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Antioxidant compounds from marine seaweeds
and their mechanism of action
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Narayan Chandra Debnath6 and Ramkumar Mathur1,3

ABSTRACT
Investigation of natural products has moved toward marine environments as they are a source of 

many biologically active agents. The natural antioxidant compounds isolated from seaweeds provide 
a valuable contribution to the innovation of new drugs for chronic diseases associated with oxida-
tive stress. While the antioxidant activity and nutritional benefits of various seaweed products are 
well recognized, their proper utilization as antioxidants remains at initial stages that require further 
investigative studies. This review provides a detailed study of isolated antioxidant compounds from 
seaweeds and their major mechanism of action by focusing on the reports from 2015 to 2019. The 
report discusses various active antioxidant compounds, including phenolics (e.g., phlorotannins), 
polysaccharides, and pigments with proven benefits against oxidative stress-related diseases, espe-
cially carotenoids, from the aspect of benefits to human health.

Keywords: seaweed, antioxidant compounds, oxidative stress, chronic diseases, mechanism of 
action

1. Introduction

The marine environment is interesting for its biodiversity, which can range from tiny
single-celled organisms to complex and multicelled organisms. There is a continued focus
on drug discovery from marine natural products with many important therapeutic agents
and drug candidates already revealed (Schwartz 1996; Newman and Cragg 2004; Roberts,
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Wheeler, and Freiwald 2006; Cornish and Garbary 2010). Macroalgae, or seaweeds, are
several species of visible, multicellular marine algae that are rich sources of secondary
compounds with noticeable antioxidant activities. Seaweeds are used as a foodstuff in several
Asian countries, including Korea, Japan, and China, where many different seaweed species
are cultivated. Therefore, seaweeds would be sustainable sources of active compounds for
the pharmaceutical, cosmeceutical, and nutraceutical industries.

An imbalance between the formation and removal of free radicals can result in a patho-
logical condition, known as oxidative stress. Cellular oxidative stress is associated with
several pathologies, such as cancer, diabetes, and neurodegenerative diseases, as well as
aging. In the human body, the antioxidant defense system minimizes the overproduction of
reactive oxygen species. This understanding has increased the great interest in constituents
that act as endogenous and exogenous antioxidants. Reducing oxidative stress is one of the
key mechanisms of action of antioxidant compounds. Therefore, the antioxidant activities
of natural products have been explored widely through experimental studies.

Accordingly, antioxidant compounds are vastly investigated for their importance in food,
drugs, and cosmetics research (Bocanegra et al. 2009; Barahona et al. 2011; Holdt and Kraan
2011). Although many synthetic antioxidants, such as butylhydroxytoluene, butylhydrox-
yanisole, tert-butyl hydroquinone, and propyl gallate, are used in the food and pharmaceuti-
cal industries to reduce toxicity of carcinogenic risks to consumers (Safer and Al-Nughamish
1999), there has been growing interest in increasing the application of alternative, safe and
low-cost antioxidants from nature.

Marine seaweeds are reported to have an important role in the prevention of human dis-
eases, maintaining good health (Holdt and Kraan 2011). Several studies have indicated that
primary and secondary compounds isolated from marine algae show an array of promising
and remarkable biological activities and have an active role in the innovation of new drugs
for chronic diseases associated with oxidative stress diseases (Thomas and Kim 2011; Wije-
sekara et al. 2011; Wijesinghe and Jeon 2012; Renju, Kurup, and Bandugula 2014; Huang
et al. 2016). This review aims to highlight the types and properties of marine antioxidants
isolated from marine seaweeds and their effects on oxidative stress-related diseases, such
as cancer, diabetes, arthritis, asthma, cardiovascular diseases, and inflammatory disorders.

2. Homeostasis of marine seaweeds

The seaweeds produce antioxidants for scavenging free radicals, and the stress-
management mechanisms of intertidal algae are diverse (Lohrmann, Logan, and John-
son 2004). Some algae (e.g., Chondrus crispus and Mastocarpus stellatus) produce more
antioxidant enzymes, including superoxide dismutase (SOD), ascorbate peroxidase, and
glutathione reductase, in winter than in summer as the levels of reactive oxygen species
(ROS) are higher in winter as a result of cold stress (Lohrmann, Logan, and Johnson 2004).
The production of ROS increases in most macroalgae owing to such environmental stresses
as dessiccation, freezing, low temperature, high irradiance, ultraviolet radiation, heavy
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metals, and salinity fluctuations (Harker et al. 1999). These environmental stresses induce
the formation of singlet oxygen, compromising photosynthesis activity of algae. The high
cellular content of antioxidant compounds or the increase of antioxidant enzymes in algae
deactivates ROS and minimizes the hazardous effects of ultraviolet light (Karentz et al.
1991). Seaweeds often have evolved photo-inhibition mechanisms to quench the excess
production of harmful ROS, produced during the high-level exposure of ultraviolet (i.e.,
UVA and UVB) radiation. Therefore, the upregulation of antioxidants (carotenoids) and
antioxidant enzymes are strategies for maintaining homeostasis in seaweeds.

