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ABSTRACT: Spirulina, a polyphyletic group of algae, is known for its economically significant
products and is widely used as a dietary supplement. It is rich in essential elements and
compounds, including proteins, antioxidants, vitamins, and minerals, making it a valuable
nutritional resource. Spirulina platensis, in particular, has been extensively studied for its
nutritional richness and antioxidant properties. This article reviews Spirulina’s biochemical
composition from 2005 to 2023, using data from databases like Medline and PubMed. It focuses
on keywords such as spirulina, habitat, species, pharmacological action, toxicities, and medicinal
uses. Spirulina stands out for its exceptional protein content, amino acid composition, and
unique status as a plant-based source of vitamin B12 and essential fatty acids. It also contains
a comprehensive micronutrient profile, including easily absorbable minerals like iron, calcium,
phosphorus, and magnesium. Spirulina has various health benefits, including anti-diabetic,
cardio-protective, hepatoprotective, anti-viral, antioxidant, anti-inflammatory, and anti-cancer
activities. The research on spirulina highlights its potential as a valuable dietary supplement with
diverse health benefits. Its rich nutritional composition and pharmacological actions make it a
promising candidate for managing various ailments and enhancing overall health. Further studies
are warranted to explore its full therapeutic potential and mechanisms of action.

photosynthetic multicellular cyanobacterium (blue-green algae)
categorized in the family Oscillatoraceae, thrives in robust

Algae, characterized by their chlorophyll and often existing
in multicellular colonies with loose connections, exhibit a
polyphyletic nature.
economically significant products, widely utilized as dietary
supplements in numerous countries (Diaz et al., 2023).
Algae are renowned for their nutritional richness, providing
a wide array of essential elements including fiber, minerals,
proteins, antioxidants, pigments, lectins, polysaccharides,
polyunsaturated fatty acids, lipids, halogenated compounds,
and vitamins (Singh et al., 2023).

Research highlights the widespread use of algae-derived
natural products, not only as dietary supplements but also for
medicinal purposes. Algae are notable for their wide range of
nutraceuticals and naturally occurring pharmacologically active
compounds, which contribute to the high market value of
these products (Ruzik, 2023; J. Zhang et al., 2021). Spirulina,
a prominent member of the algae family, stands out in the
food industry due to its remarkable therapeutic attributes,
including high protein content, essential minerals, vitamins,
amino acids, and fatty acids (Ali & Saleh, 2012). Spirulina, a

These organisms are known for their
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sunlight, high temperatures, and alkaline environments. Rapid
growth characterizes its development, making it well-suited to
such conditions (Gogna et al., 2023). This photosynthesizing
cyanophyte, is widely embraced as a dietary supplement
powerhouse.  Abundant in essental fatty acids, proteins,
carotenoids, vitamin B complex, vitamin E, and minerals such
as copper, manganese, magnesium, iron, selenium, and zinc,
it serves as a nutrient-rich resource (Chandrasekara & Kumar,
2016).

Beyond its roles in food and pharmaceuticals, spirulina
presents diverse potential applications. Recent research has
unveiled that metabolites from spirulina can be utilized as
valuable raw materials for biofuels and biomaterials, offering
economic benefits. Moreover, studies indicate its efficacy in
purifying wastewater, soil, and air, addressing environmental
pollution concerns (Khavari et al., 2021). Over the past
two decades, substantial strides have been made in compre-
hending the nutritional value and applications of spirulina.
Researchers have delved into its nutritional components,
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cultivation methods, extraction techniques, and various aspects,
revealing significant progress. Numerous studies underscore
the considerable potential of spirulina in enhancing health and
treating various ailments. (Jara et al., 2018)

