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Lung cancer is one of the leading causes of cancer-related mortality globally, necessi-
tating the search for novel, natural therapeutic agents. The study evaluated the anticancer
potential of an ethanolic extract of Spirulina platensis collected from alkaline soils in
Wadi Hagul, Egypt. The biomass was cultured using Zarrouk’s medium, and the ethanol-
ic extract was prepared by cold maceration. The cytotoxic effect of the extract against
A549 human lung carcinoma cells was assessed using the MTT assay. Results revealed a
dose-dependent cytotoxic response, with an ICs, value of 78.72 £ 1.06 pg/mL. Morpho-
logical observations confirmed apoptotic changes at higher concentrations. Gas chroma-
tography—mass spectrometry (GC-MS) analysis identified 41 bioactive compounds, with
oleic acid eicosyl ester (54.8%) and prostaglandin A2-biotin (53.2%) being the major
constituents. These compounds are known for their anti-inflammatory, antioxidant, and

antiproliferative effects. The findings suggest that S. platensis ethanolic extract exerts
significant anticancer effects through bioactive compound-mediated mechanisms, sup-
porting its potential as a promising candidate for pharmaceutical applications targeting
lung cancer.
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1. Introduction

Cancer is defined as the unchecked proliferation of
cells, resulting from disruptions in the regulatory sys-
tems that control normal cell division. It continues to be
one of the leading causes of death globally, accounting
for nearly 10 million fatalities in 2020—approximately
one out of every six deaths worldwide [1]. Among vari-
ous cancers, lung cancer stands out as one of the most
common forms, ranking third among men and fourth
among women [2], with its occurrence predominantly in
older individuals.

Microalgae are a valuable source of diverse bioactive
compounds, including proteins, minerals, polysaccha-
rides, steroids, fatty acids, carotenoids, halogenated
substances, and peptides. Many of these compounds
exhibit potent biological effects, especially anticancer
activities. These molecules can engage with specific
cellular targets, disrupting cell proliferation or inducing
programmed cell death (apoptosis) through the activa-
tion of key intracellular pathways [3]. Notably, blue-
green algae have gained attention for their potential role
in maintaining and enhancing respiratory health [4, 5].

Spirulina, blue-green algae, is one of the Earth’s old-
est known forms of life. Spirulina grows best in very
alkaline environments, although it may flourish across a
wide variety of pH values [6]. Additionally, Spirulina
can be found in soil. while it's more commonly associ-
ated with aquatic environments like lakes and ponds, it
also thrives in moist soils and can be a beneficial addi-
tion to soil ecosystems [7].

Conventional treatments like chemotherapy and radio-
therapy often have significant side effects and limita-
tions while natural compounds have emerged as valua-
ble sources for anticancer drug development, with near-
ly 60% of current anticancer drugs derived from natural
origins [8].

Spirulina platensis, is renowned for its rich nutritional
profile and biologically active components. It contains
high levels of proteins, essential amino acids, minerals,
essential fatty acids, vitamins, and fat-soluble antioxi-
dants such as vitamin E and carotenoids [9, 10]. Addi-
tionally, Spirulina is abundant in functional compounds
with recognized antioxidant and anti-inflammatory
properties, including phenolic phytochemicals [11, 12]
and the phycobiliprotein known as C-phycocyanin
[13]. Antioxidants play a critical role in neutralizing or
preventing the harmful effects of reactive oxygen spe-
cies. The biological effects of algal-derived compounds
are closely tied to their specific chemical composition
and structure. Fucoidan a compound from algae has
been reported to suppress lung cancer progression by
slowing tumor growth, promoting cancer cell apoptosis,
and enhancing the efficacy of chemotherapy drugs
through synergistic interactions [14]. Blue-green algae,
particularly Spirulina, are a promising source of natural
anticancer agents due to their high antioxidant content.
These bioactive compounds contribute to various thera-
peutic effects, including cancer suppression, immune
system enhancement, and protection against oxidative
stress—related diseases such as diabetes and inflamma-
tion [6]. On the other hand [15] demonstrated the im-
munomodulatory and cytotoxic effects of Spirulina-

based extracts against several cancer cell lines, includ-
ing A549.

