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In this review, we discussed the important breakthroughs in the field of cancer 
treatment involving algae and microalgae. The continuous development and 
commercialization of marine drugs has been a rewarding scientific endeavour. The 
pipeline of marine-derived anticancer agents provides promising treatment options 
for patients with certain types of cancer. With the approval of four drugs and 
eighteen agents in late development, the pipeline of marine-derived anticancer 
drugs is one of the most robust in the industry. Natural products containing bioactive 
components have been increasingly popular in recent years Bioactive chemicals 
from marine organisms have been isolated after extensive research. About 9% of 
bioactive chemicals generated from marine organisms are found in algae and 
microalgae. Microalgae have been found to contain a variety of new metabolites 
with remarkable properties, comprising sterols, fatty acids, phenolic compounds, 
and carotenoids. Anticancer, antibacterial, antioxidant, and anti-inflammatory 
effects have been demonstrated for these substances. 

Keywords: 

Anticancer; antioxidants; bioactive; 
microalgae 

 
1. Introduction 
 

In the year of 2023, an estimation of a total 1,958,310 new cancer cases and 609,820 deaths 
caused by cancer are going to occur in the United States according to the American Cancer Society 
[1]. The rise of cancer patients worldwide is significant, as significant improvements in stroke and 
coronary heart disease rates. This puts immense pressure on people, families, and health systems, 
especially in low- and middle-income nations. Healthcare organizations struggle to handle this 
challenge, and many patients have limited access to prompt, efficient diagnosis and treatment [2,3]. 

Mutations in cancer cells may cause uncontrollable division, leading to uncontrollable cell 
division. Studying the basic theory of cancer formation is crucial for developing effective drugs. 
Mutations can cause cells to divide more than normal, creating dangerous groups that may harm the 
host. Continuous cycles of mutation and natural selection contribute to cancer [4]. Furthermore, 
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cancer occur when the cell loss its function or their controlled process is breakdown for examples 
cell differentiation, proliferation and programmed cell death (apoptosis) and the regulatory feedback 
mechanisms were involved resulting extremely high rate of cell growth [5].   

Health style, including tabaco smoking, UV ray exposure, alcohol consumption, and no 
breastfeeding, may contribute to cancer risk, potentially increasing the risk of breast cancer [6]. 
Treatment available and practice nowadays include radiation therapy, surgery, chemotherapy and 
hormone therapy. 50% of cancer patients undergo radiation therapy. Radiation treatment leads to 
40% of cancer treatment [7]. Current cancer therapy strategy improves with single molecular 
anomalies or cancer pathways, but targeting a single hallmark or route remains challenging [8]. 

Metastatic spreading and hallmark identification are crucial for cancer biology understanding, as 
they support tumor growth and provide a strong fundamental for understanding cancer biology. This 
progression helps rationalize human tumor pathogenesis and prevents malignant growth [9]. 
Bioactive compound (polysaccharides, proteins, peptides, lipids, and carotenoids) extracted from the 
microalgae was claimed to be effective for treating the cancer cell and malignant tumor or 
responding as agents for chemoprevention [10]. 

Despite several substances accumulated in microalgae cells having a high economic value, high 
extraction and purification processes cost, causing commercialization to struggle [11]. Microalgae 
study in Malaysia have widely conducted in academic and industry application. The application of 
microalgae is more focusing on environmental application such as wastewater treatment, biofuel 
production and carbon dioxide fixation [12,13]. In fact, a lot of literature found was using variety of 
microalgae species for biodiesel production. The study of using microalgae as new source alternative 
in producing biofuels is very widespread [14]. Oncological study reveals nowadays cancer treatment 
uses chemotherapeutic drugs, causing side effects like appetite loss, hair loss, diarrhea, and 
immunosuppression. Thus, new natural ingredients and metabolites discovered in microorganisms, 
animals, and plants exhibit cytotoxic activity on tumor cells without harming normal cells [15].  