S. platensis, S. maxima, and S. fusiformis, among various
spirulina species, have garnered extensive investigation and are
recognized as edible sources with significant nutritional and
therapeutic value. S. platensis, notably, stands out as the
most widely used and accessible species, undergoing extensive
research in fields such as the food industry and medicine (Lies-
tianty et al., 2019). Its nutritional richness is complemented
by potent antioxidant properties attributed to spirulans sul-
phated polysaccharides, phenolic compounds, C-phycocyanin,
allophycocyanin, and selenocompounds (Beheshtipour et al.,
2012).Widely utilized in dietary supplementation, S. platensis
extracts are employed for treating and preventing conditions
like diabetes and cancer, as well as reducing blood cholesterol
and atherosclerosis.  Despite cultivation under controlled
conditions, some harmful cyanobacteria can still contaminate
it (Gogna et al., 2023).

Microalgae Spirulina’s chemical analysis reveals its remark-
able composition of macro and micronutrients, contributing
to various health benefits such as immunomodulation, anti-
cancer, antioxidant, antiviral, and antibacterial activities. It
serves as protection against malnutrition, inflammatory allergic
reactions, hypetlipidemias, obesity, anemia, toxicity caused by
heavy metals and chemicals, and radiation damage (Rutar et al.,
2022)

Initially harvested and consumed from the lakes of Mexico
and Africa, spirulina has transformed into a significant dietary
supplement, even finding application for astronauts on space
missions. According to NASA, spirulina is deemed equivalent
to 1000 kg of vegetables and fruits, emphasizing its nutritional
density and potential for space exploration (Balkrishna et al.,
2023).

Table 1

General Composition

of Spirulina..
Component Quantitity
Protein 60 - 69 %
Carbohydrate ~ 16-20 %
Lipids 5-7 %
Mlnerals 6-9 %
Moisture 2.5-6.0 %

Souce: Seghiri et al. (2019)

2. CHEMICAL COMPOSITION

Spirulina stands out as an exceptional natural source,
boasting five times the protein content of meat, making
it one of the richest protein sources available. This algae
contains a comprehensive array of necessary and optional
amino acids, offering a well-balanced amino acid composition.
The general composition of spirulina is shown in Table I.
Notably, it presents an abundant concentration of -carotene,
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a precursor to vitamin A, further contributing to its nutritional
profile (Alfadhly et al., 2022; Jung et al., 2019).

A distinctive attribute of spirulina is its status as the sole
plant-based source of vitamin B12, surpassing liver content
by 2.5 times. Additionally, it serves as a significant source
of linolenic acid, an essential fatty acid crucial for hormone
regulation and overall bodily processes. It is reported that 50-
70% of spirulina comprises substantial protein, amino acids,
minerals, fatty acids, polysaccharides, B vitamins (including
vitamin B12), 3-carotene, and iron. This makes spirulina a well-
rounded and nutrient-dense dietary supplement (Lupatini etal.,
2017).

The desiccated cell weight of spirulina comprises a notable
55-70% protein and 5-6% lipid content. Within this alga, the
proportion of polyunsaturated fatty acids (PUFAs) to total lipids
falls within the range of 1.5 to 2%. Spirulina supplements are
predominantly rich in linolenic acid, constituting 36% of the
total PUFAs (Seghiri et al., 2019).The comprehensive nutri-
tional profile of spirulina includes an array of vitamins (B1, B2,
B3, B6, B9, B12, C, D, and E), minerals (potassium, calcium,
chromium, copper, iron, manganese, magnesium, phosphorus,
selenium, and zinc), pigments (chlorophyll a, echinenone,
allophycocyanin, xanthophyll, canthaxanthin, beta-carotene,
phycobiliproteins, myxoxanthophyll, zeaxanthin, diatoxanthin,
3-hydroxyechinenone, beta-cryptoxanthin, oscillaxanthin, and
C-phycocyanin), and enzymes such as lipase (Janda-Milczarek
etal., 2023). This comprehensive composition underscores spir-
ulina’s role as a valuable and multifaceted dietary supplement.
Spirulina composition may vary according to the culturing
conditions and the methods of analysis (Priyanka et al., 2023).

