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Abstract

Background: Spirulina platensis is a cyanobacterium with significant bioactive potential. This study
evaluated the antibacterial and cytotoxic properties of the aqueous and methanolic extracts and explored
associated changes in gene expression. The antibacterial activity of both extracts was tested against Gram-
positive (Bacillus cereus, Listeria monocytogenes) and Gram-negative (Klebsiella sp., Salmonella sp.,
Escherichia coli) bacteria. The cytotoxic effect was determined in human hepatocellular carcinoma (HepG-2)
and colorectal adenocarcinoma (Caco-2) cells using the MTT assay after 24 and 48 hours. Quantitative reverse
transcription polymerase chain reaction (QRT-PCR) was used to evaluate the expression levels of RAF, LC3,
and P53 genes. Results: At 500 mg/mL, the aqueous extract showed the most potent antibacterial activity,
with the largest inhibition zone against L. monocytogenes, followed by Klebsiella sp. Cytotoxicity was time-
and concentration-dependent. Cytotoxicity reached its highest level in the aqueous extract after 72 hours, with
the 500 pg/mL concentration showing a 77.5% inhibitory effect on HepG-2 cells and the 250 pg/mL
concentration showing a 70% inhibitory effect on Caco-2 cells. For the methanolic extract, the maximum
cytotoxic effect was observed after 72 hours, with the 125 pg/mL concentration showing a 72% inhibitory
effect on HepG-2 cells. Gene expression analysis revealed that both extracts markedly upregulated RAF, P53,
and LC3 after 72-hour treatment. The aqueous extract induced the highest P53 expression, while the
methanolic extract triggered the most remarkable LC3 upregulation.

Conclusion: Taken together, our findings highlight the differential bioactivity of S. platensis extracts. The
aqueous extract demonstrated superior antibacterial and cytotoxic activity. Both extracts could modulate key
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genes involved in stress response, apoptosis (P53), and autophagy (LC3), suggesting potential mechanisms

for their observed effects.

Keywords: S. platensis, aqueous extract, methanolic extract, HepG-2, Caco-2, Apoptosis

1. Introduction

Spirulina platensis (Arthrospira) is a free-floating
filamentous  spiral-shaped  blue-green  algae
(cyanobacteria) that grows in alkaline water. Its
structure is simple, but its composition is complex
(1). Spirulina contains a diverse array of bioactive
compounds and has emerged as a nutraceutical (2).
Numerous studies support the assertion that
Spirulina contains a high quantity of primary and
secondary metabolites, which are beneficial for
health maintenance. The species acts as a major
source of protein, accounting for 55-70% of its dry
weight. Apart from that, Spirulina is rich in lipids,
vitamins (B, D, E, and ascorbic acid), and minerals,
including major ions such as potassium, calcium,
chromium, copper, iron, magnesium, manganese,
phosphorus, selenium, sodium, and zinc. The other
components found in Spirulina are pigments such as
chlorophyll a, xanthophyll, B-carotene, zeaxanthin,
and phycobiliprotein
phycocyanin [CPC] and allophycocyanin [APC]) (3,
4). Due to its high nutritional value and therapeutic

complexes (mainly C-

properties, Spirulina has become very popular as a
dietary supplement (5). In addition, NASA asserts
that the nutritional value of 1 kg of Spirulina is equal
to that of 1000 kg of fruits and vegetables (6).

Several research articles highlighting the positive
influence of Spirulina on various fronts have been
published in recent years. The number of published
articles showing the effect of Spirulina or its
derivatives on human health indications is rising
each year. Species like Saccharina platensis or S.
platensis have demonstrated several therapeutic
effects such as prevention of cancer, lowering blood
cholesterol, reducing nephrotoxicity caused by
drugs and toxic metals, and providing protection
against radiation damage (1). In addition to this, high
levels of S. platensis extracts have shown potential

for being used as antibacterial agents. Articles (7)
and (8) have revealed that Gram-positive bacteria
are more sensitive to the effects of S. platensis
extract than Gram-negative bacteria.

With rising incidence and mortality rates, cancer
causes millions of deaths annually, making it a
serious threat to world health (9). The World Health
Organization (WHO) has, in fact, projected that
there will be a substantial rise in cancer-related
deaths and cases by 2030, with an estimated 13
million deaths and 21 million new cases per year
(10).

Liver cancer is a significant health problem around
the world. It ranks fifth amongst the most frequent
cancers and fourth as the cause of death due to
cancer globally. Hepatocellular carcinoma (HCC) is
the most frequent type of liver
Chemotherapy may work well, but it can also have
negative effects on healthy tissues. Colorectal cancer
is the third leading cause of death from cancer
amongst adults. In 2022, there will likely be 52,580
fatalities and 106,180 new cases (14). Even with
improved results from new treatments, the five-year
relative survival rate remains low (15). Natural
products have highly beneficial properties due to

cancer.

their wide chemical diversity, low toxicity, favorable
safety profiles, and availability. S. platensis-derived
peptides showed anti-proliferative properties on
cancer cells with low cytotoxicity on healthy cells,
indicating that they could be used as a natural
anticancer drug in the pharmaceutical and

nutraceutical industries (16).

Accordingly, a novel method for treating bacterial
infections and/or cancerous cells has been developed
utilizing S. platensis extracts. Thus, in the current
study, aqueous and methanolic extracts of S.
platensis were evaluated for antibacterial activity


https://portal.issn.org/resource/ISSN/3062-5807

Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.62-80

against both Gram-negative (Klebsiella, Salmonella,
and Escherichia coli) and Gram-positive (Bacillus
cereus and Listeria) bacteria. The anticancer
activities against human hepatocellular carcinoma
(HepG-2) and colorectal adenocarcinoma (Caco-2)
cell lines were also examined. Expression of certain
genes participating in cell survival [Rapidly
Accelerated Fibrosarcoma (RAF)], autophagy
[Microtubule-associated protein 1A/1B-light chain 3
(LC3)], and apoptosis (P53) expressions) were
measured. To the best of our knowledge, no
previous study has
methanolic extracts in HepG-2 and Caco-2 cell lines

compared aqueous and

and examined genetic alterations in genes involved
(RAF), apoptotic (P53), and
autophagy (LC3) pathways.

in the survival

2. Materials and Methods

2.1. Preparation of S. platensis extracts:

The Blue-Green Alga S. platensis used in the present
study was obtained from Biotech Egypt. Aqueous
and methanolic extracts were prepared as previously
described by (17) with some modifications. S.
platensis was separated from the growth medium by
using centrifugation at 7000 rpm for 2.30 minutes at
20°C. After that, the pellet was left in a Petri dish to
dry in an oven at 37 °C for 3 days. The agueous
solution of S. platensis extract was prepared by
dissolving 10 gm of dried S. platensis powder in 100
mL of distilled water.

In comparison, the methanolic extract was then
prepared by dissolving 10 gm of dried S. platensis
powder in 100 mL of 90% methanol. The two
extracts (aqueous and methanolic) were left in a
shaker at 30°C for 24 hr, then filtered using filter
paper. The filtrates were incubated in the oven at
37°C for 24 hr to evaporate the solvents. The dried
aqueous and methanolic extract powders were stored
at -20°C. The stock solution of the aqueous extract of
Spirulina platensis was prepared by dissolving 5 g of
dried powder in 10 mL of distilled water. The stock
solution of the methanolic extract was made by
dissolving 5 g of dried powder of methanolic extract
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in 10 mL of 5% DMSO. Aqueous and methanolic
extracts were prepared from 10 g of S. platensis in
amounts of 2.52 g and 1.008 g, respectively.

