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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
*For Correspondence: phycocyanin, 3-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.
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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.
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1. Introduction immunomodulatory properties 4. lonizing radiation
generates reactive oxygen species (ROS), which attack
cellular macromolecules, including lipids, proteins, and
nucleic acids®. This results in lipid peroxidation, protein
denaturation, and DNA strand breaks, ultimately leading
to cell death or carcinogenesis . 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.

Radiation exposure, whether from medical treatments,
occupational hazards, nuclear accidents, or cosmic rays,
poses significant health risks to humans 1. lonizing
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

ISSN: 2250-1177 [327] CODEN (USA): JDDTAO


http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v15i8.7347
https://crossmark.crossref.org/dialog/?doi=10.22270/jddt.v15i8.7347&amp;domain=pdf

Irfan et al.

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 wuse °. 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 (4,
C, E, and B-complex), and minerals such as iron, zinc, and
selenium 12, It is also a rich source of phycocyanin, -
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 f3-
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 1516,

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 1°.

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.
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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 % 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 (4, C, and E), minerals (iron, selenium,
and zinc), essential fatty acids, and bioactive compounds
such as phycocyanin, 3-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 2°.

Oxidative Stress: Increased ROS levels result in lipid
peroxidation, protein oxidation, and mitochondrial
dysfunction 2.

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.

B-Carotene and Other Carotenoids

Spirulina is rich in B-carotene and other carotenoids,
which function as natural antioxidants % These
compounds neutralize ROS, prevent lipid peroxidation,
and support DNA repair mechanisms. -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 “.

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

4. Experimental Evidence of
Radioprotective Effects

Spirulina’s

In Vitro Studies

Several in vitro studies have demonstrated Spirulina’s
effectiveness in protecting cells from radiation-induced
oxidative stress and DNA damage 3¢. 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 3°.

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 1.

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 4344,

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 5.

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 4°.

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 5051,

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.
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