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Abstract

Myocardial infarction (MI) remains a major cause of global morbidity and mortality, with post-MI inflammation significantly exacer-
bating tissue damage and adverse cardiac remodeling. Recent advancements have highlighted the gut microbiota as a crucial regulator
of cardiovascular health via the gut-heart axis. This review introduces a novel therapeutic perspective by exploring the potential mech-
anisms through which fucoidan, a sulfated polysaccharide derived from marine algae, may alleviate post-MI inflammation. Fucoidan
demonstrates unique anti-inflammatory and antioxidant properties and has been shown to modulate the gut microbiota. Specifically, it
enhances the abundance of beneficial gut bacteria, boosts short-chain fatty acids (SCFA) production, and reduces bacterial endotoxin
translocation. Additionally, fucoidan directly inhibits inflammatory signaling pathways, decreases pro-inflammatory cytokine secretion,
and protects cardiomyocytes through antioxidant effects. These multifaceted actions position fucoidan as a promising novel therapeutic
strategy for mitigating post-MI inflammation and promoting cardiac recovery. Future research should focus on optimizing fucoidan
extraction methods, identifying effective dosing regimens, and developing targeted delivery systems to maximize clinical efficacy.
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1. Introduction the bile salt hydrolase (BSH) activity of Lactobacillus casei
DMS121 in culture media [6]. Fucoidan from sea cucum-
ber can inhibit hyperlipidemia, obesity, and inflammation
caused by a high-fat diet (HFD). Fucoidan can reverse gut
microbiota dysbiosis, especially colonic microbiota dysbio-
sis, by reducing the abundance of Firmicutes and increas-
ing the abundance of Bacteroidetes [7]. Fucoidan from kelp
can significantly reduce the body weight, hepatic steatosis,
and systemic inflammation in diet-induced metabolic syn-
drome mice. After oral administration of fucoidan, benefi-
cial microbial groups (including Akkermansia muciniphila)
and short-chain fatty acid-producing bacteria (such as allo-
prevotella, blautia, and other bacteria) are highly enriched
[8]. However, the anti-inflammatory effects of fucoidan
in post-myocardial infarction inflammatory responses have
not been thoroughly investigated, and the existing research
on its impact on gut microbiota is also not comprehensive.

In this review, the focus is on the manner in which fu-
coidan could influence post-MI outcomes. Specifically, it
examines how fucoidan may affect the levels of post-MI in-
flammation, its anti-inflammatory effects on the gut micro-
biota, and its potential cardioprotective benefits, as detailed
further in the present review.

Heart attack or myocardial infarction is the primary
cause of morbidity and death worldwide. If the supply of
the portion of the heart gets blocked, it results in the block-
age of the supply of the blood that results in the death of
the myocardial cells. The post-myocardial infarction (MI)
inflammatory response, triggered by a double hit, leads to
excessive inflammation that worsens tissue injury and can
cause heart failure. This excessive inflammation also con-
tributes to other conditions such as stroke, which are dif-
ficult to repair and regenerate. Therefore, modulating the
inflammatory response after myocardial infarction is an im-
portant therapeutic target [1].

The gut microbiota has recently been recognized as
a central regulator of cardiovascular health. The gut-heart
axis, a bidirectional communication system between the gut
and the heart, plays a significant role in various cardio-
vascular diseases, including MI [2]. Fucoidan, a sulfated
polysaccharide derived from algae, exhibits a broad range
of biological activities, particularly anti-inflammatory and
antioxidant effects [3]. Fucoidan obtained from brown al-
gae has been shown to regulate the release of inflammatory
cytokines from macrophages [4]. Previous studies have
demonstrated that fucoidan extracted from Undaria pinnati-
fida can improve dyslipidemia and modulate the gut micro-
biota of BALB/c mice (BALB/c mice are an inbred strain
of laboratory mice, widely used in biomedical research) [5].
It has been found that the addition of fucoidan can enhance
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2. The Gut-Heart Axis and Myocardial
Infarction

2.1 The Role of Gut Microbiota in Cardiovascular Health

The human gastrointestinal tract is home to a dynamic
and intricate trillions of bacteria community called the gut
microbiota. The population of the microbiota consists of
bacteria, archaea, viruses, and fungi, with Firmicutes and
Bacteroidetes phyla of bacteria being the most dominant
ones [9]. The microbiota of the gut plays a critical function
in favor of the health of the host by way of a variety of mech-
anisms, including the facilitation of the digestion of com-
plex carbohydrates, the production of vital vitamins (such
as vitamin K and a few B vitamins), and the modulation of
local and systemic immunity [10]. Dysbiosis, a state of im-
balance of the microbiota that is characterized by the loss of
microbiota diversity or overgrowth of pathogenetic species,
has increasingly been shown to be connected with a variety
of diseases, including cardiovascular diseases (CVDs).

