 
Antioxidant Activity  Spirulina enhances the activity of 
endogenous antioxidant enzymes such as superoxide 
dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx), which mitigate ROS-induced cellular 
damage, (ii)DNA Protection - Phycocyanin and β-
carotene reduce DNA strand breaks and promote DNA 
repair mechanisms, preventing genetic mutations, (iii) 
Immunomodulation - Spirulina boosts the immune 
system by stimulating the production of cytokines and 
enhancing macrophage activity, aiding in tissue repair 
and recovery,( iv) Anti-Inflammatory Effects - The 
bioactive compounds in Spirulina suppress the 
production of pro-inflammatory cytokines, reducing 
radiation-induced inflammation and tissue damage,and 
(v) Hematopoietic Protection - Studies suggest that 
Spirulina helps restore blood cell counts post-radiation 
exposure, supporting the recovery of the bone marrow 
and immune system 15,16. 

Given the increasing risks of radiation exposure in cancer 
therapy, space travel, and nuclear disasters, there is an 
urgent need for safe and effective natural 
radioprotectors 17. Spirulina offers a cost-effective, non-
toxic, and easily accessible alternative with potential 
applications in radiation oncology, astronaut health, and 
nuclear safety measures 18. Despite promising preclinical 
evidence, further clinical trials are required to validate its 
efficacy and determine optimal dosing for human use 19. 

This review explores the radioprotective mechanisms of 
Spirulina, summarizes recent experimental findings, and 
discusses its potential therapeutic applications. 
Understanding how Spirulina mitigates radiation-
induced damage could pave the way for its integration 
into radiation protection protocols, dietary supplements, 
and medical therapies, ultimately improving health 
outcomes for individuals exposed to radiation. 

 

 

2. Materials and methods 

Literature Search and Selection Criteria: A 
comprehensive literature review was conducted using 
databases such as PubMed, Scopus, Google Scholar, and 
Web of Science. Studies published between the last two 
decades were prioritized to ensure up-to-date 
information. Keywords such as “Oxy+”,“Spirulina,” 
“radioprotection,” “oxidative stress,” “DNA damage,” and 
“antioxidant properties” were used for article selection. 

Study Inclusion and Data Extraction: Both in vivo and 
in vitro studies investigating the radioprotective effects 
of Spirulina were included. Studies evaluating 
biochemical, hematological, and immunological 
responses to radiation exposure with Spirulina 
supplementation were analyzed. Data were extracted 
regarding experimental models, dosage, exposure 
duration, and measured biomarkers (e.g., SOD, CAT, GPx, 
lipid peroxidation, and DNA fragmentation). 

Analysis and Interpretation: Findings were 
categorized based on mechanisms of action, including 
antioxidant activity, immune modulation, DNA repair, 
and hematopoietic recovery. The collective results were 
synthesized to assess Spirulina’s potential as a natural 
radioprotector. 

3. Observations 

3.1. Radioprotective potential of Oxy+ 

Exposure to ionizing radiation poses significant health 
risks, leading to oxidative stress, DNA damage, immune 
suppression, and increased susceptibility to cancer 20. 
The sources of radiation exposure include medical 
treatments such as radiotherapy, occupational hazards 
in nuclear facilities, environmental contamination, and 
space travel 4. While synthetic radioprotectors like 
amifostine exist, their adverse effects and high costs 
necessitate the search for safer, natural alternatives. 
Spirulina, a nutrient-rich cyanobacterium, has garnered 
scientific interest due to its potent antioxidant, 
immunomodulatory, and anti-inflammatory properties, 
making it a promising candidate for radioprotection 21. 

Spirulina is a blue-green microalga known for its 
exceptional nutritional profile, containing high levels of 
proteins, vitamins (A, C, and E), minerals (iron, selenium, 
and zinc), essential fatty acids, and bioactive compounds 
such as phycocyanin, β-carotene, and polysaccharides 22. 
These components play crucial roles in mitigating 
oxidative stress, enhancing immune function, and 
promoting cellular repair mechanisms. This review 
explores the mechanisms by which Spirulina exerts 
radioprotective effects, summarizing recent 
experimental findings and discussing its potential 
applications in medicine, space travel, and radiation 
safety measures 23. 

