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Protective effect of microalgae extracts in breast cancer

Mikroalg ekstraktlarinin meme kanserinde koruyucu etkisi

Solange Kolie''”, Pinar Altin-Celik?'>’, Hamiyet D6nmez-Altuntag?>,
Muazzez Derya-Andeden?

r-—----

ABSTRACT

Breast cancer is a major global health problem, with an estimated 2.3 million new cases in 2020, making it the most
commonly diagnosed cancer in women. Advances in the understanding of genetic and environmental risk factors have
contributed to a significant decline in mortality rates over the past three decades and have led to improved diagnosis and
treatment strategies. While significant progress has been made in breast cancer awareness and treatment, inequalities in
access to care and early diagnosis, particularly in low-resource settings, remain a major challenge. Addressing these gaps
is critical to improving outcomes worldwide. Natural treatments for breast cancer are gaining increasing attention as they
can complement or enhance conventional treatments while minimizing side effects. Several natural products, including
phytochemicals, have shown significant anti-cancer properties through multiple mechanisms, making them promising
candidates for the treatment of breast cancer. Microalgae contain several bioactive compounds, including flavonoids and
phenolic acids, which have been shown to induce apoptosis and inhibit the proliferation of cancer cells. Microalgae
extracts have a significant protective effect against breast cancer through antioxidant activity, apoptosis induction, and
immune modulation. Studies show that microalgae such as Spirulina and Haematococcus pluvialis can inhibit tumor
growth and promote cell death in breast cancer models, highlighting their potential as complementary therapies. Although
the protective effects of microalgae extracts are promising, to completely comprehend their workings and possible
incorporation into traditional cancer treatments, more investigation is required. This review highlights the potential of
microalgae and microalgae extracts as a source of anticancer agents based on their efficacy against breast cancer.
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OZET

Meme kanseri, 2020 yilinda tahmini 2,3 milyon yeni vaka ile kadinlarda en sik teshis edilen kanser turu haline gelen 6nemli
bir kiresel saglik sorunudur. Genetik ve gevresel risk faktorlerinin anlasilmasindaki ilerlemeler, son otuz yilda 6lim
oranlarinda énemli bir dugstse katkida bulunmus ve iyilestirilmis tani ve tedavi stratejilerine yol agmistir. Meme kanseri
farkindalig ve tedavisinde 6nemli ilerlemeler kaydedilmis olsa da 6zellikle disiik kaynakl ortamlarda bakima ve erken
taniya erigsimdeki esitsizlikler blytk bir zorluk olmaya devam etmektedir. Bu bosluklari ele almak, diinya gapinda sonuglari
iyilestirmek igin kritik 6neme sahiptir. Meme kanseri igin dogal tedaviler, yan etkileri en aza indirirken geleneksel tedavileri
tamamlayabilmeleri veya gelistirebilmeleri nedeniyle giderek daha fazla ilgi gormektedir. Fitokimyasallar da dahil olmak
Uzere gesitli dogal urunler, birden fazla mekanizma yoluyla 6nemli kanser karsiti 6zellikler gostermistir ve bu da onlari
meme kanserinin tedavisi igin umut verici adaylar haline getirmektedir. Mikroalgler, apoptozu indikledigi ve kanser
hiicrelerinin gogalmasini engelledigi gosterilen flavonoidler ve fenolik asitler de dahil olmak tizere gesitli biyoaktif bilegikler
icerir. Mikroalg Ozleri, antioksidan aktivite, apoptozis indiksiyonu ve bagisiklik modtlasyonu yoluyla meme kanserine karsi
onemli bir koruyucu etkiye sahiptir. Calismalar, Spirulina ve Haematococcus pluvialis gibi mikroalglerin meme kanseri
modellerinde timor buylmesini engelleyebilecegini ve hiicre 6limind tesvik edebilecegini gostererek, tamamlayici
terapiler olarak potansiyellerini vurgulamaktadir. Mikroalg 6zlerinin koruyucu etkileri imit verici olsa da bunlarin isleyisini
ve geleneksel kanser tedavilerine olasi katiimini tam olarak kavramak igin daha fazla arastirma gerekmektedir. Bu derleme,
meme kanserine karsi etkinliklerine dayanarak, mikroalglerin ve mikroalg Ozlerinin antikanser ajanlari kaynagi olarak
potansiyelini vurgulamaktadir.

Anahtar kelimeler: Mikroalgler, meme kanseri, antikanser, biyobilesikler, biyoaktivite
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Introduction

Cancer covers a wide group of diseases related to the
uncontrolled proliferation of cells in the body (Farshi, 2024).
There are more than 200 different types of cancer, some of
which have the potential to spread to other tissues, often
causing fatal metastases. According to data from 2022,
approximately 20 million new cases and more than 9.7
million cancer-related deaths occurred worldwide (Liao et
al., 2024). Numerous studies have shown that cancer
progression is due to activation of tumor formation, DNA
damage, abnormal DNA repair mechanisms, inactivation of
tumor suppressor activity, metastasis, and increased cell
survival through angiogenesis (Niranjana et al., 2015;
O’Connor, 2015). Although cancer treatments can be
successfulin some cancer cases, the applicability of these
drugs is limited due to their side effects. Generally, drugs
used to treat cancer are highly toxic not only to cancer cells
but also to normal cells in the body. Chemotherapy and
radiotherapy are some of the current standard therapeutic
approaches for cancer treatment. However, there are many
side effects of chemotherapy with these chemotherapeutic
agents, such as hematopoietic toxicity, anorexia and hair
loss, which are usually serious side effects. Therefore, the
search for new potential therapeutic agents for cancer
treatment is remarkable for the scientific world. Particular
focus has recently been placed on some marine
substances, including lipids, peptides, carotenoids, and
carbohydrates, which have anti-cancer, anti-inflammatory,
antimicrobial, and antioxidant properties. Microalgae are
very important components of the aquatic ecosystem.
Known for their rapid growth cycles, microalgae are
increasingly used in the production of food and drugs for
human/animal consumption due to their ability to survive in
a foreign environment. Prior in vitro research has
demonstrated that a large number of these bioactive
microalgal chemicals exhibit potent anti-human cancers,
including breast cancer and leukemia. As a consequence,
several mechanisms underlying these bioactive chemicals’
anticancer activity have been clarified, including their
capacity to target molecular, cellular, and subcellular
checkpoints linked to the development and spread of
cancer. Recent findings have brought to light a number of
the processes by which the bioactive substances generated
by microalgae work, including as the inhibition of
telomerase and protein kinases and the triggering of
autophagy and death. In addition to a decrease in tumor
volume, further in vivo investigations have demonstrated a

potent anti-angiogenesis impact on solid tumors.

These bioactive microalgae compounds have also been
studied in the context of clinical trials for various types of

cancer, making them strong candidates for the

development of antitumor drugs.

Kolie et al.

Breast cancer

Breast cancer is a heterogeneous disease in which genetic
and environmental factors play a role. Breast cancer is a
global health problem and the most common cancer in
women worldwide (Ferlay et al., 2019; Narayan et al., 2020).
Many malignant tumors can metastasize, which means the
invasion of cancer cells, and this is the most dangerous
feature of cancer (McSherry et al., 2007).

Breast cancer begins primarily in breast cells. Malignant
tumors, which are clusters of cancer cells, can spread and
damage surrounding tissue and also spread throughout the
body. Cancer can cause changes in breast cells that
prevent them from growing or functioning normally. These
alterations may result in benign tumors like intraductal
like
atypical hyperplasia and cysts (Sinha, 2018). However,

papillomas or non-cancerous breast conditions
breast cancer can develop due to modifications in the
breast cells. It usually begins in the cells of the ducti, the
tubes that carry milk from the mammary glands to the
nipple, and is called ductal carcinoma (Edward et al., 2021;
Obeagu et al., 2023).

Classification of breast cancer

There are various classification methods for breast cancer
in the literature. However, the most commonly used
method is the method based on the presence or absence of
receptors. Breast cancer is categorized into four groups
based on the presence or absence of three receptors for
estrogen, progesterone and human epidermal growth
factor receptor 2 (HER-2) (Hon et al., 2016). Invasive breast
cancer is categorized into four main molecular subtypes
using an immunohistochemical technique according to the
estrogen receptors expression (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2 (HER2)
(Joshi & Press, 2018). The luminal A subtype (ER+ and/or
PR+ and HER2-) accounts for approximately 60% of breast
cancer cases and is associated with a favorable prognosis
(Gao & Swain, 2018). The luminal B subtype (ER+ and/or
PR+ and HER2+) accounts for 30% of cases and is
associated with a high Ki67 index (>14%), a marker of cell
proliferation, and a poor prognosis (Ades et al., 2014).
(ER-, PR- and HER2+)
accounts for 10% of cases and is also associated with a
poor prognosis (Loibl & Gianni, 2017). Lastly, 15-20% of
cases are triple-negative breast cancer/TNBC (ER-, PR-,
and HER2-), which is notorious for its high aggressiveness,

HER2-positive breast cancer

propensity to strike young women, and exceptionally poor
prognosis (Bergin & Loi, 2019). Triple-negative breast
cancer (TNBC) is the type with the worst prognosis. It is
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characterized by the complete absence of three receptors,
which makes it difficult to treat with hormonal and targeted
therapies (Podo et al., 2010). These are aggressive tumors,
accounting for approximately 12% to 17% of cases, and are
characterized by a high nuclear grade, high mitotic activity
and significant metastatic potential to internal organs
(Foulkes et al., 2010).

Risk factors for breast cancer

Breast cancer is a disease with high risk factors that can be

influenced by many factors, including genetic,
environmental, behavioral and major lifestyle elements
(Mahdavi et al., 2019; Obeagu El et al., 2021; Ibekwe et al.,
2022). Poor lifestyle choices, environmental and socio-
psychological factors are all associated with the onset of
the disease. Studies have shown that 5-10% of breast
cancer cases are due to genetic mutations and family
history, while 20-30% are associated with modifiable
factors (Sun et al.,, 2017). Major risk factors for breast
cancer include family history, diet, obesity, mutations such
as BRCA1 and BRCA2, genetic predisposition, including
smoking and alcohol consumption. Other factors such as
exposure to ionizing radiation, menstrual cycles, pregnancy
and breastfeeding can also play a role in the development
of breast cancer (Mahdavi et al., 2019). Other risk factors
for breast cancer include older age, female sex, early
menstruation, late
breastfeeding, dense breast tissue, hormone replacement
therapy and a history of breast radiotherapy (O’Sullivan et

al., 2018).

menopause, nulliparity, non-

Breast cancer treatment

Most cases of breast detected by
mammography or clinical examination (Ruddy & Ganz,
2019), and there are different strategies for its treatment

(Barzaman et al., 2020).

cancer are

Treatment strategies for breast cancer vary depending on
the molecular subtype.
treatments such as surgery and radiotherapy, there are
multidisciplinary approaches that also include systemic

In addition to locoregional

treatments. These include endocrine therapy for hormone
receptor-positive chemotherapy, anti-HER2
therapy for HER2-positive cancers, bone-stabilizing agents,

cancers,

poly (ADP-ribose) polymerase inhibitors for patients with
BRCA mutations, and, more recently, immunotherapy
(Harbeck et al., 2019).