The gut microbiota affects cardiovascular health
through various mechanisms, including the production of
bioactive metabolites such as short-chain fatty acids (SC-
FAs), for example, acetate, butyrate, and propionate by
fermentation of polyphenols and dietary fiber and the
expression of systemic anti-inflammatory and cardiopro-
tective effects by stimulating the G-protein-coupled re-
ceptors (GPR) such as GPR41 and GPR43, enhancing
endothelial function, reducing blood pressure, and pre-
venting histone deacetylases to suppress the expression
of pro-inflammatory genes [11]. Some of the intestinal
microbes degrade the diet components such as choline,
L-carnitine, and phosphatidylcholine to trimethylamine
(TMA), which in the liver is converted to trimethylamine
N-oxide (TMAO), a harmful metabolite that plays a role
in atherosclerosis, MI, and other CVDs by mechanisms
such as inducing foam cell formation by stimulating the
endocytosis of oxidized low-density lipoprotein (oxLDL),
stimulating the activation of the pro-inflammatory mecha-
nisms such as the NOD-like receptor family pyrin domain-
containing 3 (NLRP3) inflammasome, and interfering with
the process of the reverse cholesterol transport [ 12]. The in-
testinal microbiota also modulates systemic inflammation
by modulating the interaction between the pro- and anti-
inflammatory cytokines such as inducing the suppression
of'the inflammation by inducing the cytokine interleukin-10
(IL-10), or inducing the promotion of the inflammation by
inducing the cytokine tumor necrosis factor-alpha (TNF-«),
and interleukin-6 (IL-6), as well as interacting with the toll-
like receptors to modulate the nuclear factor-kappa B (NF-
xB)-dependent signaing mechanisms [13]. The intestinal
microbiota also plays an important function in the bile acid
homeostasis by deconjugating primary bile acids to sec-
ondary bile acids that act as signal mediators via the far-
nesoid X receptor (FXR) and the G protein-coupled bile
acid receptor 1 (TGRS) to regulate lipid metabolism, glu-
cose homeostasis, and inflammation, with an alteration of

the bile acids composition by dysbiosis having the potential
to increase cardiovascular risk [14].

Besides, the gut microbiota maintains the barrier func-
tion of the gut, preventing the translocation of bacterial
endotoxins like lipopolysaccharide (LPS) into the circula-
tion, but dysbiosis could impair the barrier to cause en-
hanced intestinal permeability (leaky gut) and endotoxemia
that lead to systemic inflammation and oxidative stress by
stimulating TLR4, promoting endothelial dysfunction and
atherosclerosis [15].

2.2 The Gut-Heart Axis in Myocardial Infarction

The gut-heart axis is a two-way intricate interaction
between the heart and the gut that plays a key function in the
management of the inflammatory response to MI. As men-
tioned earlier, with MI the organism responds with a sys-
temic inflammatory response by secreting cytokines with
pro-inflammatory effects, such as IL-6 and TNF-«, that are
necessary to clear the necrotic tissue and start the repairing
process [1,2]. A disproportionate or persistent inflamma-
tory response, however, will lead to more tissue damage,
adverse cardiac remodeling, and impaired cardiac function,
thus to the necessity to closely regulate the inflammatory
response.