3.2. Mechanisms of Radiation-Induced Damage 

Ionizing radiation generates reactive oxygen species 
(ROS), leading to oxidative stress that damages lipids, 
proteins, and DNA 24. The primary mechanisms of 
radiation-induced damage include: 
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DNA Damage: Radiation causes single- and double-
strand breaks, leading to mutations and chromosomal 
aberrations 25. 

Oxidative Stress: Increased ROS levels result in lipid 
peroxidation, protein oxidation, and mitochondrial 
dysfunction 26. 

Hematopoietic Suppression: Radiation impairs bone 
marrow function, reducing red and white blood cell 
counts, leading to immunosuppression and increased 
infection risk 27. 

Gastrointestinal Toxicity: High radiation doses damage 
intestinal mucosa, leading to malabsorption, diarrhea, 
and inflammation 28. 

Neurotoxicity: Radiation exposure disrupts neuronal 
function, increasing the risk of cognitive impairment and 
neurodegenerative diseases 29. Given these detrimental 
effects, the development of effective radioprotective 
agents is crucial for individuals exposed to radiation due 
to medical, occupational, or environmental reasons 24. 

3.3.  Bioactive Components of Oxy+ and their 
radioprotective role 

Phycocyanin 

Phycocyanin, a blue pigment protein, is one of the 
primary bioactive compounds in Spirulina [30]. It has 
strong antioxidant and anti-inflammatory properties, 
playing a crucial role in scavenging free radicals and 
reducing oxidative stress 31. Studies indicate that 
phycocyanin enhances the activity of endogenous 
antioxidant enzymes such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GPx), 
which protect cells from radiation-induced oxidative 
damage 32. 

β-Carotene and Other Carotenoids 

Spirulina is rich in β-carotene and other carotenoids, 
which function as natural antioxidants 4. These 
compounds neutralize ROS, prevent lipid peroxidation, 
and support DNA repair mechanisms. β-Carotene is also 
known to enhance immune function, thereby aiding in 
the recovery of radiation-exposed tissues 23. 

Polysaccharides 

Polysaccharides in Spirulina exhibit immune-boosting 
and anti-inflammatory properties. They stimulate the 
production of cytokines and macrophages, enhancing the 
body’s defense mechanisms against radiation-induced 
damage 34. 

Essential Fatty Acids 

Spirulina contains gamma-linolenic acid (GLA), which 
has been shown to reduce inflammation and protect 
cellular membranes from oxidative stress. Essential fatty 
acids contribute to membrane stability, preventing 
radiation-induced lipid peroxidation 4. 

Trace Elements (Selenium, Zinc, and Iron) 

Minerals such as selenium and zinc play critical roles in 
antioxidant enzyme function and DNA repair. Selenium, 
in particular, is a key component of glutathione 

peroxidase, an enzyme that neutralizes peroxides 
formed due to radiation exposure 35. 

4.  Experimental Evidence of Spirulina’s 
Radioprotective Effects 

In Vitro Studies 

Several in vitro studies have demonstrated Spirulina’s 
effectiveness in protecting cells from radiation-induced 
oxidative stress and DNA damage 36. Research on 
cultured human lymphocytes has shown that pre-
treatment with Spirulina significantly reduces DNA 
strand breaks and enhances cell viability post-radiation 
exposure 37. 

Animal Studies 

Animal studies further validate Spirulina’s 
radioprotective effects. Important findings include: 

Hematopoietic Protection: Rats and mice 
supplemented with Spirulina before radiation exposure 
exhibited faster recovery of red and white blood cell 
counts compared to controls38. 

DNA Protection: Spirulina-fed animals showed reduced 
DNA fragmentation and enhanced repair enzyme activity 
post-radiation 39. 

Improved Survival Rates: Mice exposed to lethal 
radiation doses had higher survival rates when given 
Spirulina, suggesting its potential as a life-saving 
radioprotective agent 40. 

Reduced Gastrointestinal Damage: Studies indicate 
that Spirulina mitigates radiation-induced damage to 
intestinal villi, improving nutrient absorption and 
reducing inflammation 41. 

