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Abstract: It is imperative to know how the physical and biological properties affect the survival of
pathological organisms, in that way allowing not only to predict their pathological condition, as
also the best strategy to prevent it. In this scope, hydrated biological matrices are widely distributed
in nature, and understanding the complexity and functionality of such systems has been improving
greatly in recent years, particularly considering their potential action over the physical and biolog-
ical conditions of pathogens. Therefore, it is of great interest to understand the best way to model
and study polymer-based systems, such as those represented by hydrocolloids. Besides selecting
the best hydrocolloid for a given purpose, as well as the most suitable source under a specific set of
circumstances, defining the optimal operational conditions and best chemical and structural fea-
tures, represent determinant factors. To validate this assumption, different studies employing fu-
coidan as a potential antiviral were compared. Considering the analysed reports, it was possible to
conclude that the antiviral activity of fucoidan depends mainly on the degree of sulfation, molecular
weight, natural sources from which it is obtained, purity, monosaccharide structure and extraction
methodology (2,3). In either case, fucoidan can be highlighted as promising candidate as a starting
material for new natural-based antiviral drug design, meeting some of the current consumers’ de-
mands.

Keywords:

1. Occurrence of Fucoidans in Seaweeds

Seaweeds (a.k.a., macroalgae) are distributed in phyla Chlorophyta (green algae),
Rhodophyta (red algae) and Phaeophyta (brown algae). Fucoidan polysaccharide are pro-
duced by different brown algae species such as Ascophyllum nodosum (Rajauria et al., 2023),
Cladosiphon okamuranus (Lim et al., 2019), Ecklonia cava (Lee et al., 2022), Fucus evanescens
(Yuguchi et al., 2016), Fucus serratus (Wang et al., 2021), Fucus vesiculosus (Florez-Fernan-
dez et al., 2023), Laminaria japonica (Zhao et al., 2018a), Saccharina latissima (Bruhn et al.
2017), Saccharina japonica (Ye et al., 2020), Sargassum ilicifolium (Lakshmanan et al. 2022),
Sargassum swartzii (Dinesh et al., 2016), or Undaria pinnatifida (Si et al., 2019), which are
characterized as being benthic organisms that preferably strive in temperate and cold
coastal ecosystems (Kawai and Henry, 2017). Fucoidans are acknowledged as the major
sulfated polysaccharide, often reaching percentages of 30% of the algal dry weight. From
the structural point of view, fucoidan is characterized by a backbone of a-(1—3)-L-fuco-
pyranosyl residues with a-(1—3) or a-(1—4) glycosidic bonds positions (Yuguchi et al.,
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2016). Nonetheless, fucoidan is classified as an heterogenous polysaccharide, since the py-
ranose unit may be substituted by sulfate, acetate, or glycosyl (e.g., glucuronic acid) units,
and, less frequently, other monosaccharides (e.g., D-xylose, D-galactose, D-mannose, or
uronic acids) (Ale et al., 2011; Zhao et al., 2018b).

2. Antiviral Activity of Fucoidan from Different Sources

Fucoidan polysaccharides are located in the cell wall of brown algae, representing a
cellular matrix component. Fucoidans from different seaweeds have different bioactivi-
ties, but these effects are modulated not only by structural aspects, as also by the em-
ployed operational conditions. In what concerns their structure, it has been showed that
higher biological activities are usually associated with a high degree of sulfation and low
molecular weight. In addition, fucoidans interact with other polymers with long range
applications due to the presence of sulfate moieties. This is observed for instance in the
interaction between the negatively charged fucoidan sulfate groups and the positively
charged glycoproteins of the virus cell envelope, which has the capacity to inhibit virus
binding to the host cell, preventing virus replication (Tan et al., 2022). Similarly, inhibit
the virus attachment to host cells by interfering with the external viral glycoproteins in-
volved in target-cell attachment, besides increasing the immune system response after be-
ing absorbed (Lomartire and Gongalves, 2022).

Furthermore, besides their natural source and operational set up, the structural com-
plexity of fucoidans depends also on the time of harvest, which influences the biological
activity of fucoidans as well (Mensah et al., 2023).

In the specific case of their potential antiviral effects, fucoidans may block different
phases of the viral life cycle, either by direct inactivation of virions before infection, or by
inhibiting its replication inside the host cell. Accordingly, a significant number of antiviral
drugs has been developed based in the capacity of algae polysaccharides to inhibit the
primary stages (attachment, penetration, uncoating, biosynthesis, viral assembly, and re-
lease) of virus life cycle (Pereira et al., 2022).

In fact, different concentrations of fucoidan were reported as being effective against
several RNA and DNA viruses, including HIV (by reducing the p24 antigen and reverse
transcriptase levels), herpes simplex virus (HSV), influenza A virus (by blocking neuram-
inidase activity), SARS-CoV-2, hepatitis, bovine viral diarrhea, and human papilloma vi-
rus (Dinesh et al., 2016).

Operational Conditions Effect

The antiviral activity of fucoidan (as other polysaccharides) has been associated to
the molecules’ anionic features, which are linked to virus adsorption inhibition. As previ-
ously stated, this activity might be modulated by the selected operational set up, particu-
larly by the performed extraction methodology. When comparing different extraction pro-
cesses unitary (hot water, subcritical water, ultrasound, microwave, alcalase, cellulase,
flavourzyme, and viscozyme) or combined (alcalase-ultrasound, ultrasound-microwave),
it was possible to conclude that the antiviral activities of extracts obtained with alcalase,
cellulase, flavourzyme, viscozyme and alcalase-ultrasound, were similar to that measured
in extracts prepared with hot water. In turn, the antiviral activity was significantly lower
in extracts obtained by microwave, ultrasound, subcritical water, and ultrasound-micro-
wave, when compared to hot water extracts. Interestingly, all extracts (except those ob-
tained with subcritical water or ultrasound combined with microwave) showed higher
activity against HSV-2 than acyclovir. This is particularly interesting in we take into ac-
count that the antiviral activity of fucoidan was not induced by cytotoxicity (there were
no effects in cell viability at the concentrations used in the antiviral assays). This finding
confirms the ability of the extracted fucoidan to inhibit the early phase of HSV-2 infection,
as reported in cited references (Alboofetileh et al., 2019; Shanthi et al., 2021).
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3. Conclusions

Fucoidans are being progressively reported for their antiviral activity, which, conju-
gated with the observed unique antiviral mechanisms and the high availability and low
production costs of brown algae, may result particularly profitable. Actually, fucoidans
become part of new natural antiviral treatments, even though they possess pros and cons
that need to be considered, and that different fucoidan polysaccharides act in a different
way depending on its characteristics and the ones of the target virus; another important
factor is the purity of fucoidan. Likewise, different extraction methods resulted in obtain-
ing fucoidans with various chemical compositions and molecular weights, despite the
high antiviral activity achieved in all cases (as well as lack of acute cytotoxicity). Overall,
it is clear that fucoidans possess a broad antiviral spectrum, making brown algae interest-
ing candidates for starting materials in different pharmaceutical applications.
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