The gut microbiota plays a key function in regulating
the post-MI inflammatory response by a myriad of complex
mechanisms. Dysbiosis or disturbance of the composition
of the intestinal microbial flora compromises the intestinal
barrier integrity and leads to increased intestinal permeabil-
ity or leaky gut [16]. This allows bacterial endotoxins such
as LPS to translocate into the circulation and LPS stimulates
toll-like receptor 4 (TLR4) on immune cells to induce secre-
tion of the inflammatory cytokines and perpetuate systemic
inflammation, exacerbating cardiac damage and impairing
the recovery of MI [17]. The gut microbiota also regu-
lates the production of SCFAs such as acetate, propionate,
and butyrate by fermentation of the dietary fiber. SCFAs
have profound anti-inflammatory effects by the binding to
G-protein-coupled receptors (GPCRs) such as GPR41 and
GPRA43 on the immune and endothelial cells [18]. This ef-
fect inhibits the NF-xB pathway, thereby downregulating
the expression of inflammatory cytokines. This action pro-
tects the heart from damage, maintains endothelial func-
tion, and preserves the integrity of the intestinal barrier,
further preventing systemic inflammation [18]. The gut mi-
crobiota also regulates the production of TMAOQO, an injuri-
ous cardiovascular metabolite, by degrading nutrients such
as choline, L-carnitine, and phosphatidylcholine to TMA,
and TMA is oxidized to form TMAO in the liver, and ex-
cessive TMAO exacerbates inflammation, endothelial dam-
age, and atherosclerosis by mechanisms such as inducing
the NLRP3 inflammasome to trigger the secretion of in-
flammatory cytokines and disrupting the reverse cholesterol
transport, with consequent plaque instability and adverse
cardiac remodelling [19,20]. The pivotal function of the gut
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Fig. 1. The inflammatory response to, and resolution of, myocardial infarction is controlled by the gut microbiota, and Fucoidan

promote the return of the inflammatory response by improving the gut microbiota. SCFAs, Short-chain fatty acids; FFAR-3, Free
fatty acid receptor 3; FFAR-2, Free fatty acid receptor 2; LPS, Lipopolysaccharide; PCS, p-cresol sulfate; IS, Indoxyl sulfate; BAS,
Bile acid synthesis; FXR, Farnesoid X receptor; TGRS, G-protein-coupled bile acid receptor 1; TMA, Trimethylamine; FMO3, Flavin-

containing monooxygenase 3; TMAO, Trimethylamine-N-oxide; TJ, tight junctions.

microbiota in the modulation of the inflammatory response
and consequences of myocardial infarction is summarized
in Fig. 1.

3. Fucoidan and the Impact on Gut
Microbiota

Fucoidan, derived from marine algae, represents a
class of bioactive polysaccharides that have garnered sig-
nificant attention for their potential health benefits, par-
ticularly in modulating the gut microbiota. These com-
plex, sulfated polysaccharides can influence the gut envi-
ronment by interacting with the resident microbial commu-
nities, thereby promoting a healthier microbial balance. Fu-
coidan has been shown to enrich beneficial bacteria such
as Bifidobacterium and Lactobacillus, which are known for
their probiotic properties, while simultaneously suppress-
ing the growth of pathogenic bacteria, thus enhancing the
overall diversity and functionality of the gut microbiota
[21].

The impact of fucoidan on the gut microbiota is mul-
tifaceted. Studies have demonstrated that fucoidan can
significantly increase the abundance of beneficial micro-
bial taxa, including Akkermansia muciniphila and Fae-
calibacterium prausnitzii, which are associated with anti-
inflammatory effects and improved metabolic health [22].
A study published in the journal Nutrition found that Fu-
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coidan can ameliorate high-fat diet-induced dyslipidemia
in rats by modulating the gut microbiota and bile acid
metabolism [23]. This shift in microbial composition is cru-
cial, as it can enhance the gut barrier function and reduce
the risk of metabolic disorders. Beyond its microbiological
benefits, fucoidan also enriches the gut environment with
bioactive molecules. These include SCFASs such as acetate,
propionate, and butyrate, which are produced through the
fermentation of fucoidan by gut bacteria [24]. SCFAs play
a vital role in maintaining gut health by strengthening the
intestinal barrier, reducing inflammation, and modulating
the immune response. For example, butyrate, a key SCFA,
has been shown to enhance the expression of tight junction
proteins, thereby reinforcing the integrity of the gut barrier
and preventing the translocation of bacterial endotoxins into
the bloodstream [25].