3. NUTRITIONAL COMPOSITION
3.1. Protein and amino acid

Constituting 60 to 70 percent of spirulina’s dry weight,
protein stands out as a significant component. This ratio
is particularly notable when compared to the roughly 35%
found in many plant-based foods, even those acknowledged as
”good protein sources.” Notably, C-phycocyanin, a compound
comprising approximately 20% of the algae’s dry weight and
featuring phycocyanobilin, a biliverdin homolog, stands out
as one of the primary proteins in spirulina. This emphasizes
spirulina’s exceptional protein content, surpassing typical levels
found in various plant-based sources (Pawar et al., 2020; Wild
et al., 2018). Spirulina boasts high-quality protein (59-65%),
surpassing soybeans, peanuts, and grains. Its cellulose-free cell
walls aid digestion, with over 85% protein assimilation in 18
hours. Commercial spirulina powder is 60% protein, 20%
carbs, 5% fats, 7% minerals, and 3-6% moisture, offering a
low-fat, low-calorie, cholesterol-free protein source. Its amino
acid composition, resembling casein, depends on the culture
media used (Rahim et al., 2021). Spirulina sp. harbors
10 essential and 8 non-essential amino acids, with glutamic
acid leading, followed by leucine and aspartic acid. Leucine
is the highest essential amino acid, while glutamic acid tops
the non-essential ones. With a protein content of 60.96%
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of dry weight, Spirulina sp. is not only rich in protein
but also encompasses all essential and non-essential amino
acids, showcasing a remarkably high biological value for its
proteins (Rosario et al., 2015).

3.2. Lipids and Fatty acids

Lipid and fatty acid composition in microalgae, including
Spirulina, varies among strains and with culture conditions.
Lipid accumulation often rises during environmental stress,
particularly under nutrient deficiency. Microalgae show a
decrease in saturated fatty acids and an increase in highly
unsaturated fatty acids with higher NaCl concentrations (Ahda
et al., 2023). Salt-induced stress prompts morphological,
developmental, physiological, and biochemical changes in
cells, impacting respiration, mineral distribution, ion toxicity,
photosynthetic rate, and cell membrane permeability. This
stress also influences lipid content both quantitatively and
qualitatively (Bhakar et al., 2013).

Comprising approximately 5-10% of spirulina’s dry weight,
the lipid portion holds significance. Notably, the majority of
fats in this fraction are essential lipids for humans. This includes
notable amounts of gamma-linolenic, linoleic, and oleic acids,
with particular attention on gamma-linolenic acid due to its
scarcity in many foods. In fact, spirulina is regarded as the
vegetable source with the highest quantity of gamma-linolenic
acid, constituting around 20% of its total fatty acid content.
This underscores the nutritional value of spirulina in providing
essential lipids that are beneficial for human health (Can et al.,
2017; Neag et al., 2022).

4. MICRONUTRIENT PROFILE
4.1. Vitamins

Spirulina stands out for its exceptional abundance of vitamin
B12, a nutrient primarily found in foods of animal origin. This
attribute makes spirulina particularly valuable for vegans, who
typically exclude animal-derived foods. It emerges as a useful
source of vitamin B12 for individuals following a vegan diet as
depicted in Table 3 (Ismail et al., 2015; Salmedn et al., 2015).
Furthermore, it is recognized as the most enriched complete-
food source of provitamin A (carotene) and vitamin B12,
encompassing corrinoid forms, analogues, and pseudo vitamin
B12. Notably, a modest intake of just 20g of these microalgae
provides the body with all the needed vitamin B1 (thiamine), B2
(riboflavin), and B3 (niacin), emphasizing spirulina’s nutritional
density (Hoseini et al., 2013; Kumar et al., 2018; Michael et al.,
2019).