Studies show plants as an important source of anticancer drugs, offering a useful treatment for 
various tumor types with lower side effects. Algae contain natural antitumor amalgams, but limited 
research on microalgae-derived bioactive compounds [16]. Algae, including microalgae, contribute 
to global yield up to 40%. These autotrophic plants have diverse body structures, ranging from small 
to multicellular organisms. They are found in freshwater lakes, ponds, and marine environments, 
influencing human health and physiology [17]. Scientifically algae classified into red, green, and 
brown algae, are categorized by size, with macroalgae visible to the naked eye, while microalgae are 
small, single-celled algae [16]. Microalgae offers high potential in human health, enhancing 
cardiovascular health, anticancer, anti-inflammatory, anticoagulant, antiviral, antibacterial, and 
antifungal properties the extracts boost the immune system, lower cholesterol levels, and eliminate 
toxic substances from the body [5,18] which contributed to the improvement of medicinal industry. 
       
2. Microalgae as Bioactive Compounds  

 
H. cuneiformis extract exhibits anti-cancer properties, triggering DNA denaturation on cells, 

causing apoptosis and cell cycle arrest, highlighting its potential in enhancing cancer prevention [19]. 
Ethanolic extracts of Chloromonas sp  significantly inhibit the growth of HeLa and A375 in dose 
dependant manner [20]. Dichloroacetic acid (DCA), Oximes and L-α-terpinol that were found in 
ethanolic extract of green algae collected from Arabian gulf, Chaetomorpha sp. have elucidated 
anticancer effect on MDA-MB-31 cancer cell lines as supported by other studies that claim L-α-
terpinol antiproliferative effect through suppressing NF-kb signalling on several breast cancer line  
[19-22]. 
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2.1 Phytosterols 
 
The most types of phytosterols found synthesised by microalgae are β-sitosterol, campesterol, 

brassicasterol, stigmasterol and ergosterol. Some microalgae species have reported to produce of 
phytosterols derived, biosynthetic sterol which are P. tricornutum, Nannochloropsis oceanica, and 
Chlamydomonas reinhardtii. Carbon phytosterols for example brassicasterol, campesterol, 
ergosterol, β-sitosterol and stigmasterol are the most familiar phytosterol group in microalgae few 
studies [23-25] shows four different microalgae oil extracts from Isochrysis galbana, Nannochloropis 
gaditana, Nannochloropsis sp. and Phaeodactylum tricornutum, there are around 0.7% to 3.4% off 
phytosterol found depending on the solvent use and extraction method. Significant result of the 
effect of stigmasterol isolated from microalgae Navicula incerta towards hepatocarcinoma (HepG2) 
cells have been reported. It shows that the extract is capable to induce apoptosis by upregulate gene 
Bax and p53 and downregulate anti-apoptotic gene Bcl-2.  

The highest producer of phytosterol microalgae reported are Diacronema lutheri (syn.Pavlova 
lutheri), Tetraselmis sp. and Nannochloropsis sp which composed of around 0.4% to 2.6% dry weight 
biomass, and reaching 5.1%, depending on nutrients, salinity and cultivation duration [26]. In the 
study done by Park et al., [27], inhibition of cell proliferation and apoptosis activity was reported 
involving phytosterol derivative, β-sitosterol in which it helps increasing the ratio of Bax/Bcl-2 and 
activation of capcase-3 in leukaemia cells. On that matter, in G0/G1 phase of cell cycle, phytosterol 
was proven to induce cell apoptosis of MDA-MB-231 cells. The study demonstrate mitochondrial 
membrane depolarization potential can be trigger and increasing of Bax/Bcl-2 ratio by exposing the 
human breast cancer with β-sitosterol [28]. 

 
2.2 Carotenoids 
 

Marine algae are excellent natural sources of antioxidants and anticancer compounds, with 
phenolic and carotenoid compounds preventing free radicals and minimizing DNA damage. These 
algae also contain phycobilin protein, a chemotherapeutic agent not found in terrestrial plants 
[27,28]. Phenolics compound have elucidate antioxidants potential [29]. ROS regulate cellular 
signalling, affecting gene expression and signalling pathways. Carotenoids can prevent damage to 
proteins and DNA and act as pro-oxidants by promoting phenolic acid production. The conversion of 
carotenoid from antioxidant to pro-oxidant depends on concentration and oxygen partial pressure 
[30-32].  
 