Human Studies 

While human studies are limited, preliminary trials 
suggest that Spirulina supplementation can enhance 
immune function, reduce oxidative stress, and support 
hematopoietic recovery in patients undergoing radiation 
therapy for cancer treatment 43. 

5.  Potential Applications of Spirulina in 
Radioprotection 

Cancer Radiotherapy 

Radiotherapy is a common treatment for cancer, but it 
also damages healthy tissues. Spirulina supplementation 
could mitigate side effects such as fatigue, 
immunosuppression, and gastrointestinal distress, 
improving patients’ quality of life 43,44. 

Space Exploration 

Astronauts are exposed to high levels of cosmic radiation 
during space missions. Spirulina, being a nutrient-dense, 
antioxidant-rich food, could serve as a dietary 
supplement to protect astronauts from radiation-
induced oxidative damage 45. 

Nuclear Accidents and Radiation Workers 

Individuals exposed to radiation due to nuclear accidents 
or occupational hazards could benefit from Spirulina 
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supplementation to enhance antioxidant defenses and 
support hematopoietic recovery 46. 

Military and Defense Applications 

Military personnel operating in nuclear environments or 
radiation-prone areas could use Spirulina as a 
prophylactic measure to reduce radiation-induced health 
risks 47. 

6. Challenges and Future Perspectives 

Need for Clinical Trials 

Despite promising preclinical data, large-scale clinical 
trials are needed to confirm Spirulina’s efficacy as a 
radioprotector in humans. Studies should focus on 
optimal dosage, duration of supplementation, and 
potential interactions with other treatments 48. 

Standardization and Quality Control 

The nutrient composition of Spirulina varies based on 
growing conditions and processing methods. 
Standardized formulations with consistent bioactive 
content are essential for clinical applications 49. 

Regulatory Approvals 

For Spirulina to be widely used as a radioprotective 
supplement, regulatory approval from health agencies 
such as the FDA and WHO is required. Research must 
ensure its safety, efficacy, and compatibility with existing 
radiation protection protocols 50,51. 

Public Awareness and Accessibility 

Increasing public awareness about Spirulina’s benefits 
and making it affordable and accessible to populations at 
high risk of radiation exposure is crucial for its 
widespread adoption 52. 

Conclusion 

Spirulina exhibits significant radioprotective potential 
due to its rich composition of antioxidants, 
immunomodulatory compounds, and anti-inflammatory 
agents. Preclinical studies suggest that Spirulina can 
reduce oxidative stress, enhance DNA repair, and 
support hematopoietic recovery in radiation-exposed 
individuals. While the current evidence is promising, 
further clinical research is needed to establish its efficacy 
and safety in humans. If validated, Spirulina could 
become a cost-effective, natural radioprotector with 
applications in cancer therapy, space missions, nuclear 
safety, and military defense. Its ease of cultivation and 
nutritional benefits further enhance its potential as a 
valuable supplement in radiation protection strategies. 

Conflict of Interest: Nil 

Author Contributions: All authors have equal 

contributions in the preparation of the manuscript and 

compilation. 

Source of Support: Nil 

Funding: The authors declared that this study has 

received no financial support. 

Informed Consent Statement: Not applicable.  

Data Availability Statement: The data supporting this 

paper are available in the cited references.  

Ethical approval: Not applicable. 

References: 

1. Al-Ibraheem A, Moghrabi S, Abdlkadir A, Safi H, Kazzi Z, Al-Balooshi 
B, et al. An Overview of Appropriate Medical Practice and 
Preparedness in Radiation Emergency Response. Cureus. 2024 Jun 
3;16(6):e61627. https://doi.org/10.7759/cureus.61627 

2. Borrego-Soto G, Ortiz-López R, Rojas-Martínez A. Ionizing radiation-
induced DNA injury and damage detection in patients with breast 
cancer. Genet Mol Biol. 2015 Dec;38(4):420-32. 
https://doi.org/10.1590/S1415-475738420150019 
PMid:26692152 PMCid:PMC4763322 

3. Kaur R, Lang DK, Singh H, Arora A, Garg N, Saini B. Repurposing of 
Various Current Medicines as Radioprotective Agents. Anticancer 
Agents Med Chem. 2023;23(10):1104-1121. 
https://doi.org/10.2174/1871520622666220404090049 
PMid:35379128 