Fucoidan also exhibits potent antioxidant and anti-
inflammatory properties. These effects are partly mediated
through the modulation of gut microbiota and the produc-
tion of bioactive metabolites. Fucoidan can induce the pro-
duction of polyphenols and bioactive peptides, which act as
antioxidants, neutralizing free radicals and reducing oxida-
tive stress [26]. Additionally, these bioactive compounds
can selectively promote the growth of beneficial bacte-
ria while inhibiting the proliferation of pathogenic strains,
thereby contributing to a healthier gut microbiota. Further-


https://www.imrpress.com

more, fucoidan has been shown to regulate the production
of harmful metabolites such as TMAO, a known risk factor
for cardiovascular disease [27]. A recent study published
in the journal Carbohydr Polym in 2025 demonstrated that
fucoidan supplementation effectively reduced TMAO lev-
els, accompanied by decreased systemic inflammation and
improved cardiovascular health [28]. This finding under-
scores the potential of fucoidan as a therapeutic agent for
preventing metabolic and cardiovascular diseases.

Fucoidan exerts a profound impact on the gut micro-
biota by promoting the growth of beneficial bacteria, en-
hancing the production of SCFAs, and reducing inflamma-
tion and oxidative stress. These multifaceted benefits high-
light the potential of fucoidan as a valuable dietary com-
ponent for maintaining gut health and preventing systemic
diseases.

4. Anti-Inflammatory Mechanisms of
Fucoidan

4.1 Regulation of Pro-Inflammatory Cytokines

One of the primary mechanisms through which fu-
coidan exerts its anti-inflammatory effects is by modulat-
ing the production of pro-inflammatory cytokines. In con-
ditions such as MI and chronic inflammatory diseases, there
is a significant increase in the secretion of pro-inflammatory
cytokines like IL-6 and TNF-«, which contribute to tis-
sue damage and adverse cardiac remodeling [29,30]. Fu-
coidan has been shown to inhibit the release of these cy-
tokines by interfering with key signaling pathways, includ-
ing NF-xB and mitogen-activated protein kinase (MAPK).
For instance, fucoidan suppresses the phosphorylation of
the NF-xB inhibitory protein, IxBa, thereby preventing the
nuclear translocation of NF-xB and the subsequent tran-
scription of pro-inflammatory genes. These effects have
been demonstrated in various experimental conditions, such
as in vitro models using lipopolysaccharide (LPS)-induced
inflammation in macrophages, as well as in vivo studies in-
volving animal models of myocardial infarction. Addition-
ally, fucoidan has been shown to inhibit the MAPK path-
way, which plays a crucial role in the production of inflam-
matory mediators. This inhibition helps reduce the overall
inflammatory response, making fucoidan a promising ther-
apeutic agent for managing inflammation in both acute and
chronic conditions [31,32]. Additionally, fucoidan has been
found to inhibit the MAPK pathway, which plays a crucial
role in the production of inflammatory mediators [33].

Fucoidan’s anti-inflammatory effects are not limited
to acute conditions like MI but also extend to chronic in-
flammatory diseases. A 2023 study demonstrated that fu-
coidan supplementation significantly reduced serum levels
of TNF-« and IL-6 in patients with type 2 diabetes, a condi-
tion characterized by chronic low-grade inflammation [34].
Furthermore, fucoidan’s ability to modulate the gut micro-
biota and enhance the production of SCFAs like butyrate,
propionate, and acetate contributes to its anti-inflammatory

properties. These SCFAs are known to inhibit NF-xB ac-
tivation and reduce the expression of pro-inflammatory cy-
tokines [35,36]. The synergistic interaction between fu-
coidan and SCFAs enhances its overall anti-inflammatory
efficacy, making it a promising therapeutic agent for man-
aging inflammation in both acute and chronic conditions.

4.2 Enhancement of Short-Chain Fatty Acid Production

Fucoidan has been shown to promote the production
of SCFAs, which are crucial for maintaining gut health and
regulating systemic inflammation. SCFAs, including ac-
etate, propionate, and butyrate, are produced through the
fermentation of dietary fibers by gut microbiota, partic-
ularly by bacteria such as Lactobacillus and Bifidobac-
terium [37,38]. These SCFAs play a pivotal role in mod-
ulating inflammation by inhibiting the activation of NF-xB
and MAPK pathways, thereby reducing the production of
pro-inflammatory cytokines like IL-6 and TNF-« [39,40].
A 2024 study demonstrated that fucoidan supplementation
significantly increased fecal levels of butyrate and propi-
onate in a mouse model of atherosclerosis, leading to re-
duced systemic inflammation and improved lipid profiles
[41].

