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Introduction and Background  

Numerous studies are underway to analyze and confirm the medicinal properties of various 

phytocompounds extracted from plants. Carotenoids are such phytocompounds, which can 

also be found in microorganisms, vegetables, and fishes. These are brightly colored lipid-

soluble compounds [1]. Out of the 600 carotenoids classified as carotenes, xanthophylls, 

and lycopene, only 40 are taken into the diet by humans and only 20 of these have been 

reported in human blood and tissue samples [2,3]. In human diet carotenoids such as 

fucoxanthin (Fx), capsanthin, astaxanthin (AST), canthaxanthin (CXN), crocetin, lycopene, 

lutein, zeaxanthin (ZXN), α-carotene, β-carotene, β-cryptoxanthin, and others are found in 

various fruits and vegetables [4,5]. Studies confirm that carotenoids possess antioxidant, 

anti-tumor, and apoptosis-inducing properties impacting cell development, gene 

expression, and immunity when supplemented in the diet. High carotenoid intake correlates 

with reduced cancer risk for tissues like breast, cervix, ovary, colon, rectum, and heart, 
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attributed to mechanisms like intracellular gap junctional communication, growth factor 

signaling, progression of cell cycle, and inflammatory pathways [6]. 

  

The in-vitro study where the extract of Paradicsompaprika containing capsanthin (TOMA-

P) was tested on three cancer cell lines: Colo201, A549, and HeLa suggested its potential 

as an anti-tumor agent against certain malignancies [7]. Treatment of human colorectal 

cancer cells (LS-180) with AST upregulated Bax and Caspase-3 genes, downregulated Bcl-

2, inducing apoptosis and inhibiting cancer cell growth. Moreover, it enhanced the 

activities of antioxidant enzymes, reducing malondialdehyde levels [8]. Astaxanthin has 

been found to enhance tumor immunity by inhibiting the growth of Meth-A tumor cells in 

mice through increased cytotoxic T lymphocyte activity and Interferon-γ synthesis in 

response to tumor antigens expressed by the cancer cells [9]. 

Crocetin induces apoptosis in various cancer cells by inhibiting DNA synthesis and RNA 

polymerase II activity, while also elevating the Bax/Bcl-2 ratio [10,11]. Crocin and 

crocetin were observed to inhibit triple-negative metastatic breast cancer cells (TNBC) 

through interference in the Wnt/β catenin pathway [12]. Consuming lycopene significantly 

decreased the severity of pancreatic cancer in men and inhibited the proliferation of  human 

oral cancer cells [13, 14]. Study indicates that incorporating a diverse range of carotenoid-

rich foods, such as those containing lycopene and beta-carotene, could potentially lower 

the risk of ovarian cancer [15]. Treatment of human colon cancer cell lines Caco-2, HT-29, 

and DLD-1 with Fx led to a decreased count of viable cells [16]. In various malignancies, 

including brain carcinoma, overexpression of PDGF receptors was detected, and lutein 

exhibited significant inhibition of PDGF-induced signaling [17]. 

 

Fucoxanthin (Fx), a prominent marine carotenoid characterized by its allenic bond and a 

5,6-monoepoxide structure, is found in seaweeds like "Hijikia fusiformis, Undaria 

pinnatifida, and Sargassum fulvellum," and it demonstrates anticancer and anti-

inflammatory properties through the induction of apoptosis and reduction of free radicals 

[18]. The carotenoid Fx has a molecular formula of C42H58O6. While possessing a 

distinctive molecular structure (Figure 1) [19].  it is inherently unstable and susceptible to 

degradation when exposed to factors such as light, heat, enzymes, oxygen, unsaturated 
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lipids, and other pro-oxidant substances throughout the phases of extraction, purification, 

and storage. Studies emphasized that the bioavailability of Fx is closely linked to its 

absorption and metabolic processes [20]. 