4. Alam MA, Quamri MA, Ahmad Bhat MD, Aafreen S, Sofi G. Oxy+ 
(arthrospira) and its medicinal importance: an appraisal. Drug 
Metab Pers Ther. 2020 Oct 29:/j/dmdi.ahead-of-print/dmdi-
2020-0152/dmdi-2020-0152.xml. https://doi.org/10.1515/dmdi-
2020-0152 PMid:33119541 

5. Azzam EI, Jay-Gerin JP, Pain D. Ionizing radiation-induced metabolic 
oxidative stress and prolonged cell injury. Cancer Lett. 2012 Dec 
31;327(1-2):48-60. https://doi.org/10.1016/j.canlet.2011.12.012 
PMid:22182453 PMCid:PMC3980444 

6. Gaschler MM, Stockwell BR. Lipid peroxidation in cell death. 
Biochem Biophys Res Commun. 2017 Jan 15;482(3):419-425. 
https://doi.org/10.1016/j.bbrc.2016.10.086 PMid:28212725 
PMCid:PMC5319403 

7. Hollingsworth BA, Aldrich JT, Case CM Jr, DiCarlo AL, Hoffman CM, 
Jakubowski AA, et al. Immune Dysfunction from Radiation 
Exposure. Radiat Res. 2023 Oct;200(4):396-416. 
https://doi.org/10.1667/RADE-22-00004.1 PMid:38152282 
PMCid:PMC10751071 

8. Koukourakis MI. Radiation damage and radioprotectants: new 
concepts in the era of molecular medicine. Br J Radiol. 2012 
Apr;85(1012):313-30. https://doi.org/10.1259/bjr/16386034 
PMid:22294702 PMCid:PMC3486665 

9. Citrin D, Cotrim AP, Hyodo F, Baum BJ, Krishna MC, Mitchell JB. 
Radioprotectors and mitigators of radiation-induced normal 
tissue injury. Oncologist. 2010;15(4):360-71. 
https://doi.org/10.1634/theoncologist.2009-S104 
PMid:20413641 PMCid:PMC3076305 

10. Zhang Y, Huang Y, Li Z, Wu H, Zou B, Xu Y. Exploring Natural 
Products as Radioprotective Agents for Cancer Therapy: 
Mechanisms, Challenges, and Opportunities. Cancers (Basel). 2023 
Jul 12;15(14):3585. https://doi.org/10.3390/cancers15143585 
PMid:37509245 PMCid:PMC10377328 

11. Begum N, Qi F, Yang F, Khan QU, Faizan, Fu Q, Li J, et al. Nutritional 
Composition and Functional Properties of A. platensis-Derived 
Peptides: A Green and Sustainable Protein-Rich Supplement. 
Processes. 2024 Nov 20;12(11):2608. 
https://doi.org/10.3390/pr12112608 

12. Sahil S, Bodh S, Verma P. Spirulina platensis: A comprehensive 
review of its nutritional value, antioxidant activity and functional 
food potential. Journal of Cellular Biotechnology. 2024 Nov 
25;10(2):159-72. https://doi.org/10.3233/JCB-240151 

13. Finamore A, Palmery M, Bensehaila S, Peluso I. Antioxidant, 
Immunomodulating, and Microbial-Modulating Activities of the 
Sustainable and Ecofriendly Spirulina. Oxid Med Cell Longev. 
2017;2017:3247528. https://doi.org/10.1155/2017/3247528 
PMid:28182098 PMCid:PMC5274660 

14. Chandimali N, Bak SG, Park EH, Lim HJ, Won YS, Kim EK, et al. Free 
radicals and their impact on health and antioxidant defenses: a 
review. Cell Death Discovery. 2025 Jan 24;11(1):19. 

https://doi.org/10.7759/cureus.61627
https://doi.org/10.1590/S1415-475738420150019
https://doi.org/10.2174/1871520622666220404090049
https://doi.org/10.1515/dmdi-2020-0152
https://doi.org/10.1515/dmdi-2020-0152
https://doi.org/10.1016/j.canlet.2011.12.012
https://doi.org/10.1016/j.bbrc.2016.10.086
https://doi.org/10.1667/RADE-22-00004.1
https://doi.org/10.1259/bjr/16386034
https://doi.org/10.1634/theoncologist.2009-S104
https://doi.org/10.3390/cancers15143585
https://doi.org/10.3390/pr12112608
https://doi.org/10.3233/JCB-240151
https://doi.org/10.1155/2017/3247528