2.2. Antimicrobial activity of S. platensis extracts:
Bacterial strains were obtained from the Egyptian
Microbial Identification Center (EMIC), FBT, USC,
Egypt. The Gram-positive bacterial isolates (Listeria
monocytogenes and Bacillus cereus) were cultured
on nutrient agar in Petri dishes, while the Gram-
negative isolates (Klebsiella sp., Salmonella sp., and
Escherichia coli) were cultured on appropriate
media. Klebsiella sp. was cultured in Petri dishes on
nutrient agar medium; Salmonella sp. was cultured
in Petri dishes on S.S. medium; while E. E. coli was
cultured on TBX agar in a Petri dish. All strains
were incubated at 37°C until separate colonies were
obtained. Bacterial inoculum was prepared by
adding a loopful of test bacterial strains into 20 mL
of Nutrient broth, which was then incubated at 37°C
overnight until moderate turbidity developed.

A layer from each bacterial suspension was spread
on agar plates using the same medium used to grow
the bacterial strains' colonies, with a sterile cotton
swab, and the plates were kept dry. The antibacterial
activity of S. platensis was assessed using the disc
diffusion method (18). Six milliliter paper discs were
produced and sterilized. Serial dilutions of 500, 400,
300, 200, and 100 mg/mL were prepared from
aqueous and methanolic extract stock solutions for
the antibacterial assay, and 20 pL of each dilution
was added to the paper discs. In parallel, 20 pL of
distilled water (as a control for aqueous extract) and
20 uL of DMSO (as a control for methanolic extract)
were used.

2.3. Anticancer activity of S. platensis extracts:
The human colon carcinoma (Caco-2) and
hepatocellular carcinoma (HepG-2) cell lines were
obtained from the American Type Culture
Collection (ATCC, Rockville, MD, USA). In 75 cm?
tissue culture flasks, cells were grown in RPMI-1640
medium enriched with 10% heat-inactivated fetal

bovine serum free of virus and mycoplasma, 10 mM
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N-2-hydroxyethylpiperazine-N'-2-ethane  sulfonic
acid (HEPES), (100 pg/mL
streptomycin and 100 units/mL penicillin). In a
humidified incubator with 5% water and 95% air,
cell cultures were kept at 37°C. Every 48 hours, the
media was replaced. Trypsin/EDTA (1X) solution
was used to detach confluent monolayer cells
(=90%) for subculturing. To examine the cytotoxic
activity of S. platensis extracts, HepG-2 and Caco-2
cells were cultured in flat-bottom 96-well microtiter
plates (200 pL/well) in complete RPMI-1640
medium at 37°C to allow cells to settle. The
following day, monolayer cells were treated with
serial concentrations (4000, 2000, 1000, 500, 250,
125, 62.5 pg/mL) prepared from aqueous and
methanolic extract stock solutions for 24 hours, 48
hours, and 72 hours. Cells supplemented with
complete culture media served as untreated negative
controls.

and antibiotics

S. platensis extracts cytotoxicity was assessed by the
ability of living cells to reduce the vyellow
tetrazolium salt [(3-(4,5-dimethylthiazol-2-yl)-2,5-
bromide) MTT]  via
mitochondrial dehydrogenase enzymes, creating

diphenyltetrazolium

crystals of the insoluble purple formazan that were
dimethylsulfoxide (DMSQO), as
mentioned earlier by (19). The medium was
removed after incubation, and MTT was added. The
purple formazan crystals were dissolved using

dissolved in

DMSO. The absorbance was measured at 570 nm
(SunriseTM, Tecan Group Ltd., Switzerland). The
viability percentage was calculated by dividing the
average absorbance value of the treated sample by
the average absorbance value of the negative control
group and multiplying the result by 100. All the
chemicals were purchased from Sigma (Sigma
Chemical Company, USA), while cell culture
reagents were supplied by Biowest (Nuaillé,
France), unless otherwise specified. The maximal
toxicity effect of the concentrations of both extracts
was used for the analysis of gene expression.
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2.4. Analyzing the expression of apoptotic and
antiapoptotic genes

2.4.1. RNA Isolation

Hep-G2 or Caco-2 cancer cells suspended in
complete RPMI-1640 medium were added in
triplicate to 6-well flat-bottom cell culture plates and
treated with S. platensis extracts.
cytotoxicity results, the best concentration and
duration (gene expression experiment) were
selected. Following the manufacturer's guidelines,
TRIzol reagent (Invitrogen, Fisher
Scientific) was used to extract total RNA from
treated cells. A NanoDrop?®® spectrophotometer
(Thermo Fisher Scientific) was used to measure the
quality and quantity of the purified RNA. For further
analysis, RNA samples having A260/A280 ratios of
1.8-2.0 were utilized. Additionally, 1% agarose gel
electrophoresis was used to confirm RNA integrity.

Based on

Thermo

2.4.2. cDNA Preparation

The TOPscript RT Dry MIX (dT18/dN6 plus) kit
(Enzynomics, Life Technologies (India) Pvt. Ltd.)
was used to synthesize complementary DNA
(cDNA) from total RNA, following the
manufacturer's guidelines. RNase/DNase-free water
was used to dissolve the RT dry Mix pellet. A total
of 20 pL of nuclease-free water, 10 pL of RT Mix,
and 1 pug of RNA make up the reaction mixture. The
reverse transcription reaction was conducted using
the following thermal profile: 25°C for 10 minutes,
42°C for 60 minutes, and 95°C for 5 minutes. The
generated cDNA was stored at -20°C for subsequent
PCR analysis.

2.4.3. Quantitative Real-Time PCR (QRT-PCR)

In a 20 pL reaction, the TOPrealTM gPCR 2X
PreMIX (SYBR Green with low ROX) PCR Kit was
used to perform gRT-PCR in compliance with the
manufacturer's instructions. The primer sequences
for RAF, LC3, and P53 detection are shown in Table
1. The following were the PCR cycles: 1 cycle for
10 minutes at 95°C, followed by 40 cycles of 10
seconds at 95°C, 34 seconds at 60°C, and 30 seconds
at 72°C. The AriaMx Real-Time PCR System
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(Agilent Technologies) was used to conduct the
reaction. The experiments were done in triplicate for
each sample. B-actin was the housekeeping gene
used for normalization. The technique calculates
fold differences in gene expression by comparing the
cycle threshold (CT) values of target genes with
those of the housekeeping gene (B-actin) and
subsequently with controls. The 2°2A¢D method
(24) was used to determine gene expression levels.
Experiments were conducted in triplicate, and the
results were expressed as fold change relative to
untreated control cells.

2.5. Statistical Analysis
To ensure accuracy and reproducibility, each MTT
assay was carried out in 96-well plates with six
replicates per concentration and time point, while
RT-PCR analyses were performed in triplicate. Data
are presented as mean * standard error (SE).
Statistical evaluations were performed using IBM
SPSS Statistics (version 21.0; SPSS, Inc., Chicago,
IL, USA). Comparisons among multiple groups
were conducted using one-way analysis of variance
(ANOVA), followed by Tukey’s post-hoc test for
pairwise comparisons. A significance level of *p* <
0.05 was considered statistically significant.