 

 

Figure 1: Chemical structure of fucoxanthin  

 

 

 

 

Materials and Methods 

 

Review studies were systematically found, screened, and eventually included in accordance 

with the "Recommended Reporting Units for Systematic Reviews" and Meta-analysis 

(PRISMA) methodology [21]. We conducted a thorough search of the literature in the 

databases PubMed, PubMed Central, Google Scholar, Embase, and Web of Science using a 

combination of the keywords Fucoxanthin, capsanthin, astaxanthin (AST), canthaxanthin, 

crocetin, lycopene, lutein, zeaxanthin, α-carotene, β-carotene, β-cryptoxanthin from 2000 

to 2023. We extracted all pertinent publications discussing the anticancer effects of 

carotenoids on various cancers. Individual records from the initial search were checked for 

appropriate selection criteria (fucoxanthin's anticancer properties), and then those records 

were checked again using English titles and abstracts. To make sure that all pertinent 

materials were included, we meticulously combed through the reference lists of pertinent 

publications and cited the sources. 
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In selecting relevant articles, we went through a three-step approach. Initially, we reviewed 

the titles and summaries of the articles. The next step involved eliminating those that were 

not relevant. Finally, we examined the full content of the remaining articles to ensure their 

relevance. This process was carried out by four independent reviewers, who worked 

together to resolve disagreements. From the eligible articles, we took relevant information and 

used it for this systematic review. The names of the authors, the study year, and the publication 

year were among the general study attributes. 344 article records were obtained from the first 

database search. Following screening, 150 articles, deemed ineligible were manually removed, 

and 28 duplicates were eliminated.166 articles were screened and for a various reasons, not 

aligning with our study objectives, another 109 records were excluded. Studies and dissertations 

that were published in journals without peer review were also omitted. After screening, 57 

articles were found eligible for the systematic review.  (Figure 2) 
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Anti-cancer properties of Fucoxanthin in various cancers 

Extensive research has been conducted to investigate the impact of Fx on various types of 

cancer tissues. 

 

The effect of Fx in breast cancer 

In a study by Rwigemera et al [22], two breast cancer cell lines, MCF-7 and MDA-MB-

231, were exposed to low doses (10 and 20 μM) of Fx and fucoxanthinol (Fxol) to assess 

their anticancer effects. Both Fx and Fxol at 10 μM demonstrated antiproliferative 

properties by inducing apoptosis. Fucoxanthinol exhibited more rapid and effective 
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inhibition of cell growth compared to Fx. Specifically, at 20 μM, Fxol reduced MCF-7 cell 

viability by 58% after 48 hours of incubation, while MDA-MB-231 cell viability decreased 

to 13% and 47% at doses of 10 μM and 20 μM, respectively. Additionally, only MDA-MB-

231 cells showed growth suppression with 10 μM Fxol after 48 hours. 

 

Previous studies have consistently demonstrated that Fxol exhibits greater potency 

compared to Fx. Fucoxanthinol induced cell death in both estrogen-resistant MDA-MB-231 

and estrogen-sensitive MCF-7 breast cancer cell lines. In particular, Fxol was observed to 

inhibit the expression of NF-κB pathway members (p65, p50, RelB, and p52) in MDA-MB-

231 cells [23]. It is worth noting that women with estrogen receptor-positive tumors 

generally show a more favorable response to therapy; however, approximately 25% of 

cases did not respond due to acquired resistance. This resistance may be attributed to the 

presence of constitutive NF-κB activity, which helps estrogen-independent growth [24,25]. 

In estrogen receptor-positive cancers, there is substantial evidence of the continuous 

nuclear presence of key transcription factors such as asp50, p52, c-Rel, and the 

overexpression of p100/p52 [26]. The mammary gland cancer perspective presents an 

observation of heightened expression and activation of the p65 and p50 dimer, leading to 

an augmented transcriptional activity of anti-apoptotic genes [27].  

 

Tumor lymphangiogenesis, characterized by the release of lymphangiogenic factors like 

vascular endothelial growth factor-C (VEGF-C) from inflammatory and tumor cells, plays 

a pivotal role in shaping endothelial cells into tubular structures within lymphatic vessels 

and facilitating their infiltration into tumors. To assess the impact of Fx, cancer cells were 

exposed to varying concentrations (25, 50, and 100 µMol/l) of Fx for different time 

intervals (12, 24, and 48 hours). Cell viability was evaluated using the MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Furthermore, the anti-

migration effects of Fx on these cells were measured through transwell assays. To examine 

the influence of Fx on the formation of tube-like structures in lymphatic endothelial cells, a 

matrigel-based assay was employed. Protein expression levels in endothelial cells were 

assessed through western blot analysis after treating the cells with Fx for 24 hours. The 

findings indicated that Fx effectively inhibited the process of tumor lymphangiogenesis, 
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thereby preventing endothelial cell proliferation, migration, and the formation of tube-like 

structures [28]. 