In addition to their anti-inflammatory effects, SCFAs
also enhance the integrity of the intestinal barrier by pro-
moting the expression of tight junction proteins such as oc-
cludin and zonula occludens-1 (ZO-1). This prevents the
translocation of bacterial endotoxins like lipopolysaccha-
ride (LPS) into the bloodstream, which can trigger systemic
inflammation [42]. Fucoidan’s ability to modulate the gut
microbiota and increase SCFA production has been linked
to its cardiovascular protective effects. Butyrate, one of the
key SCFAs, has been shown to improve endothelial func-
tion and reduce blood pressure by stimulating the produc-
tion of nitric oxide (NO) and suppressing oxidative stress
[43]. Similarly, propionate has been associated with re-
duced cholesterol synthesis and improved insulin sensitiv-
ity, both of which are beneficial for cardiovascular health
[44].

4.3 Modulation of NF-xB and MAPK Signaling Pathways

The NF-xB and MAPK signaling pathways are cen-
tral to the regulation of inflammation, particularly in con-
ditions like MI and chronic inflammatory diseases. In MI,
ischemia triggers the activation of these pathways, leading
to the secretion of pro-inflammatory cytokines such as IL-
6 and TNF-a, which exacerbate tissue damage and con-
tribute to adverse cardiac remodeling [45]. NF-«<B acti-
vation involves the degradation of its inhibitory protein,
IxBa, followed by the nuclear translocation of the NF-xB
dimer (p65/p50), which induces the transcription of pro-
inflammatory genes [46]. Similarly, the MAPK pathway,
which includes the ERK, JNK, and p38 subfamilies, is ac-
tivated by upstream kinases and plays a crucial role in the
production of inflammatory mediators [47].
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Fig. 2. The injury of myocardial cells during myocardial infarction. NO, Nitric Oxide; eNOS, Endothelial Nitric Oxide Synthase;
COX-2, Cyclooxygenase-2; 5-LPO, 5-Lipoxygenase; MAKP, Mitogen-Activated Protein Kinase; NF-xB, Nuclear Factor Kappa B; RNS,
Reactive Nitrogen Species; PG, Prostaglandins; TX, Thromboxane; ET-1, Endothelin-1; TNF-«, Tumor Necrosis Factor Alpha; IL-1,

Interleukin-1; IL-6, Interleukin-6; IL-8, Interleukin-8.

Fucoidan has been shown to inhibit both the NF-<B
and MAPK pathways, thereby reducing the production of
pro-inflammatory cytokines. Polyphenols and bioactive
peptides present in fucoidan interfere with the phosphory-
lation of IkBa and MAPK proteins, preventing the nuclear
translocation of NF-xB and the activation of downstream
inflammatory genes [48]. A 2024 study demonstrated that
fucoidan significantly reduced the phosphorylation of IxkBa
and ERK1/2 in an LPS-induced inflammatory model, lead-
ing to a marked decrease in TNF-« and IL-6 levels [49].
Additionally, fucoidan’s ability to modulate oxidative stress
and enhance the activity of antioxidant enzymes further
contributes to its anti-inflammatory effects by suppressing
the activation of the MAPK pathway [50].

Clinical trials have further validated the therapeu-
tic potential of fucoidan in modulating these signaling
pathways. A 2025 randomized controlled trial involv-
ing patients with metabolic syndrome showed that regular
consumption of fucoidan-rich foods significantly reduced
serum levels of TNF-a and IL-6, leading to improved car-
diovascular outcomes [51]. Another study in 2025 high-
lighted the synergistic effects of fucoidan and probiotics
in suppressing NF-xB and MAPK activation in a colitis
model, demonstrating its broad anti-inflammatory potential
[52]. These findings underscore the importance of fucoidan
as a natural anti-inflammatory agent capable of modulating
key signaling pathways to reduce inflammation and protect
against tissue damage in various disease conditions.