3. Results

3.1 Antibacterial activity of S. platensis extracts:
Inhibition zones were measured to estimate the
antibacterial activity of S. platensis aqueous and
methanolic extracts against different bacterial
strains, as reported in Table 2. The bacterial
inhibition zone of S. platensis agqueous extract
ranged from 8 mm to 33 mm in Gram-positive
bacteria. The 500 mg/mL concentration showed the
largest inhibition zones against all bacterial strains,
with the largest (33 mm) against the Gram-positive
Listeria. The bacterial inhibition zone of S. platensis
methanolic extract ranged from 0 mm to 12 mm. As
shown in the aqueous extract, 500 mg/mL showed
the largest inhibition zones against all bacterial
strains, with the largest (12 mm) against the Gram-
positive Listeria.

of He
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Concerning the Gram-negative bacteria, the
bacterial inhibition zone of S. platensis agqueous
extract ranged from 9 mm to 25 mm. The 500
mg/mL concentration showed the largest inhibition
zones against all bacterial strains, with the largest
(25 mm) against Klebsiella. The bacterial inhibition
zone of S. platensis methanolic extract ranged from
0 mm to 12 mm. The largest inhibitory zone against
all bacterial strains was obtained at 500 mg/mL in
the aqueous extract, with the largest (12 mm) against
E. coli.

3.2. Effect of S. platensis extracts on the viability
pG-2 cells:

The dose-response curves for S. platensis extracts in
HepG-2 cells at different time points are shown in
Figures 1 and 2. Aqueous extract of S. platensis
demonstrates a degree of cytotoxicity in nearly all
concentrations and all time intervals. After 24 hr, the
compound has a significant inhibitory effect,
reducing viability by 27-47% across all tested
concentrations. The plateau at higher doses suggests
that the highest effect for a 24hr exposure has been
reached. Concentrations from 1000 pug/mL down to
500 pg/mL show the most potent effect, killing
nearly 80% of the cells (viability ~22%). As the
concentration increases from 62.5 pug/mL to 4000
pg/mL, viability generally increases (from 42.6% to
51.1%), indicating that cytotoxicity effect is
inversely proportional to the dose. At 500 pg/mL,
the greatest cytotoxic effect was seen after 72 hours
(77.5% cytotoxicity). This is an extremely powerful
molecule, as evidenced by the fact that the lowest
dose (62.5 pg/mL) still kills more than half of the
population after 72 hours (58%).

However, the treatment of HepG-2 cells with the
methanolic extract is dose- and time-dependent. At
24 hr, most of the concentration augments cell
division, leading to an elevation in cell viability.
Extreme stimulation of viability is observed at high
concentrations: 169.8% at 4000 pg/mL and 133.3%
at 250 pug/mL. Most other concentrations are near or
above 100% viability. This elevation is diminished
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by time, with a reduction in viability (51.8%) by 48
hr reaching the maximum cytotoxic effect after 72 hr
incubation (72% cytotoxicity) at a concentration of
125 pg/mL. The effect of S. platensis extract on the
viability of HepG-2 cells was shown in Figure 3.

3.3. Effect of S. platensis extracts on the viability
of Caco-2 cells:

The dose-response curves for S. platensis extracts on
Caco-2 cells at different time intervals are illustrated
in Figures 4 and 5. The effect of the aqueous extract
of S. platensis on the viability of Caco-2 cells
revealed that a high concentration (4000 pg/mL)
increased cell rather than causing
cytotoxicity. Viability values are clustered between
~71% and 94%. For instance, 500 pg/mL is the
highest (94.6%), while 250 pg/mL is the lowest
(71.2%). Very low cytotoxicity was observed after
24 hr and 48 hr of incubation. Concentrations
between 125 pg/mL and 2000 pg/mL  show
substantial cytotoxicity (30.4%-70.0%) after 72
hours, with 250 pg/mL being the most potent (70.0%
cytotoxicity) (Figure 6).

viability

Alternatively, the methanolic extract showed
transitions from being largely non-toxic at 24 hr to
showing a potent, time-dependent, and complex
biological effect by 72 hr. At 24hr, viability is high
(>83%) at most concentrations, then a dramatic shift
occurs after 48 hr, with viability dropping as
concentration increases (from 52% to 86%). The
highest concentration (4000 pg/mL) shows 196%

viability, and the lowest (62.5 pg/mL) shows 128%
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viability. The middle concentrations (125 pg/mL,
500 pg/mL) show potent inhibition (43%, 56%). The
highest level of cytotoxicity was observed at 125
pHg/mL(57%) at 72 hr.

3.4. Effect of S. platensis
apoptotic/antiapoptotic gene expression:
Compared with the HepG-2 untreated control cells
(CM), incubating the cells for 72 hr with the aqueous
extract (500ug/mL) caused a massive increase in
RAF expression (~38.62), while the methanolic
extract (125 pg/mL) also increased it substantially
(~20.56). The aqueous extract moderately increased
LC3 (~16.48-fold) vs. CM; the methanolic extract
caused a huge increase (~41.31). Regarding P53,
both extracts strongly increased P53 expression
compared to the control (~48.3- and ~26.75-fold
increases for the aqueous and methanolic extracts,
respectively). Collectively, incubation of HepG-2
cells with S. platensis aqueous (500 pg/mL) and
methanolic (125 pg/mL) extracts for 72 h induces
RAF, LC3, and P53 production, with the maximum
expression level of LC3 by the methanolic extract,
while the maximum amount of P53 is produced in
response to the aqueous extract.

extracts on

Treating Caco-2 cells for 72 hr with aqueous extract
(250 pg/mL) strongly downregulated RAF and LC3,
greatly upregulating P53 (~8.9-fold)
compared to the Caco-2 untreated cells (CM). In
contrast, methanolic extract (125 pg/mL)
upregulated RAF (~1.76-fold) and LC3 (~4.4-fold)
and downregulated P53 relative to the culture.

while
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Table 1. Primer sequences used in gene expression detection
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Primer Sequence References
Raf-1 sense 5’>-TTTCCTGGATCATGTTCCCCT-3’ (20)
Raf-1 antisense 5’>-ACTTTGGTGCTACAGTGCTCA-3’
LC3 sense 5-ATCATCGAGCGCTACAAGGGTGA-3' (21)
LC3 anti-sense 5-GGATGATCTTGACCAACTCGCTCAT-3'
P53 sense 5’-TCAGATCCTAGCGTCGAGCCC-3’ (22)
P53 anti sense 5’-GGGTGTGGAATCAACCCACAG-3’
[3-actin sense 5’-GAGACCTTCAACAACCCAGCC-3 (23)
[-actin antisense 5’-GGATCTTCATGAGGTAGTCAG-3’
24hr 48hr
] p—

1w L 10000 1000,

72hr

Figure 1. The dose-response curves for Spirulina platensis aqueous extracts on HepG-2 cells
at different time intervals. (Each point represents the mean of 8 wells).
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Figure 2. The dose-response curves for Spirulina platensis methanolic extracts on HepG-2 cells at
different time intervals. (Each point represents the mean of 8 wells).
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Figure (3). Effect of aqueous and methanolic extracts of S. platensis on the viability of HepG-2 cells. Cells
were treated with several concentrations (62.5-4000 pug/mL) for different time intervals (2hr, 48hr and72 hr),
and cell toxicity was measured by MTT assay.
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Figure 4. The dose-response curves for Spirulina platensis aqueous extracts on Caco-2-2 cells
at different time intervals. (Each point represents the mean of 8 wells).