Considering the serious side effects, chemical resistance,
high cost, and shortage of cancer drugs, scientists have
started to look for natural therapeutics to develop new
cancer drugs. Natural medicines have minimal side effects
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and the potential to act on various signaling pathways
related to tumor formation.
advantages, research on natural products is rapidly
increasing to search for new anticancer drugs not only from

Considering all these

land plants and microorganisms but also from marine
(Sung et al.,, 2021).
approaches aim to personalize treatment and adjust

organisms Future therapeutic
treatment intensity according to tumor biology and initial
response to treatment (Harbeck et al., 2019).

Microalgae

Microalgae are a wide range of prokaryotic and eukaryotic
microorganisms that are mostly photoautotrophic and
occur singly or in colonies. They play an important role on
Earth and form the largest biomass on Earth, responsible
for at least 32% of global photosynthesis (Priyadarshani et
al., 2011). Moreover, these photosynthetic microorganisms
have colonized all marine and terrestrial ecological niches
and also represent the largest group of living organisms in
terms of biodiversity on Earth (lrigoien et al., 2004).
Although they are highly biodiverse, they are an almost
untapped resource. There are an estimated 200,000 to
800,000 species in many genera, of which only 50,000 are
known (Priyadarshani et al., 2011). Because of their high
ecological adaptability and constant exposure to a variety
of biotic and abiotic stressors, microalgae are a rich source
of interesting and useful components (Pulz & Gross, 2004;
Spolaore etal., 2006). As photoautotrophic organisms, they
are also an effective source of high value-added
biomolecules due to their simple growth requirements and
short life cycle (Spolaore et al., 2006; Kim et al., 2014; Plaza
et al., 2009). Bioactive compounds of microalgal origin can
be sourced directly from primary metabolism, such as
proteins, fatty acids, vitamins, and pigments, or can be
synthesized from secondary metabolism (de Morais et al.,
2015). These substances are used in various fields,
including medicine, pharmaceuticals, nutraceuticals,
cosmetics, energy, etc. Some extensive studies have
confirmed the potential of microalgae as a reliable and
environmentally friendly raw material for the production of
important valuable resources, paving the way for new
advances in biotechnology (Blirck et al., 2024). Microalgae
such as Haematococcus pluvialis, Dunaliella salina,
Blakesleatrispora sp., Desmodesmus sp., Euglena gracilis,
Tisochrysis lutea, Isochrysis galbana, Phaeodactylum
tricornutum and Cylindrotheca closterium are among the
most studied, as they are capable of producing significant
amounts of carotenoids (Razz, 2024; Huang et al., 2024).
They are microorganisms that synthesize a variety of rare
carotenoids and pave the way for innovative industrial and
scientific applications. These carotenoids, such as

fucoxanthin,  xanthophylls and astaxanthin, are



characterized by their high antioxidant and anti-
inflammatory properties and contribute to human health
and protection against various chronic diseases (Gong et

al., 2024).

Microalgae as a source of biocompounds

Nowadays, many industries from various sectors are
investingin natural and biologically produced products with
high added 2018).
Pharmaceuticals, cosmetics, food and pet food, polymers,

value (Mahapatra et al,
chemicals, and energy products are just a few of the
industries that use these products. The use of microalgae is
particularly interesting and important due to their cellular
composition, which enables the extraction of high-quality
commercial products (Kumar et al., 2021; Premaratne et
2021).
metabolites, namely primary metabolites and secondary
Lipids,
examples of primary metabolites that are essential to the

al., Microalgae synthesize two categories of

metabolites. proteins, and carbohydrates are
survival of some microorganisms, whereas carotenoids,
astaxanthin, and polyhydroxyalkanoates are examples of
secondary metabolites that are functional substances
connected to physiological systems (Japar et al., 2021; Liu
et al., 2022). They are microorganisms that represent a
potential source of raw materials for various bioproducts,
mainly due to the primary and secondary metabolites they
contain. be converted
polyunsaturated fatty acids such as omega-3, while

carbohydrates can be potential sources of biohydrogen.

Lipids can into high-value

Proteins can likely be converted into biopolymers such as
bioplastics, and pigments can reach high concentrations of
(Calijuri et al., 2022).
microorganisms are rich in bioactive components, mainly
lipids (7-65%), proteins (5-74%), carbohydrates (8-69%)
and to a lesser extent other metabolites such as pigments
and vitamins (1-14%), depending on their cell structure
(Becker, 2007; Ejike et al., 2017; del Mondo et al., 2020;
Siddiki et al., 2022). Proteins, essential amino acids,
carbohydrates like glucose and starch, omega-3 and
omega-6 fatty acids, and vitamins B1, B2, B5, B6, B9, A, C,
and E are allknown to be abundantin microalgae (Yan et al.,
2016; Chu, 2012). Microalgae (chemical
composition) contain carbohydrates, proteins,

valuable carotenoids These

extracts
lipids,
vitamins, micronutrients, macronutrients and
phytohormones
auxins, abscisic acid and other bioactive compounds such

as fucoxanthin and phycobiliproteins (Bello et al., 2021).

like gibberellins, ethylene, cytokinins,

Microalgae biomass is an excellent raw material for the
production of biofuels, biomaterials (peptides, proteins,
saccharide polymers) and carbohydrates (Cn(H,O)n) forthe
animal and human food sector (Maurya et al., 2016; Corre

Kolie et al.

et al,, 2017). As microorganisms, algae have a lipid
composition that generally varies between 20% and 50%,
but, based on the strain and culture conditions, can
increase to 80%. (Sun et al., 2018). Among the compounds
extracted from microalgae, lipids are the most studied and
offer  significant  potential for expansion and
commercialization of the process (Maltsev & Maltseva,
2021). Linoleic acid (C18:2 or omega-6) and linolenic acid
(C18:3 or omega-3)

polyunsaturated fatty acids, mainly because of their

are among the most popular

benefits and advantages for human health (Sharma et al.,
2020), as they can combat numerous diseases such as
coronary disease, thrombosis, macular
degeneration, diabetes, allergies, asthma,
osteoporosis and some cancers. They are currently being

heart
dementia,
investigated as a potential adjuvant treatment for
cardiovascular complications associated with COVID-19
as well as many other diseases (Oliver et al., 2020). In
addition, long-chain omega-3 polyunsaturated fatty acids,
particularly eicosapentaenoic acid (C20:5 or EPA) and
docosahexaenoic acid (C22:6 or DHA), are used to feed
aquatic organisms in aquaculture (Fernandez et al., 2021).

Microalgae are rich sources of phenolic compounds, which
are well known for their strong antioxidant and anticancer
(Cichonski 2022). These
bioactive molecules can modulate various cellular

properties & Chrzanowski,
pathways, including oxidative stress reduction, apoptosis
induction, and inhibition of cancer cell proliferation.
Several studies have highlighted the role of microalgal
suppressing growth  through
mechanisms such as cell cycle arrest and modulation of

phenolics in tumor
key signaling pathways involved in carcinogenesis (Matulja
et al., 2022). Moreover, their ability to enhance the efficacy
of conventional chemotherapy while minimizing side
effects makes them promising candidates for breast cancer
treatment. Further research is needed to explore their
bioavailability and molecular interactions to fully unlock
their therapeutic potential.

Carotenoids are secondary metabolites produced by
microalgae. As natural pigments, they are considered
healthier than chemically synthesized pigments and are
attracting the attention of various industries such as
pharmaceuticals, cosmetics, food, and health (Henriquez
et al., 2016). The most well-known carotenoids that come
from microalgae in the commercial market are B-carotene,
lutein, and astaxanthin (Hu et al., 2018; Rammuni et al.,
2019). The increasing interest in these substances is due to
the antioxidant, anti-inflammatory, vitamin A precursor and
neuroprotective  properties of microalgae-derived
carotenoids (Cezare-Gomes et al., 2019; D’Alessandro &
Antoniosi Filho, 2016; Hu et al., 2018). Researchers are
currently concentrating on species like Haematococcus
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pluvialis for astaxanthin (Li et al.,, 2011; Rammuni et al.,
2019), Murielopsis sp. and S. almeriensis for lutein (Pagels
et al.,, 2020), and Dunaliella salina for [p-carotene
(Pourkarimi et al., 2020; Wu et al., 2020; Xi et al., 2020).
Nonetheless, Chlorella vulgaris, Spirulina platensis,
Haematococcus pluvialis, and Dunaliella salina are the
most researched species, according to Silva et al. (2020),
who compiled the trends in the brightest pigments and
microalgae sources over the previous ten years. Microalgae
contain carotenoids such as diatoxanthin, diadinoxanthin,
alloxanthin, and peridinin, which are important because
they contain a variety of bioactive compounds. These
substances have potential uses in several biotechnological
fields and are advantageous to human health (Pistelli et al.,

2021).

Terpenes are a diverse class of compounds with key
ecological roles, including intraspecific communication,
chemical defense, and protection against microbial
contamination. Although generally classified as secondary
metabolites, their isoprenoid precursors also contribute to
primary metabolites like chlorophylls, carotenoids, and
steroids. Algae, particularly red algae, produce various
terpenes such as monoterpenes, sesquiterpenes, and
diterpenes, which exhibit antimicrobial, anti-inflammatory,
antioxidant, and anticancer properties.  These
characteristics make terpenes valuable for scientific and

industrial applications (Liu et. al., 2024).

Microalgae such as cyanobacteria are indeed an important
source of extracellular polysaccharides. They can be used
as stabilizers in the food industry and as humectants in
cosmetics and pharmaceuticals. Additionally, the human
immune system is known to be stimulated by sulfated
polysaccharides derived from microalgae (Fu et al., 2019).