5. Cardioprotective Effects of Fucoidan
5.1 Protection of Cardiomyocytes

Cardiomyocytes, the primary functional cells of the
heart, are highly susceptible to damage following MI. Pro-
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inflammatory cytokines such as IL-6 and TNF-«, which are
released in response to MI-induced inflammation, signif-
icantly increase cardiomyocyte death and trigger adverse
cardiac remodeling and heart failure [53,54]. Fig. 2 illus-
trates the damage to myocardial cells in myocardial infarc-
tion. Fucoidan, a sulfated polysaccharide derived from ma-
rine algae, has demonstrated significant cardioprotective ef-
fects by modulating the inflammatory response and shield-
ing cardiomyocytes from damage [29,55,56]. Fucoidan can
inhibit the activation of NF-xB and MAPK signaling path-
ways, thereby reducing the secretion of inflammatory cy-
tokines such as IL-6 and TNF-« [57]. In a 2024 study,
fucoidan was shown to significantly alleviate systemic in-
flammation in a murine model of atherosclerosis by down-
regulating NF-xB activation, thereby mitigating cytokine-
induced damage to cardiomyocytes [58]. Additionally, fu-
coidan contains bioactive compounds that can suppress the
MAPK pathway, reducing the inflammatory response and
decreasing cardiomyocyte apoptosis [54].

Fucoidan also protects cardiomyocytes through its an-
tioxidant properties. Oxidative stress, characterized by the
overproduction of reactive oxygen species (ROS), is a key
factor in cardiomyocyte loss following MI. Fucoidan is rich
in antioxidants such as polyphenols, which neutralize ROS
and protect cardiomyocytes from oxidative damage [59].
Polyphenols found in fucoidan enhance the expression of
antioxidant enzymes such as superoxide dismutase (SOD)
and glutathione peroxidase (GPx), thereby reducing oxida-
tive stress [60]. A 2024 study on fucoidan demonstrated
that polyphenols significantly reduced oxidative stress in-
dicators in an LPS-induced model of inflammation, leading
to improved cardiomyocyte survival [61]. Furthermore, the
bioactive compounds in fucoidan work synergistically to
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enhance its cardioprotective effects. For example, a study
showed that the combined action of polyphenols and other
bioactive components in fucoidan was more effective in
suppressing IL-6 and TNF-« than either component alone,
highlighting the synergistic action of fucoidan’s bioactive
constituents [62]. This synergy not only reduces inflamma-
tion but also enhances the antioxidant capacity of fucoidan,
providing comprehensive protection to cardiomyocytes.

5.2 Regulation of Immune Responses

The immune response to MI is a complex process
that involves the activation of innate and adaptive immune
cells. The immune response, although it plays a function
in the tissue repair process, could also cause exacerbation
of the tissue damage and cardiac remodeling by being over-
activated. As mentioned above, Fucoidan have a vital func-
tion of modulating the immune response by modulating the
gut microbiota as well as the secretion of SCFAs. SC-
FAs such as butyrate, propionate, and acetate promote the
differentiation of regulatory T cells (Tregs), which have
the important function of dampening excessive immune re-
sponses as well as tissue injury. In a 2024 published study,
it was demonstrated that butyrate supplementation elevated
the Treg differentiation in a mouse model of MI, leading to
reduced inflammation and improved cardiac performance
[63]. SCFAs also have the capacity to modulate the func-
tion of innate immune cells such as macrophages by po-
larizing the macrophages away from the pro-inflammatory
(M1) to the anti-inflammatory (M2) phenotype as well as
preventing the secretion of the pro-inflammatory cytokines
IL-6 and TNF-« [64].

Fucoidan also contains bioactive molecules such as
polyphenols that modulate immunity by controlling the ac-
tivity of immune cells. A study demonstrated that fu-
coidan effectively suppressed the activation of dendritic
cells and macrophages, thereby reducing the secretion of
pro-inflammatory cytokines and enhancing the balance of
the immune response [65]. Additionally, fucoidan can in-
hibit the activation of the NF-xB and MAPK signaling path-
ways, which are central to the production of inflammatory
mediators [63,64]. Collectively, these components of fu-
coidan help to modulate the immune response by both pre-
venting excessive inflammation and promoting tissue re-
pair.