2.2.1 Astaxanthin 
 

In recent years, microalgae-based carotenoid development has been studied comprehensively, 
for examples, Dunaliella salina β-carotene, Synechocystis zeaxanthin, Chlorella protothecoides lutein, 
Chlorella protothecoides lutein, Haematococcus pluvialis and Chlorella zofingiensis astaxanthin. The 
main natural producer of astaxanthin are green microalgae Haematococcus pluvialis and Chlorella 
zofingiensis. H. pluvialis was considered a great astaxanthin manufacturer potential due to its high 
intracellular astaxanthin content [33].   

Through the result experiment conducted by, Kavitha et al., [34] on the hamster buccal pouch 
(HBP) carcinogenesis model by observing and analyse its capability to inhibit NF-κB and Wnt signalling 
pathways and support the activation of apoptosis by downregulation of the main IKKβ and GSK-3β 
regulatory enzymes. The findings present definitive proof that astaxanthin, extracted from 
Haematococcus pluvialis, shows antiproliferative effects by inhibiting transcription factor 
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phosphorylation, triggering kinases, and promoting cell death through downregulating Bcl-2 
expression and upregulating Bax expression [35]. 
 

2.2.2 Fucoxanthin 
 

Important group of marine microalgae, fucoxanthin-containing diatoms, account for 40% of 
marine primary productivity and 20%-25% of worldwide net primary production. Due to the 
conjugated carbonyl, a 5,6-monoepoxide and an acetyl group, it known for their unique structure of 
molecule which may attribute to their anticancer property [36]. Dunaliella salina, Chlorella 
zofingiensis, and Chlorella pyrenoidosa exhibit higher carotenoid production compared to higher 
plants, resulting in significant production of β-carotene, canthaxanthin, lutein and many others [37]. 
Several microalgae were reported to have generate fucoxanthin as their main carotenoid. Microalga 
P. tricornutum shows high potential of producing higher quantity of fucoxanthin comparing to other 
microalgae and poses the possibility of serving as a commercial source of fucoxanthin [38]. 

Peng et al., [39] reported that fucoxanthin exerted antiproliferation effect on tumour cells human 
promyelocytic leukaemia HL-60 cell line and may induce apoptosis mechanism of HL-60 [40]. 
Apoptosis induction was mentioned cause by fucoxanthin facilitated mitochondrial membrane 
permeabilization and caspase-9 and caspase-3 activation [41]. A study shows that it could also 
inducing cell cycle arrest at G1 phase and apoptosis to minimise the tumour cells proliferative activity 
[42]. 

Fucoxanthin also significantly decreased endothelial cell migration by inhibiting the 
phosphorylation of fibroblast growth factor 2 (FGF-2) mediated by intracellular signalling proteins 
along with extracellular signal-regulated kinases (ERK1/2) and protein kinase B (Akt). Not only that, 
fucoxanthin extracted from Undaria pinnatifida and Codium fragile also supressing its receptor 
(FGFR-1) along with the trans-activation factor, EGR-1. In human cancer cells, fucoxanthin has 
promoting the inhibitory of cancer cell proliferation by increasing gap junction intercellular 
communication, possibly contributing to increased intracellular signalling, which promotes cell cycle 
arrest and apoptosis. Fucoxanthin has a lot of potential as a cancer chemo preventive and/or 
chemotherapeutic agent. The factors involve fucoxanthin's anticancer effect has been proposed to 
be its free radical scavenging activity [15,43,44]. 
 
2.2.3 β-carotene 
 

The major type of provitamin A, β-carotene, is known for its ability to scavenge toxic oxygen and 
nitrogen radicals. β-Carotene has a wide range of uses in food, medicines, and cosmetics due to its 
beneficial characteristics. β-Carotene has been demonstrated to protect against UV and oxidative 
damage, and β-carotene supplement intake (30-180 mg daily) will inhibit UV-induced erythema in 
humans [15,45,46]. The discussion of β-carotene function in reducing a few types of cancer and 
deteriorating diseases in humans was found in Ranga Rao et al., [47].  