24hr 48hr

72hr

Figure 5. The dose-response curves for Spirulina platensis methanolic extracts on Caco-2 cells
at different time intervals. (Each point represents the mean of 8 wells).
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Figure (6). Impact of Spirulina platensis methanolic and aqueous extracts on Caco-2 cell viability.
Cell toxicity was measured using the MTT assay after cells were treated with various doses (62.5—

4000 pg/mL) for different durations (24, 48, and 72 hours).
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Table (2): Antibacterial activity of Spirulina aqueous and methanolic extracts

Extract concentration (mg/ml)

100 200 300 400 500

Bacterial Strain Aqueous Extract

Inhibition zone (mm)

Gram-positive Listeria monocytogenes 22 25 27 29 33
Bacillus cereus 8 9 10 11 12
Gram-negative Klebsiella sp. 15 17 19 23 25
Salmonella sp 9 10 11 11 12
Escherichia coli 10 11 13 14 15

Methanolic Extract
Inhibition zone (mm)

Gram-positive Listeria monocytogenes 8 9 9 10 12
Bacillus cereus 0 5 7 8 10
Gram-negative Klebsiella 8 8 8 9 9
Salmonella 0 8 9 10 11
Escherichia coli 9 10 11 11 12
100
HepG-2 cells

o]
o
1

2]
o
1

N
o
1

o
L

Relative fold change (M+SE)
H
)

RAF LC3 P53
OCM EIAqueous extract H Methanolic extract

10
CaCo-2 ***a
28 - it
+I
2
% 6 1
c
©
S
s 4
L
$
2 2 -
(T
K
2
0 .
RAF LC3 P53
OCM [ Aqueous extract B Methanolic extract

Figure 7. RT-gPCR study for RAF, LC3, and P53 gene expression levels following treatment of HepG-2 and
Caco-2 cells with Spirulina platensis aqueous and methanolic extracts at the highest cytotoxic dose.
Significant compared with CM (a) and agueous extract (b). *(p<0.05), **(p<0.01), and ***(p<0.001).
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4. Discussion

The effects of S. platensis extracts (aqueous and
methanolic) on various bacterial strains were
investigated. For both extracts, the highest
concentration (500 mg/mL) yielded the largest
inhibition zones. This demonstrates a classic dose-
dependent response and confirms that the observed
inhibition zones are due to the extracted compounds
and not an artifact. The higher activity of the
aqueous extract suggests that the primary
antibacterial agents in this S. platensis strain are
water-soluble compounds. These likely include
Phycobiliproteins such as Phycocyanin and
Allophycocyanin (25,26), and Exopolysaccharides
(27). Small peptides are known to have antibacterial
properties, and the high protein content of certain
algae is linked to their action. The significant
antimicrobial activity of S. platensis extracts may be
directly related to the abundance of proteins and
small peptides in this cyanobacterium (28). A study
by (29) using scanning electron microscopy has
visually confirmed that distortion and damage to
bacterial cells lead to leakage of cellular contents
and cell death following treatment with S. platensis
extract. They found that S. platensis extract has
antibiofilm activity, reducing biofilm formation and
making it harder for bacteria to survive.

The results of this investigation demonstrated that S.
platensis extracts were more effective at inhibiting
the growth of Gram-positive than Gram-negative
bacteria. This impact might be caused by the
intricate structure of Gram-negative bacteria's outer
membrane or cell wall (7). (30) found that S.
platensis exhibited stronger antibacterial efficacy
against Salmonella sp and E. coli. An inhibition zone
against Klebsiella sp. (25 mm) is an important result,
as some studies report no inhibitory effect, while
others demonstrate moderate activity. Klebsiella
pneumoniae is highly
antibiotic-resistant Gram-negative bacterium (31).
The relatively weak activity of the methanolic
extract indicates that lipophilic, methanol-soluble

a particularly hardy,
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antimicrobials (e.g., certain fatty acids, tocopherols,
or sterols) are less potent in this specific algal
material. This finding aligns with studies reporting
stronger antibacterial activity in aqueous or ethanol
extracts than in chloroform or methanolic extracts
(32). The ability of S. platensis extracts, especially
the aqueous extract, to suppress these bacteria
suggests that their active components can disrupt the
bacterial outer membrane to reach internal targets. In
contrast to our results, some studies found that the
methanolic extract of S. platensis was the most
effective antimicrobial agent compared with the
aqueous extract (33).

In terms of cytotoxicity against HepG-2 cells, both
extracts exhibited time-dependent effects, but with
distinct patterns and cytotoxic profiles between the
aqueous and methanolic extracts. The aqueous
extract demonstrates immediate, potent, and
consistent cytotoxicity across all time points and
concentrations. In contrast, the methanolic extract
exhibits a biphasic dose-response. This is consistent
with  hormesis—characterized by  low-dose
stimulation and high-dose inhibition —which has
been documented previously (34,35). Evidence
indicates that S. platensis may exhibit various
health-promoting effects, including
anticancer activities (36). (1) and (37) reported that
S. platensis extract exhibited cytotoxic effects on
HepG-2 cells. Over 120 agents
demonstrate hormetic responses in cancer cells, with
responses typically not
exceeding twice the control value, and stimulatory

beneficial

chemical

maximum stimulatory

concentration ranges usually less than 100-fold. Our
data suggest that the methanolic extract contains
compounds that initially act as mitogens or growth-
promoting agents (such as low-molecular-weight
phenolic compounds) before their primary cytotoxic
mechanisms dominate, as well as cytotoxic agents
(such as lipids and fatty acids). Phenolic compounds
at low concentrations can activate estrogen receptors
and stimulate proliferation in cancer cells (38). The
capacity of polyphenols to interact with and modify
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hormone receptors may be the basis for their
concentration-dependent  biphasic effects (39).
Moreover, Alkaloids in S. platensis extracts
demonstrate potent anticancer activity, inducing an
80% reduction in cell viability (17).

The aqueous extract exhibits consistent, dose- and
time-dependent cytotoxic activity against HepG-2
cells. This finding aligns with previous studies that
have reported the potent anticancer properties of S.
platensis, often attributed to water-soluble
compounds, such as highly polar compounds
(phycocyanin, polysaccharides, peptides) with direct
cytotoxic action (40). It seems that C-phycocyanin's
potential to influence mitochondrial pathways,
encouraging necrosis and apoptosis, was what
allowed it to have an anticancer effect in HepG-2
cells (41). The plateau effect at higher doses (e.g.,
between 500-4000 mg/mL) is characteristic of many
cytotoxic compounds, indicating a saturation point
where all target sites (e.g., receptors, enzymes) are
engaged, and increasing concentration yields no
additional effect (42). The capacity of phycocyanin
to halt the cell cycle, prevent tumor cell
proliferation, and induce autophagy and death in
these cells has established its role in cancer (43).

Concerning Caco-2 cells, the aqueous extract
exhibits erratic, non-dose-dependent, and time-
varying effects and does not follow a classic dose-
response curve. On the other hand, the effect of
methanolic extract transitions from being largely
non-toxic at 24 hr to a potent cytotoxic effect by 72
hours at 125 pg/mL. It has been reported that S.
platensis extract exhibits cytotoxic effects on
HCT116 and Caco-2 colon carcinoma cells (1,37).
(44) discovered that giving animals with ulcerative
colitis 300 mg/kg of S. platensis aqueous extract by
gavage can reduce colonic mucosal damage and alter
gut microbiota dysbiosis by reducing oxidative
stress and inflammation.

