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INTRODUCTION

Algae are a wide group of photosynthetic organisms with a 
very long history, characterized more by the lack of structural 
similarities with higher green plants than by their commonality 
of character (1). Although algae number only about 50000 
species worldwide (microalgae included), they may well be 
the most diverse group of organism alive today (2, 3). Diversity 
exists not only in morphological and reproductive features, but 
also in complex life phenomena and in exotic physiological 
and biochemical properties (4). In this article, we will focus 
our attention on macroalgae, and on brown Atlantic algae in 
particular, that grow abundant in the Norwegian sea. Unlike the 
land plants, algae have no roots, leaves or vascular systems: in 
fact, they nourish themselves through the process of osmosis (5). 
Norwegian brown seaweeds (Phaeophyceae), such as 
Fucales, Ascophyllum nodosum, Pelvetia canaliculata, living 
in the intertidal zone, and Laminariales, Laminaria digitata, 
Laminaria hyperborea, Saccharina latissima, Alaria esculenta, 
living in the subtidal zone, experience very strong environmental 
conditions that may affect their chemical composition and, 
accordingly, their bioactive components. We will discuss 
about the nutritional value of selected components in brown 
seaweeds for humans, but it’s also worth citing the important 
role that these species and their extracts play in the fields of 
animal feed, improving quality and shelf-life of the meat (6), 
and agriculture, as biostimulants of plant growth, affecting 
Rhizosphere, root and shoot growth, crop yield and resistance 
to environmental stresses (7).

CHALLENGING ENVIRONMENT AND HOW THE SEAWEEDS COPE 
WITH IT

Macroalgae are continuously challenged by microorganism, 
including viruses, bacteria and other algae, as well as grazers, 
all of which may cause wounds and diseases. The combination 
of competition and predation pressures represents a constant 
threat to the fitness of macrophytic algae throughout their life. 
Macroalgae normally grow in shallow or eulittoral environments 
where the hydrodynamic regime (currents, tides, turbidity) is 
fast-changing. In addition to biotic stress, they may have to 
adjust to rapid and dramatic physical or chemical changes, 
e.g., UV radiation, high Photosynthetic Active Radiation, 

desiccation, salinity and nutrient limitation. In particular, Arctic 
macroalgae, mainly Norwegian brown seaweeds, the ones 
that we are dealing with here, are subjected to strong seasonal 
and daily changes in the radiation climate. They are exposed 
to six months of darkness during polar night, but also suddenly 
exposed to high radiation in spring, especially during low tide 
and high water transparency, leading to strong oxidative stress. 
Oxidative stress can derive from biogenic formation of reactive 
oxygen species (ROS) induced by different environmental 
stress factors, for example UV radiation, high temperature, 
temperature changes, salinity, nutrient deficiency, heavy 
metals and other factors (8). To survive in such a seemingly 
hostile and unpredictable environment, marine plants 
obviously had to evolve survival strategies, under the form 
of the so-called escape responses (9), in combination with 
the production of chemical deterrents and growth inhibitors, 
UV screen or osmolytes, each representing a metabolic 
investment on behalf of the individual (10). In fact, although 
seaweeds are exposed to adverse environmental conditions, 
they do not have any serious photodynamic damage in vivo. 
Thus, it can be said that seaweeds are able to generate the 
necessary compounds to protect themselves from external 
factors. Among all the three lineages of seaweeds, Green, Red 
and Brown, the highest phytochemical content have been 
reported from brown seaweeds (11). In Table 1 we reported 
the Superoxide Dismutase (SOD) activities determined for 
some Norwegian Phaeophyceae, collected in Kongsfjord 
(Spitsbergen, Svalbard, Norway), compared to the one for 
Laminaria japonica collected in China (seafarm in Shandong 
Province). L. japonica is an Asian seaweed belonging to 
Phaeophyceae, extensively used in China, Korea and Japan. 
Although the analytical measurements weren’t done in 
the same laboratory, the differences are wide enough to 
conclude that Norwegian brown seaweeds are somehow 
more “prepared” against oxidative stress than their Asian 
counterparts.