Microalgae such as Spirulina and Chlorella vulgaris are rich
in proteins. Studies have shown that the proteins in
Spirulina can reduce inflammation and allergies, while the
peptides in Chlorella vulgaris can protect against cell
damage. In addition, these microalgae provide essential
amino acids that mammals cannot synthesize (Barkia et
al., 2019; Lordan et al., 2011).

Using biomolecules extracted from algae as active
pharmaceutical ingredients plays a significant role in
pharmacy. Most studies on this topic focus on these
extracts’ total phenolic content and antioxidant activity.
Research has been conducted on the in vitro antioxidant
activities of extracts and/or molecules derived from various
Chlorella species, their protective effects against radical-
induced oxidative stress in kidney cells, and the total
phenolic content and antioxidant activity of
Ankistrodesmus sp. (Ko et al.,, 2012; Chen et al.,2014;
Nakashima et al., 2009; Jerez-Martel et al., 2017).
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In a study by Manivannan et al. (2012), the authors
assessed Chlorella marina’s in vitro antioxidant properties
to identify safe and inexpensive new antioxidant sources.
They prepared algal extracts using methanol, diethyl ether,
and hexane solvents and tested their total phenolic
content, antioxidant activities, deoxyribose radical
scavenging activities, and reducing power. Their results
indicated that the methanol extracts of C. marina might
possess potential antioxidant effects (Manivannan et al.,

2012).

Shanab et al. (2012) evaluated the antioxidant and
anticancer activities of aqueous extracts from 9 microalgae
species, including 8 cyanobacteria and 1 green alga
(Chlorella vulgaris). The extracts were first evaluated for
their total phenolic content, secondary metabolites such
as terpenoids and alkaloids, and phycobiliprotein pigments
like phycocyanin. Then, the antioxidant activities of the
algal extracts were assessed. Finally, the effects of the
extracts on the proliferation of HepG2 and EACC cancer
cells were evaluated by calculating cell
percentages. They found that C. wulgaris exhibited
anticancer activity (Shanab et al., 2012).

viability

Stress responses and tolerance mechanisms in

microalgae

High salt
stress
Stress

factors for

microalgae
Heavy
metal
stress

Figure 1. Stress factors for microalgae

Factors such as abiotic stress, high salt stress, oxidative
stress, intense light stress, darkening stress and heavy
metal stress can cause stress in microalgae (Figure 1).
Stress factors can cause changes in the physiological and
biochemical processes of microalgae and affect growth,
photosynthesis, cellular ultrastructure, protein contentand
fatty acid composition. These stress factors can also trigger



the production of reactive oxygen species (ROS), which
cause the oxidation of proteins, lipids and peptides and
stimulate the antioxidant system (Xiao et al., 2023; Singh et
al., 2018).

Responses of microalgae to abiotic stress

Microalgae demonstrate high tolerance to abiotic stressors
and produce valuable metabolites. Exposure to nutrient
light, high
salinity, or heavy metals can stimulate lipid and by-product
biosynthesis (Paliwal et al.,, 2017; Chen et al.,, 2017).
Nutrient deficiencies, particularly in nitrogen, phosphorus,

deficiency, intense extreme temperatures,

and metal ions, are known to enhance lipid accumulation
(Chen et al., 2011; Fernandes et al., 2013; Pancha et al.,
2014). One well-studied species, Chlorella protothecoides,
produces significant lutein and fatty acids suitable for
biodiesel (Campenni’ et al., 2013). While continuous stress
promotes lipid or carbohydrate accumulation, balancing it
with growth rate is crucial to maintaining productivity and
reducing biofuel costs (Pancha et al., 2015).

Under stress, microalgae produce polyunsaturated fatty
acids and adapt by modifying their membrane composition
and accumulating compatible solutes. Salt stress, for
instance, enhances carotenoid synthesis, likely due to
increased reactive oxygen species (Li et al., 2009). Salt-
like
osmoprotective solutes such as sucrose, glycerol, and
betaine, aiding survival under extreme salinity (El Arroussi
etal., 2015).

tolerant  species Dunaliella salina produce

Responses of microalgae to high salt stress

Microalgae species adapt to extreme salinity through
metabolic changes (Gebser & Pohnert, 2013; Paliwal et al.,
2017). Elevated salt levels inhibit growth in freshwater algae
such as Chlorella vulgaris, Chlorella salina, Chlorella
emersonii (Talebi et al., 2013) and Scenedesmus opoliensis
(Demetriou et al., 2007). In Chlamydomonas, high salt
stress slows cell division, reduces size, and induces
palmelloid formation, a transitional stage where cells lose
flagella, secrete exopolysaccharides, and cluster together
(Hema et al., 2007; Khona et al., 2016). Chlorella and
Dunaliella respond differently to salt stress. Chlorella relies
on osmoregulation through organic solutes and inorganic
ion accumulation, while Dunaliella, lacking a rigid cell wall,
rapidly adjusts turgor pressure by modulating intracellular
ion and glycerol concentrations (Shetty et al., 2019; Kacka
& Donmez, 2008).

Kolie et al.

Responses of microalgae to heavy metal stress

Recent studies have examined heavy metal stress in
Chlorella, Scenedesmus,
cyanobacteria, and Chlamydomonas reinhardtii, revealing

microalgae such as
species-dependent toxicological responses (Geng et al.,
2022; Pradhan et al., 2019; Gu et al., 2020; Miguez et al.,
2021). Industrial wastewater contains over 40 heavy
metals, including Cu, Zn, Pb, Cd, and Hg, which persist in
nature due to their non-biodegradable nature (Zamani et
al., 2020).
specialized surface interactions (Hamed et al., 2017) but

Microalgae absorb heavy metals through

exhibit stress symptoms such as slow growth, reduced
pigments, and abnormal morphology. Metal ion uptake
triggers reactive oxygen species (ROS) accumulation,
which, if uncontrolled, disrupts cellular redox balance,
damages biomolecules, and can cause cell death (Sun et
al., 2018). The extent of damage depends on metal type,
concentration, and environmental conditions.

Responses of microalgae to dark and intense light stress

Microalgae, as phototrophic organisms, rely on light for
survival and reproduction. Changes in the light regime
significantly impact chlorophyll concentration,
and productivity. Prolonged darkness

inhibits proteins involved in nitrogen assimilation while

photosynthesis,

stimulating glycolysis and fatty acid synthesis, redirecting
cellular carbon and nitrogen to lipid biosynthesis (Bai et al.,
2016). Light intensity also affects biomass and nutrient
composition. High light increases neutral lipids like TAGs
while reducing polar lipids due to oxidative damage (He et
al., 2015; Breuer et al., 2013; Carvalho & Malcata, 2005).
TAG accumulation rates vary across species such as
Chlorella sp., Monoraphidium sp., Scenedesmus obliquus,
Pavlova lutheri, and Nannochloropsis gaditana (Mitra et al.,
2015).

Responses of microalgae to oxidative stress

Reactive oxygen species (ROS) are pro-oxidants that trigger
They abiotic,
and including

oxidative  stress. accumulate from

anthropogenic, biological sources,
photosynthesis and enzymatic reactions (Kehrer, 2000). In
aerobic organisms, ROS include superoxide anions (O,"),
hydrogen peroxide (H.0O,), singlet oxygen ('0.), and hydroxyl
radicals (HO-). Photosynthetic organisms are highly
exposed to ROS due to oxygen depletion in the electron
transport chain (Chokshi et al., 2017; Gill & Tuteja, 2010;
Rezayian et al., 2019). Elevated ROS levels damage nucleic
acids, proteins, and lipids, leading to metabolic disorders

and potentially cell death (Kehrer, 2000; Gill & Tuteja, 2010).
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Anti-cancer activities of microalgae

Most
antioxidants known for their antitumor effects (Fleischauer
et al., 2003). Many studies have shown that microalgae
extracts have various anticancer, antiviral, antimicrobial,

microalgae species are rich in carotenoids,

antibacterial and anti-inflammatory activities and
properties. These algae-derived substances affect various
cellular mechanisms such as cytotoxicity, suppression of
tumor cell invasion and enhancement of apoptosis of
cancer cells (Lee et al., 2013; Farooqi et al.,, 2012).
Extensive research in the field of celland molecular biology
has shown significant and natural antitumor activity of
algae compounds (Talero et al., 2015; Kumar et al., 2013).
For example, fucoxanthin,

microalgae, diatoms and brown algae,

a carotenoid found in
has shown
remarkable cancer properties by inhibiting the growth of
malignant cells, activating tumor suppressor genes and
disrupting cell cycles while protecting tumor cell apoptosis
(Takahashi et al., 2015; Peng et al., 2011). It has also been
demonstrated that bioactive substances from microalgae,
including lipids, carbohydrates, and phycobiliproteins,
have apoptotic and antiproliferative effects on a variety of
cancer types (Talero et al., 2015). In a previous study,
fucoidan, a sulfated polysaccharide extracted from various
microalgae such as Fucus vesiculosus, Sargassum
henslowianam, Cladosiphon fucoidan and Coccophora
longsdorfii, was shown to inhibits angiogenesis and
metastasis in human lymphoma, melanoma, colon cancer,
breast cancer, lung cancer and human promyeloid
leukemia cells by reducing kinase activity and activating
caspase-3/7 (Deniz et al., 2017). Microalgae are alsorich in
docosahexaenoic acid (DHA), a compound known to
induce cytotoxicity and upregulate lipid peroxidation. It
exhibits antitumor properties due to its effect on the cell
nucleus and mitochondria and responds to the resulting
stress factors with structural or functional changes that
lead to apoptosis (Siddiqg & Dembitsky, 2008). In another
cyanobacterial extracts, which share certain
bioactive compounds with microalgae, have shown strong

study,

antiproliferative effects and induced DNA damage in
cancer cell lines, including colon cancer (Andeden et al.,
2018). These findings support the potential anticancer role
of microalgal secondary metabolites in breast cancer
treatment.

The role of microalgae in breast cancer

Various species of microalgae produce carcinogenic
bioactive compounds due to their natural origin such as
carbohydrates, peptides, carotenoids, polyphenols and
fatty acids, their rapid growth cycle, their ability to survive in
a hostile environment, their low toxicity, their diverse
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bioactivities, their ability to control cellular, subcellular and
molecular checkpoints involved in cancer development
and progression, as well as their ability to induce autophagy
and apoptosis, inhibit telomerase and protein kinases, and
these compounds inhibit breast cancer cell proliferation,
induce apoptosis and modulate key signaling pathways
addition, the
mechanisms of action of these bioactive compounds and

involved in cancer progression. In
their potential synergistic effects with conventional cancer
therapies are being investigated. These microalgae offer a
promising avenue for the development of alternative and
complementary therapies for breast cancer. In vivo studies
with these microalgae have shown a potent anti-
angiogenesis effect on solid tumors as well as a reduction
in tumor volume. These bioactive compounds of
microalgae have also been investigated in clinical studies
on various types of cancer, making them good candidates

for the development of antitumor drugs.