Moreover, lipid metabolic reprogramming which in-
cludes fatty acid uptake, synthesis, oxidation, and struc-
tural modification is crucial for meeting the energetic
demands, membrane remodeling, and signaling func-
tions that facilitate cancer cell survival and proliferation
[16, 17].

In light of these findings, the present study aims to in-
vestigate the anticancer potential of crude Spirulina
platensis extract against the human lung cancer A549
cell line.

2. Materials and Methods
2.1. Collection of alga and preparation of extract

Spirulina platensis alga was collected in March 2025
from the rhizosphere (root zone) of Pulicaria undulata
plants growing near olive trees in a cultivated area of
Wadi Hagul, Suez Governorate, Egypt specifically at
the entrance of the valley near the Ain Sokhna district.
The soil in this area was alkaline in nature. Pure cul-
tures were cultivated using Zarrouk medium, following
the method outlined by [18], under continuous agitation
at 30+2°C and pH 10. The cultures were maintained
under alternating light and dark cycles (16/8 hours),
with manual shaking twice daily. After cultivation, the
algal biomass was harvested, and the supernatant was
discarded. The collected S. platensis cells were pre-
served by freezing at —20 °C until further use.

To prepare the aqueous extract, 50 grams of dried al-
gae were immersed in 200 mL of aqueous ethanol and
left to soak for 72 hours. Following this, the mixture
was allowed to settle for an additional 24 hours before
being centrifuged for 20 minutes. The supernatant was
then processed using a rotary evaporator to remove the
solvents, and the remaining residue was stored at 4 °C
for subsequent analysis.

2.2. Cell culture

Human lung carcinoma A549 cells were supplement-
ed from the VACSERA, Nasr City, Pharmaceutical, the
cells were maintained in accordance with the manu-
facturer’s instructions. For cell culture, the cells were
grown in a medium containing 10% fetal bovine se-
rum (FBS), 100 pg/mL streptomycin and 100 pg/mL
penicillin.

2.3. Cell Morphology Assay

The morphological changes of cells were observed
under a microscope (Primovert, Zeiss, Gottingen, Ger-
many).

2.4. Cell cytotoxicity assay (MTT)

Viability of cancer cell lines was examined by MTT
assay. According to [19] the cells were cultured in a 96-
well plate with tested therapeutics for 24 hours at 37°C.
Then the cells were incubated for 2 hrs with the new
medium containing MTT (5mg/ml in PBS) (BIO
BASIC CANADA INC). Incubate (37°C, 5% CO,) for
4 hours to allow the MTT to be metabolized. Read opti-
cal density at 560nm and subtract background at
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620nm. Optical density should be directly correlated
with cell quantity.

2.5. Gas chromatography-mass spectrometry (GC-
MS) analysis

The analyses of crude extract was performed using
Trace GC1310-1SQ mass spectrometer (thermo Scien-
tific, Austin, TX, USA) at the regional center for My-
cology and Biotechnology (RCMB) at Al-Azhar Uni-
versity with a direct capillary column TG-5MS (30 m x
0.25 mm x 0.25um film thickness). The components
were identified by comparison of their retention times
and mass spectra with those of WILEY09 and NIST 11
mass spectral database. All previous analysis was de-
termined at the Regional Center for Mycology and Bio-
technology (RCMB) at Al- Azhar University.

2.6. Statistical Analysis

Results were expressed as mean + standard error
(SE). The obtained data were analyzed using the one-
way analysis of variance (ANOVA) and Tukey’s
post-hoc test. The difference considered statically
significant at P < 0.05.

3. Result and Dissection

3.1. Morphological Changes of Treated Cells
Figure 1 illustrates the impact of varying concentra-

tions of crude Spirulina platensis extract on A549 lung

31.25 ug/ml

250ug/ml

cancer cell lines, ranging from 31.25 to 1000 pg/mL. At
the lowest concentration tested (31.25 ug/mL), no nota-
ble alterations were observed in either cell viability or
morphology of the A549 cells (P > 0.05). In contrast, at
125 pg/mL, subtle modifications began to appear on the
cell surface and within the cytoskeleton, which could be
correlated with changes in cell viability. At concentra-
tions of 250 and 500 pug/mL, more pronounced effects
were evident, including cell shrinkage, rounding of the
cells, reduced adhesion to the culture surface, and a
noticeable decline in cell number. The highest tested
dose, 1000 pg/mL, induced a significant increase in
necrotic activity (P < 0.05), suggesting severe cytotoxi-
city at this level.