Our data showed significant increases in RAF and
p53 levels in HepG-2 and Caco-2 cancer cells treated
with S. platensis agueous extract. On the other hand,
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the methanolic extract produced a vast amount of
LC3. The significant upregulation of RAF, LC3, and
P53 points to complex, multi-mechanistic anticancer
activity pro-apoptotic  signalling,
induction of autophagy, and potential modulation of
cell proliferation pathways. This massive induction
of P53 strongly suggests that S. platensis extracts
induce significant genotoxic or oxidative stress in
HepG-2 cells, activating the canonical p53 pathway.
This aligns with the established literature, which
shows that S. platensis bioactives, particularly C-
Phycocyanin (C-PC), induce apoptosis in cancer
cells by upregulating p53. C-PC can increase
reactive oxygen species (ROS) in cancer cells,
leading to DNA damage and p53 stabilization
(45,46). A higher concentration of water-soluble
proteins, including C-PC, a recognised p53 inducer,
may be the cause of the higher fold change in the
aqueous extract (43). Phycocyanin is generally
recognised to downregulate the expression of
antiapoptotic genes such as Bcl-2 and to increase the
expression of proapoptotic genes such as p53 and
Fas (47). Furthermore, the different phytochemical
components of S. platensis, such as flavonoids,
which have a range of effects on cancer cells,
including inhibiting cell division and differentiation,
lowering the activity of kinase enzymes, inducing
cell cycle arrest, and triggering apoptosis, may be
responsible for the cytotoxic and apoptotic actions of
the extracts (48).

involving

Through both intrinsic and extrinsic pathways, the
methanolic extract induced DNA apoptosis (49).
The marked increase in LC3, especially with the
methanolic extract, indicates potent induction of
autophagy. the massive
upregulation of p53, this LC3 induction likely
represents "autophagic cell death" or a stress

response rather than pro-survival autophagy. p53 is

In conjunction with

a well-known positive regulator of autophagy.
Numerous substances from S. platensis extracts,
including phycocyanin, which has been shown to
block the PI3K/Akt/mTOR signalling pathways and
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induce autophagic cell death, have been reported to
induce cytotoxic autophagy cells.
Additionally, it stimulates NF-kB activation and
nuclear translocation, which is crucial for
maintaining the balance between phycocyanin-
mediated autosis and apoptosis (50). Also,
nanoformulated S. platensis methanolic extract was
reported to induce the autophagy signal through
activation of beclin-1 and LC3II, downregulation of
p62 expression, and increased gene expression of
paraoxonase-1 (PON-1) (51).
extract's superior effect may be due to its higher
concentration of non-polar  polyphenolic
compounds, which have been shown to induce
autophagy (52).

in cancer

The methanolic

The induction of RAF (a serine/threonine kinase,
part of the MAPK/ERK pathway—
RAF/MEK/ERK) is the most complex result, and
this is related to cell survival, proliferation, and
differentiation. In certain contexts, particularly with
sustained and strong activation, the MAPK pathway
can paradoxically trigger cell cycle arrest and
apoptosis (53,54). The activation of these 3 genes
might be attributed to severe genotoxic stress
previously observed during chemotherapy (55),
which may have been induced by our S. platensis
extracts. Massive DNA damage activates the p53
pathway (56). Many chemotherapeutic agents also
induce oxidative damage, which is a potent inducer
of autophagy (LC3 conversion) (57). Furthermore,
DNA damage response pathways can crosstalk with
and activate RAF/MEK/ERK signalling as part of a
pro-survival or feedback loop, contributing to RAF
elevation (58). In a neuronal cell line (59,60),
persistent ERK activation contributes to glutamate-
induced oxidative toxicity.

We face several limitations throughout the study.
The proposed compound-activity relationships
remain speculative, based on reports in the literature
(25-29). This study's primary reliance on the MTT
test for preliminary cytotoxicity screening is a
limitation of our study. In order to differentiate
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metabolic suppression produced by mitochondria
from actual cytotoxicity, We'll include viability tests
(such as LDH release) in subsequent research, even
though we only used MTT for the initial
concentration-range  trials. Moreover, gene
expression data alone are not sufficient to confirm
apoptosis or autophagic cell death; thus, the lack of
protein-level confirmation (e.g., ELISA or Western
blotting) for the studied genes is another limitation
of this work,

In conclusion, this study confirms that S. platensis is
a promising source of antimicrobial and anticancer
agents. The aqueous extract produced the maximum
antimicrobial activity and potent cytotoxic ability. S.
platensis extracts, particularly the aqueous extract,
demonstrated promising antibacterial and cytotoxic
effects, while the expression of RAF, LC3, and P53
suggests possible involvement of stress-response,
apoptosis, and autophagy pathways. Future research
aimed at developing standardized S. platensis -based
nutraceuticals or adjunctive therapies has to include
guantitative profiling of total phenolics, flavonoids,
phycobiliproteins, and polysaccharides to establish
structure—activity relationships are warranted to
establish structure—activity relationships.

5. List of Abbreviations
S. platensis: Spirulina platensis

HepG-2: Human hepatocellular carcinoma cell line
Caco-2: Human Colorectal adenocarcinoma cell line

gRT-PCR:
polymerase chain reaction.

quantitative  reverse transcription

RAF: Rapidly Accelerated Fibrosarcoma

LC3: Microtubule-associated protein 1A/1B-light
chain 3

HEPES: N-2-hydroxyethylpiperazine-N'-2-ethane
sulfonic acid
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide
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DMSO: dimethylsulfoxide

6. Declarations
6.1. Ethics approval and consent to participate:
Not applicable for this section

6.2. Consent for publication: All authors

approved the final version of the manuscript

6.3. Availability of data and materials: The

datasets used and/or analysed during the current

study are available from the corresponding author on
reasonable request.

6.4. Competing interests: The authors declare that

they have no competing interests.

6.5. Funding: This research did not receive any

specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

1. Zaid AAA, Hammad DM, Sharaf EM.
Antioxidant and anticancer activity of Spirulina
platensis water extracts. Int J Pharmacol. 2015
Aug 28;11(7):846-51.
https://doi.org/10.3923/ijp.2015.846.851

2. Kaur K, Kaur S. SPIRULINA — A WONDER
NUTRACEUTICAL AGAINST CANCER: A
REVIEW. PLANT Arch. 2021 Apr 20;21(No 1).
https://doi.org/10.51470/plantarchives.2021.v21.
nol.177.

3. Habib MAB, Parvin M, Huntington TC, Hasan
MR. A REVIEW ON CULTURE,
PRODUCTION AND USE OF SPIRULINA AS
FOOD FOR HUMANS AND FEEDS FOR
DOMESTIC ANIMALS AND FISH. FAO Fish
Aguac Circ No 1034 [Internet]. 2008;33.
Available from:
https://www.fao.0rg/4/i0424e/i0424e00.htm

4. Czerwonka A, Katawaj K, Stawinska-Brych A,
Lemieszek MK, Bartnik M, Wojtanowski KK, et
al. Anticancer effect of the water extract of a
commercial Spirulina (Arthrospira platensis)
product on the human lung cancer A549 cell line.
Biomed Pharmacother. 2018 Oct 1;106:292—-302.
https://doi.org/10.1016/j.biopha.2018.06.116

elSSN: 3009-741X, pISSN: 3062-5807 76

6.6. Authors’ contributions: Heba A. Ahmed:
conceptualization, methodology, investigation,
writing-original draft. Basima A. El-Akhras:
methodology, investigation,
editing. Rateb N. Abbas:
methodology, investigation, supervision, writing-
review and editing.
conceptualization, supervision, writing-review and
editing; Roba M. methodology,
investigation, supervision, formal analysis, data
curation, writing-original draft.