In a study investigating the cytotoxic effect and apoptosis
mechanism of ethanol extracts from Chaetoceros
calcitrans on human breast cell lines, it was found that this
extract inhibited cell growth in MCF-7 cells by apoptosis
induction without cell cycle arrest. It was also observed
that this extract induced apoptosis in MCF-7 cells by
modulating CDK2, MDM2, p21Cip1, cyclin A2, Bax and Bcl-
2 and showed an increase in Bax/Bcl-2 ratio, which
activates caspase 7 and activates caspase-dependent

pathways (Ebrahimi et al., 2013).

In a study investigating the cytotoxic effect of SRD3 against
MCF-7 cell lines in vitro, it was found that four different
solvent extracts (methanol, ethyl acetate, chloroform and
hexane) of Chlorella sp. caused the death of MCF-7 cells,
although differently for each extract. In addition, the
methanol extract was shown to be non-toxic to the control
cells, so this extract can be used in the pharmaceutical
industry as a good source for the treatment of cancer cells
(Sigamani et al., 2019).

Microalgae are known for their bioactive compounds with
potential applications such as antimicrobial, anti-aging
and anticancer activities. In a study by Akbarizare et al.
(2019), the anticancer potential of saponins extracted from
investigated. After 24-hour
treatment with 0.02-2 mg/ml saponin extracted from S.

Spirulina platensis was

platensis, the cytotoxic activity changed in a concentration-
dependent manner. The toxicity of saponins was
determined as 1C50=0.22 mg/ml in MDA-MB-123 cells,
while the IC50 value in MCF-7 cells was 0.4 mg/mL.
Nowadays, marine microalgae are considered a relatively
new and rich source of bioactive compounds used in the
nutraceutical and pharmaceutical sectors. In the study
conducted by Wali et al. (2020), which investigated the
anticancer effect of Nannochloropsis oculata extract in



MDA-MB-231 breast cancer cells, it was reported that the
viability of the cells decreased depending on the extract
concentration and time (400 pg/mlin 24 hours, 300 pg/ml
in 48 hours and 200 pg/mlin 72 hours). In addition, it was
observed in light microscopy images that the number of
cells decreased with increasing concentration in the cells
treated with the extract.

In a study by Salem et al. (2020), it was found that the
methanol extract of Chlorella vulgaris, a type of green algae,
showed strong cytotoxic activity against the breast cancer
cellline MCF-7 (IC50=15.53 pg/ml).

Nowadays, the main objective of many studies is to screen
sources of biologically active compounds that can treat
cancer. In a study investigating the anticancer activities of
methanol extracts from Spirulina maxima, Chlorella salina,
Nannochloropsis oceanica and Nannochloropsis oculata,
it was reported that the extract from Spirulina maxima
showed promising activity against breast cancer by causing
75.50+1.76% cytotoxicity at a concentration of 200 pg/mlin
MCF-7 cells. This was followed by the extract of N. oceanica
(46.86+8.15% cytotoxicity) at the same concentration
(Elkhateeb et al., 2020). Microalgae are a rich source of
polyunsaturated fatty acids. In the study, the cytotoxic
effect of the Chlorella sp. S14 strain, which has the
potential to produce polyunsaturated fatty acids (PUFAs),
was investigated on some cancer cells. While the PUFA-rich
extract showed no cytotoxic effect on normal cells, the
viability of cells from MCF-7 (31.58%) and A549 (62.56%)
treated with this extract was significantly reduced. These
results demonstrate the potential of PUFA-rich extracts
from Chlorella sp. S14 to reduce the viability of A549 and
MCEF-7 cells (Vilakazi et al., 2021).

The most prevalent malignant malignancy in women
globally is breast cancer. Conventional medicine has been
challenged by drug resistance, toxicity, and the incapacity
of present therapies to completely treat breast cancer. As a
result, complementary alternative medicine has become
popular due to its safety and efficacy. Alateyah et al. (2022)
investigated the effects of methanol extract (T1) of
Haematococcus pluvialis (H. pulvialis), a freshwater green
microalgae species, on cell growth and migration/invasion
in MDA-MB-231 MK cell line and fibroblast control cells.
They reported that T1 significantly suppressed the growth of
MDA-MB-231 MK cells, inhibited migration and invasion,
and induced apoptosis. According to their findings, T1
inhibited invasion and induced apoptosis through the
p53/Bax/Bcl2 signaling pathway, which is how it causes
cancer. Microalgae-derived bioactive chemicals have been
shown to have anti-inflammatory, anti-bacterial, anti-
cancer, and antioxidant properties. Basha et al. (2024)
performed extractions with three different solvents, namely
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methanol, acetone and hexane, from the microalgae
species Acutodesmus obliquus (CNO1) and Desmodesmus
perforates (SP04) isolated and propagated from freshwater.
Methanol extracts of Acutodesmus obliquus (CNO1) and
Desmodesmus perforates (SP04) showed antiproliferative
effects against MCF-7 ranging from 87%1.1271% to
73+0.2744% and 82+0.0236% to 73+0.0423%, respectively.

Soha et al. (2024) investigated how Spirulina affects the
target of
rapamycin (PI3K/Akt/mTOR) pathway, which is importantin

phosphoinositide 3-kinases/Akt/mammalian

cancer progression. To this end, a breast cancer modelwas
rats stimulated with 7,12-
dimethylbenzanthracene (DMBA),
antioxidant and anti-inflammatory activities of Spirulina
about breast cancer were evaluated using methods such as

created using female

and the antitumor,

comprehensive. The study concluded that Spirulina
exhibited significant antitumor activity against DMBA-
induced breast cancer in female rats and has potential as a
therapeutic agent in cancer treatment. Spirulina was also
shown to possess potent antioxidant properties that
contribute to the improvement of oxidative stress markers
in the treated rats. This suggests that Spirulina may help to
alleviate cancer-related oxidative damage. These studies
suggest that microalgae extracts have apoptotic and
antiproliferative properties on breast cancer cells, which
may facilitate the creation of novel medications. However,
further research
mechanisms and clinical applicability in anti-cancer
strategies.

is needed to fully elucidate their

Conclusions

Despite the promising potential of microalgae extracts,
further research is needed to fully understand their
mechanisms and optimize their use in the clinical setting.
The integration of these natural compounds into cancer
therapy could approaches,
especially for patients resistant to conventional drugs. All

revolutionize treatment
these studies suggest that microalgae extracts can be
further investigated as a natural dietary supplement or
adjunct therapy in the treatment of breast cancer and
additional studies are needed to confirm their efficacy and
mechanisms of action.

67



68

Microalgae extracts in breast cancer

Author contributions

Solange Kolie: Literature figure/table organization,

manuscript writing. Pinar Altin-Celik: Conceptualization, data

review,

curation, figure/table organization, critical revision of the

manuscript. Hamiyet Dénmez-Altuntas: Supervision,
conceptualization, draft preparation, reference management.
Muazzez Derya-Andeden: Conceptualization, manuscript editing,

final approval of the version to be published.

Declaration of interests

The authors declare that there is no conflict of interest.

References

Ades, F., Zardavas, D., Bozovic-Spasojevic, I., Pugliano, L.,
Fumagalli, D., De Azambuija, E., Viale, G., Sotiriou, C., & Piccart,
M. (2014). Luminal B Breast Cancer: molecular characterization,
clinical management, and future perspectives. Journal of
Clinical Oncology, 32(25), 2794-2803.
https://doi.org/10.1200/jc0.2013.54.1870

Ahmad, I., & Hellebust, J. A. (1984). Osmoregulation in the
Extremely Euryhaline Marine Micro-Alga Chlorella autotrophica.
Plant Physiology, 74, 1010-1015.
https://doi.org/10.1104/pp.74.4.1010

Andeden, E. E., Ozturk, S., & Aslim, B. (2018). Antiproliferative,
neurotoxic, genotoxic
cyanobacterial extracts. Interdisciplinary Toxicology,
267-274. https://doi.org/10.2478/intox-2018-0026

toxic
11(4),

and mutagenic effects of

Bai, X., Song, H., Lavoie, M., Zhu, K., Su, Y., Ye, H., Chen, S, Fu, Z.,
& Qian, H. (2016). Proteomic analyses bring new insightsinto the
effect of a dark stress on lipid biosynthesis in Phaeodactylum
tricornutum. Scientific 6(1).
https://doi.org/10.1038/srep25494

Reports,

Barkia, I., Saari, N., & Manning, S. R. (2019). Microalgae for High-
Value products towards human health and nutrition. Marine
Drugs, 17(5), 304. https://doi.org/10.3390/md17050304

Barzaman, K., Karami, J., Zarei, Z., Hosseinzadeh, A., Kazemi, M.
H., Moradi-Kalbolandi, S., Safari, E., & Farahmand, L. (2020).

Breast cancer: Biology, biomarkers, and treatments.
International Immunopharmacology, 84, 106535.
https://doi.org/10.1016/j.intimp.2020.106535
Becker, E. W. (2007). Micro-algae as a source of
protein. Biotechnology Advances, 25(2), 207-210.

https://doi.org/10.1016/j.biotechadv.2006.11.002

Bello, A. S., Saadaoui, I., & Ben-Hamadou, R. (2021). “Beyond the
source of bioenergy”: microalgae in modern agriculture as a
biostimulant, biofertilizer, and anti-abiotic stress. Agronomy,
11(8), 1610. https://doi.org/10.3390/agronomy11081610

Bergin, A. R. T., & Loi, S. (2019). Triple-negative breast cancer:
Recent treatment advances. F1000Research, 8 (F1000 Faculty
Rev), 1342. https://doi.org/10.12688/f1000research.18888.1

Breuer, G., Lamers, P. P., Martens, D. E., Draaisma, R. B., & Wijffels,
R. H. (2013). Effect of light intensity, pH, and temperature on
triacylglycerol (TAG) induced by nitrogen
starvation in Scenedesmus obliquus. Bioresource Technology,
143, 1-9. https://doi.org/10.1016/j.biortech.2013.05.105

accumulation

Birck, M., Ramos, S. D. P., & Braga, A. R. C. (2024). Enhancing the
Biological Effects of Bioactive Compounds from Microalgae
through Processing Techniques:
Ingredients for Next-Generation Food Production.
13(12), 1811. https://doi.org/10.3390/foods13121811

Advanced Pioneering

Foods,

Calijuri, M. L., Silva, T. A., Magalhaes, I. B., De Paula Pereira, A. S.
A., Marangon, B. B., De Assis, L. R., & Lorentz, J. F. (2022).