These findings align with earlier research by [20],
which reported that crude microalgal extracts exhibit
potent antioxidant and cell-repairing effects in vitro on
A549 human lung adenocarcinoma cells and effectively
suppressed colony formation at a concentration of
5 ug/uL. Furthermore, the study by [21] demonstrated
that crude S. platensis extract exerts considerable influ-
ence on the lung cancer cell cycle, particularly by ar-
resting cells in the G2 phase. This prevents progression
into the M phase, thereby halting cancer cell prolifera-
tion, with the antioxidant effect being concentration-
dependent.

Fig. 1. Morphological changes in A549 lung cancer cells after 24-hour treatment with different concentrations of
Spirulina platensis ethanolic extract.(A) Control: Cells show normal morphology.(B) 31.25 pg/mL: No visible
morphological changes.(C) 62.5 pg/mL: Slight cell rounding.(D) 125 pg/mL: Early signs of shrinkage and de-
tachment appear.(E) 250 ng/mL: More pronounced shrinkage and cell detachment.(F) 500 pg/mL: Significant
rounding, loss of adhesion, and reduced cell number. (G) 1000 pg/mL: Severe cytotoxicity and necrosis with ex-

tensive cell damage.
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3.2. Cytotoxicity

Lung cancer cells (A549) were exposed to Spirulina
platensis extract at concentrations of 31.25, 62.5, 125,
250, 500, and 1000 pg/mL, and cell viability was as-
sessed after 24 hours using the MTT assay (as shown in
Table 1 and Fig. 2). The cytotoxic effect of the extract
on A549 cells demonstrated a clear dose-dependent

pattern. As the concentration of the extract increased,
cell viability progressively declined. Notably, the ex-
tract exhibited a 100% reduction in viability at the high-
est tested concentration of 1000 pg/mL (Fig. 2). The
half-maximal inhibitory concentration (IC50) of the
extract was calculated to be 78.72 + 1.06 pg/mL for the
A549 cell line.

Table 1. Effect of different concentration of S. platensis extract on Viability and
Toxicity on A549 lung cancer cells post 24 h using MTT assay.

Concen. Of algal o - IC50 £ SD
extract pg/ml 0.D Viability % | Toxicity % ug/mi
0 0.563 | 100 0 -
1000 0.0186 | 3.31 96.68
500 0.0216 | 3.84 96.151
250 0.029 |5.15 94.849
78.72 £ 1.06
125 0.0926 | 16.45 83.540
62.5 0.279 | 49.67 50.32
31.25 0.5623 | 99.881 0.118

1000 500

Conc. of extract ug/ml

250

viability

1C50%=78.72 + 1.06

125

toxicity

Fig. 2. Effect of different concentration of S. platensis extract on A549 lung
cancer cells post 24 hrs using MTT assay

This trend is consistent with findings reported by
[21], who observed an IC50 of 129.5 pg/mL for S.
platensis extract on A549 cells using MTT analysis.
In that study, the greatest reduction in cell viability
occurred at 500 pg/mL, and a clear inverse relation-
ship was established—meaning that as the concentra-
tion of the algal extract increased, the viability of
Ab549 cells decreased accordingly.

3.3. Phytocomponents identified in the crude extract
of S. platensis by GC-MS

The GC-MS analysis of Spirulina platensis identified
41 prominent compounds, as detailed in Table 2 and
illustrated in Fig. 3. The GC-MS results included the
probability percentages for each detected compound,
indicating the most likely bioactive constituents. The
highly probable compounds were confirmed through
their spectral profiles and are depicted in Fig. 3.

Among the major unsaturated fatty acids detected in
the S. platensis extract were oleic acid (54.8%), prosta-
glandin  A2-biotin  (53.2%), 2-hydroxy-3-[(9E)-9-
octadecenoyloxy] (52.18%), ethyl acetate (31.38%), 9-

octadecenoic acid (Z) (29.47%), and heptadecane
(27.5%), as presented in Fig. 4.

According to Table 2, Oleic acid Eicosyl ester was
identified as the most abundant compound in the ex-
tract, comprising 54.8% of the total composition. This
monounsaturated fatty acid, while not essential, is well-
known for its potent anti-inflammatory effects, particu-
larly in autoimmune disorders, as well as its protective
action against breast cancer [22].