6.7. Acknowledgements: Not applicable for that
section

writing-review and
conceptualization,

Omaima A. Khamiss:

Talaat:

7. References

5. Hosseini S, Shahbazizadeh S, Khosravi-Darani K,
Mozafari M. Spirulina paltensis:
Function. Curr Nutr Food Sci.
9;9(3):189-93.
https://doi.org/10.2174/1573401311309030003

Food and
2013 Jul

6. Ravi M, De SL, Azharuddin S, Paul SFD. The
beneficial effects of spirulina focusing on its
immunomodulatory and antioxidant properties.
Nutrition and Dietary Supplements. 2010;2:73-
83.
https://doi.org/https://doi.org/10.2147/NDS.S983
8

7. Breijyeh Z, Jubeh B, Karaman R. Resistance of
Gram-Negative Bacteria to Current Antibacterial
Agents and Approaches to Resolve It. Molecules.
2020 Mar 16;25(6):1340.
https://doi.org/10.3390/molecules25061340

8. Abdel-Moneim AME, El-Saadony MT, Shehata
AM, Saad AM, Aldhumri SA, Ouda SM, et al.
Antioxidant and antimicrobial
Spirulina platensis extracts and biogenic selenium
nanoparticles against selected pathogenic bacteria
and fungi. Saudi J Biol Sci. 2022 Feb
1;29(2):1197-209.
https://doi.org/10.1016/j.sjbs.2021.09.046

activities of



https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.3923/ijp.2015.846.851
https://doi.org/10.51470/plantarchives.2021.v21.no1.177
https://doi.org/10.51470/plantarchives.2021.v21.no1.177
https://www.fao.org/4/i0424e/i0424e00.htm
https://doi.org/10.1016/j.biopha.2018.06.116
https://doi.org/10.2174/1573401311309030003
https://doi.org/https:/doi.org/10.2147/NDS.S9838
https://doi.org/https:/doi.org/10.2147/NDS.S9838
https://doi.org/10.3390/molecules25061340
https://doi.org/10.1016/j.sjbs.2021.09.046

Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.62-80

9.

10.

11.

12.

13.

14.

15.

16.

Chen G, Yang F, Fan S, Jin H, Liao K, Li X, et al.
Immunomodulatory  roles  of  selenium
nanoparticles:  Novel arts for potential
immunotherapy strategy development. Front
Immunol [Internet]. 2022;Volume 13-2022.
https://doi.org/10.3389/fimmu.2022.956181

World Health Organization. WHO Report on
Cancer: Setting Priorities, Investing Wisely and
Providing Care for All. 2020 Feb 3.
https://www.who.int/publications/i/item/who-

report-on-cancer-setting-priorities-investing-

wisely-and-providing-care-for-all

Llovet, J.M,, Kelley, R.K., Villanueva, A. et al.
Hepatocellular carcinoma. Nat Rev Dis Primers.
2021Jan 21;7:6. https://doi.org/10.1038/s41572-
020-00240-3

Kotsari M, Dimopoulou V, Koskinas J,
Armakolas  A. System  and
Hepatocellular Carcinoma (HCC): New Insights
into HCC Progression. International Journal of
Molecular Sciences. 2023; 24(14):11471.
https://doi.org/10.3390/ijms241411471

Immune

Naeem A, Hu P, Yang M, Zhang J, Liu Y, Zhu
W, Zheng Q. Natural Products as Anticancer
Agents: Current Status and Future Perspectives.
Molecules. 2022; 27(23):8367.
https://doi.org/10.3390/molecules27238367

American Cancer Society. Key Statistics for
2026.
https://www.cancer.org/cancer/types/colon-

Colorectal Cancer. Available at:

rectal-cancer/about/key-statistics.html

Siegel RL, Miller KD, Goding Sauer A, Fedewa
SA, Butterly LF, Anderson JC, et al. Colorectal
cancer statistics, 2020. CA Cancer J Clin
[Internet]. 2020 May  1;70(3):145-64.
https://doi.org/10.3322/caac.21601

Wang Z, Zhang X. Isolation and identification of
anti-proliferative  peptides from Spirulina
platensis using three-step hydrolysis. J Sci Food

17.

18.

19.

20.

21.

22.

elSSN: 3009-741X, pISSN: 3062-5807 77

Agric. 2017 Feb 1;97(3):918-22.
https://doi.org/10.1002/jsfa.7815

Akbarizare M, Ofoghi H, Hadizadeh M,
Moazami N. In vitro assessment of the
cytotoxic effects of secondary metabolites from
Spirulina platensis on hepatocellular carcinoma.
Egypt Liver J. 2020 Dec 1;10:11.
https://doi.org/10.1186/s43066-020-0018-3

El-Saadony MT, S. F. Khalil O, Osman A,
Alshilawi MS, Taha AE, Aboelenin SM, et al.
Bioactive peptides supplemented raw buffalo
milk: Biological activity, shelf life and quality
properties during cold preservation. Saudi J Biol
Sci. 2021 Aug 1;28(8):4581-91.
https://doi.org/10.1016/j.5jbs.2021.04.065

Talaat R, EI-Sayed W, Agwa HS, Gamal-Eldeen
AM, Moawia S, Zahran MAH. Anti-
inflammatory effect of thalidomide

dithiocarbamate and dithioate analogs. Chem
Biol Interact [Internet]. 2015 Aug 5;238:74-81.
https://doi.org/10.1016/j.cbi.2015.05.017

Taher RF, Al-Karmalawy AA, Abd El Maksoud
Al, Khalil H, Hassan A, El-Khrisy E-DA, et al.
Two new flavonoids and anticancer activity of
Hymenosporum flavum: in vitro and molecular
docking studies. J Herbmed Pharmacol. 2021
Sep 29;10(4):443-58.
https://doi.org/10.34172/jhp.2021.52

Suzuki M, Bartlett JD. Sirtuinl and autophagy
protect cells from fluoride-induced cell stress.
Biochim Biophys Acta - Mol Basis Dis. 2014
Feb 1;1842(2):245-55.
https://doi.org/10.1016/j.bbadis.2013.11.023

Mohamed HF.
anticancer properties of two identified isolates,

Molecular analysis and

Fusarium solani and Emericella nidulans,
isolated from Wady El-Natron soil in Egypt
against Caco-2 (ATCC) cell line. Asian Pac J
Trop Biomed. 2012 Nov 1;2(11):863-9.
https://doi.org/10.1016/S2221-1691(12)60244-5



https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.3389/fimmu.2022.956181
https://www.who.int/publications/i/item/who-report-on-cancer-setting-priorities-investing-wisely-and-providing-care-for-all
https://www.who.int/publications/i/item/who-report-on-cancer-setting-priorities-investing-wisely-and-providing-care-for-all
https://www.who.int/publications/i/item/who-report-on-cancer-setting-priorities-investing-wisely-and-providing-care-for-all
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.3390/ijms241411471
https://doi.org/10.3390/molecules27238367
https://www.cancer.org/cancer/types/colon-rectal-cancer/about/key-statistics.html
https://www.cancer.org/cancer/types/colon-rectal-cancer/about/key-statistics.html
https://doi.org/10.3322/caac.21601
https://doi.org/10.1186/s43066-020-0018-3
https://doi.org/10.1016/j.sjbs.2021.04.065
https://doi.org/10.1016/j.cbi.2015.05.017
https://doi.org/10.34172/jhp.2021.52
https://doi.org/10.1016/j.bbadis.2013.11.023
https://doi.org/10.1016/S2221-1691(12)60244-5

Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.62-80

23.

24,

25.

26.

27.

28.