Bioproducts from  microalgae biomass: Technology,
sustainability, challenges and opportunities. Chemosphere,
305, 135508.

https://doi.org/10.1016/j.chemosphere.2022.135508

Campenni’, L., Nobre, B. P., Santos, C. A., Oliveira, A. C., Aires-
Barros, M. R., Palavra, A. M. F.,, & Gouveia, L. (2013). Carotenoid
and lipid production by the autotrophic microalga Chlorella
protothecoides under nutritional, salinity, and luminosity stress
conditions. Applied Microbiology and Biotechnology, 97, 1383-
1398. https://doi.org/10.1007/s00253-012-4570-6

Carvalho, A. P., & Malcata, F. X. (2005). Optimization of w-3 fatty
acid production by microalgae: crossover effects of CO. and
light intensity under batch and continuous cultivation modes.
Marine Biotechnology, 7, 381-388.
https://doi.org/10.1007/s10126-004-4047-4

Cezare-Gomes, E. A., Del Carmen Mejia-Da-Silva, L., Pérez-Mora,
L.S., Matsudo, M. C., Ferreira-Camargo, L. S., Singh, A. K., & De
Carvalho, J. C. M. (2019). Potential of Microalgae Carotenoids for
Industrial Application. Applied Biochemistry and Biotechnology,
188, 602-634. https://doi.org/10.1007/s12010-018-02945-4

Chen, B., Wan, C., Mehmood, M. A., Chang, J., Bai, F., & Zhao, X.
(2017). Manipulating environmental stresses and stress
tolerance of microalgae for enhanced production of lipids and
value-added products-A review. Bioresource Technology, 244,
1198-1206. https://doi.org/10.1016/j.biortech.2017.05.170

Chen, M., Tang, H., Ma, H., Holland, T. C., Ng, K. S., & Salley, S. O.
(2011). Effect of nutrients on growth and lipid accumulation in
the green algae Dunaliella tertiolecta. Bioresource Technology,
102(2), 1649-1655.
https://doi.org/10.1016/j.biortech.2010.09.062

Chen, P.B.,, Wang, H. C., Liu, Y. W,, Lin, S. H., Chou, H. N., & Sheen,
L. Y. (2014). Immunomodulatory activities of polysaccharides
from Chlorella pyrenoidosa in a mouse model of Parkinson's
disease. Journal of Functional Foods, 11,103-113.

Chokshi, K., Pancha, I., Ghosh, A., & Mishra, S. (2017). Oxidative
stress-induced bioprospecting of microalgae. Systems Biology
of Marine Ecosystems, 251-276. https://doi.org/10.1007/978-3-
319-62094-7 13

Chu, W. L. (2012). applications  of
microalgae. International E-Journal of Science, Medicine &
Education, 6(1), S24-S37.

Biotechnological


https://doi.org/10.1200/jco.2013.54.1870
https://doi.org/10.1104/pp.74.4.1010
https://doi.org/10.2478/intox-2018-0026
https://doi.org/10.1038/srep25494
https://doi.org/10.3390/md17050304
https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1016/j.biotechadv.2006.11.002
https://doi.org/10.3390/agronomy11081610
https://doi.org/10.12688/f1000research.18888.1
https://doi.org/10.1016/j.biortech.2013.05.105
https://doi.org/10.3390/foods13121811
https://doi.org/10.1016/j.chemosphere.2022.135508
https://doi.org/10.1007/s00253-012-4570-6
https://doi.org/10.1007/s10126-004-4047-4
https://doi.org/10.1007/s12010-018-02945-4
https://doi.org/10.1016/j.biortech.2017.05.170
https://doi.org/10.1016/j.biortech.2010.09.062
https://doi.org/10.1007/978-3-319-62094-7_13
https://doi.org/10.1007/978-3-319-62094-7_13

Cichonski, J., & Chrzanowski, G. (2022). Microalgae as a Source of
Valuable Phenolic Compounds and Carotenoids. Molecules,
27(24), 8852. https://doi.org/10.3390/molecules27248852

Correa, |., Drews, P., Botelho, S., De Souza, M. S., & Tavano, V. M.
(2017). Deep learning for microalgae classification. 2021 20th
IEEE International Conference on Machine Learning and
Applications (ICMLA), 20-25.
https://doi.org/10.1109/icmla.2017.0-183

D’Alessandro, E. B., & Antoniosi Filho, N. R. (2016). Concepts and
studies on lipid and pigments of microalgae: A review.
Renewable and Sustainable Energy Reviews, 58, 832-841.
https://doi.org/10.1016/j.rser.2015.12.162

Del Mondo, A., Smerilli, A., Sané, E., Sansone, C., & Brunet, C.
(2020). Challenging microalgal vitamins for human health.
Microbial Cell Factories, 19, 1-23.
https://doi.org/10.1186/s12934-020-01459-1

Demetriou, G., Neonaki, C., Navakoudis, E., & Kotzabasis, K.
(2007). Salt stress impact on the molecular structure and
function of the photosynthetic apparatus—The protective role of

Acta (BBA)-

272-280.

polyamines. Biochimica et Biophysica
Bioenergetics, 1767(4),
https://doi.org/10.1016/j.bbabio.2007.02.020

de Morais, M. G., Vaz, B. d. S., de Morais, E. G., & Costa, J. A.
(2015). Biologically Active Metabolites Synthesized by
Microalgae. BioMed research international, 2015, 835761.
https://doi.org/10.1155/2015/835761

Deniz, I., Garcia-Vaquero, M., & Imamoglu, E. (2017). Trends in red
biotechnology: Microalgae for pharmaceutical applications. In
Microalgae-Based biofuels and Bioproducts (pp. 429-460).
WoodheadPublishing. https://doi.org/10.1016/B978-0-08-
101023-5.00018-2

Ebrahimi Nigjeh, S., Yusoff, F. M., Mohamed Alitheen, N. B., Rasoli,
M., Keong, Y. S., & Omar, A. R. B. (2013). Cytotoxic effect of
ethanol extract of microalga, Chaetoceros calcitrans, and its
mechanisms in inducing apoptosis in human breast cancer cell
line. Bio Med Research International,2013(1), 783690.
https://doi.org/10.1155/2013/783690

Edward, U., Obeagu, E. I., Okorie, H. M., Vincent, C. C. N., & Bot,
Y. S. (2021). Studies of serum calcium, inorganic phosphate and
magnesium levels in lactating mothers in Owerri. Journal of
Pharmaceutical Research International, 33(41B), 209-216.

Ejike, C. E., Collins, S. A., Balasuriya, N., Swanson, A. K., Mason,
B., & Udenigwe, C. C. (2017). Prospects of microalgae proteins
in producing peptide-based functional foods for promoting
cardiovascular health. Trendsin Food Science & Technology, 59,
30-36. https://doi.org/10.1016/j.tifs.2016.10.026

El Arroussi, H., Elbaouchi, A., Benhima, R., Bendaou, N., Smouni,
A., & Wahby, I. (2015). Halophilic microalgae Dunaliella salina
extracts improve seed germination and seedling growth of
Triticum aestivum L. under salt stress. In Il World Congress on
The Use of Biostimulants in Agriculture, 1148, 13-26.

Kolie et al.

Elkhateeb, W., El-Sayed, H., Fayad, W., Emam, M., & Daba, G.
(2020). In vitro Anti-breast cancer and antifungal Bio-efficiency
of some microalgal extracts. Egyptian Journal of Aquatic Biology
and Fisheries, 24(1), 263-279.

Farooqi, A. A., Butt, G., & Razzaq, Z. (2012). Algae extracts and
methyl jasmonate anti-cancer activities in prostate cancer:
choreographers of ‘the dance macabre’. Cancer cell
international, 12(1), 50. https://doi.org/10.1186/1475-2867-12-
50

Farshi, E. (2024). Comprehensive overview of 31 types of cancer:
categories, options, and survival
rates. International Journal of Gastroenterology and Hepatology,
5(3), 1-11.

Incidence, treatment

Ferlay, J., Colombet, M., Soerjomataram, |., Mathers, C., Parkin, D.
M., Pifieros, M., Znaor, A., & Bray, F. (2019). Estimating the global
cancer incidence and mortality in 2018: GLOBOCAN sources
and methods. International journal of cancer, 144(8), 1941-
1953. https://doi.org/10.1002/ijc.31937

Fernandes, J. C., Garcia-Angulo, P., Goulao, L. F., Acebes, J. L., &
Amancio, S. (2013).
composition of grapevine (Vitis vinifera L.) callus. Plant science:

Mineral stress affects the cell wall

an international journal of experimental plant biology, 205-206,
111-120. https://doi.org/10.1016/j.plantsci.2013.01.013

Fernandez, F. G. A., Reis, A., Wijffels, R. H., Barbosa, M., Verdelho,
V., & Llamas, B. (2021). The role of microalgae in the
bioeconomy. New Biotechnology, 61, 99-107.
https://doi.org/10.1016/j.nbt.2020.11.011

Fleischauer, A. T., Simonsen, N., & Arab, L. (2003). Antioxidant
supplements and risk of breast cancer recurrence and breast
cancer-related mortality among postmenopausal women.
Nutrition and Cancer, 46(1), 15-22.
https://doi.org/10.1207/S15327914NC4601_02

Foulkes, W. D., Smith, I. E., & Reis-Filho, J. S. (2010). Triple-
negative breast cancer. The New England journal of medicine,
363(20), 1938-1948. https://doi.org/10.1056/NEJMra1001389

Fu, W., Nelson, D. R., Mystikou, A., Daakour, S., & Salehi-Ashtiani,
K. (2019). Advances in microalgal research and engineering
development. Current Opinion in Biotechnology, 59, 157-164.
https://doi.org/10.1016/j.copbio.2019.05.013

Gao, J. J.,, & Swain, S. M. (2018). Luminal a breast cancer and
molecular assays: a review. The Oncologist, 23(5), 556-565.
https://doi.org/10.1634/theoncologist.2017-0535

Gebser, B., & Pohnert, G. (2013). Synchronized regulation of
different zwitterionic metabolites in the osmoadaption of
phytoplankton. Marine Drugs, 11(6), 2168-2182.
https://doi.org/10.3390/md11062168