Monounsaturated fatty acids (PUFAs) like oleic acid
(OA) are considered crucial for both nutrition and ther-
apeutic applications due to their wide-ranging health
benefits [23]. OA, an omega-9 fatty acid, has exhibited
strong cytotoxic and apoptosis-inducing effects in sev-
eral cancer cell types [24, 25]. Furthermore, it has been
shown to improve the performance of chemotherapeutic
agents such as tamoxifen, paclitaxel, and trastuzumab in
drug-resistant cancer cells [26]. In addition, OA has
demonstrated considerable anti-proliferative effects on
liver, lung, prostate, and tongue cancer cells [27, 28].

Furthermore, one of the most prominent compounds
identified in the Spirulina platensis extract was prosta-
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glandins (PGs), making up 53.2% of the total composi-
tion. PGs are widely recognized for their involvement in
cancer development, with prostaglandin E2 (PGE2)
frequently associated with tumor promotion [29]. Ac-
cording to [30], administration of Prostaglandin A2-
biotin (PSP) led to a significant reduction in both tumor
size and weight in mice bearing lung cancer. The bio-
logical functions of PGs are closely tied to their physi-
cochemical properties, which are, in turn, influenced by
the algal species responsible for their production [31]. A
recent 2025 study also emphasized the anti-
inflammatory and tumor-suppressive effects of PGD2
and its signaling mechanisms in lung adenocarcinoma
(LUAD) [32].

In addition, the S. platensis crude extract was found to
contain a high concentration of glycosides, particularly
2-Hydroxy-3-[(9E)-9-octadecenoyloxy], accounting for
52.18%. Current research indicates that cardiac glyco-
sides (CGs) exhibit potent anticancer and antiviral
properties. Their primary mechanism of action involves
inhibition of the Na*/K*-ATPase pump, which leads to
a reduction in intracellular potassium and an increase in
sodium and calcium levels [33].

Another important finding was the prevalence of three
fatty acid methyl esters: 9-octadecenoic acid (2)-, 9-

hexadecenyl ester (Z), and 9-octadecenoic acid, 2-
hydroxy-1-(hydroxymethyl) ethyl ester. Among them,
hexadecanoic acid is notable for its anti-inflammatory
activity through the inhibition of phospholipase A2
[34]. Additionally, 9,12-octadecadienoic acid methyl
ester has demonstrated both anti-inflammatory and liv-
er-protective properties [35], while 9-octadecenoic acid
is known for its antioxidant potential and its role in
combating cancer [36].

4. Conclusion

Spirulina platensis serves as an abundant reservoir of
crucial bioactive constituents, encompassing antioxi-
dants, essential minerals, and a complete spectrum of
amino acids and fatty acids. The findings of this study
reveal that the ethanol extract of S. platensis exerts pro-
apoptotic effects and plays a role in suppressing the
proliferation of A549 lung cancer cells by boosting oxi-
dative stress within the cells. Nonetheless, additional
research is necessary to isolate, purify, and characterize
these active compounds and to thoroughly investigate
their underlying mechanisms of action before they can
be explored as candidates for pharmaceutical develop-
ment.

Table 2. Phyto-constituents profile for the ethanol extract of S. platensis using GC-MS analysis