A DOUBLE PERSPECTIVE AT THE ACTIVES IN SEAWEEDS: THE ROLE 
IN THE PLANT AND THE BENEFITS FOR HUMANS

This article aims to link the stress condition experienced 
by seaweed with the biomolecules primarily involved in 
the protection mechanism, and those substances to their 
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ABSTRACT: Seaweeds growing in challenging environments have developed, since their presence in the Oceans, 
biochemical means to face biotic and abiotic stresses. The resulting molecules have a great potential as active ingredients 
for humans. In this article we underline the importance of 5 classes of substances in brown seaweeds, starting from their 
ecological role and getting to the functions they may have for human health, not forgetting that we are only at the 
beginning of the story, needing further testing and information to try to get the full picture of those truly ancient inhabitants 
of the Seven Seas.
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and sulfate, but most of fucoidans are complex structures, 
containing also other monosaccharides and uronic acids, 
acetyl groups and proteins. Molecular weight and position 
of sulfate groups are also very important traits in determining 
the bioactivity of fucoidans (21). Fucoidan gives protection 
from desiccation in low tide and high irradiance conditions, 
because it can form highly hydrated complex with Mg ions, 
especially in the exposed parts of the seaweed, protecting it 
from the possible occurring damages (22).
Sulfated polysaccharides possess immunomodulatory 
activities that may be of potential application in stimulating 
the immune response or in controlling immune cell activity to 
mitigate associated negative effects such as inflammation 
(23). Fucoidan may affect multiple targets in the immune 
and inflammatory systems that can have impact on disease 
progression and outcome, including tumour progression 
and metastasis (24). The complementary immune system 
is linked to the innate and humoral immune answer of our 
organism. An uncontrolled activation of this immune system 
is really dangerous to the host, as in hyschemic disease or 
anaphylactic choc. Fucoidan interferes in the very first stages 
of the classical activation mechanism of the complementary 
system, forming a complex with the activating proteins. The 
interaction of fucoidan with the human complement system 
suggests that it may have utility in influencing innate immunity 
to reduce the pro-inflammatory state or other detrimental 
conditions such as allergic reactions or autoimmune diseases 
arising during the innate immune response (25). Among the 
other potential therapeutical actions attributed to fucoidan, 
it’s worth mentioning: anticoagulant and antithrombotic, 
antiviral and antilipidemic activities.

IODINE: PRIMORDIAL ANTIOXIDANT… AND ITS POWER FOR 
METABOLISM AND COGNITIVE IMPAIRMENT

Iodine became a constituent of the atmosphere in the same 
period oxygen did, 2.3-2.7 billion years ago: photosynthetic 
cyanobacteria started to photosynthesize, releasing oxygen 
in seawater, but oxygen was toxic for them, so they started 
to accumulate iodine from the sea, releasing it in the 
surrounding water to neutralize poisonous oxygen (26). 
Iodine is accumulated by brown algae up to 30000-fold the 
concentration in seawater, and has a very important activity 
in response to oxidative stress. When algae is submersed and 
unstressed, it accumulates iodine in iodide form. Following an 
oxidative burst, such as a response to a bacterial aggression, 
the plant releases abundant quantity of iodide, in order to 
neutralize the resulting hydrogen peroxide, which can cause 
damages to the seaweed itself. In condition of exposure due 
to low tides, iodine can be released in huge amounts in time-
dependent mode in order to neutralize ozone, hydroxyl and 
superoxide radicals, produced by irradiation, blocking the 
toxicity of these highly reactive species. It has been reported 
that algae can lose up to 50 percent of iodine in exposure 
condition, during summer months, as a result of the equilibrium 
between uptake and release, to defend themselves 
from oxidative stress (27). Iodine is essential to humans. It 
accumulates in the thyroid gland, but it has been shown that 
it can be also be accumulated in stomach, breasts, gonads 
and skin, thus giving a more complex scenario of iodine 
benefits for humans (28). Metabolic disease is a cluster of 
obesity, hyperglycemia, dyslipidemia and hypertension that 
represents a threat to human health. There are several studies 
that correlate thyroid dysfunctions, such as hypothyroidism, 
dyslipidemia and metabolic syndrome (29, 30). Low levels 
of iodine in the diet can cause subclinical and clinical 
hypothyroidism: Iodine deficiency is the most common cause 
of Hypothyroidism worldwide.

biochemical potential towards human health. While there is 
abundance of information about bioactivity of substances 
isolated from seaweed, very little is known about the 
ecological role played by the same molecules in natural 
conditions. In recent years, more and more studies are 
dealing with the natural models, in order to better understand 
the properties and potential of bioactive substances.

ALGINIC ACID: A WAY TO INTERACT WITH WAVES… AND ITS 
BENEFITS FOR OUR GUT

Alginates are the principal constituents of brown algal cell 
wall. Their main constituents are two uronic acids: Guluronic 
acid and Mannuronic acid, linked in homopolymeric 
sequences (G-blocks; M-blocks), and in heteropolymeric 
sequences (GMGM-blocks). They have a very important 
function in the ability of algae to interact with currents and 
tides. Alginate gives to the plant resistance and strength, 
thanks to the equilibrium in the polymeric chain of G blocks 
(strength) and MG- and M-blocks (flexibility) (12). In fact, it 
has been demonstrated that seaweeds do not confront the 
waves, they rather yield to them (13): immense mechanical 
strength is less useful than pliability, elasticity and ability to 
conform to the flow, and alginates give the plant all the 
necessary “weapons” to withstand wave action and maintain 
ionic equilibrium in the cell. The regularity of their structures 
also promotes interaction with external ions and inter-chain 
hydrogen bonding (14).
Alginates have been extensively studied as dietary fibres, 
as these polysaccharides are not found in any land plants. 
They help protect against potential carcinogens, clearing 
the digestive system and protecting the surface membranes 
of stomach and intestine (15). Clinical trials showed that 
sodium alginate promotes the regeneration of the mucous 
membrane in the stomach, suppress inflammation, eradicates 
colonies of Helicobacter pylori. Other studies show positive 
dietary effect of alginate on fecal microbial fauna, changes 
in concentration of compounds and acids, and prebiotic 
properties that can promote health (16, 17). Alginates can 
gelify in the presence of divalent cations forming stabilized 
3-dimensional networks. An environment that can activate 
the gelling properties of alginates is our stomach: it has been 
demonstrated that the acidity of the gastric mucosa and 
eventually the combination with a calcium salt is able to 
form alginate lumps. These lumps, once formed, float in the 
stomach, and there remain for at least 2 hours. The effects 
on fullness and hunger lasted for 1-2 hours more than in 
control group (18). It is well accepted that alginate is able 
to moderate various markers of appetite, not only post-
prandial perception of fullness and hunger, but even the post-
prandial glycemic, lipidemic and cholesterolemic responses 
in overweight and obese subjects. In this case, it is unlikely that 
the effects are attributable to slowerrates of gastric emptying; 
a possible explanation is that alginate may act at the level of 
small intestinal uptake by altering the availability of nutrients 
to active uptake mechanism (19).