Geng, W., Xiao, X.,Zhang, L., Ni, W., Li, N., &Li, Y. (2022). Response
and tolerance ability of Chlorella vulgaris to cadmium pollution
stress. Environmental Technology, 43(27), 4391-4401.
https://doi.org/10.1080/09593330.2021.1950841

69


https://doi.org/10.3390/molecules27248852
https://doi.org/10.1109/icmla.2017.0-183
https://doi.org/10.1016/j.rser.2015.12.162
https://doi.org/10.1186/s12934-020-01459-1
https://doi.org/10.1016/j.bbabio.2007.02.020
https://doi.org/10.1155/2015/835761
https://doi.org/10.1016/B978-0-08-101023-5.00018-2
https://doi.org/10.1016/B978-0-08-101023-5.00018-2
https://doi.org/10.1155/2013/783690
https://doi.org/10.1016/j.tifs.2016.10.026
https://doi.org/10.1186/1475-2867-12-50
https://doi.org/10.1186/1475-2867-12-50
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1016/j.plantsci.2013.01.013
https://doi.org/10.1016/j.nbt.2020.11.011
https://doi.org/10.1207/S15327914NC4601_02
https://doi.org/10.1056/NEJMra1001389
https://doi.org/10.1016/j.copbio.2019.05.013
https://doi.org/10.1634/theoncologist.2017-0535
https://doi.org/10.3390/md11062168
https://doi.org/10.1080/09593330.2021.1950841

70

Microalgae extracts in breast cancer

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in crop plants.
Plant Physiology and Biochemistry, 48(12), 909-930.
https://doi.org/10.1016/j.plaphy.2010.08.016

Gong, B., Ma, S, Yan, Y., & Wang, Z. (2024). Progress on the

biological characteristics and physiological activities of
fucoxanthin produced by marine microalgae. Frontiers in Marine
Science, 11, 1357425.

https://doi.org/10.3389/fmars.2024.1357425

Gu, P, Li, Q., Zhang, W., Zheng, Z., & Luo, X. (2020). Effects of

different metal ions (Ca, Cu, Pb, Cd) on formation of
cyanobacterial blooms. Ecotoxicology and Environmental
Safety, 189, 109976.

https://doi.org/10.1016/j.ecoenv.2019.109976

Hamed, S. M., Selim, S., Klock, G., & AbdElgawad, H. (2017).
Sensitivity of two green microalgae to copper stress: growth,
oxidative and antioxidants analyses. Ecotoxicology and
Environmental Safety, 144, 19-25.
https://doi.org/10.1016/j.ecoenv.2017.05.048

Harbeck, N., Penault-Llorca, F., Cortes, J., Gnant, M., Houssami,
N., Poortmans, P., Ruddy, K., Tsang, J., & Cardoso, F. (2019).
Breast cancer. Nature Reviews Disease Primers, 5(1), 66.
https://doi.org/10.1038/s41572-019-0111-2

He, Q., Yang, H., Wu, L., & Hu, C. (2015). Effect of light intensity on
physiological changes, carbon allocation and neutral lipid
accumulation in

oleaginous microalgae. Bioresource

Technology, 191, 219-228.

https://doi.org/10.1016/j.biortech.2015.05.021

Hema R., Senthil-Kumar M., Shivakumar S., Reddy P.C., &
Udayakumar M. (2007). Chlamydomonas reinhardtii, a model
system for functional validation of abiotic stress responsive
genes. Planta, 226, 655-670. https://doi.org/10.1007/s00425-
007-0514-2

Henriquez, V., Escobar, C., Galarza, J., & Gimpel, J. (2016).
Carotenoids in microalgae. Carotenoids in nature: biosynthesis,
regulation and function, 219-237.

Hon, J. D., Singh, B., Sahin, A., Du, G., Wang, J., Wang, V. Y., Deng,
F.M.,Zhang,D.Y., Monaco, M. E., &Lee, P. (2016). Breast cancer
molecular subtypes: from TNBC to QNBC. American journal of
cancer research, 6(9), 1864-1872.

Hu, J., Nagarajan, D., Zhang, Q., Chang, J. S., & Lee, D. J. (2018).
Heterotrophic cultivation of microalgae for pigment production:
A review. Biotechnology Advances, 36(1), 54-67.
https://doi.org/10.1016/j.biotechadv.2017.09.009

Huang, H., Lang, Y., & Zhou, M. (2024). Acomprehensive review on
medicalapplications of microalgae. Algal Research, 80, 103504.
https://doi.org/10.1016/j.algal.2024.103504

Ibekwe, A. M., Obeagu, E. I., Ibekwe, C. E., Onyekwuo, C., Ibekwe,
C. V., Okoro, A. D., & Ifezue, C. B. (2022). Challenges of
Exclusive Breastfeeding among Working Class Women in a
Teaching Hospital South East, Nigeria. Journal of
Pharmaceutical Research International, 34(46A), 1-10.
https://doi.org/10.9734/jpri/2022/v34i46A36371

Irigoien, X., Huisman, J., & Harris, R. P. (2004). Global biodiversity
patterns of marine phytoplankton and zooplankton. Nature,
429(6994), 863-867. https://doi.org/10.1038/nature02593

Japar, A. S., Takriff, M. S., & Yasin, N. H. M. (2021). Microalgae
acclimatization in industrial wastewater and its effect on growth
and primary metabolite composition. Algal Research, 53,
102163. https://doi.org/10.1016/j.algal.2020.102163

Jerez-Martel, |., Garcia-Poza, S., Rodriguez-Martel, G., Rico, M.,
Afonso-Olivares, C., & Gémez-Pinchetti, J. L. (2017). Phenolic
profile and antioxidant activity of crude extracts from

of Food

microalgae and cyanobacteria strains. Journal

Quality, 2017(1), 2924508.

Joshi, H., & Press, M. F. (2018). Molecular oncology of breast
cancer. In The Breast, 282-307.
https://doi.org/10.1016/B978-0-323-35955-9.00022-2

Elsevier.

Kagka, A., & Donmez, G. (2008). Isolation of Dunaliella spp. from
a hypersaline lake and their ability to accumulate glycerol.
Bioresource technology, 99(17), 8348-8352.
https://doi.org/10.1016/j.biortech.2008.02.042

Kehrer, J. P. (2000). The Haber-Weiss reaction and mechanisms of
toxicity. Toxicology, 149(1), 43-50.
https://doi.org/10.1016/S0300-483X(00)00231-6

Khona D. K., Shirolikar S. M., Gawde K. K., Hom E., Deodhar M. A,
& D’Souza J. S. (2016). Characterization of salt stress-induced
palmelloidsin the green alga, Chlamydomonas reinhardtii. Algal
Research, 16, 434-448.
https://doi.org/10.1016/j.algal.2016.03.035

Ko, S. C., Kim, D., & Jeon, Y. J. (2012). Protective effect of a novel
antioxidative peptide purified from a marine Chlorella
ellipsoidea protein against free radical-induced oxidative
stress. Food and chemical toxicology, 50(7), 2294-2302.

Kumar, B. R., Mathimani, T., Sudhakar, M., Rajendran, K., Nizami,
A., Brindhadevi, K., & Pugazhendhi, A. (2020). A state of the art
review on the cultivation of algae for energy and other valuable
products: Application, challenges, and opportunities.
Renewable and Sustainable Energy Reviews, 138, 110649.
https://doi.org/10.1016/j.rser.2020.110649

Kumar, S. R., Hosokawa, M., & Miyashita, K. (2013). Fucoxanthin:
A marine carotenoidexerting anti-cancer effects by affecting
multiple mechanisms. Marine Drugs, 11(12), 5130-5147.
https://doi.org/10.3390/md11125130

Lee, J. C., Hou, M. F.,, Huang, H. W., Chang, F. R., Yeh, C. C., Tang,
J. Y., & Chang, H. W. (2013). Marine algal natural products with
anti-oxidative, anti-inflammatory, and anti-cancer properties.
Cancer cell international, 13(1), 55.

https://doi.org/10.1186/1475-2867-13-55

Liao, W., Chen, Y., Shan, S., Chen, Z., Wen, Y., Chen, W., & Zhao,
C. (2024). Marine algae-derived characterized bioactive
compounds as therapy for cancer: A review on their
classification, mechanism of action, and future perspectives.
Phytotherapy research: PTR, 38(8), 4053-4080.
https://doi.org/10.1002/ptr.8240


https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.3389/fmars.2024.1357425
https://doi.org/10.1016/j.ecoenv.2019.109976
https://doi.org/10.1016/j.ecoenv.2017.05.048
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1016/j.biortech.2015.05.021
https://doi.org/10.1007/s00425-007-0514-2
https://doi.org/10.1007/s00425-007-0514-2
https://doi.org/10.1016/j.biotechadv.2017.09.009
https://doi.org/10.1016/j.algal.2024.103504
https://doi.org/10.9734/jpri/2022/v34i46A36371
https://doi.org/10.1038/nature02593
https://doi.org/10.1016/j.algal.2020.102163
https://doi.org/10.1016/B978-0-323-35955-9.00022-2
https://doi.org/10.1016/j.biortech.2008.02.042
https://doi.org/10.1016/S0300-483X(00)00231-6
https://doi.org/10.1016/j.algal.2016.03.035
https://doi.org/10.1016/j.rser.2020.110649
https://doi.org/10.3390/md11125130
https://doi.org/10.1186/1475-2867-13-55
https://doi.org/10.1002/ptr.8240

Li, J., Zhu, D., Niu, J., Shen, S., & Wang, G. (2011). An economic
assessment of astaxanthin production by large scale cultivation
of Haematococcus pluvialis. Biotechnology Advances, 29(6),
568-574. https://doi.org/10.1016/j.biotechadv.2011.04.001

Li,R.,Chen, G.Z., Tam,N. F, Luan, T. G., Shin, P. K., Cheung, S. G.,
& Liu, Y. (2009). Toxicity of bisphenol A and its bioaccumulation
and removal by a marine microalga Stephanodiscus hantzschii.
Ecotoxicology and environmental safety, 72(2), 321-328.
https://doi.org/10.1016/j.ecoenv.2008.05.012

Liu, R, Li, S., Tu, Y., Hao, X., & Qiu, F. (2022). Recovery of value-
added products by mining microalgae. Journal of Environmental
Management, 307, 114512.
https://doi.org/10.1016/j.jenvman.2022.114512

Liu, X., Xin, J., Sun, Y., Zhao, F., Niu, C., & Liu, S. (2024). Terpenoids
from Marine Sources: A Promising Avenue for New Antimicrobial
Drugs. Marine Drugs, 22(8), 347.
https://doi.org/10.3390/md22080347

Loibl, S., & Gianni, L. (2017). HER2-positive breast cancer. The
Lancet, 389(10087), 2415-2429.