While spirulina doesn't replicate the precise functional roles
of vitamin B12 in humans, it doesn’t interfere with B12
metabolism in mammals (Jung et al., 2019). According to
a susceptible microbiological test, 36% of the vitamin B12
molecules in Spirulina spp. are functional in humans (Alfadhly
et al., 2022). Notably, S. platensis contains methylcobalamin,
a physiologically active form of vitamin B12, at concentrations
ranging from 35 to 38 g per 100 g of dry spirulina biomass. This
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Table 2
Vitamins (mg) /
100g) (Anvar & Nowruzi,

2021).
Component Quantity
B1 (Thiamine) 0.1.5-0.30
B2 (Riboflavin) 4.0 -7.0
B3 (Niacin) 10.0 - 25.0
B6 (Pyridoxine)  0.5-1.5
B12 (Analogue)  0.10 - 0.30
Folic acid 0.05-0.30
Inositol 70 -90
Vitamin K 0.90 - 1.05

underscores the potential contribution of spirulina as a source
of functional vitamin B12 for certain aspects of human
nutrition (Sow & Ranjan, 2021).

4.2. Minerals

In contrast to cereals, commonly recognized as substantial
iron sources, blue-green algae exhibit a notably higher iron
concentration, ranging from 580 to 1800 mg/kg. The absence
of a pericardium in algae eliminates phytates or oxalates that
might impede iron absorption, a characteristic absent in grains.
Notably, spirulina stands out for its elevated micronutrient
content, particularly minerals, making it an ideal dietary
supplement for vegetarians as depicted in Table 2 (Soni et al.,
2017).

Table 3
Mineral component
of spirulina
(g/kg) (Janda-
Milczarek et al.,
2023).
Component  Quantity
Tron 0.55-1.5
Calcium 1.2-15
Phosphorus 6.5-9.2
Potassium 6.8-15.7

The mineral composition of spirulina is contingent upon
its source and the environment in which it is cultivated.
Notably, spirulina exhibits levels of calcium, phosphorus, and
magnesium comparable to those found in milk. A noteworthy
distinction is its recognition as the most iron-rich food when
compared to traditional iron supplements (Michael et al.,
2019). Importantly, iron derived from spirulina demonstrates a
remarkable 60% higher absorption rate than iron from ferrous
sulfate, a common component in iron supplements. This
highlights the nutritional significance of spirulina as a natural
source of essential minerals, emphasizing calcium, phosphorus,
magnesium, and notably, highly absorbable iron (Saraswathi
& Kavitha, 2023). Spirulina encompasses a spectrum of
essential minerals and trace elements in forms readily absorbed
by the body. Potassium plays a pivotal role in regulating
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electrolyte balance, and its deficiency can lead to issues such
as heart problems and muscular collapse. Calcium, crucial
for bone and dental health, is found in Spirulina in quantities
equivalent to that in milk (Suliburska et al., 2016).Magnesium
contributes to muscle function, aids in vitamin assimilation,
and facilitates protein absorption. Manganese activates enzyme
systems, supports neurotransmitters, and assists in stabilizing
blood sugar levels. Iron, crucial for hemoglobin formation
and oxygen transport in red blood cells, is abundantly present
in Spirulina. Phosphorus, being the second most abundant
mineral in the human body, helps maintain bone density and
aids in the digestion of carbohydrates and B vitamins (Fithriani
& Sinurat, 2019).

5. PHARMACOLOGICAL ACTIONS OF SPIRULINA
5.1. Anti-diabetic effect

Spirulina demonstrates potential benefits in managing type-
2 diabetes mellitus. Lympaki et al. (2022), reported that it can
reduce fasting, postprandial blood glucose, and glycosylated
hemoglobin (HbA-1c¢) levels in diabetic individuals. In diabetic
rats, spirulina enhances the activity of hexokinase and glucose-
6-phosphatase enzymes, leading to improved plasma insulin and
C-peptide levels (Okechukwu et al., 2019).