3. Antioxidant compounds isolated from seaweeds and their mechanisms of action

Seaweeds produce a wide range of antioxidant compounds, including polyphenols,
polysaccharides, pigments of β-carotene, astaxanthin, phycocyanin, and phycoerythrin, and
sulfated polysaccharides of fucoidans and heterofucans (Jégou et al. 2015; Huang et al. 2016;
Rajauria, Foley, and Abu-Ghannam 2016; Agregán et al. 2017; Chakraborty, Maneesh, and
Makkar 2017; Chen et al. 2017; Heriyanto et al. 2017; Li et al. 2017; Sathya et al. 2017;
Koizumi et al. 2018; Rajauria 2018; Sellimi et al. 2018). Antioxidant compounds extracted
from seaweeds have a broad spectrum of beneficial biological properties that include anti-
cancer, antimicrobial, anti-inflammatory, and antidiabetic activities (Wijesekara, Pangestuti,
and Kim 2011; Wijesinghe and Jeon 2012; Renju, Kurup, and Bandugula 2014; Boomi-
nathan and Mahesh 2015; Huang et al. 2016). These compounds have attracted major
interest due to their biological effects. We describe some of the antioxidant compounds
isolated from seaweeds (Table 1) and their mechanism of action (Table 2) in the following
sections.

a. Phenolic compounds

Marine algae are considered a good source of polyphenolic compounds, which are
reported to provide a range of biological benefits, including antioxidant, anticancer, antimi-
crobial, anti-inflammatory, and antidiabetic activities (de Sousa Santos et al. 2015). Con-
sequently, polyphenolic compounds have gained much attention from various research
groups and been examined for their possible use in food, cosmetics, and pharmaceutical
applications. The antioxidant activities of these compounds have been explored widely
through experimental studies. Jégou et al. (2015) reported that phloroglucinol (1,3,5-
trihydroxy benzene) is the main phenolic compound in the brown macroalgae of Cysto-
seira tamariscifolia. Brown seaweeds contain highly polymerized forms of phloroglucinol
only, known as phlorotannins, with sizes ranging from 400 to 400,000 Da (Lemesheva
and Tarakhovskaya 2018). These polymers and their derivatives (e.g., fuhalols, hydrox-
yfuhalols, and phlorethols) have also been isolated from Sargassum fusiforme (Li et al.
2017) and S muticum (Montero et al. 2016). Irish seaweed Himanthalia elongata is a good
source of antioxidants. A plethora of phenolic compounds, namely hydroxybenzaldehyde
(meta/para), phloroglucinol, kaempferol, cirsimaritin, gallic acid 4-O-glucoside, carnosic
acid, gallic acid, phlorotannins, hydroxybenzoic acid, hydroxycinnamic acid, and flavonols
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(a subclass of polyphenols), have been identified in this seaweed (Rajauria, Foley, and Abu-
Ghannam 2016; Rajauria 2018). These phenolic antioxidant compounds could provide a
new understanding of the health benefits of H. elongata as a potential functional ingredient
in food and pharmaceutical research.

Agregán et al. (2017) analyzed the phenolic compounds from the extracts of three sea-
weeds: Ascophyllum nodosum, Bifurcaria bifurcate, and Fucus vesiculosus. Chakraborty,
Maneesh, and Makkar (2017) evaluated the antioxidant activities of three brown seaweeds:
Anthophycus longifolius, Sargassum plagiophyllum, and S. myriocystum. In the same study,
the ethyl acetate (EtOAc) and methanolic (MeOH) extracts of these seaweeds were ana-
lyzed for the presence of phenolic acids and chroman flavanols. Among them, the phenolic
acids identified in A. longifolius were caffeic acid, 2,5-dihydroxy benzoic acid, coumaric
acid, ferulic acid, gallic acid, and syringic acid (EtOAc extracts), and the flavanols were
epicatechin gallate and catechin (MeOH extract). Caffeic acid, 2,5-dihydroxy benzoic acid,
coumaric acid, ferulic acid, syringic acid, and epicatechin were found to be abundant in the
extract of S. plagiophyllum (EtOAc and MeOH). Both fractions of S. myriocystum (EtOAc
and MeOH) contained coumaric acid, ferulic acid, syringic acid, and flavanols (epigal-
locatechin gallate, epicatechin). In addition, salicylic acid was found only in the EtOAc
fraction, whereas MeOH extract contained hydroxyl cinnamic acid derivatives of caffeic
acid (Chakraborty, Maneesh, and Makkar 2017).