 

Fucoxanthin interrupts MCF-7 cell adhesion to endothelium and transendothelial migration 

led to inhibition of CTCs-based pulmonary metastasis in vivo. Fx inhibits transendothelial 

migration by inhibiting EMT, PI3K/AKT, and FAK/Paxillin signaling pathways.The 

hetero-adhesion assay revealed that carotenoid significantly inhibited the expression of 

inflammatory factor induced cell adhesion molecules (CAMs) and the resulting adhesion 

between MCF-7 cells and endothelial cells. Mechanistically,it was mediated by inhibition 

of NF-kB pathway by down-regulating the phosphorylation level of IKK-α/β, IkB-α, and 

NF-kB p65. The wound-healing and transwell assays showed that Fx (25 µM) significantly 

inhibited the motility and invasion MCF-7 cells. Fucoxanthin also inhibited 

transendothelial migration abilities of cells when treated with 5, 10, 25 µM concentration. 

Moreover, Fx significantly inhibited the formation of lung micrometastatic foci in immune 

competent syngeneic mouse breast cancer metastasis models. Fucoxanthin increased the 

antitumor immune responses by substantially increasing the subsets of cytotoxic T 

lymphocytes in the peripheral immune system [29].  

 

The effect of Fx in hepatic cell cancer 

The Fx exhibits a robust inhibitory effect on the growth of SK-Hep-1 cells (human 

hepatoma cells) within a 24-hour timeframe. This inhibitory influence persisted for Fx 

concentrations exceeding 1 μM after 48 hours of exposure. Conversely, about BNL CL2 

cells (murine embryonic liver cells), Fx initially appeared to facilitate cell growth up to the 

24-hour mark, but a slight reduction in proliferation was noted after 48 hours. These 

findings led to the inference that the cell proliferation arrest and apoptosis induced by Fx 

were likely mediated through mechanisms involving increased cell gap junction 

communication and elevated intracellular calcium ion (Ca2+) levels [30]. Additionally, 

when human hepatoma HepG2 cells were subjected to a 10 μM dose of Fx, a notable 28% 

reduction in cell proliferation was observed 48 hours post-incubation [31]. 
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The evaluation of proteasome activity in HepG2 cells revealed a considerable increase in 

its function when these cells were treated with Fx in comparison to cells treated with a 

control vehicle. Further investigation using Western blot analysis showed that Fx led to the 

suppression of cyclin D, and this inhibitory effect was found to be synchronized with the 

administration of the proteasome inhibitor MG132. Additionally, RT-PCR analysis 

indicated that Fx repressed the mRNA expression of cyclin D in HepG2 cells. Fucoxanthin 

functions as a suppressor of cyclin D by promoting its proteasomal degradation and 

concurrently decreasing its transcriptional activity, resulting in cell cycle arrest. Especially 

the expression of the cyclin-dependent kinase inhibitor p21waf1/Cip1 remained largely 

unaffected by the presence of Fx [32]. 

 

The HepG2 cells underwent apoptosis when exposed to both the crude methanolic extract 

and the Fx-rich fraction extracted from Chaetoceroscalcitrans. The antiproliferative activity 

against cancer cells was significantly more potent in the cells treated with the Fx-rich 

fraction (IC50: 18.89 mg/ml) compared to those treated with the crude methanolic extract 

(IC50: 87.5 mg/ml) (p < 0.05), depending on the dosage and duration of treatment. Cells 

treated with the Fx-rich fraction displayed a higher accumulation of G0/G1 phase cells, 

leading to a cessation of the cell cycle at the G2/M phase. The gene expression analysis 

revealed that treatment with the extract resulted in the modulation of signaling patterns in 

cancer cells, affecting various genes responsible for cell signaling (such as AKT1, ERK1/2, 

JNK), oxidative stress (including CAT, SOD1, SOD2), and cell death (such as Bax, Bcl-2, 

BID, CYCS, APAF) [33]. 

 

Effect of Fx in prostate cancer 

When Fx was administered to prostate cancer cells (DU145), it was found to arrest the cell 

cycle at the G1 phase and exhibited a dose and time-dependent inhibition of cancer cell 

growth. This cell cycle arrest induced by Fx was associated with the up-regulation of 

GADD45A. Particularly, Fx did not induce apoptosis but functioned as a cytostat ic agent in 

these cancer cells [34]. A succeeding study was carried out to clarify the functions of 

GADD45A and MAPK in the context of Fx action on an androgen-dependent prostate 

cancer cell line. The results showed that Fx stimulated the expression of the GADD45A 
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gene, leading to cell cycle arrest in the G1 phase. This process was primarily driven by the 

strong activation of SAPK/JNK signaling. Furthermore, Fx demonstrated the ability to 

inhibit the growth of cancer cells, although there was no observed evidence of cell death 

occurring [35]. 