Spirulina Platensis from Turkey has potent antidiabetic
effects, as noted by Guldas et al. (2020). It lowers
blood sugar and oxidative stress in diabetic rats, increasing
antioxidant enzyme levels (GSH-Px and SOD) by 19%
to 59%. Moreover, it reduces glucose, triglyceride, total
cholesterol levels, and malondialdehyde content by up to 56%,
indicating significant anti-hyperglycemic, anti-hyperlipidemic,
and antioxidative properties.

Rabeh et al. (2021), studied Spirulina (S. platensis) for its
effect on STZ-induced hyperglycemia and kidney impairment
in rats. Rats receiving varied Spirulina supplements showed
increased final body weight, feed efficiency, and body weight
gain compared to controls. Diabetic rats exhibited improved
insulin concentration, lower glucose levels, and better kidney
function.  Spirulina also reduced serum lipid profile and
increased glutathione peroxidase, suggesting its potential in
managing diabetic neuropathy.

Furthermore, a study by He et al. (2022), showed that
the combination of Spirulina, Grifola frondosa, and Chlorella
powders had hypoglycemic effects in type 2 diabetic mice.
This combination improved biochemical indicators, reduced
inflammation, repaired liver and intestinal damage, and
regulated intestinal flora.  Additionally, it increased the
expression of the PI3BK/AKT pathway, enhancing glucose
uptake by liver cells, potentially through SCFAs.

5.2. Cardio-protective effect

Short-term dietary supplementation with spirulina for just
10 days has been shown to have a cardioprotective effect during
ischemic events. This effect is achieved through antioxidative,
anti-inflammatory, and anti-apoptotic mechanisms, leading to
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a reduction in infarction size and improved cardiac function.
Spirulina supplementation appears to be safe and may offer a
straightforward approach to counteracting detrimental mech-
anisms triggered during ST-elevation myocardial infarction
(STEMI), potentially enhancing myocardial salvage in the
setting of myocardial infarction (MI) (Vilahur et al., 2022) In
a study, two lyophilized peptides from Spirulina digestion were
orally administered to SHR rats. The peptides were found to
reduce blood pressure for up to 8 hours after supplementation,
outperforming captopril.  This suggests that these peptides
have a longer-lasting ACE-inhibiting effect compared to cap-
topril (Suo et al., 2022). Spirulina supplementation with high-
intensity interval training reduced adipokine levels, improved
body weight/BMI, and enhanced lipid profiles, suggesting a
synergistic strategy for obesity management in males (Supriya
et al.,, 2023). Furthermore, recent research has indicated
that prolonged spirulina supplementation can alter the gut
microbiota, which in turn affects lipid metabolism and body
weight (Dinicolantonio et al., 2020)

5.3. Hepatoprotective activity

Spirulina platensis (SP) supplementation alleviated hemato-
logical abnormalities, serum liver markers, hepatic necrosis,
and inflammation, as well as dyslipidemia in rats intoxicated
with carbon tetrachloride (CCl4). Analysis revealed that SP
countered the CCl4-induced elevation in hepatic levels of Ki-67
(a marker of cell proliferation), interleukin-6, and tumor necro-
sis factor-alpha, along with the expression of cyclooxygenase-
2 messenger RNA. Importantly, SP supplementation restored
the decreased levels of the proapoptotic protein p53 in the
liver of rats treated with CCl4 (Mohamed et al., 2021) In
a wistar rat study, Spirulina extract at 9% concentration
showed significant hepatoprotective effects against d-GalN-
induced liver damage. It reversed negative effects on antioxidant
enzymes, reduced inflammatory markers, and decreased lipid
peroxidation.  Histological analysis confirmed its efficacy,
comparable to BHT, in protecting the liver (Al-Qahtani &
Binobead, 2019). Another study showed Spirulina’s effects
on hyperlipidemia and liver function in rats and humans over
two weeks. Rats were fed diets with 25% soybean oil and
25% butter to induce hyperlipidemia, with butter causing more
severe hyperlipidemia. Spirulina reduced hyperlipidemia in rats
in a dose-dependent manner. In humans, 4 gm/day of Spirulina
reduced hyperlipidemia, with effects depending on dosage and
frequency (Al-Hussaniy et al., 2023)