Some important brown algae species, including Ascophyllum nodosum, Bifurcaria bifur-
cate, Cladophora rupestris, Codium fragile, Dictyopteris polypodioides, Fucus vesiculosus,
Laminaria japonica, Laminaria ochroleuca, Laurencia obtuse, Lessonia trabeculata, and
Lessonia nigrescens have been investigated for their phenolic compound extraction and in
vitro biological activities (Topuz et al. 2016; Kolsi et al. 2017; Agregán et al. 2018; Yuan
et al. 2018; Otero, López-Martínez, and García-Risco 2019). Alghazeer et al. (2018) studied
the potential antioxidant and anticancer activities of crude extracts of Chlorophyta (Ulva
lactuca and Codium tomentosum), Phaeophyta (Cystoseira crinita, C. stricta, and Sar-
gassum vulgare), and Rhodophyta (Gelidium latifolium, Hypnea musciformis, and Jania
rubens). Phlorotannins is a group of phenolic compounds found in brown seaweed and
extensively used as a functional ingredient in food products, pharmaceuticals, and cosme-
ceuticals. Previous experiments by Wang et al. (2012) emphasized the antioxidant activity
of phlorotannins from the brown algae of F. vesiculosus. In an independent investigation, the
phlorotannin-enriched fraction from A. nodosum showed potent radical scavenging activity,
which correlated with the phenol content (Breton, Cérantola, and Ar Gall 2011). Sathya
et al. (2017) reported the antioxidant activity of the crude extracts and different fractions
of the brown seaweeds of C. trinodis, and isolated and purified phlorotannins from their
extracts. It is thought that the strong antioxidant activity of phlorotannins might be related to
their unique molecular structure (Ahn et al. 2007). Park et al. (2019) showed the beneficial
effects of Phloroglucinol from Ecklonia cava (an edible brown alga belonging to the Lam-
inariaceae family), which protected cells from oxidative stress and apoptosis via the stimu-
lation of the Nrf2/HO-1 signaling pathway in HaCaT human keratinocytes. Phloroglucinol
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significantly inhibited the viability of HaCaT cells induced by H2O2, which was allied
with increased expression of heme oxygenase-1 (HO-1) by the triggering of nuclear fac-
tor erythroid 2-related factor-2 (Nrf2). Phloroglucinol significantly reduced H2O2-induced
excessive production of ROS, DNA damage, and apoptosis.

Diphlorethohydroxycarmalol (DPHC), a polyphenol isolated from Ishige okamurae, an
edible seaweed, is a possible therapeutic agent for the inhibition of diabetic nephropa-
thy (Cha et al. 2018). Here, the researchers examined the protective effect of DPHC on
methylglyoxal-induced oxidative stress in HEK (human embryonic kidney cell line) cells.
The treatment utilizing DPHC inhibited cytotoxicity and ROS production, activated the
Nrf2 transcription factor and increased the mRNA expression of antioxidant and detoxifi-
cation enzymes of glyoxalase-1 mRNA expression, and reduced MGO-induced advanced
glycation end product formation in HEK cells (Cha et al. 2018).

b. Pigments

Pigments are used to impart antioxidant, antidiabetic, immunomodulatory, antiangio-
genic, and anti-inflammatory activities among other desired bioactive outcomes. Chloro-
phyll, carotenoids such as β-carotene, and xanthophylls (fucoxanthin, violaxanthin, anther-
axanthin, zeaxanthin, lutein, neoxanthin) are considered seaweed pigments (Pangestuti and
Kim 2011). These pigments are widely used in the food and beverages industries, animal
feed, cosmetics, as well as pharmaceutical products. The demand for natural food colors
is growing significantly. The food color market is projected to reach 5.12 billion dollars
by 2023, and natural food colors are expected to be the greatest part of this projection
(MarketsandMarkets 2019).