Irfan et al.                                                                                                                                    Journal of Drug Delivery & Therapeutics. 2025; 15(8):327-332 

ISSN: 2250-1177                                                                                           [331]                                                                                            CODEN (USA): JDDTAO 

https://doi.org/10.1038/s41420-024-02278-8 PMid:39856066 
PMCid:PMC11760946 

15. Chu WL, Lim YW, Radhakrishnan AK, Lim PE. Protective effect of 
aqueous extract from Spirulina platensis against cell death 
induced by free radicals. BMC Complement Altern Med. 2010 Sep 
21;10:53. https://doi.org/10.1186/1472-6882-10-53 
PMid:20858231 PMCid:PMC2954939 

16. Kuhad A, Tirkey N, Pilkhwal S, Chopra K. Renoprotective effect of 
Spirulina fusiformis on cisplatin-induced oxidative stress and 
renal dysfunction in rats. Renal failure. 2006 Jan 1;28(3):247-54. 
https://doi.org/10.1080/08860220600580399 PMid:16703798 

17. Kim Y. The Radiation Problem and Its Solution from a Health 
Communication Perspective. J Korean Med Sci. 2016 Feb;31 Suppl 
1(Suppl 1):S88-98. https://doi.org/10.3346/jkms.2016.31.S1.S88 
PMid:26908994 PMCid:PMC4756348 

18. Karkos PD, Leong SC, Karkos CD, Sivaji N, Assimakopoulos DA. 
Spirulina in clinical practice: evidence-based human applications. 
Evid Based Complement Alternat Med. 2011;2011:531053. 
https://doi.org/10.1093/ecam/nen058 PMid:18955364 
PMCid:PMC3136577 

19. Cook N, Hansen AR, Siu LL, Abdul Razak AR. Early phase clinical 
trials to identify optimal dosing and safety. Mol Oncol. 2015 
May;9(5):997-1007. 
https://doi.org/10.1016/j.molonc.2014.07.025 PMid:25160636 
PMCid:PMC4329110 

20. Qishen P, Guo BJ, Kolman A. Radioprotective effect of extract from 
Spirulina platensis in mouse bone marrow cells studied by using 
the micronucleus test. Toxicol Lett. 1989 Aug;48(2):165-9. 
https://doi.org/10.1016/0378-4274(89)90171-9 PMid:2505406 

21. Chamorro-Cevallos G, Garduño-Siciliano L, Martínez-Galero E, 
Mojica-Villegas A, Pages N, Gutiérrez-Salmeán G. The protective 
effect of dietary Arthrospira (Spirulina) maxima against 
mutagenicity induced by benzo[alpha]pyrene in mice. J Med Food. 
2014 May;17(5):527-34. https://doi.org/10.1089/jmf.2013.0109 
PMid:24787733 PMCid:PMC4025567 

22. Bortolini DG, Maciel GM, Fernandes IAA, Pedro AC, Rubio FTV, 
Branco IG, et al. Functional properties of bioactive compounds 
from Spirulina spp.: Current status and future trends. Food Chem 
(Oxf). 2022 Sep 19;5:100134. 
https://doi.org/10.1016/j.fochms.2022.100134 PMid:36177108 
PMCid:PMC9513730 

23. Calella P, Cerullo G, Di Dio M, Liguori F, Di Onofrio V, Gallè F, et al. 
Antioxidant, anti-inflammatory and immunomodulatory effects of 
spirulina in exercise and sport: A systematic review. Front Nutr. 
2022 Dec 14;9:1048258. 
https://doi.org/10.3389/fnut.2022.1048258 PMid:36590230 
PMCid:PMC9795056 

24. Nuszkiewicz J, Woźniak A, Szewczyk-Golec K. Ionizing Radiation as 
a Source of Oxidative Stress-The Protective Role of Melatonin and 
Vitamin D. Int J Mol Sci. 2020 Aug 13;21(16):5804. 
https://doi.org/10.3390/ijms21165804 PMid:32823530 
PMCid:PMC7460937 