In another investigation involving prostate cancer cells (PC-3), a decrease in the number of 

viable cells following treatment with Fx was observed. Additionally, they detected the 

presence of an apoptotic DNA ladder, indicating programmed cell death.  When Fx at a 

concentration of 20 μmol/L derived from U. Pinnatifida was administered, it resulted in a 

substantial reduction in cell viability: 5.0% for DU145, 9.8% for lutein CaP, and 14.9% for 

PC-3, after 72 hours of treatment. The TUNEL assay confirmed the occurrence of DNA 

fragmentation, providing further evidence of Fx-induced cell death [36]. 

 

Effect of Fx in cancer of the urinary bladder 

In one of the studies experiments on EJ-1 urinary bladder cancer cell lines to investigate 

the potential chemopreventive effects of Fx (a substance of interest) was conducted. To 

assess the impact of Fx on cell growth, the researchers exposed the cells to various 

concentrations of Fx for different durations, using the WST-8 assay to measure cell 

viability. The assay relied on the production of formazan, which is directly linked to the 

number of viable cells in the culture. They also examined changes in the appearance of EJ-

1 cells by staining them with Hoechst 33258. In the control group, the cells displayed 

round nuclei with evenly distributed chromatin. However, when exposed to 20 μMFx for 

72 hours, apoptotic cells exhibited densely packed chromatin, nuclear degradation, and the 

characteristic DNA fragmentation pattern known as a DNA ladder. Furthermore, the 

researchers assessed caspase-3 activity at various time points (12, 24, 48, and 72 hours). 

Caspase-3 is an enzyme involved in the apoptosis process. They found that caspase-3 

activity increased significantly over time. Specifically, it was 2.6 times higher than the 

control after 12 hours of incubation, reached its peak at 6.1 times the control level after 24 

hours, and then gradually decreased to 3.9 times the control level during the late stages of 

apoptosis [37]. Fx halted the growth of human T24 bladder cancer cells in a manner that 

depended on both the dosage and duration of treatment. This inhibition occurred by causing 

cell cycle arrest in the G0/G1 phase. This process was characterized by an increase in the 
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levels of p21, a protein that inhibits cyclin-dependent kinases (CDKs), and a decrease in 

the expression of cyclin D1, cyclin E, CDK-2, and CDK-4 [38]. 

 

Effect of Fx in colorectal cancer 

Colorectal cancer stem cells can intermittently emerge within colorectal tissue and serve as 

potential markers for tumor development. These cells possess several remarkable 

characteristics, including the ability to resist drugs, exhibit multi -potentiality, undergo self-

renewal, form spherical structures, and promote tumorigenesis when studied in xenograft 

models. Identifying their presence can be achieved by observing specific surface markers 

such as CD44, CD166, LGR5, and EpCAM [39,40]. 

 

In a study involving CD44high/EpCAM high cells isolated from human colorectal cancer 

cells (HT-29), researchers explored the antiproliferative effects of Fxol in severe combined 

immunodeficiency mice. Fxol, an intestinal metabolite derived from Fx, is known for its 

various health benefits, including cancer prevention in humans. Fxol demonstrated 

significant inhibition of the growth of CD44high/EpCAMhigh cells and the disruption of 

colon spheres (Csps) produced by tumor cells. Additionally, it induced the formation of 

numerous condensed chromatin bodies in the cells in a manner dependent on the dosage. 

The IC50 value for Fxol regarding these changes in Csps was determined to be 1.8 µM. 

Furthermore, Fxol down-regulated proteins such as pAkt (Ser473), PPARβ/δ, and PPARγ 

in Csps, play pivotal roles in processes like cell proliferation, cell cycle, metastasis, and 

extracellular adhesion. When Fxol was administered post-treatment at a dose of 5 mg/kg 

body weight for 10 days in mice, it significantly suppressed the formation of Csps tumors 

compared to control mice. These findings indicate that Fxol holds promise as a chemo-

preventive agent against human colorectal cancer cells [41]. 

