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ARTICLE INFO Abstract

The base of atherosclerotic cardiovascular diseases (ACVD) is the triad dyslipidemia, 
inflammation and thrombosis. Fucoidans are sulfated polysaccharides components from 
brown algae Phaeophyceae class related to several biological activities. In this article, 
we discuss some “in vitro” and experimental studies describing actions of fucoidan that 
could be beneficial in controlling ACVD. Nonetheless, clinical studies are still scarce in the 
literature. It has been shown that fucoidans reduce blood lipids, increase LDL receptor 
and reduce scavenger receptors, impair migration and activation of immune cells and 
cytokine production and also reduce platelet aggregation and increase fibrinolysis. 
Fucoidan is a potential nutraceutical that could be useful as an adjuvant in preventing 
or treating ACVD. Nonetheless, future clinical studies are needed to confirm these effects 
in humans.

Abbreviations: AP-1: Activator Protein-1; ACVD: Atherosclerotic Cardiovascular 
Diseases; JNK: C-Jun N-Terminal Kinase; Erk1/2: Extracellular Signal-Regulated 
Kinase1/2; HDL: High-Density Lipoprotein; HO-1: Heme Oxygenase 1; HMG-CoA: 
Hydroxy-Methyl-Glutaryl CoA; NOS: Inducible Nitric Oxide Synthase; IFN-γ: Interferon-
Gamma; IL: Interleukin; LPL: Lipoprotein lipase; MMP: Matrix Metalloproteinases; MAPK: 
Mitogen-Activated Protein Kinase MCP1: Monocyte Chemotactic Protein-1 MCP1-CCL2; 
NO: Nitric oxide; NF-B: Nuclear factor kappa B; OxLDL: Oxidized LDL; ROS: Reactive 
Oxygen Species; LDL: Reduces Low-Density Lipoprotein; SOD1: Superoxide Dismutase 1; 
tPA: Tissue Plasminogen Activator; TNF: Tumor Necrosis Factor

Introduction
Atherosclerotic cardiovascular diseases (ACVD) are one of the 

most relevant world health problems, accounting for more than 
30% of all global deaths [1]. It englobes primary acute myocardial 
infarction, but also ischemic stroke, intermittent claudication due 
to obstruction of peripherical arteries and aorta aneurysm [2]. 
The base of ACVD is the triad dyslipidemia, inflammation, and 
thrombosis. High levels of low-density lipoprotein (LDL) contributes 
to endothelial dysfunction and inflammation, culminating in 
atherothrombosis, blood flow obstruction and tissue ischemia/
necrosis. Several risk factors, including diabetes, smoking, 
sedentary lifestyle, familial history, obesity and hypertension 
may induce or accelerate endothelial injury, contributing to the 
progression of atherosclerosis [2].

LDL is the primary causal factor associated with atherosclerosis. 
In the early phase of atherogenesis, the excess of blood LDL passes 
through the dysfunctional endothelium and remains in the intimal 
layer or forms aggregates with proteoglycans. Abnormal LDL, mainly 
oxidized or glycated (oxLDL) can also promote or accelerate this 
process [3]. Endothelial activation by oxLDL is characterized by the 
higher expression of adhesion molecules, secretion of inflammatory 
mediators and leukocyte recruitment, mainly monocytes, to the 
lesion site [4]. In the arterial intima layer, recruited monocytes 
differentiate into macrophages and uptake oxLDL by scavenger 
receptors (such as CD36 and SRA), transforming into foam cell, the 
primary atherosclerotic lesion. LDL receptor related protein (LRP) 
in the surface of smooth muscle cells (SMC) (migrated from media 
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layer) can bind LDL-proteoglycan aggregates, also generating foam 
cells. The continuous and unregulated oxLDL endocytosis will 
lead to the expansion of foam cells, forming the atheroma. As the 
plaque progresses, new events contribute to the lipid-rich necrotic 
core formation such as local hypoxia, intraplaque angiogenesis 
and thrombosis, T and B cell migration, cytokine production and 
deposition of apoptotic debris with inefficient efferocytosis [5]. 
Lesions are covered by a fibrous cap formed by the extracellular 
matrix produced by smooth muscle cells that stabilize the atheroma 
[6]. Nonetheless, the production of matrix metalloproteinases 
(mainly MMP-2 and MMP-9) by macrophage and the inflammatory 
mediators (such as interferon-gamma) released by T cells may 
degrade or inhibit the production of the extracellular matrix, 
causing plaque vulnerability with subsequent rupture [7]. 