25. Cannan WJ, Pederson DS. Mechanisms and Consequences of 
Double-Strand DNA Break Formation in Chromatin. J Cell Physiol. 
2016 Jan;231(1):3-14. https://doi.org/10.1002/jcp.25048 
PMid:26040249 PMCid:PMC4994891 

26. Juan CA, Pérez de la Lastra JM, Plou FJ, Pérez-Lebeña E. The 
Chemistry of Reactive Oxygen Species (ROS) Revisited: Outlining 
Their Role in Biological Macromolecules (DNA, Lipids and 
Proteins) and Induced Pathologies. Int J Mol Sci. 2021 Apr 
28;22(9):4642. https://doi.org/10.3390/ijms22094642 
PMid:33924958 PMCid:PMC8125527 

27. Green DE, Rubin CT. Consequences of irradiation on bone and 
marrow phenotypes, and its relation to disruption of 
hematopoietic precursors. Bone. 2014 Jun;63:87-94. 
https://doi.org/10.1016/j.bone.2014.02.018 PMid:24607941 
PMCid:PMC4005928 

28. Shadad AK, Sullivan FJ, Martin JD, Egan LJ. Gastrointestinal 
radiation injury: symptoms, risk factors and mechanisms. World J 
Gastroenterol. 2013 Jan 14;19(2):185-98. 

https://doi.org/10.3748/wjg.v19.i2.185 PMid:23345941 
PMCid:PMC3547560 

29. Rübe CE, Raid S, Palm J, Rübe C. Radiation-Induced Brain Injury: 
Age Dependency of Neurocognitive Dysfunction Following 
Radiotherapy. Cancers (Basel). 2023 May 31;15(11):2999. 
https://doi.org/10.3390/cancers15112999 PMid:37296960 
PMCid:PMC10252014 

30. Smith TA, Kirkpatrick DR, Smith S, Smith TK, Pearson T, Kailasam 
A, et al. Radioprotective agents to prevent cellular damage due to 
ionizing radiation. J Transl Med. 2017 Nov 9;15(1):232. 
https://doi.org/10.1186/s12967-017-1338-x PMid:29121966 
PMCid:PMC5680756 

31. Fernandes R, Campos J, Serra M, Fidalgo J, Almeida H, Casas A, et al. 
Exploring the Benefits of Phycocyanin: From Spirulina Cultivation 
to Its Widespread Applications. Pharmaceuticals (Basel). 2023 
Apr 14;16(4):592. https://doi.org/10.3390/ph16040592 
PMid:37111349 PMCid:PMC10144176 

32. Jaeschke DP, Teixeira IR, Marczak LD, Mercali GD. Phycocyanin 
from Spirulina: A review of extraction methods and stability. Food 
Research International. 2021 May 1;143:110314. 
https://doi.org/10.1016/j.foodres.2021.110314 PMid:33992333 

33. Stunda-Zujeva A, Berele M, Lece A, Šķesters A. Comparison of 
antioxidant activity in various spirulina containing products and 
factors affecting it. Sci Rep. 2023 Mar 20;13(1):4529. 
https://doi.org/10.1038/s41598-023-31732-3 PMid:36941370 
PMCid:PMC10027845 

34. Wu X, Liu Z, Liu Y, Yang Y, Shi F, Cheong KL, et al. 
Immunostimulatory Effects of Polysaccharides from Spirulina 
platensis In Vivo and Vitro and Their Activation Mechanism on 
RAW246.7 Macrophages. Mar Drugs. 2020 Oct 28;18(11):538. 
https://doi.org/10.3390/md18110538 PMid:33126624 
PMCid:PMC7692637 

35. Wołonciej M, Milewska E, Roszkowska-Jakimiec W. Trace elements 
as an activator of antioxidant enzymes. Postepy Hig Med Dosw 
(Online). 2016 Dec 31;70(0):1483-1498. 
https://doi.org/10.5604/17322693.1229074 PMid:28100855 