5.4. Anti-viral activity

Several recent studies have highlighted the potential of
natural compounds as antiviral agents against a range of
viruses. Joseph et al. (2020) found that green tea and spirulina
extracts effectively blocked the entry of SARS-, MERS-, and
SARS-CoV-2 pseudotyped viruses, suggesting their potential
against emerging coronaviruses. Garcia-Ruiz et al. (2022)
demonstrated that Spirulina powder inhibited SARS-CoV-2
infection, even at higher viral inoculum levels, indicating its

Natural Resources for Human Health 2024,4,277-286 | 280


https://doi.org/10.53365/nrfhh/188021

Gaur et al.

potency as a therapeutic candidate for COVID-19.
5.5. Antioxidant activity

Spirulina demonstrates robust antioxidant activity both in
vitro and in vivo, as evidenced by multiple studies. In Swiss
albino mice, S. fusiform protects against oxidative stress induced
by mercuric chloride. The presence of mercuric chloride
(4.5 mg/kg body weight IV) in spirulina has been shown to
enhance lipid peroxidation by reducing glutathione and other
antioxidant enzymes in the liver. Spirulina supplementation has
been reported to effectively reduce oxidative stress (Ebid et al.,
2022; Guldas et al., 2020).

Recent studies have explored the antioxidant potential
of fresh spirulina-containing products, revealing synergistic
interactions with other ingredients that enhance antioxidant
activity and prolong shelf life (Stunda-Zujeva et al., 2023).
Incorporating Spirulina into food products, such as probiotic
labneh, not only improves nutritional content but also increases
antioxidant activity and probiotic viability, offering a promising
functional food option (Chlorophyll a, carotenoids) (Bortolini
etal., 2022).

5.6. Anti-bacterial activity

Several studies have explored the antimicrobial and antiox-
idant potential of Spirulina platensis extracts. Abdel-Moneim
et al. (2022) assessed the extracts efficacy against various
pathogens, with Klebsiella pneumoniae exhibiting the highest
sensitivity. Conversely, Proteus vulgaris displayed the lowest
susceptibility.

Safari et al. (2020) isolated and purified C-Phycocyanin (C-
PC) from Spirulina platensis using lyzosyme and ammonium
sulfate precipitation. They evaluated its antioxidant properties
using DPPH radical-scavenging activity, FRAP, and Fe2+-
chelating activity, and found significant antioxidant activity.
Antibacterial activity against Escherichia coli, Staphylococcus
aureus, Listeria monocytogenes, Streptococcus iniae, and Yersinia
ruckeri was also demonstrated, with L. monocytogenes being
most sensitive and S. iniae the most resistant. MIC and
MBC values indicated moderate antibacterial activity of C-
PC (Bellahcen et al., 2019). These findings underscore the
potential of Spirulina platensis extracts and C-PC as natural
antimicrobial and antioxidant agents.

5.7. Anti-cancer activity

A water extract of commercial Spirulina exhibited significant
anticancer effects on A549 lung carcinoma cells, inducing
apoptosis, inhibiting cell cycle progression, and modulating key
proteins involved in cell proliferation and survival. Importantly,
the extract showed no cytotoxicity to normal human skin
fibroblasts (Silva et al., 2021).