In recent work, four brown seaweeds of Dictyota dentate, Padina australis, Sargassum
crassifolium, and Turbinaria conoides, all gathered from Panjang Island, Indonesia, were
shown to share the same pigment composition (Heriyanto et al. 2017). Chlorophyll a, fucox-
anthin, and β-carotene were the main pigments in all four, but the relative concentrations
of the pigments differed across the species. Eleven pigments (i.e., chlorophyllide a, chloro-
phyll c1, fucoxanthin, violaxanthin, 13- and 13′-cis isomers of fucoxanthin, antheraxanthin,
zeaxanthin, chlorophyll a, chlorophyll a′, pheophytin a, and β-carotene) were identified.
Dictyota dentata contained the most chlorophyll a and total carotenoids (Heriyanto et al.
2017). Chlorophylls from seaweeds have been considered for their biological activities and
health benefits. Various chlorophyll derivatives extracted from seaweeds are applied in the
food, cosmetic, and pharmacology sectors (MarketsandMarkets 2019). Interestingly, Chen
et al. (2017) identified seven chlorophyll derivatives from aonori (Enteromorpha spp.), sea
lettuce (Ulva spp.), nori (Porphyra umbilicalis), wakame (Undaria pinnatifida), and kombu
(Laminaria ochroleuca) for the first time.

c. Carotenoids

Carotenoids are yellow–orange tetra-terpenoid pigments produced from C4 isoprenoid
units. They are synthesized only in plants, algae, fungi, and bacteria, but not in animals.
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Carotenoids perform a multitude of functions in the human body (Nisar et al. 2015;
Eggersdorfer and Wyss 2018). In most red seaweeds, the major carotenoids are α-carotene,
β-carotene, lutein, and zeaxanthin (Nisar et al. 2015). It is established that the carotenoids
from seaweeds show multiple biological activities. Lopes-Costa et al. (2017) treated
two human colorectal cancer cell lines with the carotenoid fucoxanthin and polyphe-
nol phloroglucinol, alone and in combination with 5-fluorouracil, and suggested these
compounds are promising anticancer agents. Pyropia yezoensis, belonging to Bangiales
(Rhodophyta), is one of the most economically valuable marine foods in East Asia and con-
tains many nutrients and health-promoting compounds. Koizumi et al. (2018) determined
lutein, zeaxanthin, α-carotene, and β-carotene as key carotenoids in both the thallus and con-
chocelis stages of P. yezoensis. Fucoxanthin is one of the most prevalent carotenoids in brown
seaweeds and belongs to the group of xanthophylls, exhibiting several biological properties
such as antioxidant, antimicrobial, anti-obesity, and anticancer activities (D’Orazio et al.
2012). Fucoxanthin showed a greater antioxidant potential than alpha-carotene, inhibiting
lipid peroxidation caused by retinol deficiency in rats (Sangeetha, Bhaskar, and Baskaran
2009). Fucoxanthin also proved protective against oxidative stress induced by UVB radia-
tion in human fibroblast cells (Heo and Jeon 2009). Defensive effects of fucoxanthin and
fucoxanthinol against tributyltin-induced oxidative stress in HepG2 cells was determined
by Zeng et al. (2018). The treatment utilizing fucoxanthinol significantly decreased the
ROS and malondialdehyde (MDA); further, both fucoxanthin and fucoxanthinol clearly
increased the expression level of Bcl-2/Bax in tributyltin induced HepG2 cells.

d. Polysaccharides

Polysaccharides isolated from seaweeds exhibit noticeable antioxidant activity and are
effectively used to decrease oxidative damage to the human body (Wu et al. 2013; Xu,
Huang, and Cheong 2017). The water-soluble polysaccharides fraction from the brown
alga Hizikia fusiformis showed free radical scavenging activities against hydroxyl radicals
and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical in vitro and defended against oxida-
tive stress in the carbon tetrachloride-induced liver injury model (Xu, Huang, and Cheong
2017). According to Sousa et al. (2016), the antioxidant activity of the polysaccharide
fraction from Solieria filiformis demonstrates a dose-dependent DPPH radical scavenging
effect. Similarly, the polysaccharides extracted from Saccharina latissima scavenged 2,2′-
azinobis-(3-ethylbenzothiazoline-6-sulfonate; ABTS) radicals and exhibited strong antiox-
idant reducing power in vitro (Jiménez-Escrig, Gómez-Ordóñez, and Rupérez 2015). Wang
et al. (2013) highlighted the antioxidant activities and intestinal functions of Sargassum
fusiforme polysaccharides, by demonstrating their significant role in the development of
intestinal function in cyclophosphamide-induced immune-suppressed mice.