 

Six colorectal cancer cell lines and 20 cancerous tissue samples were subjected to treatment 

with Fx and Fxol to assess their potential anticancer effects using CD-DST (cell viability 

assay). The evaluation of in-vitro sensitivity to Fx and Fxol was based on the T/C ratio, 

which served as a marker. Upon treatment with 20 μM concentrations of Fx and Fxol, three 

colon cancer cell lines, namely HCT116, Caco 2, and WiDr, exhibited a notable decrease in 
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the T/C ratio, indicating reduced cell viability. Interestingly, Fxol significantly reduced the 

T/C ratio in DLD 1 and SSW620 cells, while Fx treatment did not yield significant results 

in these particular cells. On the contrary, none of the carotenoid treatments led to a reduced 

T/C ratio in Colo205 cells. Additionally, cancerous tissue specimens, when treated with 20 

and 10 μM concentrations of Fxol as compared to Fx, displayed a higher T/C ratio (>50%), 

suggesting that Fxol might exert a more pronounced cytotoxic effect on specific colorectal 

cancers when compared to Fx. The study's findings indicated that both Fx and Fxol have 

the potential to act as cytotoxic agents against particular colorectal cancer cell lines and 

tissue samples, as evidenced by their impact on the T/C ratio [42].  

 

Effect of Fx in human erythrocyte cancer 

 A separate research investigation aimed to establish eryptosis, a phenomenon analogous to 

apoptosis but occurring in erythrocytes, induced by Fx. In this study, erythrocytes were 

subjected to a 48-hour incubation period in a Ringer solution, both with and without 

varying concentrations of Fx (ranging from 25 μM to 75 μM), before measurements were 

taken. Results revealed that the presence of Fx at a concentration of 50 μM led to a 

statistically significant decrease in the average forward scatter of erythrocytes. 

Additionally, when erythrocytes were treated with Fx, a putative effect on hemolysis was 

observed, with a significant increase in the percentage of hemolytic erythrocytes noted 

after 24 hours of incubation with a 25 μM Fx concentration. To further investigate the 

impact of Fx, the concentration of hemoglobin in the supernatant was determined through 

photometry. The study found that Fx induced a significant increase in hemoglobin release. 

The investigation also involved the quantification of Fluo3-fluorescence to estimate 

cytosolic calcium (Ca++) activity. After a 48-hour exposure to Fx, Fluo3-fluorescence 

levels were found to increase, with statistical significance reached at the 50 μM Fx 

concentration. To assess whether Fx induced phosphatidylserine translocation or 

erythrocyte shrinkage, which are necessary for the entry of extracellular calcium, 

erythrocytes were incubated for 48 hours in the presence or absence of 75 μM Fx, in both 

the presence and nominal absence of extracellular calcium. The findings suggested that Fx 

partially induced the scrambling of cell membranes, which was attributed to the influx of 

extracellular calcium. Particularly, Fx did not induce noticeable oxidative stress, and the 
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study concluded that Fx triggered eryptosis characterized by cell shrinkage and cell 

membrane scrambling, an effect that was linked, at least in part, to the increased cytosolic 

calcium [43]. 

 

Effect of Fx in cancer of human leukemia cells 

Fx was found to induce the generation of reactive oxygen species (ROS), leading to 

apoptosis in HL-60 leukemic cell lines. The cells treated with Fx exhibited an excess of 

H2O2 and O2¯, along with a decrease in the sub-G1 DNA content, indicating cell cycle 

arrest in the G1 phase. When exposed to commercial antioxidants like NAC, there was a 

reduction in the number of apoptotic bodies and DNA fragmentation in the cells. 

Consequently, the study highlighted that the cytotoxic effects of Fx were attributed to ROS 

generation, which in turn initiated apoptosis in HL-60 cells [44]. Fx and Fxol were found to 

induce apoptosis in human leukemia cancer cells (HL-60) by cleaving procaspase-3, -7, and 

poly (ADP-ribose) polymerase (PARP), and by regulating the expression of Bcl proteins 

(Bcl-xLand Bcl-2) [45]. In contrast, treatment of similar cells with Fx led to increased 

cleavage of PARP and procaspase-3, while the protein levels of pro-apoptotic Bax and anti-

apoptotic Bcl-xLand Bcl-2 remained undisturbed [46]. 

 

Effect of Fx in cancer of human neural tissues 

Fucoxanthin was evaluated for its protective effects against H2O2-induced neurotoxicity in 

two types of neuronal cells: human neuroblastoma SH-SY5Y cells and primary cerebellar 

granule neurons (CGNs). To assess cell viability in CGNs, FDA/PI double staining was 

employed to visualize viable cells. Remarkably, the application of 3μMFx led to a 

significant reduction in neuronal cell death induced by H2O2. In the H2O2-treated group, 

cell viability was only 48.8%, whereas in the group treated with 3 μMFx + H2O2, it 

increased to 73.4%. Notably, no significant change in CGN viability was observed when 

treated with 3 μMFx alone for 26 hours. Furthermore, there was a substantial increase in 

intracellular reactive oxygen species (ROS) in SH-SY5Y cells when exposed to H2O2. 