Lordan, S., Ross, R. P., & Stanton, C. (2011). Marine bioactives as
functionalfood ingredients: potential to reduce the incidence of
chronic diseases. Marine Drugs, 9(6), 1056-1100.
https://doi.org/10.3390/md9061056

Mahapatra, D. M., Varma, V. S., Muthusamy, S., & Rajendran, K.
(2018). Wastewater algae to value-added products. Waste to
Wealth, 365-393. https://doi.org/10.1007/978-981-10-7431-
8_16

Mahdavi, M., Nassiri, M., Kooshyar, M. M., Vakili-Azghandi, M.,
Avan, A., Sandry, R., Pillai, S., Lam, A. K., & Gopalan, V. (2018).
Hereditary breast cancer; Genetic penetrance and current
status with BRCA. Journal of Cellular Physiology, 234(5), 5741-
5750. https://doi.org/10.1002/jcp.27464

Maltsey, Y., & Maltseva, K. (2021). Fatty acids of microalgae:
Diversity and applications. Reviews in Environmental Science
and Bio/Technology, 20, 515-547.
https://doi.org/10.1007/s11157-021-09571-3

Manivannan, K., Anantharaman, P., & Balasubramanian, T. (2012).
Evaluation of antioxidant properties of marine microalga
Chlorella marina (Butcher, 1952). Asian Pacific Journal of
Tropical Biomedicine, 2(1), S342-S346.

Matulja, D., Vranjesevié, F., Kolympadi Markovic, M., Paveli¢, S. K.,
& Markovi¢, D. (2022). Anticancer Activities of Marine-Derived
Phenolic Compounds and Their Derivatives. Molecules (Basel,
Switzerland), 27(4), 1449.
https://doi.org/10.3390/molecules27041449

Maurya, R., Paliwal, C., Ghosh, T., Pancha, I., Chokshi, K., Mitra,
M., Ghosh, A., & Mishra, S. (2016). Applications of de-oiled
microalgal biomass towards development of sustainable
biorefinery.  Bioresource  Technology, 214, 787-796.
https://doi.org/10.1016/j.biortech.2016.04.115

Kolie et al.

McSherry E. A., Donatello S., Hopkins A. M., & McDonnell S.
(2007). Molecular basis of invasion in breast cancer. Cellular
and Molecular Life Sciences, 64, 3201-3218.
https://doi.org/10.1007/s00018-007-7388-0

Miguez, L., Esperanza, M., Seoane, M., & Cid, A. (2021).
Assessment of cytotoxicity biomarkers on the microalga
Chlamydomonas reinhardtii exposed to emerging and priority
pollutants. Ecotoxicology and Environmental Safety, 208,
111646. https://doi.org/10.1016/j.ecoenv.2020.111646

Mitra, M., Patidar, S. K., & Mishra, S. (2015). Integrated process of
two stage cultivation of Nannochloropsis sp. for nutraceutically
valuable eicosapentaenoic acid along with biodiesel.
Bioresource Technology, 193, 363-369.
https://doi.org/10.1016/j.biortech.2015.06.033

Nakashima, Y., Ohsawa, |., Konishi, F., Hasegawa, T., Kumamoto,
S., Suzuki, Y., & Ohta, S. (2009). Preventive effects of Chlorella
on cognitive decline in age-dependent dementia model mice.
Neuroscience letters, 464(3), 193-198.

Narayan, A. K., Al-Naemi, H., Aly, A., Kharita, M. H., Khera, R. D.,
Hajaj, M., & Rehani, M. M. (2020). Breast Cancer Detection in
Qatar: Evaluation of Mammography Image Quality Using A
Standardized Assessment Tool. European journal of breast
health, 16(2), 124-128. https://doi.org/10.5152/ejbh.2020.5115

Niranjana, R., Gayathri, R., Mol, S. N., Sugawara, T., Hirata, T.,
Miyashita, K., & Ganesan, P. (2015). Carotenoids modulate the
hallmarks of cancer cells. Journal of Functional Foods, 18, 968—
985. https://doi.org/10.1016/].jff.2014.10.017

Obeagu, E. I, Ahmed, Y. A., Obeagu, G. U., Bunu, U. O., Ugwu, O.
P. C., & Alum, E. U. (2023). Biomarkers of breast cancer:
Overview. Int. J. Curr. Res. Biol. Med, 1, 8-16.

Obeagu, E. |., Babar, Q., Vincent, C. C. N., Udenze, C. L., Eze, R.,
Okafor, C. J., Ifionu, B. I., Amaeze, A. A., & Amaeze, F. N. (2021).
Therapeutic Targets In Breast Cancer Signaling: A Review.
Journal of Pharmaceutical Research International, 33(56A), 82—
99. https://doi.org/10.9734/jpri/2021/v33i56A33889

O’Connor, M. J. (2015). Targeting the DNA damage response in
cancer. Molecular Cell, 60(4), 547-560.
https://doi.org/10.1016/j.molcel.2015.10.040

Oliver, L., Dietrich, T., Maranén, |., Villaran, M. C., & Barrio, R. J.
(2020). Producing omega-3 polyunsaturated fatty acids: A
review of sustainable sources and future trends for the EPA and
DHA market. Resources, 9(12), 148.
https://doi.org/10.3390/resources9120148

O’Sullivan, C. C., Loprinzi, C. L., & Haddad, T. C. (2018). Updates
in the evaluation and management of breast cancer. In Mayo
Clinic Proceedings, 93(6), 794-807. Elsevier.

Pagels, F., Salvaterra, D., Amaro, H. M., & Guedes, A. C. (2020).
Pigments from microalgae. In Handbook of Microalgae-Based
Processes and Products, 465-492. Academic Press.
https://doi.org/10.1016/B978-0-12-818536-0.00018-X

71


https://doi.org/10.1016/j.biotechadv.2011.04.001
https://doi.org/10.1016/j.ecoenv.2008.05.012
https://doi.org/10.1016/j.jenvman.2022.114512
https://doi.org/10.3390/md22080347
https://doi.org/10.3390/md9061056
https://doi.org/10.1007/978-981-10-7431-8_16
https://doi.org/10.1007/978-981-10-7431-8_16
https://doi.org/10.1002/jcp.27464
https://doi.org/10.1007/s11157-021-09571-3
https://doi.org/10.3390/molecules27041449
https://doi.org/10.1016/j.biortech.2016.04.115
https://doi.org/10.1007/s00018-007-7388-0
https://doi.org/10.1016/j.ecoenv.2020.111646
https://doi.org/10.1016/j.biortech.2015.06.033
https://doi.org/10.5152/ejbh.2020.5115
https://doi.org/10.1016/j.jff.2014.10.017
https://doi.org/10.9734/jpri/2021/v33i56A33889
https://doi.org/10.1016/j.molcel.2015.10.040
https://doi.org/10.3390/resources9120148
https://doi.org/10.1016/B978-0-12-818536-0.00018-X

Microalgae extracts in breast cancer

Paliwal, C., Mitra, M., Bhayani, K., Bharadwaj, S. V., Ghosh, T.,
Dubey, S., & Mishra, S. (2017). Abiotic stresses as tools for
metabolites in microalgae. Bioresource Technology, 244, 1216-
1226. https://doi.org/10.1016/j.biortech.2017.05.058

Pancha, I., Chokshi, K., George, B., Ghosh, T., Paliwal, C., Maurya,
R., & Mishra, S. (2014). Nitrogen stress triggered biochemical
and morphological changes in the microalgae Scenedesmus sp.
CCNM 1077. Bioresource technology, 156, 146-154.
https://doi.org/10.1016/j.biortech.2014.01.025

Pancha, ., Chokshi, K., Maurya, R., Trivedi, K., Patidar, S. K.,
Ghosh, A., & Mishra, S. (2015). Salinity induced oxidative stress
enhanced biofuel potential of microalgae
Scenedesmus sp. CCNM 1077. Bioresource technology, 189,
341-348. https://doi.org/10.1016/j.biortech.2015.04.017

production

Peng, J., Yuan, J. P., Wu, C. F., & Wang, J. H. (2011). Fucoxanthin, a
carotenoid present in seaweeds and
diatoms:Metabolism and bioactivities relevant to human health.
Marine Drugs, 9(10), 1806-1828.
https://doi.org/10.3390/md9101806

marine brown

Pistelli, L., Sansone, C., Smerilli, A., Festa, M., Noonan, D., Albini,
A., & Brunet, C. (2021). MMP-9 and IL-1B as targets for
diatoxanthin and related microalgal pigments: potential
chemopreventive and photoprotective agents.
Drugs, 19(7), 354. https://doi.org/10.3390/md19070354

Marine

Plaza, M., Herrero, M., Cifuentes, A., & lbanez, E. (2009).
Innovative natural functional ingredients from microalgae.
Journal of Agricultural and Food Chemistry, 57(16), 7159-7170.

Pradhan, D., Sukla, L. B., Mishra, B. B., & Devi, N. (2019).
Biosorption for removal of hexavalent chromium using
microalgae Scenedesmus
Production, 209,
https://doi.org/10.1016/j.jclepro.2018.10.288

Cleaner
617-629.

sp. Journal of

Premaratne, M., Liyanaarachchi, V. C., Nimarshana, P. H. V.,
Ariyadasa, T. U., Malik, A., & Attalage, R. A. (2021). Co-
production of fucoxanthin, docosahexaenoic acid (DHA) and
bioethanol from the microalga
Tisochrysislutea. Biochemical Engineering Journal, 176,
108160. https://doi.org/10.1016/j.bej.2021.108160

marine

Podo, F., Buydens, L. M., Degani, H., Hilhorst, R., Klipp, E.,
Gribbestad, I. S., Van Huffel, S., van Laarhoven, H. W., Luts, J.,
Monleon, D., Postma, G. J., Schneiderhan-Marra, N., Santoro, F.,
Wouters, H., Russnes, H. G., Sgrlie, T., Tagliabue, E., Barresen-
Dale, A. L., & FEMME Consortium (2010). Triple-negative breast
cancer: present challenges and new perspectives. Molecular
oncology, 4(3), 209-229.
https://doi.org/10.1016/j.molonc.2010.04.006

Pourkarimi, S., Hallajisani, A., Alizadehdakhel, A., Nouralishahi,
A., & Golzary, A. (2020). Factors affecting production of beta-
carotene from Dunaliella salina microalgae. Biocatalysis and

Agricultural Biotechnology, 29, 101771.
https://doi.org/10.1016/j.bcab.2020.101771
Priyadarshani, I., Sahu, D., & Rath, B. (2011). Microalgal

bioremediation: Current practices and perspectives. Journal of
Biochemical Technology, 3(3), 299-304.