Sulfated polysaccharides such as fucans, fucoidans, carrageenans, galactans, and lam-
inarin, are a major component in the cell wall of seaweeds (Deniaud-Bouët et al. 2017)
Sulfated polysaccharides have been at the forefront of pharmaceutical research due to their
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varying biological efficacy and potent antioxidant properties (Wijesekara, Pangestuti, and
Kim 2011). Fucoidan is a complex sulfated polysaccharide present in brown seaweeds with
a variety of beneficial biological effects (Anastyuk et al. 2012). The antioxidant activities of
crude extracts of fucoidan isolated from Sargassum glaucescens have also been documented
(Huang et al. 2016). Fucoidan extracted from S. glaucescens showed antioxidant activities
by scavenging DPPH and ABTS radicals (Huang et al. 2016). Chen et al. (2015) found low
molecular weight fucoidan (LMF) from S. hemiphyllum suppressed tumor angiogenesis via
the suppressing of HIF-1/VEGF signaling in hypoxia-stimulated human bladder cancer cells
(T24) and athymic nude mice (BALB/c). In addition, fucoidan was purified from Turbinaria
conoides and found that fucoidan significantly inhibited the proliferation of lung carcinoma
(A549) cells (Alwarsamy, Gooneratne, and Ravichandran 2016). Other findings by Han
et al. (2017) reported that fucoidan induces ROS-dependent apoptosis in 5637 human blad-
der cancer cells and reduced telomerase expression via suppressing the PI3K/Akt signaling
pathway. In support of these findings, van Weelden (2019) announced fucoidan as an effec-
tive candidate in the future treatment of cancer. Further, Wang et al. (2018) found fucoidan
suppressed acetaminophen-induced hepatotoxicity via oxidative stress inhibition and Nrf2
translocation. Fucoidan changed the expression of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), ROS, MDA, and related proteins levels (CYP2E1, pJNK, and
Bax) in mice liver. Wang et al. used the human hepatocyte HL-7702 cell line to clarify
the potential molecular mechanism of fucoidan. Fucoidan pretreatment reduced the levels
of ALT, AST, ROS, and MDA by increasing the levels of glutathione, SOD, and catalase
activities. It further reduced the oxidative stress-induced phosphorylated c-Jun N-terminal
protein kinase and matrix metalloproteinase and stimulated the translocation of Nrf2 from
the cytoplasm into the nucleus (Wang et al. 2018).

Laminarin is a small glucan isolated from brown seaweeds. The biological properties
of laminaran are essentially related to the antioxidant activities that are essential to pre-
vent oxidative damage caused by reactive oxygen species. Laminaran and three fucoidan
fractions were obtained from the brown seaweeds of Alaria marginata and A. angusta and
their anticancer activities were determined in carcinoma cells (HT-29) (Usoltseva Menshova
2016). Laminaran was subsequently isolated from the marine brown seaweed Cystoseira
barbata and was investigated for its structural features, as well as its antioxidant and antibac-
terial activities (Sellimi et al. 2018).

The antioxidant activities of seaweeds have been largely studied in vitro using crude
extracts, rather than pure compounds. Various brown algae, especially Hydroclathrus
clathratus and Padina arborescens, have also been found to inhibit the human and monkey
cancer cell lines (Wang et al. 2008). For instance, the phenolic-rich extracts from three com-
mon edible seaweeds of Palmaria, Ascophyllum, and Alaria (found in the United Kingdom)
showed potential anti-proliferative activity against colon cancer cells (Nwosu et al. 2011).
Sargassum muticum,a brown seaweed with strong antioxidant properties, showed cytopro-
tective mechanisms against oxidative stress on a human cell (Pinteus et al. 2017). Accord-
ingly, Park et al. (2018) investigated the mechanism of the antioxidative effect of ethanol
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extract of Sargassum serratifolium (EESS) on DNA damage and apoptosis in SW1353
human chondrocytes stimulated by H2O2. Further, Kim et al. (2018) reported the inhibitory
property of EESS on receptor activator of nuclear factor-κB ligand (RANKL)-stimulated
osteoclastogenesis and oxidative stress via the suppression of NF-κB and stimulation of
the Nrf2/HO-1 signaling pathway. Recently, Silva et al. (2019) described the antioxidant
and neuroprotective potential of the Bifurcaria bifurcata in an in vitro Parkinson’s dis-
ease model. Their ongoing research isolated diterpenes eleganolone and eleganonal, which
showed antioxidant potential, could be interesting for future study. Ethanol extracts of
Ecklonia cava (an edible marine brown algae) showed the inhibitory effects on RANKL-
stimulated osteoclast differentiation and oxidative stress through mitogen-activated protein
(MAP) kinase/NF-κB pathway reduction and heme oxygenase-1 induction reported by Kim
et al. (2019).