6. Challenges and Future Directions

One of the primary challenges in the clinical applica-
tion of fucoidan is the variability in its efficacy due to dif-
ferences in its source, extraction methods, and processing
conditions. This variability complicates the standardiza-
tion of fucoidan for therapeutic use. Different species of
brown algae (such as Laminaria japonica, Sargassum spp.,
and Undaria pinnatifida) exhibit significant differences in
the backbone structure, branching patterns, and monosac-
charide composition of their fucoidan, which directly im-

pact its immunomodulatory and anti-inflammatory activi-
ties. Seasonal variation in the harvest time can also lead
to fluctuations in molecular weight and the degree of sul-
fation, further contributing to inconsistencies in biological
activity. Moreover, standardized protocols for the extrac-
tion and purification of fucoidan have yet to be established.
Different studies employ diverse extraction methods—such
as acid hydrolysis, enzymatic digestion, and ultrasound-
assisted techniques—which vary greatly in their ability
to preserve or degrade key functional groups within fu-
coidan molecule. These methodological inconsistencies af-
fect structural integrity and biological function, resulting
in products with variable molecular weights, purities, and
sulfate content. Consequently, such variability undermines
the reproducibility and comparability of research outcomes,
limiting the controllability and scalability of fucoidan in
clinical trials and pharmaceutical development.
Additionally, the optimal dosage of fucoidan required
to initiate cardioprotective effects, particularly in promot-
ing the resolution of post-MI inflammatory responses and
protecting against cardiac injury, remains poorly defined.
At present, research on the application of fucoidan in car-
diovascular diseases remains largely confined to animal
studies and in vitro models, and there is no clear consensus
regarding the optimal dosage required to exert cardiopro-
tective effects in humans. In particular, key aspects such
as the resolution of post-myocardial infarction inflamma-
tion, suppression of immune overactivation, and preven-
tion of myocardial fibrosis and remodeling lack system-
atic investigation in terms of fucoidan’s effective dosage,
administration frequency, and duration. Existing literature
reports a wide range of doses—from a few milligrams to
several hundred milligrams per day—with various admin-
istration routes including oral intake, intraperitoneal injec-
tion, and localized delivery, but no standardized guidelines
have been established. These dosage inconsistencies likely
correlate with differences in molecular weight, degree of
sulfation, purity, and the source or method of fucoidan ex-
traction, further complicating the identification of an ef-
fective dosing window. Moreover, fucoidan exerts bidi-
rectional immunomodulatory effects: under certain con-
ditions, it suppresses the release of pro-inflammatory cy-
tokines, whereas in others, it may activate innate immune
responses. This dose-dependent nature makes it a critical
factor influencing both the safety and efficacy of treatment.
High doses may trigger nonspecific immune activation or
coagulation abnormalities, while insufficient doses may fail
to deliver adequate anti-inflammatory benefits. Therefore,
establishing a clear dose—response curve for fucoidan in the
context of post-MI inflammation—along with identifying
its therapeutic threshold and toxicity ceiling—is fundamen-
tal for its clinical application. The lack of high-quality dose-
escalation clinical trials and comprehensive pharmacody-
namic modeling further hampers its progression as a viable
therapeutic agent in cardiology. Future studies should aim

&% IMR Press


https://www.imrpress.com

o)

,

(&

4

Ss3id dNI

Table 1. The mechanisms of fucoidan that have the potential to improve the post-myocardial infarction inflammatory.

Mechanism

Effect

Description

Key Compounds/Components

References

Regulation of Gut Microbiota

Improvement of gut microbiota imbalance

Fucoidan increases the abundance of beneficial
bacteria and reduces the abundance of harmful bac-
teria, enhancing gut barrier function and reducing

the translocation of endotoxins

SCFAs, Probiotics

[21,22,23]

Enhancement of SCFA Production

Anti-inflammatory effects

Fucoidan promotes the production of SCFAs
through fermentation, which inhibit the NF-«B and
MAPK signaling pathways, reducing the produc-
tion of pro-inflammatory cytokines

SCFAs

[24,39,40,41]

Inhibition of Inflammatory Signaling
Pathways

Reduction of pro-inflammatory cytokine

secretion

Fucoidan inhibits the activation of NF-xB and
MAPK signaling pathways, reducing the secre-
tion of pro-inflammatory cytokines and alleviating
post-MI inflammatory responses