El-desoky AM, Ali YBM, Talaat RM. Cytotoxic
effect of combining two  antisense
oligonucleotides against telomerase RNA
component (hTR and mRNA of centromere
protein B (CENP-B) in hepatocellular carcinoma
cells. An Acad
2022;94(2):20200573.
https://doi.org/10.1590/0001-
3765202120200573

Bras Ciénc.

Livak KJ, Schmittgen TD. Analysis of Relative
Gene Expression Data Using Real-Time
Quantitative PCR and the 2—AACT Method.
Methods. 2001 Dec 1;25(4):402-8.
https://doi.org/10.1006/meth.2001.1262

Sarada DVL, Sreenath Kumar C, Rengasamy R.
Purified C-phycocyanin from Spirulina platensis
(Nordstedt) Geitler: a novel and potent agent
against drug bacteria. World J
Microbiol  Biotechnol. 2011;27(4):779-83.
https://doi.org/10.1007/s11274-010-0516-2

resistant

Li W, Su HN, Pu Y, Chen J, Liu LN, Liu Q, et
al. Phycobiliproteins: Molecular structure,
production, applications, and  prospects.
Biotechnol Adv. 2019 Mar 1;37(2):340-53.
https://www.sciencedirect.com/science/article/a
bs/pii/S0734975019300084

Waoo AA, Singh S, Pandey A, Kant G, Choure
K, Amesho KTT, et al.
exopolysaccharides

Microbial
in the biomedical and
pharmaceutical industries. Heliyon. 2023 Aug
1;9(8).

https://doi.org/10.1016/j.heliyon.2023.e18613

Martelli F, Cirlini M, Lazzi C, Neviani E,
Bernini V. Edible Seaweeds and Spirulina
Extracts for Food Application: In Vitro and In

Situ Evaluation of Antimicrobial Activity
towards Foodborne Pathogenic Bacteria. Foods.
2020; 9(10):1442.

https://doi.org/10.3390/foods9101442

29.

30.

31.

32.

33.

34.

35.

elSSN: 3009-741X, pISSN: 3062-5807 78

Selim MI, El-banna T, Sonbol F, Negm WA,
Elekhnawy E. Unveiling the potential of
spirulina algal extract as promising antibacterial
and antibiofilm agent against carbapenem-
resistant Klebsiella pneumoniae: in vitro and in
vivo study. Microb Cell Fact. 2025:24(1):7.
https://doi.org/10.1186/s12934-024-02619-3

Elshouny WAEF, El-Sheekh MM, Sabae SZ,
Khalil MA, Badr HM. Antimicrobial activity of
Spirulina platensis against aquatic bacterial
isolates. J Microbiol Biotechnol Food Sci.
2017;6(5):1203-8.
https://doi.org/10.15414/jmbfs.2017.6.5.1203-
1208

Kidd TJ, Mills G, Sa-Pessoa J et al. A Klebsiella
pneumoniae antibiotic resistance mechanism
that subdues host defences and promotes
virulence. EMBO Mol Med. 2017;9:6.
https://doi.org/10.15252/emmm.201607336

Ozdemir G, Karabay NU, Dalay MC, Pazarbasi
B. Antibacterial activity of volatile component
and various extracts of Spirulina platensis.
Phyther Res. 2004 Sep;18(9):754-7.
https://doi.org/10.1002/ptr.1541

Gheda SF and Ismail, GA. Natural products from
some soil cyanobacterial extracts with potent
antimicrobial, cytotoxic
activities. Anais da Academia Brasileira de
Ciencias.2020;92(2):e20190934.
https://doi.org/10.1590/0001-
3765202020190934

antioxidant and

Talsness CE and Chahoud I. Commentary on
“Cancer Biology and Hormesis: Human Tumor
Cell Lines Commonly Display Hormetic
(Biphasic) Dose Responses” by Edward J.
Calabrese. Critical Reviews in Toxicology.
2005;35(6):599-601.
https://doi.org/10.1080/10408440500246868

Klaunig JE. Cancer Biology and Hormesis:
Commentary. Critical Reviews in Toxicology.


https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.1590/0001-3765202120200573
https://doi.org/10.1590/0001-3765202120200573
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/s11274-010-0516-2
https://www.sciencedirect.com/science/article/abs/pii/S0734975019300084
https://www.sciencedirect.com/science/article/abs/pii/S0734975019300084
https://doi.org/10.1016/j.heliyon.2023.e18613
https://doi.org/10.3390/foods9101442
https://doi.org/10.1186/s12934-024-02619-3
https://doi.org/10.15414/jmbfs.2017.6.5.1203-1208
https://doi.org/10.15414/jmbfs.2017.6.5.1203-1208
https://doi.org/10.15252/emmm.201607336
https://doi.org/10.1002/ptr.1541
https://doi.org/10.1590/0001-3765202020190934
https://doi.org/10.1590/0001-3765202020190934
https://doi.org/10.1080/10408440500246868

Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.62-80

36.

37.

38.

39.

40.

41.

42.

2005;35(6):593-594.
https://doi.org/10.1080/10408440500246827

Wang F, Yu X, Cui Y, Xu L, Huo S, Ding Z, et
al. Efficient extraction of phycobiliproteins from
dry biomass of Spirulina platensis using sodium
chloride as extraction enhancer. Food Chem.
2023 Apr 16;406:135005.
https://doi.org/10.1016/j.foodchem.2022.13500
5

Al-Saily HMN, Hassan WS, Chabuk HAH.
Antioxidant and cytotoxic activity of Spirulina
platensis ethanolic extract against Caco-2 and
HepG2 cancer cell lines. J Appl Nat Sci.
2024;16(1):325-33.
https://doi.org/10.31018/jans.v16i1.5280

Bilal 1, Chowdhury A, Davidson J and
Whitehead S. Phytoestrogens and prevention of
breast cancer: The contentious debate. World
journal of clinical oncology. 2014;5(4):705-712.
https://doi.org/10.5306/wjco.v5.i4.705

Virgili F, Marino M. Regulation of cellular
signals from nutritional molecules: a specific
role for phytochemicals, beyond antioxidant
activity. Free Radic Biol Med. 2008 Nov 1;
45(9):1205-16.
https://doi.org/10.1016/j.freeradbiomed.2008.08
.001

Citi V, Torre S, Flori L, Usai L, Aktay N,
Dunford NT, Lutzu GA, Nieri P. Nutraceutical
Features of the Phycobiliprotein C-Phycocyanin:
Evidence from Arthrospira platensis (Spirulina).
Nutrients. 2024, 16(11):1752.
https://doi.org/10.3390/nu16111752

Zhao J, Wu Y, Alfred AT, Wei P and Yang S.
Anticancer effects of pyocyanin on HepG-2
human hepatoma cells. Letters in applied
microbiology. 2014, 58(6):541-548.
https://doi.org/10.1111/lam.12224

1. El-Kareh AW, Secomb TW. Two-Mechanism

Peak Concentration Model for Cellular

43.

44,

45.

46.

47.