4. Excessive use of antioxidant

ROS have positive effects on immune reactivity, controlling anti-microbial and anti-
tumoral activities in the body. The excess deactivation of such oxidants by antioxidants may
hinder these vital functions and enhance cellular survival by abating apoptotic pathways or
increase energy production from glycolysis. Therefore, we conclude that a critical balance
of oxidants and antioxidants should be present in the human body. This balance can be
disrupted by the consumption of excessive antioxidants, which may result in “antioxidant
stress” in the body and may correspond to the enhanced growth of cancer cells and to
compromised immunity (Villanueva and Kross 2012).

5. Clinical trials with seaweeds compounds

The production of both ROS and reactive nitrogen species (collectively known as RS) is
associated with various diseases that include cancer, cardiovascular diseases, atherosclero-
sis, hypertension, ischemia, diabetes mellitus, and neurodegenerative diseases (Borek 1993;
Cadenas and Davies 2000). It is reported that the extracts of various seaweeds, such as brown
algae Hydroclathrus clathratus and Padina arborescences, can inhibit human and monkey
cancer cells (Wang et al. 2008). Corona et al. (2016) examined the gastrointestinal modifi-
cations and bioavailability of seaweed phlorotannins from Ascophyllum nodosum as well as
their effect on inflammatory markers in healthy participants. The majority of the metabolites
in both urine and plasma samples suggested colonic metabolism of high-molecular-weight
phlorotannins. The increase of cytokine IL-8 content was observed by Corona et al., which
might suggest a possible target for phlorotannin bioactivity. LMF is widely used as a food
supplement for cancer patients. The effectiveness of LMF was conducted by Tsai et al.
(2017) as a supplemental therapy to chemotarget agents in metastatic colorectal cancer
patients. In this study, patients were recruited (N = 54) and divided into two groups: a
study group (n = 28) and a control group (n = 26). Each patient received 4 g of fucoidan
twice in a day for 6 months. Tsai et al. found that LMF combined with chemotarget agents
significantly improved the disease control rate.
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Takahashi et al. (2018) performed a clinical study for advanced cancer patients (N = 20)
to observe the efficacy of fucoidans, especially focusing on inflammation in relation to
quality of life (QOL) scores. The patients were treated with 400 mL/d fucoidan (10 mg/mL)
orally for at least 4 weeks. Inflammatory biomarkers, protein and various cytokines, and
QOL scores were observed before treatment and again after 2 weeks and after 4 weeks of
fucoidan administration. After 2 weeks of fucoidan ingestion, the interleukin-1β (IL-1β),
IL-6, and tumor necrosis factor-α were significantly reduced and the QOL scores (e.g.,
fatigue) were stable without noteworthy changes. Another study reported the effects of
phenol extract from brown seaweeds (Ascophyllum nodosum) on DNA damage, oxidative
stress, and inflammation in vivo (Baldrick et al. 2018). Participants (N = 80) received
either a 400 mg capsule containing 100 mg seaweed (poly)phenol and 300 mg maltodextrin
or a 400 mg maltodextrin placebo control capsule daily. After the experimental period of 8
weeks, Baldrick et al. found modest reduction in basal DNA damage in only patients who
were obese; there were no significant changes in C-reactive protein, antioxidant status, or
inflammatory cytokines (Table 2).

6. Conclusions

A variety of essential antioxidant compounds are derived from marine seaweeds. The
nutritional value of some edible seaweeds is of interest because of their antioxidant poten-
tials. However, therapeutic applications of these compounds in vivo using both animal
models and human subjects need to be fully explored. There are potential markets for such
seaweeds and their products as excellent natural sources of nutrients with high antioxi-
dant activity in the food, drug, and cosmetics industries. Therefore, the systematic study of
marine seaweeds will continue to attract tremendous attention as a vast natural source of
essential nutrients and pharmaceuticals.
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