Plaque rupture propitiates the contact of thrombogenic 
components (such as tissue factor) and other intraplaque material 
with blood, leading to thrombus formation, arterial obstruction, 
and ischemia of the tissue drained by that artery. Despite the 
increasing number of drugs to prevent and treat atherosclerosis, 
diet still integrates the first-line treatment [8]. Moreover, 
phytotherapeuticagents and nutraceuticals could be used as 
adjuvant therapy, permitting a safer and longer use compared to 
several drugs [9]. In the context of atherosclerosis, fucoidans could 
be an exciting therapeutic adjuvant due to several actions that can 
interfere with atherosclerosis progression [10,11]. Here we will 
discuss the main biological activities of fucoidan that make it a 
potential nutraceutical helping the management of ACVD.

General Characteristics of Fucoidans
Oceans and seas are sources of food for the whole world 

population due to the abundance of biological and natural resources. 
The diversity of marine species of fish, mollusks, crustaceans, and 
others offers multiple nutrients sources for a healthy diet. Seaweeds 
are, in many countries, a source of dietary nutrients and also a 
nutraceutical agent. Fucoidans are algae components that have 
been studied and related to several biological activities. Fucoidan is 
one of several marine sulfated polysaccharides, called “fucans” and 
mainly found in cell walls and the intercellular spaces of the brown 
algae from Phaeophyceae class [12]. 

The composition of fucoidans varies according to algae species, 
geographic location, harvesting season, climate and the extraction 
method [13]. Fucoidan is obtained from different species of 
brown algae and designates a group of fucose-containing sulfated 
polysaccharides. The fucoidans present similar structures: a 
backbone built of (1→3)-linked α-L-fucopyranosyl or a structure 
alternating (1→3) and (1→4)-linked α-L-fucopyranosyl residues. 
Nonetheless, it includes sulfated galactofucans with backbones 
built of (1→6)-βD-galacto- or (1→2)-β-D-mannopyranosyl units 
with fucose or fuco-oligosaccharide branching or glucuronic acid, 
xylose or glucose substitutions [14].

The characteristics of fucoidan are also influenced by the 
purification processes. The lack of a standardized purification 
procedure leads to differences in the structure of the extracted 
polysaccharide. Despite these structural differences, fucoidan has 
been used as a nutraceutical supplement in several countries. The 
biological properties of fucoidans are determined by characteristics, 
such as molecular weight, structure, frequency, the position of 
sulfate groups, and the organization of sulfated domains [15]. 
Several “in vitro” and “in vivo” studies have described the fucoidan 
activities which could influence atherosclerosis development. 
Although studies of the biological activities of fucoidans have been 
conducted using molecules from different algae, we are presenting 
their origins and related activities in Table 1 and name all, regardless 
of the origin as fucoidan [16-38] (Table 1). 

Certain portions of polysulfide-chain fucoidan mimic natural 
ligand-protein receptors to glycosaminoglycan, including heparan 
sulfate [39-41]. It is known that the binding of glycosaminoglycan 
to various tissue proteins leads to post-traditional modifications, 
which determine cell migration, proliferation, differentiation, 
as well as inflammation and angiogenesis [42]. Consequently, 
glycosaminoglycan mimics, such as fucoidans can modulate cell 
signaling [43].

Table 1: Biological activities of fucoidans from different species 
of brown seaweeds.

Activity Seaweed

Hypolipidemic [16-20] Fucus vesiculosus; Japonica 
laminaria; Cladosiphon cladosiphon;

Antioxidant [21-25] Fucus vesiculosus; Japonica 
laminaria; Ascophyllum nodosum

Anti-inflammatory [26–30] Fucus vesiculosus; Ecklonia cava; 
Sargasum horneri

Antiadipogenic and Obesity 
[31-34]

Undaria pinnatifida; Fucus 
vesiculosus

Anticoagulant and 
Antithrombotic [27,35-37]