48.

elSSN: 3009-741X, pISSN: 3062-5807 79

Pharmacodynamics of Doxorubicin. Neoplasia.
2005 Jul 1 7(7):705-13.
https://doi.org/10.1593/ne0.05118

Jiang L, Wang VY, Yin Q, Liu G, Liu H, Huang Y
and Li B. Phycocyanin: A Potential Drug for
Cancer Treatment. J Cancer. 2017; 8(17):3416-
3429. https://doi.org/10.7150/jca.21058

Wang J, Su L, Zhang L, Zeng J, Chen Q, Deng
R, Wang Z, Kuang W, Jin X, Gui S, Xu Y, and
Lu X. Spirulina platensis agueous extracts
ameliorate colonic damage and
modulate gut microbiota disorder in mice with
ulcerative colitis by inhibiting inflammation and
oxidative stress. Journal of Zhejiang University-
Science B. 2022; 23(6):481-501.
https://doi.org/10.1631/jzus.B2100988

mucosal

Roy KR, Arunasree KM, Reddy NP, Dheeraj B,
Reddy GV and Reddanna P. Alteration of
mitochondrial membrane potential by Spirulina
platensisC-phycocyanin induces apoptosis in the
doxorubicin-resistant human hepatocellular-
carcinoma cell line HepG-2. Biotechnology and
Applied Biochemistry. 2007; 47:159-167.

https://doi.org/10.1042/BA20060206

Tajvidi E, Nahavandizadeh N, Pournaderi M,
Pourrashid AZ, Bossaghzadeh F, Khoshnood Z.
Study the antioxidant effects of blue-green algae
Spirulina extract on ROS and MDA production
in human lung cancer cells. Biochem Biophys
Reports. 2021 Dec 1,28.
https://doi.org/10.1016/j.bbrep.2021.101139

Fernandes e Silva E, Figueira F da S, Lettnin AP,
Carrett-Dias M, Filgueira D de MVB, Kalil S, et
al. C-Phycocyanin: Cellular targets, mechanisms
of action and multi drug resistance in cancer.
Pharmacol Reports. 2018;70(1):75-80.
https://doi.org/10.1016/j.pharep.2017.07.018

Kopustinskiene DM, Jakstas V, Savickas A,

Bernatoniene J. Flavonoids as Anticancer


https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.1080/10408440500246827
https://doi.org/10.1016/j.foodchem.2022.135005
https://doi.org/10.1016/j.foodchem.2022.135005
https://doi.org/10.31018/jans.v16i1.5280
https://doi.org/10.5306/wjco.v5.i4.705
https://doi.org/10.1016/j.freeradbiomed.2008.08.001
https://doi.org/10.1016/j.freeradbiomed.2008.08.001
https://doi.org/10.3390/nu16111752
https://doi.org/10.1111/lam.12224
https://doi.org/10.1593/neo.05118
https://doi.org/10.7150/jca.21058
https://doi.org/10.1631/jzus.B2100988
https://doi.org/10.1042/BA20060206
https://doi.org/10.1016/j.bbrep.2021.101139
https://doi.org/10.1016/j.pharep.2017.07.018

Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.62-80

49.

50.

51.

52.

53.

54.

Agents. Nutrients. 2020;
https://doi.org/10.3390/nu12020457

12(2):457.

Rungjiraphirat R, Cheepchirasuk N, Suriyaprom
S, Tragoolpua Y. Inhibitory Efficacy of
Arthrospira  platensis Skin
Pathogenic Bacteria and Skin Cancer Cells.
Biology. 2025; 14(5):502.
https://doi.org/10.3390/biology14050502

Extracts on

Liao G, Gao B, Gao Y, Yang X, Cheng X, Ou Y.
Phycocyanin Inhibits Tumorigenic Potential of
Pancreatic Cancer Cells: Role of Apoptosis and
Autophagy. Sci Rep. 2016;6(1):34564.
https://doi.org/10.1038/srep34564

Almukainzi M, EI-Masry TA, Ibrahim HA, Saad
HM, El Zahaby ElI, Saleh A, et al. New insights
into the potential cardioprotective effects of
telmisartan and nanoformulated extract of
Spirulina platensis via regulation of oxidative
stress, apoptosis, and autophagy in an
experimental model. Front Pharmacol. 2024;
15:1380057.
https://doi.org/10.3389/fphar.2024.1380057

Benvenuto M, Albonici L, Focaccetti C, Ciuffa
S, Fazi S, Cifaldi L, Miele MT, De Maio F,
Tresoldi I, Manzari V, et al. Polyphenol-
Mediated Autophagy in Cancer: Evidence of In
Vitro and In Vivo Studies. International Journal
of Molecular Sciences. 2020; 21(18):6635.
https://doi.org/10.3390/ijms21186635

Cuenda A, Rousseau S. p38 MAP-Kinases
pathway regulation, function and role in human
diseases. Biochim Biophys Acta - Mol Cell Res.
2007 Aug 1;1773(8):1358-75.
https://doi.org/10.1016/j.bbamcr.2007.03.010

Dhanasekaran DN, Reddy EP. JNK signaling in
apoptosis. Oncogene [Internet].
2008;27(48):6245-51.
https://doi.org/10.1038/0nc.2008.301

55.

56.

57.

58.

59.

60.

elSSN: 3009-741X, pISSN: 3062-5807 80

Junior ALG, Paz MFCJ, Silva LIS da, Carvalho
SdaCesS, Sobral ALP, Machado K da C, et al.
Serum Oxidative Stress Markers and Genotoxic
Profile Induced by Chemotherapy in Patients
with Breast Cancer: A Pilot Study. Oxid Med
Cell Longev. 2015 Jan 1;2015(1):212964.
https://doi.org/10.1155/2015/212964

Sakaguchi K, Herrera JE, Saito S, et al. DNA
damage activates p53 through a
phosphorylation-acetylation cascade. Genes
Dev. 1998;12(18):2831-2841.
https://doi.org/10.1101/gad.12.18.2831

Carretero-Fernandez M, Cabrera-Serrano AJ,
JM,
Jiménez-Romera F, Garcia-Verdejo FJ, et al.
Autophagy and oxidative stress in solid tumors:
Mechanisms and therapeutic opportunities. Crit
Rev Oncol Hematol. 2025 Aug 1;212:104820.
https://doi.org/10.1016/j.critrevonc.2025.10482
0

Sanchez-Maldonado Ruiz-Duran L,

Sugiura R, Satoh R, Takasaki T. ERK: A
Double-Edged Sword in  Cancer. ERK-
Dependent Apoptosis as a Potential Therapeutic
Strategy for Cancer. Cells. 2021; 10(10):2509.
https://doi.org/10.3390/cells10102509

Stanciu M, Wang Y, Kentor R, Burke N,
Watkins S, Kress G, et al. Persistent Activation
of ERK Contributes to Glutamate-induced
Oxidative Toxicity in a Neuronal Cell Line and
Primary Cortical Neuron Cultures. J Biol Chem.
2000 Apr 21;275(16):12200-12206.
https://doi.org/10.1074/jbc.275.16.12200

Szydlowska K, Gozdz A, Dabrowski M,
Zawadzka M, Kaminska B. Prolonged activation
of ERK triggers glutamate-induced apoptosis of
astrocytes: neuroprotective effect of FK506. J
Neurochem. 2010 May 1;113(4):904-918.
https://doi.org/10.1111/j.1471-
4159.2010.06656.x



https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.3390/nu12020457
https://doi.org/10.3390/biology14050502
https://doi.org/10.1038/srep34564
https://doi.org/10.3389/fphar.2024.1380057
https://doi.org/10.3390/ijms21186635
https://doi.org/10.1016/j.bbamcr.2007.03.010
https://doi.org/10.1038/onc.2008.301
https://doi.org/10.1155/2015/212964
https://doi.org/10.1101/gad.12.18.2831
https://doi.org/10.1016/j.critrevonc.2025.104820
https://doi.org/10.1016/j.critrevonc.2025.104820
https://doi.org/10.3390/cells10102509
https://doi.org/10.1074/jbc.275.16.12200
https://doi.org/10.1111/j.1471-4159.2010.06656.x
https://doi.org/10.1111/j.1471-4159.2010.06656.x