Interestingly, Fx effectively reversed the alterations induced by H2O2. As a result, Fx was 

identified as a potential compound capable of counteracting H2O2-induced toxicity in 
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neuronal cells. It achieved this by activating the PI3-K/Akt pathway while inhibiting the 

ERK pathway, ultimately leading to a reduction in neuronal cell damage [47]. 

 

Effect of Fx in skin cancer 

A research study was conducted to investigate how Fx could protect human HaCaT 

keratinocytes from oxidative stress induced by H2O2. The study employed the comet assay 

to assess the extent of oxidative DNA damage. It was observed that Fx effectively 

prevented H2O2-induced cellular DNA damage by inhibiting the formation of comet tails 

and the expression of phospho-histone H2AX. Furthermore, Fx exhibited a protective role 

in shielding keratinocytes from oxidative stress and cellular apoptosis. This protection 

against cellular apoptosis was achieved by Fx through the suppression of apoptosis -

promoting factors such as Bcl-2-associated x protein, caspase-3, and caspase-9, while 

simultaneously promoting the presence of an apoptosis inhibitor [48]. 

 

Metastasis plays a crucial role in determining the fatality of malignant cancers. Fx 

demonstrated its ability to inhibit the expression and release of MMP-9, which is 

associated with the invasion and movement of tumors. Moreover, Fx suppressed the direct 

growth and infiltration of highly metastatic melanoma cells. Additionally, it reduced the 

expression of cell surface glycoprotein CD44 and CXC chemokine receptor-4 (CXCR4), 

both of which are responsible for the migration, invasion, and attachment of malignant 

endothelial cells to melanoma cells. These findings underscore the anti-metastatic 

properties of Fx [49]. 

 

Effect of Fx in cancerous cells of the cervix 

Research conducted on HeLa cells revealed that Fx triggered autophagy, a process of 

cellular self-cleansing, but did not induce apoptosis, even when pretreated with 3-MA 

(methyl adenine). This autophagic response was achieved by inhibiting the Akt/mTOR 

signaling pathway specifically in cervical cancer cells. Consequently, Fx was regarded as a 

potential agent with anti-carcinogenic properties [50]. In another investigation, it was 

observed that Fx effectively inhibited Akt phosphorylation in a manner dependent on its 

concentration. Fx also induced cell death in HeLa cell lines through a caspase-dependent 
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mechanism. Furthermore, Fx reduced the extent of NF-κB activation, with only a negligible 

impact on AP-1 activation. As a result, the study's author concluded that Fx exhibited 

antitumor activity in HeLa cell lines [51]. 

 

The impact of Fx on the PI3K/Akt signaling pathway in HeLa cells was investigated. Cells 

were subjected to various concentrations of Fx for 24 hours, followed by western blot 

analysis to assess its effect on proteins associated with the PI3K/Akt signaling pathway. 

The western blot results indicated that Fx deactivated the Akt pathway, reduced the levels 

of the Bcl-2 protein, promoted Bax formation, and triggered caspase-3 cleavage. These 

findings suggested that Fx inhibited the growth of HeLa cells by suppressing the PI3K/Akt 

signaling pathway. To further understand the relationship between Fx and nuclear 

transcription factor activity, the activities of NF-қB and AP-1 were evaluated using the 

luciferase reporter gene method. Fx was found to decrease the activation level of NF-қB, 

while no significant effect was observed on AP-1. Western blot analysis confirmed that Fx 

halted the migration of NF-қB from the nucleus to the cytoplasm and increased the nuclear 

NF-қB (P65) protein levels. These results suggested that NF-қB might play a role in 

inducing cell death in HeLa cells by Fx [52]. A study focused on human cervical cancer 

cell lines SiHa, HeLa, and CaSki to investigate the mechanism of Fx and Tumor Necrosis 

Factor-Related apoptosis-induced ligand (TRAIL). TRAIL, belonging to the Tumor 

Necrosis Factor (TNF) family, can induce apoptosis in cancer cells without affecting 

normal cell functions. The study employed the XTT method to assess cell viability and 

used flow cytometry to quantify apoptosis. Specifically, human SiHa cells were treated 

with Fx (0.5 µMol/L), TRAIL (100ng/ml), and a combination of Fx and TRAIL (0.5 

µMol/L + 100ng/ml) for 48 hours. Protein expression levels of PI3K/AKT, phosphorylated 