Phycocyanin isolated from Spirulina platensis showed anti-
cancer activity against HepG-2 cell lines, with dose-dependent
inhibition of a-amylase and [(-glucosidase enzymes. Addi-
tionally, it exhibited anti-inflammatory effects, suggesting its
potential as a natural therapeutic agent (Prabakaran et al.,
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2020). Spirulina platensis extracts demonstrated significant
cytotoxic effects against L20B and MCF7 human cancer
cell lines, with the presence of various bioactive compounds
suggesting its potential as a source of anticancer agents (Tajvidi
et al., 2021). A combination of gamma-tocotrienol (yT3)
and Spirulina showed a significant reduction in tumor volume
in a mouse model of breast cancer. While both 4T3 and
Spirulina individually modulated immune cell populations, the
combination treatment did not show synergistic anticancer
effects (Subramaiam et al., 2021).

Spirulina offers antioxidant,
immune-boosting effects. It also shows promising effect
in fighting infections, managing diabetes, and reducing
cholesterol.  Additionally, It aids in detoxification, making
it a valuable dietary supplement as tabulated in Table 4.

anti-inflammatory, and

6. TOXICITY PROFILE OF SPIRULINA
6.1. Heavy metal

Various metals induce oxidative stress, resulting in tissue
damage. To counteract the detrimental effects of free radicals in
aerobic organisms, both endogenous and synthetic antioxidants
play a crucial role. Endogenous substances such as nitric oxide
(NO), reduced glutathione (GSH), and superoxide dismutase
(SOD) function as protective mechanisms (F. Zhang et al.,
2020).

In the subsequent sections, we delve into specific examples
illustrating how spirulina demonstrates protective properties
against metal poisoning. Through its antioxidant mechanisms,
spirulina showcases its potential in mitigating the harmful
impact of metals on biological tissues, offering a promising
avenue for addressing oxidative stress-related damage.

6.1.1 Lead

Spirulina supplement demonstrates protective, antioxidant,
and anti-apoptotic effects against lead acetate-induced hepatic
damage in rats. Both low and high doses of Spirulina effectively
improve biochemical parameters and prevent lead-induced
changes in plasma and liver antioxidant status (El-Tantawy,
2016).Spirulina emerges as a protective agent against lead and
cadmium toxicity, exhibiting its eflicacy in various cell types,
including T lymphocytes, RBCs, WBCs, and reticulocytes.
Notably, its metal-binding capabilities prove instrumental in
improving iron and hemoglobin metabolism in rats subjected
to lead toxicity (Al-Dhabi, 2013). These findings suggest that
Spirulina could be a valuable dietary supplement for mitigating
the harmful effects of lead toxicity on the liver.

6.1.2 Cadmium

Cadmium instigates an imbalance in the antioxidant-
peroxidant system by depleting thiol groups, initiating the
generation of reactive oxygen species (ROS) in tissues. This
disruption ultimately leads to the inhibition of antioxidant
defense enzymes. ROS, encompassing hydrogen peroxide,
hydroxyl radical, and peroxyl radical, are produced and
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Table 4
Biological Response of Spirulina.
Biological Activity Specific Effects Bioactive Compounds References
Anti- Cancer Damaged DNA repairing Induction Se-enriched Spirulina Subramaiam et al. (2021)
of G1 cell cycle arrest,
mitochondria-mediated apoptosis in
MCEF-7 human breast carcinoma
Antiviral It can inhibit HIV-1 replication. sulphated polysaccharide calcium Mader et al. (2016); Sibiya et al.

Exhibits anti-herpes and anti-human
immunodeficiency virus activity both
in vitro and ex vivo.

Anti- Bacterial supercritical fluid extraction

Reduce CCl(4)-induced lipid
peroxidation It has ability to stop
hepatic stellate cells’ (HSCs) growth

Antioxidant

Cardio-protective an essential fatty acid that can inhibit
the build-up of cholesterol. inhibits
atheroma and reduces oxidative stress
and NADPH oxidase. prevents
platelet aggregation by preventing
calcium from being mobilised.