36. Trotta T, Porro C, Cianciulli A, Panaro MA. Beneficial Effects of 
Spirulina Consumption on Brain Health. Nutrients. 2022 Feb 
5;14(3):676. https://doi.org/10.3390/nu14030676 
PMid:35277035 PMCid:PMC8839264 

37. James SJ, Enger SM, Makinodan T. DNA strand breaks and DNA 
repair response in lymphocytes after chronic in vivo exposure to 
very low doses of ionizing radiation in mice. Mutat Res. 1991 
Jul;249(1):255-63. https://doi.org/10.1016/0027-
5107(91)90152-E PMid:2067538 

38. Sayed AEH, Hamed M, El-Sayed AAA, Nunes B, Soliman HAM. The 
mitigating effect of Spirulina (Arthrospira platensis) on the 
hemotoxicity of gibberellic acid on juvenile tilapia (Oreochromis 
niloticus). Environ Sci Pollut Res Int. 2023 Feb;30(10):25701-
25711. https://doi.org/10.1007/s11356-022-23844-6 
PMid:36346524 PMCid:PMC9995583 

39. Gargouri M, Soussi A, Akrouti A, Magné C, El Feki A. Ameliorative 
effects of Spirulina platensis against lead-induced nephrotoxicity 
in newborn rats: Modulation of oxidative stress and 
histopathological changes. EXCLI J. 2018 Mar 2;17:215-232. doi: 
10.17179/excli2017-1016. 

40. Rosa GP, Tavares WR, Sousa PMC, Pagès AK, Seca AML, Pinto 
DCGA. Seaweed Secondary Metabolites with Beneficial Health 
Effects: An Overview of Successes in In Vivo Studies and Clinical 
Trials. Mar Drugs. 2019 Dec 20;18(1):8. 
https://doi.org/10.3390/md18010008 PMid:31861879 
PMCid:PMC7024274 

41. Yu T, Wang Y, Chen X, Xiong W, Tang Y, Lin L. Spirulina platensis 
alleviates chronic inflammation with modulation of gut microbiota 
and intestinal permeability in rats fed a high-fat diet. J Cell Mol 
Med. 2020 Aug;24(15):8603-8613. 
https://doi.org/10.1111/jcmm.15489 PMid:32633894 
PMCid:PMC7412692 

42. Ge Y, Kang YK, Dong L, Liu LH, An GY. The efficacy of dietary 
Spirulina as an adjunct to chemotherapy to improve immune 

https://doi.org/10.1038/s41420-024-02278-8
https://doi.org/10.1186/1472-6882-10-53
https://doi.org/10.1080/08860220600580399
https://doi.org/10.3346/jkms.2016.31.S1.S88
https://doi.org/10.1093/ecam/nen058
https://doi.org/10.1016/j.molonc.2014.07.025
https://doi.org/10.1016/0378-4274(89)90171-9
https://doi.org/10.1089/jmf.2013.0109
https://doi.org/10.1016/j.fochms.2022.100134
https://doi.org/10.3389/fnut.2022.1048258
https://doi.org/10.3390/ijms21165804
https://doi.org/10.1002/jcp.25048
https://doi.org/10.3390/ijms22094642
https://doi.org/10.1016/j.bone.2014.02.018
https://doi.org/10.3748/wjg.v19.i2.185
https://doi.org/10.3390/cancers15112999
https://doi.org/10.1186/s12967-017-1338-x
https://doi.org/10.3390/ph16040592
https://doi.org/10.1016/j.foodres.2021.110314
https://doi.org/10.1038/s41598-023-31732-3
https://doi.org/10.3390/md18110538
https://doi.org/10.5604/17322693.1229074
https://doi.org/10.3390/nu14030676
https://doi.org/10.1016/0027-5107(91)90152-E
https://doi.org/10.1016/0027-5107(91)90152-E
https://doi.org/10.1007/s11356-022-23844-6
https://doi.org/10.3390/md18010008
https://doi.org/10.1111/jcmm.15489


Irfan et al.                                                                                                                                    Journal of Drug Delivery & Therapeutics. 2025; 15(8):327-332 

ISSN: 2250-1177                                                                                           [332]                                                                                            CODEN (USA): JDDTAO 

function and reduce myelosuppression in patients with malignant 
tumors. Transl Cancer Res. 2019 Aug;8(4):1065-1073. 
https://doi.org/10.21037/tcr.2019.06.13 PMid:35116849 
PMCid:PMC8797399 

43. Kiziltan HS, Gunes Bayir A, Taspinar O, Yucesan G, Tastekin D, 
Sonmez FC, et al. Radioprotectant and Cytotoxic Effects of 
Spirulina in Relapsed Verrucous Vulvar Cancer: A Case Report. 
Altern Ther Health Med. 2015;21 Suppl 2:68-72. 