NO. Compound RT Peak area (%) | Mol. W. | Mol. Formula
1 2-Hydroxy-3-[(9E)-9 Octadecenoyloxy] 39.55 52.18 620 CagH7,05
2 Acetic acid Ethyl Ester 5.32 31.38 88 C4Hs0,
3 9-Octadecenoic acid (2) 39.55 29.47 282 C15H340,
4 Heptadecane 40.52 27.5 240 Ci7Hz6
5 9-Octadecenoic acid,1,2,3propanetriyl ester 65.36 26.91 884 Cs7H10406
Hexadecenoic acid,2- Hydroxy -1-  (Hydroxy
6 methyl) Ethyl ester 66.91 23.76 330 C1oH304
Octadecenoic acid,2- Hydroxy -1-  (Hydroxy
7 methyl) Ethyl ester 241 13 358 CaHa04
8 ?éictadecenow acid (2)-,9-Hexadecenyl Ester, 8.54 9.82 504 CaiHeiO,
9 9-Hexadecenoic acid, 9 Octadecenylester, (Z,2)- 69.72 9.3 504 Ca4Hs40,
10 9-Octadecenoic acid(Z)-, oxiranylm ethylester 46.66 9.15 338 Cy1H305
11 Acetic acid, Butyl Ester 5.04 8.5 116 CsH 1,0,
12 Hexadecanic acid, Ethyl Ester 50.02 8.24 284 C1gH360,
13 Glycerol 1-Palmitate 66.91 7.92 330 C19H350,
14 2-Ethyl-1-Hexyl Propionate 7.58 6 186 C11H»0,
15 2-Hexadecen-1-OL,3,7,11,15-Tetramethyl 53.92 4.86 296 CyoH40
16 Dideuterooctadecanal 36.82 3.55 270 C1gH34D,0
4H-1-Benzopyran-4-One,2-(3,4DihdroxyPhenyl)-
17 6,8-DI-4-D-Glucopyranosyl-5,7Dihdroxy- 65.05 3.33 610 CorHsoOre
Hexadecenoic acid,(2-PHENYL-1,3-Dioxola N-4-
18 Methyl ester 67.2 2.56 418 CosH4204
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3-Amino-4-[(1-Benzyl-2methoxy-2-Oxoethyl)
19 Amino]-4- Oxobutanoic Acid 7.58 2.52 294 C1aH1sN05
20 Hexadecenoic acid, 2, 3 Dihdroxypropy! ester 48.15 2.06 330 C19H350.
3,5,9-Trioxa-5-phosphaheptacos-18-e1laminium,4-
21 hydroxy-N,N,N-trimethyl-10-oxo0-7 1068 2 785 CasHaaNOGP
Ethanaminum,2-[2,3-BIS[(1-Oxo0-9-Octadecenyl)
22 Oxy] Propoxy] hydroxyphophoiny] 10.68 2.77 85 CasHaaNOsP
23 Dotriacontane 32.83 1.99 450 CaoHgs
24 Oleic acid Eicosyl ester 78.5 54.8 562 C38H 740,
25 9-Octadecenoic acid 55.19 1.57 282 C1gH340,
9,12 .15- Octadecenoic acid2.3 bis [(Trimethylsi- .
26 Iyl) Oxy] -propyl] ester 50.31 1.44 500 Co7Hs5604Si;,
27 Prostaglandin A2-biotin 82.09 53.2 644 C35H56N,O5S
(Epoxyethano)-1H-Indolizino[8,1CD]Carbazol-7- C.-HeoN>O
28 OL,6-Acetyl , Octahydro-8,9-Dimethoxy- 45.2 1.19 414 2811307725
29 2,2,3,3,4,4Hexadeuterooctadecanal 32.83 11 274 CigH30Dso
30 Strychane, 1-acetyl-20a-hydroxy-16-methylene- 8.51 1.07 338 Cx1H»N,0,
31 1,3,5-Triazine-2,4-Diamine,6-Chloro-N-Ethyl- 36.82 0.73 173 CsHgCINg
32 1H-Purin-6 Amine, [(2Fluorophenyl Methyl] 50.31 0.59 243 CyoH1oFNs
33 E)-13-Docosenoic acid 46.66 0.58 338 C,,H40,
34 Octadecynoic acid 46.66 0.58 280 C15H3,0,
35 PSI.,PSI.Carotene, Tetrahydro-1,1'-Dimethoxy- 10.68 0.5 600 CHs40,
36 2—(3_—Acgtoxy—4, 4,10,13,14-Pentamethyl- ( Pro- 39.75 0.46 430 CyrHax0s
ponic acid)
37 9- Octadecenoic acid,2 hdroxy-1-(hdroxy Methyl) 76.92 0.44 356 CoiHuOs
ethylester
38 2,4-Di-tert-butylphenol 34.01 0.42 206 C14H2,0
39 Estra-1,3,5(10)-trien-174-ol 47.83 0.28 256 Ci1gH240
40 Oleyl oleate 92 0.27 532 CseHes O,
41 Oleic acid 93 27.11 282 C18H34 O,

GC/MS Analysis
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Fig. 3. GC — MS with ethanol extract of Spirulina platensis
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