AKT (P-AKT), PIkBa, and NF-kB (p65) were analyzed using a Western blot assay. The 

study findings demonstrated that cervical cancer cells treated with TRAIL and Fx in 

combination exhibited more effective apoptosis compared to cells treated with Fx alone or 

TRAIL alone. Additionally, the study highlighted the essential role of the PI3K/AKT/NF-

қB signaling pathway in mediating apoptosis induction by Fx and TRAIL, as well as their 

ability to inhibit cancer cell viability [53].  
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In a research investigation carried out by our research team, HeLa cells were exposed to a 

range of Fx concentrations (20, 10, 5, 2.5, 1.25, 0.625, 0.3125, and 0.078 µM) over 24 and 

48 hours to assess its impact on cell viability. The MTT assay was employed to measure 

the viability of the cells, and IC50 values were calculated to gauge the anti -cancer potential 

of Fx.The findings of the study revealed that Fx exhibited its most significant anti-cancer 

effects at a concentration of 20 μM within the first 24 hours of exposure. Notably, at 24 

hours, Fx resulted in a more substantial decrease in cell viability compared to the 48 -hour 

timeframe. This suggests that Fx has a more pronounced effect on cell viability in the 

shorter time frame. Intriguingly, when comparing the effects of Fx to tamoxifen, a known 

anti-cancer drug, it was observed that Fx's impact at 24 hours exceeded that of tamoxifen at 

the same timeframe. This observation underscores the potential of Fx as a promising 

candidate for further exploration in the context of cervical cancer treatment [54]. 

Effect of Fx in human ovarian cancer cells 

The ability of Fx to kill cancer cells was measured through an MTT assay. It was found that Fx 

causes cancer cells to die at different concentrations (5–100 μM), with cells exposed to Fx seeing 

a decline in their ability to survive to 80% compared to those not treated with Fx. The main 

reason for this was the splitting of cell nuclei into smaller pieces, suggesting the creation of 

apoptotic bodies in the Fx-treated cells. Treatment with Fx (20 μM) also led to larger numbers of 

cells in the late stages of apoptosis (orange-red colored), indicating damage to the cell 

membrane. It's possible that Fx increased the production of reactive oxygen species (ROS) in the 

A2780 cells. To assess how Fx affects the reduction of MMP, the A2780 cells were marked with 

Rhodamine 123 dye. Untreated cells showed a rise in green fluorescence, indicating an increased 

number of polarized mitochondria. On the other hand, cells treated with Fx (20 μM) displayed a 

significant decrease in MMP activity, which was characterized by a continuous decline in the 

green fluorescence signal. The treatment also significantly boosted the activity of caspase‑9 

compared to the control group. Furthermore, there was a notable increase in the expression of 

caspase‑8 in the A2780 cells. The PI3K/AKT/mTOR pathway plays a crucial role in controlling 

cell growth and survival, and it was found to be involved in the inhibition of A2780 cell growth 

by Fx. Treatment with Fx led to a significant reduction in PI3K phosphorylation and an even 
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greater decrease in pAKT expression in A2780 cancer cells. Moreover, it's believed that Fx could 

lower the expression of mTOR in A2780 cancer cells. The data suggests that the activity of 

ribosomal protein S6K is increased in various cancer cell lines or tumors. These proteins have 

been linked to drug resistance and chemotherapy treatment, and their function in carcinogenesis 

is understood. In this research, it was demonstrated that Fx significantly reduced the expression 

of S6K in A2780 cancer cells. This clearly indicates that ribosomal protein S6K is upregulated in 

many cancer cell lines or tumors. These proteins have also been associated with resistance to 

drugs and chemotherapy treatments, and their role in the development of cancer is known. In this 

study, the ability of Fx to decrease the expression of S6K in A2780 cancer cells was 

demonstrated [55]. 