Fucus vesiculosus; Fucus 
evanescens; Canistrocarpus 

cervicornis

Cardioprotective [19,38] Cladosiphon cladosiphon; Japonica 
Laminaria

Fucoidan as an Antithrombotic Agent
Heparin is already used as an antithrombotic and anticoagulant 

agent. Due to the similarity with heparin, several fucoidans were 
tested for their abilities to stimulate fibrinolytic and anti-coagulant 
molecules [44]. In a murine model of thrombosis, fucoidan was 
showed an antithrombotic effect stronger than heparin [27]. When 
mechanisms were explored, it was found that the effects of fucoidan 
on the factor Xa and thrombin were weaker compared with heparin. 
These results suggest that the effects of fucoidan is due to the binding 
with heparin cofactor II and not with antithrombin, as occurs with 
heparin [27]. Moreover, unlike heparin, fucoidan stimulates tissue 
Plasminogen Activator (tPA) and induced fibrinolysis by protecting 
plasmin activity from α2-plasmin inhibitor and decreased fibrin 
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polymer formation [45]. It was also demonstrated that fucoidans 
with different molecular weight possess diverse antithrombotic 
activities [46]. The anti-thrombotic activity seems to occur only 
with fucoidans with a minimum load density of 0.5 sulfate groups 
per sugar unit and a size of at least 70 sugar units [47].

Fucoidan as a Hypolipidemic and Antiatherogenic 
Agent 

Hyperlipidemia is associated with increased risk of developing 
CVD diseases. Mice fed a high-fat diet (HFD) and receiving fucoidan 
(via gavage) presented lower levels of total cholesterol (TC), 
triglycerides (TG) and low-density lipoprotein cholesterol (LDL-C) 
while high-density lipoprotein cholesterol (HDL-C) concentration 
was increased [18]. The mechanism was elucidated in adipocytes 
cultivated in the presence of fucoidan from Fucus vesiculosus [16]. 
Fucoidan increased lipoprotein lipase (LPL) and apolipoprotein C-II 
(Apo C-II) secretion from adipocytes. These effects are similar to 
those seen with heparin, suggesting the same mechanism for both. 
Fucoidan can modulate cellular uptake and synthesis of cholesterol 
and fatty acids [17]. It was demonstrated that fucoidan attenuated 
the expression of enzymes involved in lipogenesis (fatty acid 
synthase, acetyl-CoA carboxylase), cholesterogenesis (HMG-CoA 
reductase) and increase lipoprotein uptake (LDL receptor) through 
the modulation of SREBP-2 [17]. In a model of isoproterenol-
induced myocardial infarction, fucoidan administration reduced 
hypertriglyceridemia and hypercholesterolemia by reducing 
LDL-C and increasing HDL-C concentrations [19]. Fucoidan was 
also related to lower levels of lipid peroxidation, cardiac enzymes 
release and myocardial damage [19]. Moreover, a murine model 
of atherosclerosis (ApoEshl) fed on HFD supplemented with 1% 
or 5% of fucoidan showed reduced hepatic steatosis, as well as 
lesser atherosclerotic lesion extension, lipid peroxidation and 
macrophage infiltration [20,31].

Fucoidan as an Antioxidant Agent
Numerous in vitro and in vivo assays have evaluated the 

antioxidant efficacy of fucoidan. It was demonstrated that fucoidan 
eliminates hypochlorous acid superoxide radicals and prevented 
superoxide radicals, hydroxyl radicals, and lipid peroxide formation 
[23,37,48–50]. The antioxidant activity, like antithrombotic activity, 
is dependent on its molecular weight and sulfate content. The low 
molecular weight fractions had a better inhibitory effect on Cu2+ 
induced LDL oxidation compared to high molecular weight ones 
[28]. In an “in vivo” study using LDL receptor knockout (LDLR-/-
) mice, the oxLDL receptor (LOX-1) and reactive oxygen species 
(ROS) related protein were negatively regulated in the aorta after 
fucoidan supplementation [51]. These results suggest that fucoidan 
reduces oxidative stress and atherogenesis in animal models. 
Similar results were obtained in streptozotocin-induced diabetic 
mice that presented a lower ROS production in aorta smooth muscle 
cells after fucoidan treatment [52]. The mechanism may be linked 
to the inhibition of the Mitogen Activated Protein kinases (MAPK) 

and Nrf2/ERK signaling that mediates the expressions of HO-1 
(heme oxygenase 1) and SOD1 (superoxide dismutase 1) [53,54]. 