44. Subramaiam H, Chu WL, Radhakrishnan AK, Chakravarthi S, 
Selvaduray KR, Kok YY. Evaluating Anticancer and 
Immunomodulatory Effects of Spirulina (Arthrospira) platensis 
and Gamma-Tocotrienol Supplementation in a Syngeneic Mouse 
Model of Breast Cancer. Nutrients. 2021 Jul 6;13(7):2320. 
https://doi.org/10.3390/nu13072320 PMid:34371830 
PMCid:PMC8308567 

45. Fais G, Manca A, Bolognesi F, Borselli M, Concas A, Busutti M, et al. 
Wide Range Applications of Spirulina: From Earth to Space 
Missions. Mar Drugs. 2022 Apr 28;20(5):299. 
https://doi.org/10.3390/md20050299 PMid:35621951 
PMCid:PMC9143897 

46. Ahmadvand MH, Nikzad S, Hashemi SP, Khoshghadam A, Kalhori F, 
Mirzaei F. Evaluating the Mitigation Effect of Spirulina Against 
Radiation-Induced Heart Injury. Curr Radiopharm. 
2023;16(1):78-83. 
https://doi.org/10.2174/1874471016666221027142145 
PMid:36305158 

47. Weiss JF, Landauer MR. Protection against ionizing radiation by 
antioxidant nutrients and phytochemicals. Toxicology. 2003 Jul 
15;189(1-2):1-20. https://doi.org/10.1016/S0300-
483X(03)00149-5 PMid:12821279 

48. Alam MA, Eqbal K, Ahmad I, Sofi G, Rahman MN, Alam M. The 
therapeutic importance of Oxy+: An overview. Hippocratic J Unani 
Med 2024;19:6-14. https://doi.org/10.4103/hjum.hjum_53_25 

49. Anwer R, Alam A, Khursheed S, Kashif SM, Kabir H, Fatma T. 
Spirulina: Possible pharmacological evaluation for insulin-like 
protein. Journal of applied phycology. 2013 Jun;25:883-9. 
https://doi.org/10.1007/s10811-012-9924-z 

50. Alam A, Siddiqui MA, Quamri A, Fatima S, Roqaiya M, Ahmad Z. 
Efficacy of Spirulina (Tahlab) in patients of type 2 diabetes 
mellitus (Ziabetus Shakri): A randomized controlled trial. Journal 
of Diabetes & Metabolism. 2016 Oct 1;7(10):1-5. 
https://doi.org/10.4172/2155-6156.1000710 

51. Hassan NH, ElDawy HA, Ahmed MM, Montaser SA, Harb SM. The 
possible radio-protective and anti-infertility roles of Spirulina in 
adult male mice exposed to whole body γ-Irradiation. Isotope & 
Rad. Res. 2015;47(3):315-30. 

52. Podgórska-Kryszczuk I. Spirulina-An Invaluable Source of Macro-
and Micronutrients with Broad Biological Activity and Application 
Potential. Molecules. 2024 Nov 15;29(22):5387. 
https://doi.org/10.3390/molecules29225387 PMid:39598773 
PMCid:PMC11596570

 

https://doi.org/10.21037/tcr.2019.06.13
https://doi.org/10.3390/nu13072320
https://doi.org/10.3390/md20050299
https://doi.org/10.2174/1874471016666221027142145
https://doi.org/10.1016/S0300-483X(03)00149-5
https://doi.org/10.1016/S0300-483X(03)00149-5
https://doi.org/10.4103/hjum.hjum_53_25
https://doi.org/10.1007/s10811-012-9924-z
https://doi.org/10.4172/2155-6156.1000710
https://doi.org/10.3390/molecules29225387