A subsequent study sought to explore the possible roles and mechanisms through which 

fucoxanthin could impact ovarian cancer metastasis and the process of glycolysis. Ovarian 

cancer cells, namely OVCAR-3 and A2780, were exposed to varying doses of fucoxanthin over a 

period of 48 hours. The outcomes of the CCK8 assays indicated that fucoxanthin treatment 

significantly reduced the viability of ovarian cancer cells, with the effect decreasing with higher 

concentrations. The study also examined how fucoxanthin affected the ability of ovarian cancer 

cells to migrate and invade. Results from a wound healing assay indicated that fucoxanthin 

concentrations of 50, 75, or 100 μM were sufficient to significantly impede the movement of 

OVCAR-3 and A2780 cells. Furthermore, the data from a transwell invasion assay clearly 

demonstrated a dose-dependent decrease in the number of cells able to invade. Additionally, a 

decrease in the expression of MMP2 and MMP9 following fucoxanthin treatment indicated that 

it inhibited the migration and invasion process of ovarian cancer cells. The uptake of FDG in 

OVCAR-3 and A2780 cells significantly decreased as the fucoxanthin concentrations increased. 

Additionally, fucoxanthin treatment led to a decrease in ATP levels in these cells, and ATP 

levels varied with the concentration of fucoxanthin used. The impact of fucoxanthin on the 

enzyme ECAR in ovarian cancer cells treated with glucose, oligomycin, or 2-DG was observed. 

The findings revealed that fucoxanthin treatment curtailed glycolysis. Moreover, the expression 

of enzymes and proteins involved in glycolysis, such as LDHA, HK2, and PDK1, was 

considerably reduced in fucoxanthin-treated OVCAR-3 and A2780 cells. By inhibiting 
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STAT3/c-Myc signaling, fucoxanthin was found to slow down the proliferation, metastasis, and 

glycolysis of ovarian cancer cells [56]. 

Discussion  

 

Carotenoids like Fx has several biological properties, including antioxidant properties, the 

ability to inhibit malignant tumour formation, and the ability to induce apoptosis. While the 

anti-cancer properties of Fx have been proven on various cancers by previous researchers, 

few studies are based on the cellular model. Fucoxanthin may inhibit the growth of HeLa 

cells by inhibiting the PI3/Akt pathway. It also reduces the activation level of NF-kappa 

B. NF-kappa B is activated in many cancers, including inflammation, proliferation, and 

angiogenesis. It mediates the inhibition of apoptosis by biological signals and promotes the 

growth of tumor cells [52]. The involvement of the PI3/AKT signaling pathway was 

suggested in cervical cancer cell proliferation, cell cycle regulation, and apoptosis. It 

serves a key role in the occurrence and development of a tumor [57]. FX may suppress the 

growth of cells, mainly cancer cells, by blocking the Akt/mTOR/S6K signaling pathway in 

ovarian cancer cells. Decreasing the activity of S6K leads to the stoppage of Akt signaling 

pathways, indicating a positive effect of Akt pathway regulation through S6K. FX enhances cell 

death; decreases cell growth, spread, and invasion; and suggests a possible way in which Fx acts 

to suppress Akt/mTOR pathways in human ovarian cancer cells [55]. Further, Fx protects 

defends keratinocytes from oxidative damage by scavenging ROS and cell death [48].   

Fucoxanthin has powerful antioxidant properties, which can help neutralize free radicals 

that can contribute to cancer development. By reducing oxidative stress, it may slow the 

growth of cancer cells and reduce the risk of developing cancer.  Chronic inflammation 

plays an important role in the progression of cancer. Fucoxanthin has been shown to have 

anti-inflammatory properties that may help inhibit the growth and spread of cancer cells. 

By blocking inflammatory signaling pathways, Fx may help alleviate the inflammatory 

microenvironment that supports cancer. Apoptosis is a natural process that prevents the 

accumulation of abnormal cells. Studies show that Fx can induce apoptosis in various 

cancer cells. This effect is important to prevent uncontrolled growth of cancer cells. 

Fucoxanthin has been reported to block the cell cycle at various checkpoints, thereby 
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preventing cancer cells from dividing and multiplying. This mechanism may be particularly 

effective in controlling cancer progression. 

Conclusion  

Fucoxanthin has shown promising effects on various cancer cells. Its anti -proliferative, 

anti-angiogenic, anti-inflammatory and apoptosis-inducing properties make it a compound 

of interest. In addition, its anti- cancer effects and ability to enhance the effects of 

conventional cancer treatments have opened new avenues for cancer research and treatment 

strategies. However, it should be noted that most studies have been conducted in-vitro or in 

animal models and additional clinical research is needed to confirm these findings and 

determine dosage and administration. Fucoxanthin represents a promising area of discovery 

in the ongoing fight against cancer. The natural origin of Fx and its diverse mechanisms of 

action make it an intriguing candidate for further exploration in cancer research and 

potential development as an adjuvant treatment or prevention. Integrating it into a healthy 

and balanced diet may also be beneficial in reducing cancer risk.  
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