Anti- Diabetic Enhance the lipid profiles and

glycosylated haemoglobin (HbA(1c).

spirulina (2022)

linolenic acid

B and F (2018)

C-Phycocyanin (from S. platensis) Grover et al. (2021)

Bannu et al. (2019); Blas-Valdivia et
al. (2022)

gamma-linolenic acid (GLA)
Phycobiliprotein C-phycocyanin
C-phycocyanin

Spirulina supplementation (2 g/day
for 2 months)

Oriquat et al. (2019)

eliminated by acrobic organisms, posing susceptibility to
proteins, lipids, lipoproteins, and DNA.S. Platensis, abundant
in antioxidant compounds, emerges as a potential defender
against cadmium-induced oxidative stress. Its capacity to
enhance antioxidant enzyme activity, including superoxide
dismutase and GSH peroxidase, is noteworthy. Additionally,
it is reported to possess actions that counter lipid peroxidation

and scavenge free radicals (Bhattacharya, 2020; Pérez-Alvarez et
al., 2021).

6.1.3 Iron

Iron emerges as a prominent contributor to oxidative
stress, triggering the deterioration of brain cells and impeding
their functions.
processes induces oxidative stress, marked by the production
of reactive oxygen species. Iron poisoning, characterized by
cellular necrosis, significantly elevates the release of lactate
dehydrogenase (LDH). The phycocyanin content in spirulina
extract demonstrates a stimulatory effect against antioxidant
enzymes crucial in safeguarding humans from the detrimental
impact of reactive oxygen species. Notably, this includes
glutathione peroxidase and reductase (Mohanty & Samanta,
2018; Sagara et al., 2015).

Its interaction with various intermittent

7. CONCLUSION

In conclusion, spirulina, a cyanobacterium belonging to the
family Oscillatoraceae, has established itself as a nutritional
powerhouse with diverse applications. Its rich composition of
essential elements, including proteins, vitamins, minerals, and
antioxidants, positions it as a valuable dietary supplement with
potential therapeutic benefits. Spirulina’s unique attributes,
such as being a plant-based source of vitamin B12 and
possessing substantial protein content, make it particularly

natural resources for human health

beneficial for individuals following vegan diets (Wang et al.,
2023).

The algae’s remarkable capacity to thrive in robust sunlight,
high temperatures, and alkaline environments contributes to its
rapid growth, making it a versatile and sustainable resource.
Beyond its roles in food and pharmaceuticals, spirulina
exhibits promising applications in biofuel and biomaterial
production, as well as environmental remediation, showcasing
its multifaceted utility. S. platensis, S. maxima, and S. fusiformis,
among various spirulina species, have been extensively studied
for their nutritional and therapeutic value. Notably, S. platensis,
the most widely used species, is recognized for its nutritional
richness and potent antioxidant properties attributed to various
compounds such as C-phycocyanin, polysaccharides, and
phenolic compounds (Mutanda et al., 2020). The compre-
hensive nutritional profile of spirulina, encompassing macro
and micronutrients, underscores its role in addressing various
health concerns, including immunomodulation, anticancer,
antioxidant, antiviral, and antibacterial activities (Silva et al.,
2021). Spirulina has demonstrated promising pharmacological
actions, contributing to its potential in managing conditions
such as diabetes, cardiovascular diseases, and liver-related issues.

Moreover, spirulina’s ability to protect against heavy metal
toxicity, including lead and cadmium, further highlights
its significance in combating environmental pollutants. Its
antioxidant mechanisms play a crucial role in mitigating
oxidative stress induced by iron, showcasing its potential in
preserving brain cell functions.

Despite the promising attributes of spirulina, it is essential
to consider potential variations in its composition based on
cultivation conditions and analysis methods. Additionally,
ongoing research continues to unravel new dimensions of
spirulina’s applications and benefits, emphasizing the need for
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sustained exploration into its diverse therapeutic potentials.
Overall, spirulina stands as a resilient, nutrient-dense, and
environmentally valuable resource with substantial implications
for human health and well-being.
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