72

Pulz, O., & Gross, W. (2004). Valuable products from
biotechnology of microalgae. Applied microbiology and
biotechnology, 65(6), 635-648. https://doi.org/10.1007/s00253-
004-1647-x

Rammuni, M. N, Ariyadasa, T. U., Nimarshana, P. H. V., & Attalage,
R. A. (2019). Comparative assessment on the extraction of
carotenoids from microalgal sources: Astaxanthin from H.
pluvialis and B-carotene from D. salina. Food Chemistry, 277,
128-134. https://doi.org/10.1016/j.foodchem.2018.10.066

Razz,S.A.(2024). Comprehensive overview of microalgae-derived
carotenoids and their applications in diverse industries. Algal
Research, 78, 103422.

https://doi.org/10.1016/j.algal.2024.103422

Rezayian, M., Niknam, V., & Ebrahimzadeh, H. (2019). Oxidative
damage and antioxidative system in algae. Toxicology
Reports, 6, 1309-1313.
https://doi.org/10.1016/j.toxrep.2019.10.001

Ruddy, K. J., & Ganz, P. A. (2019). Treatment of Nonmetastatic
Breast Cancer. JAMA, 321(17), 1716-1717.
https://doi.org/10.1001/jama.2019.3927

Shanab, S. M., Mostafa, S. S., Shalaby, E. A., & Mahmoud, G. I.
(2012). Aqueous extracts of microalgae exhibit antioxidant and
anticancer activities. Asian Pacific Journal
Biomedicine, 2(8), 608-615.

of Tropical

Sharma, J., Sarmah, P., & Bishnoi, N. R. (2020). Market perspective
of EPA and DHA production from microalgae. Nutraceutical fatty
acids from

oleaginous microalgae: A Human Health

Perspective, 281-297.

https://doi.org/10.1002/9781119631729.ch11

Shetty, P., Gitau, M. M., & Maréti, G. (2019). Salinity Stress
Responses and Adaptation Mechanisms in Eukaryotic Green
Microalgae. Cells, 8(12), 1657.
https://doi.org/10.3390/cells8121657

Siddiki, S. Y. A., Mofijur, M., Kumar, P. S., Ahmed, S. F., Inayat, A.,
Kusumo, F., Badruddin, I. A., Khan, T. Y., Nghiem, L., Ong, H. C.,
& Mahlia, T. (2021). Microalgae biomass as a sustainable source
for biofuel, biochemical and biobased value-added products:
An integrated biorefinery concept. Fuel, 307, 121782.
https://doi.org/10.1016/j.fuel.2021.121782

Siddiq, A., & Dembitsky, V.
agents. Anti-cancer agents in medicinal chemistry. Formerly
Current Medicinal Chemistry-Anti-Cancer Agents, 8(2), 132-
170.

(2008). Acetylenicanticancer

Sigamani, S., Jayaraj, P., Balaji, R., Narayanasamy, M.,
Ramamurthy, D., & Natarajan, H. (2019). Antiproliferative activity
of the Chlorella sp., SRD3 crude extracts against MCF-7 and
Hep2 cell lines. International Journal of Life Sciences
Research, 7(2), 145-150.

Singh, R., Upadhyay, A. K., Chandra, P., & Singh, D. P. (2018).
Sodium chloride incites reactive oxygen species in green algae
Chlorococcumhumicola and Chlorella vulgaris: implication on
lipid synthesis, mineral nutrients and antioxidant system.
Bioresource Technology, 270, 489-497.
https://doi.org/10.1016/j.biortech.2018.09.065


https://doi.org/10.1016/j.biortech.2017.05.058
https://doi.org/10.1016/j.biortech.2014.01.025
https://doi.org/10.1016/j.biortech.2015.04.017
https://doi.org/10.3390/md9101806
https://doi.org/10.3390/md19070354
https://doi.org/10.1016/j.jclepro.2018.10.288
https://doi.org/10.1016/j.bej.2021.108160
https://doi.org/10.1016/j.molonc.2010.04.006
https://doi.org/10.1016/j.bcab.2020.101771
https://doi.org/10.1007/s00253-004-1647-x
https://doi.org/10.1007/s00253-004-1647-x
https://doi.org/10.1016/j.foodchem.2018.10.066
https://doi.org/10.1016/j.algal.2024.103422
https://doi.org/10.1016/j.toxrep.2019.10.001
https://doi.org/10.1001/jama.2019.3927
https://doi.org/10.1002/9781119631729.ch11
https://doi.org/10.3390/cells8121657
https://doi.org/10.1016/j.fuel.2021.121782
https://doi.org/10.1016/j.biortech.2018.09.065

Sinha, T. (2018). Tumors: benign and malignant. Cancer Therapy &
Oncology International Journal, 10(3).
https://doi.org/10.19080/ct0ij.2018.10.555790

Sun, X., Geng, L., Ren, L., Ji, X., Hao, N., Chen, K., & Huang, H.

(2017). Influence of oxygen on the biosynthesis of
polyunsaturated fatty acids in microalgae. Bioresource
Technology, 250, 868-876.

https://doi.org/10.1016/j.biortech.2017.11.005

Sun, X. M,, Ren, L. J,, Zhao, Q. Y., Ji, X. J., & Huang, H. (2018).
Microalgae for the production of lipid and carotenoids: a review
with focus on stress regulation and adaptation. Biotechnology
for Biofuels, 11, 1-16. https://doi.org/10.1186/s13068-018-1275-
9

Sun, Y. S., Zhao, Z., Yang, Z. N., Xu, F.,, Lu, H. J., Zhu, Z. Y., Shi, W.,
Jiang, J.,Yao, P. P., Zhu, H. P. (2017). Risk Factors and Preventions
of Breast Cancer. International Journal of Biological Sciences,
13(11), 1387-1397. https://doi.org/10.7150/ijbs.21635.

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram,
I., Jemal, A., & Bray, F. (2021). Global Cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancersin 185 countries. CA a Cancer Journal for Clinicians,
71(3), 209-249. https://doi.org/10.3322/caac.21660

Spolaore, P., Joannis-Cassan, C., Duran, E., & Isambert, A. (2006).
Commercial applications of microalgae. Journal of Bioscience
and Bioengineering, 101(2), 87-96.
https://doi.org/10.1263/jbb.101.87

Takahashi, K., Hosokawa, M., Kasajima, H., Hatanaka, K., Kudo,
K., Shimoyama, N., & Miyashita, K. (2015). Anticancer effects of
fucoxanthin and fucoxanthinol on colorectal cancer cell lines
and colorectal cancer tissues. Oncology Letters, 10, 1463-1467.
https://doi.org/10.3892/0l.2015.3380

TalebiA.F., Tabatabaei M., Mohtashami S. K., Tohidfar M., & Moradi
F. (2013). Comparative salt stress study on intracellular ion
concentration in marine and salt-adapted freshwater strains of
microalgae. Notulae Scientia Biologicae, 5(3), 309-315.
https://doi.org/10.15835/nsb539114

Kolie et al.

Talero, E., Garcia-Maurifio, S., Avila-Roman, J., Rodriguez-Luna,
A., Alcaide, A., & Motilva, V. (2015). Bioactive compounds
isolated from microalgae in chronic inflammation and cancer.
Marine Drugs, 13(10), 6152-6209.
https://doi.org/10.3390/md13106152

Vilakazi, H., Olasehinde, T. A., & Olaniran, A. O. (2021). Chemical
characterization, antiproliferative and antioxidant activities of
polyunsaturated fatty acid-rich extracts from Chlorella sp. S14.
Molecules, 26(14), 4109.
https://doi.org/10.3390/molecules26144109

Wu, M., Zhu, R., Lu, J., Lei, A., Zhu, H., Hu, Z., & Wang, J. (2020).
Effects of different abiotic stresses on carotenoid and fatty acid
metabolism in the green microalga Dunaliella salina Y6. Annals
of Microbiology, 70, 1-9. https://doi.org/10.1186/s13213-020-
01588-3

Xiao, X., Li, W., Jin, M., Zhang, L., Qin, L., & Geng, W. (2023).
Responses and tolerance mechanisms of microalgae to heavy
metal stress: A review. Marine environmental research, 183,
105805. https://doi.org/10.1016/j.marenvres.2022.105805

Xi, Y., Wang, J., Xue, S., & Chi, Z. (2020). B-Carotene production
from Dunaliella salina cultivated with bicarbonate as carbon
source. Journal of Microbiology and Biotechnology, 30(6), 868.

Yan, N., Fan, C., Chen, Y., & Hu, Z. (2016). The potential for
microalgae as bioreactors to produce pharmaceuticals.
International Journal of Molecular Sciences, 17(6), 962.

https://doi.org/10.3390/ijms17060962

Zamani-Ahmadmahmoodi, R., Malekabadi, M. B., Rahimi, R., &
Johari, S. A. (2020). Aquatic pollution caused by mercury, lead,
and cadmium affects cell growth and pigment content of marine
microalga, Nannochloropsis oculata. Environmental Monitoring
and Assessment, 192, 1-11. https://doi.org/10.1007/s10661-
020-8222-5

73


https://doi.org/10.19080/ctoij.2018.10.555790
https://doi.org/10.1016/j.biortech.2017.11.005
https://doi.org/10.1186/s13068-018-1275-9
https://doi.org/10.1186/s13068-018-1275-9
https://doi.org/10.7150/ijbs.21635
https://doi.org/10.3322/caac.21660
https://doi.org/10.1263/jbb.101.87
https://doi.org/10.3892/ol.2015.3380
https://doi.org/10.15835/nsb539114
https://doi.org/10.3390/md13106152
https://doi.org/10.3390/molecules26144109
https://doi.org/10.1186/s13213-020-01588-3
https://doi.org/10.1186/s13213-020-01588-3
https://doi.org/10.1016/j.marenvres.2022.105805
https://doi.org/10.3390/ijms17060962
https://doi.org/10.1007/s10661-020-8222-5
https://doi.org/10.1007/s10661-020-8222-5