FUCOIDAN: HYDRATION IN ARSH CONDITIONS… AND ITS 
POTENTIAL TOWARDS INFLAMMATION

Fucoidans are branched fucose-enriched sulphated 
polysaccharides, found in the extracellular matrix of brown 
algae. It has been discovered in all the brown algae studied 
so far, but seems to be absent in green and red algae, as well 
as in freshwater algae and terrestrial plants (20). Fucoidans 
from several species of brown seaweeds have a simple 
chemical composition, being mainly composed of fucose 
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Hypothyroidism is a condition in which thyroid is not 
able to synthesize adequate quantities of thyroid 
hormones, Thyroxine (T4) and Triiodothyronine (T3). 
This condition affects lots of important functions 
of the human body, among which: metabolism, 
fertility, cold/heat perception, cognition and 
memory. An adequate intake of iodine through 
the diet or by supplementation can prevent or 
revert hypothyroidism. Furthermore, It has been 
suggested from several authors and sources that 
extrathyroidal iodine has an important action on 
the immune system; among its main functions in this area, it 
has been reported to be a regulating factor in the physiology 
of the inflammatory response (31).

PHLOROTANNINS: DETERRENT FOR GRAZING HERBIVORES… 
AND THE PREVENTION OF OXIDATIVE STRESS DISEASES

Phlorotannins are polymers of phloroglucinol, and are 
exclusively present in brown seaweeds, as defense 
metabolites, produced and exudated when the plant is 
prompted, for example, by epibiota and/or grazing attack. 
Genotypic correlation between phlorotannins and the 
amount of epibiota was proven to be negative, indicating 
that these compounds contribute to resistance to epibiosis. 
In addition, phlorotannins correlated also with resistance 
to grazing, but only in presence of epibiota (32). They are 
associated with a change in the algal palatability, and play a 
role in the wound healing mechanism (33). It is well known that 
Reactive Oxigen Species (ROS) are closely involved in various 
human diseases such as aging, Alzheimer’s disease, cancer, 
inflammation, rheumatoid arthritis and atherosclerosis. These 
diseases have been reported to be ameliorated by radical 
scavengers. Phlorotannins have been addressed for their 
inhibitory activity of total ROS as useful in the prevention and 
treatment of free-radical-related diseases. Accumulation 
of Advanced Glycation Products (AGEs) is associated with 
aging, diabetes, Alzheimer’s disease, renal failure and other 
chronic diseases. Phlorotannins were effective in inhibiting the 
formation of AGEs, due to their scavenging properties (34).

MANNITOL: OSMOPROTECTION IN HARD TIMES… AND THE 
GOOD SWEETNESS OF A NON-SUGAR

Mannitol content in brown seaweed is influenced by season 
and depth of the algae. It is an osmoprotectant, raising the 
tolerance to high salinity. It is able to regenerate the reducing 
power of the tissues, because it is a ROS scavenger. Mannitol in 
humans is used as a diuretic agent. It is a sugar alcohol and as 
such it is less absorbed in the gastrointestinal tract than sucrose, 
being less caloric.
Mannitol is passively adsorbed from the digestive tract and 
thus enters the circulation at a slower rate than glucose, and 
does not result in dramatic fluctuations in blood sugar levels. 
Mannitol has the unexplained effect of increasing hepatic 
glycogen without altering body weight (35).

CONCLUSION

Marine biota, even though the Oceans are covering 2/3 of 
Earth’s surface, remains an unexplored source of new and 
exciting chemical substances. Seaweeds are among the first 
marine organism chemically analyzed, with more than 4000 
articles published, describing more than 3000 molecules, 
and they still remain an almost endless source of bioactive 
compounds (36).

Seaweed as a whole food product, or bioactive compounds 
extracted from seaweed, show a tremendous potential 
for human health and should be further developed and 
exploited. “Because seaweed is much more than the wrap 
that keeps rice together in sushi!” (37).
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