China study claims β-carotene, vitamin E, and selenium combination as potential anticancer 
agents. Nishino et al., [48] reported that β -carotene, astaxanthin, canthaxanthin, and zeaxanthin 
were found to assist the reduction size and quantity of liver neoplasia in vivo investigation. However, 
the comparison of β-carotene and astaxanthin with fucoxanthin, a xanthophyll type of carotenoids 
demonstrates that fucoxanthin has the greater anti-tumour activity [40].  

According to Jayappriyan et al., [49] among general species of Dunaliella, most highly β-carotene 
quantities accumulation is D. salina, D. bardawil and D. parva which is more than 10 to 12% of their 
dry weight. HPLC examination reveals 9-cis-beta-carotene, synthesized by Dunaliella, is 10 times 
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effective in cancer prevention compared to normal carotene. D. salina strain produces high β-
carotene, affecting cell death in PC-3 human prostate adenocarcinoma cell line. 

Meanwhile, in the comparison of three microalgae species, Chlorella sp., Dunaliella sp. and 
Isochrysis sp, the highest carotenoids content according to Ahmad et al., [50] was Dunaliella sp. As 
result of the study shows that β-carotene has a high toxicity effect on MCF-7 cancer cells, reducing 
viability and inhibiting inflammatory signalling. It can reduce iNOS and COX-2 synthesis, thereby 
deactivating ROS and promoting gastric healing. 
 
2.2.4 Lutein 
 

Lutein and zeaxanthin are important pigments in the macula lutea of the human eye retina. They 
can be found in both terrestrial plants and green algae. Lutein protects photoreceptors by filtering 
blue light, which can limit the amount of light that damages the retina by up to 40% [51,52]. Lutein 
also protects endothelial cells in vitro and has anticancer properties [53]. In a study done by Rafi et 
al., [54] found that lutein enhances the antiproliferative and apoptotic effects of chemotherapy 
medications, as well as inhibiting cell cycle progression in prostate cancer cell lines when used alone 
or in combination with chemotherapy drugs. Furthermore, lutein inhibits the expression of biomarker 
genes linked to prostate cancer growth and survival. Antiproliferation activity on breast cancer cell 
line through increasing intracellular ROS levels and promoting apoptotic cell death by downregulating 
Bcl2 genes and upregulating pro-apoptotic genes, as well as by improving the p53 signalling pathway 
[55]. This is well support in the study conducted by Chang et al., [56] where lutein also reported 
shows anti-breast cancer via triggering the NrF2/ARE pathway and disabling the NF-κB signalling 
pathway. Alongside downregulated expression of Bcl‐2 and poly‐ADP ribose polymerase to induce 
apoptosis on breast cancer line [57]. 
 
2.3 Secondary Metabolite Bioactive Compounds 
 

Anti-carcinogenic activity of phlorotannin obtain from Brown algae which have the phenolics 
character compound was proven by clinical trials which demonstrate that certain phlorotannins are 
capable of preventing the progression and development of cancer [58]. Effects of dieckol extract on 
the release and gene expression of various cyclooxygenase 1 enzymes were studied. It was concluded 
that dieckol inhibited the growth of various tumor cells [59]. Dieckol exhibited a protective effect 
against UVB radiation-induced cell damage. It increased the survival rate of fibroblast cells and 
decreased the toxicity of the cells [60]. Dieckol, extracted from E. stolonifera, demonstrated 
anticancer activities in a dose-dependent method against human Hep3B hepatocellular carcinoma 
cells, limiting tumor growth and activating key genes. Phlorotannin eckol decreased stemness and 
carcinogenesis in glioma stem-like cells in another investigation [61]. 
 
3. Conclusions 
 

Algae and microalgae are rich sources of bioactive compounds with great potential in the 
healthcare industry. Recent studies show that phytochemicals may have significant roles in treating 
and preventing chronic diseases like diabetes, cancer, and heart diseases. Marine-derived anticancer 
agents are expected to translate into the discovery of new drug targets. While algae bioactive 
compounds have been studied well, other potential aspects like metabolic activity, cell cycle 
regulation, apoptosis, and cell differentiation have not yet been thoroughly investigated. These 
investigations are expected to aid in understanding the functions and applications of phytochemicals 
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extracted from microalgae, facilitating the development of novel approaches to diagnosis, 
prevention, treatment, and management of diseases, particularly cancer. 
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