Fucoidan as an Anti-Inflammatory Agent. 
Fucoidans are potent inhibitors of leukocyte migration and 

platelet activation due to their interaction with L and P-selectins, 
acting as a “selectin blocker” [55]. P-selectin is found in the surface 
of activated platelets as well as activated endothelium [56]. The 
adhesion of leukocytes (neutrophils and monocytes) to the activated 
vascular endothelium and the adhesion of leukocytes to activated 
platelets are facilitated by selectins [57]. Fucoidan probably acts 
similarly to heparan sulfate, presenting a spatial structure of 
sulfated saccharide that is similar to the fucosylated, sialylated, or 
sulfated oligosaccharides present in the cell surface [13]. Fucoidans 
also suppress the activity of several inflammatory mediators. The 
crucial action is the inhibition of nuclear factor-kappa B (NF-κB) 
signaling. NF-κB is an important transcription factor involved in 
the inflammatory response. Once activated by different stimuli, 
NF-κB is released from its inhibitor and move to the nucleus, 
resulting in transcriptional induction of inflammation-associated 
genes [58]. Molecular mechanisms, involving the MAPK signaling 
cascade could control the expression and regulation of several 
transcription factors. Major serine/threonine protein kinases that 
constitute MAPK family are kinases like c-jun N-terminal kinase 
(JNK), extracellular signal-regulated kinase1/2 (Erk1/2) and p38. 
Several studies showed that fucoidans downregulate NF-κB and 
MAPK (ERK, JNK, p38) pathways [26,59-62]. Moreover, fucoidan 
inhibits the transactivation of Activator Protein 1 (AP-1) by 
attenuating the transcriptional activity of the oncogenes C-Fos or 
C-Jun. AP-1, in turn, regulates gene expression triggered by stimuli 
such as cytokines and infections. In this way, fucoidan inhibits 
pro-inflammatory cytokines production as well as AP-1 response 
regulated by these mediators [63]. These results were confirmed in 
a model of myocardial ischemia/reperfusion injury [38]. Fucoidan 
supplementation decreased the myocardial lesion area, damage, 
and leukocyte infiltration. Moreover, the blood concentration of 
inflammatory markers such as TNF, IL-6, and myeloperoxidase 
activity (neutrophil activity) were reduced while the level of the 
anti-inflammatory cytokine IL-10 was increased in the fucoidan 
supplemented group. These findings could be related to lower 
levels of NF-κB activation, decreased expression of inducible nitric 
oxide synthase (iNOS) and consequent reduction of nitric oxide 
production, previously described [28]. A summary of the main 
biological functions of fucoidan related to antiatherogenic events is 
shown in Figure 1. Fucoidan is a potential nutraceutical that could 
be useful as an adjuvant in preventing or treating ACVD 

In conclusion, fucoidan has several biological actions that make 
it a potential adjuvantin preventing or treating ACVD, reducing 
dyslipidemia, inflammation and thrombus formation. Nonetheless, 
there are few clinical studies addressed to this subject and future 
clinical trials are needed to confirm these effects in humans (Figure 
1). 
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Figure 1: Biological actions of fucoidans that potentially influence atherosclerosis and cardiovascular diseases.
Fucoidan reduces low-density lipoprotein (LDL) by inhibiting the cholesterol synthesis key enzyme hydroxy-methyl-glutaryl 
CoA (HMG-CoA) reductase and stimulating LDL receptors in the liver and other peripherical tissues. The reduction of fatty 
acids synthesis associated with the increased lipoprotein lipase (LPL) and its cofactor Apo-CII in adipose tissue leads to lower 
levels of triglyceride-rich lipoprotein and increase levels of nascent high-density lipoprotein (HDL). Fucoidans also decrease 
oxidative stress and, consequently, endothelial dysfunction and minimally oxidized LDL formation. Foam cell formation is 
reduced in the presence of fucoidan due to inhibition of adhesion molecules, which reduces migration of immune cells to the 
intima layer. Moreover, fucoidan is related with a lower expression of scavenger receptors to ox LDL and lower activation of 
mitogen-activated protein kinase (MAPK) signaling pathways and transcription factors such as nuclear factor kappa B (NF-
κB) and activator protein-1 (AP-1). As a result, there is a lower production of inflammatory mediators such as interleukin 
(IL)-6 and tumor necrosis factor (TNF), monocyte chemotactic protein-1 (MCP1-CCL2) and nitric oxide and the increase of 
IL-10. The production of matrix metalloproteinases (MMP) by macrophage and interferon-gamma (IFN-γ) by T cells in the 
presence of fucoidan decreased, reducing fibrous cap degradation and plaque vulnerability. Fucoidan also has anticoagulant 
and antithrombotic actions by reducing P-selectins (related to platelets aggregation), thrombin and Xa factor and increasing 
tissue Plasminogen Activator (tPA) and consequently fibrinolysis. iNOS: inducible nitric oxide synthase; NO: Nitric oxide; 
ROS: reactive oxygen species; ↑: increasing; ↓: decreasing; 🚫: inhibition.
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