Fucoidan

[31,32,33,48]

Antioxidant Effects

Reduction of oxidative stress

Fucoidan is rich in antioxidants that neutralize free
radicals, reduce oxidative stress, and protect car-
diomyocytes

Polyphenols, Antioxidant enzymes

[26,59,60,61]

Modulation of Immune Responses

Balancing immune responses

Fucoidan modulates immune responses by regulat-
ing the gut microbiota and SCFA production, pro-
moting the differentiation of regulatory T cells and
inhibiting the secretion of pro-inflammatory cy-
tokines, thereby reducing post-MI inflammation

SCFAs, Polyphenols

[63,64,65]

Protection of Cardiomyocytes

Reduction of cardiomyocyte damage

Fucoidan protects cardiomyocytes by inhibiting
the NF-xB and MAPK signaling pathways, reduc-
ing the secretion of inflammatory cytokines, and
alleviating oxidative damage and apoptosis of car-
diomyocytes

Fucoidan, Polyphenols

[29,57,58,62]

NF-«B, nuclear factor-kappa B; MAPK, mitogen-activated protein kinase; MI, myocardial infarction; SCFAs, Short-chain Fatty Acids.
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to develop dose-optimization models based on relevant
biomarkers such as IL-6, TNF-«, and hsCRP, while in-
corporating individual variability and disease stage. This
will help formulate more precise and controllable fucoidan-
based therapeutic strategies, thereby advancing its transi-
tion from experimental research to standardized clinical
use.

Another area of potential improvement is the enhance-
ment of fucoidan’s bioactivity through the addition of spe-
cific probiotics or prebiotics. As a marine-derived sulfated
polysaccharide, fucoidan exhibits extremely low absorp-
tion in the upper gastrointestinal tract. The majority of it
reaches the colon in its intact form, where it undergoes fer-
mentation and metabolism by gut microbiota. Studies have
shown that fucoidan can serve as a selective substrate for
modulating the gut microbial ecosystem, but its effective-
ness is highly dependent on the composition of the host’s
microbiota. When combined with specific probiotics—
such as Bifidobacterium, Lactobacillus, or Akkermansia
muciniphila—the metabolic efficiency of fucoidan can be
enhanced by enriching microbial populations capable of de-
grading complex polysaccharides. This microbial remodel-
ing contributes to increased production of SCFAs, includ-
ing butyrate, acetate, and propionate, which are well rec-
ognized for their anti-inflammatory, gut barrier-protective,
and cardioprotective functions. For example, butyrate has
been shown to inhibit HDACs, reduce oxidative stress, and
modulate immune cell activity—effects that are particu-
larly critical in the context of post-myocardial infarction
repair. Moreover, the co-administration of fucoidan with
functional prebiotics—such as inulin, galactooligosaccha-
rides, or resistant starch—may produce synergistic effects.
These combinations not only facilitate the degradation and
absorption of fucoidan but also stimulate gut microbes to
generate a range of secondary bioactive metabolites (e.g.,
polyphenol derivatives and bile acid conjugates), which ex-
ert physiological regulatory effects throughout the body.
This approach aligns with the emerging trends in precision
nutrition and microbiome-targeted therapy, offering the po-
tential for more individualized and effective therapeutic in-
terventions. Through the synergistic interaction between
probiotics, prebiotics, and fucoidan, it may be possible to
develop the next generation of functional formulations that
enhance bioavailability, improve targeting efficiency, and
reduce inter-individual variability in treatment outcomes.

To fully harness the cardiovascular protective poten-
tial of fucoidan, targeted research and technological ad-
vancements are needed to address these challenges. The
development of highly advanced delivery systems would
provide a platform for optimizing the therapeutic effects
of fucoidan in clinical applications, particularly in modu-
lating the inflammatory response following myocardial in-
farction.

7. Conclusion

In summary, fucoidan has shown significant poten-
tial in modulating post-myocardial infarction inflammatory
responses through its interactions with the gut microbiota.
By enhancing the abundance of beneficial bacteria, promot-
ing the production of short-chain fatty acids, and inhibit-
ing inflammatory signaling pathways, fucoidan may offer
a novel therapeutic strategy for mitigating cardiac damage
and improving recovery after MI. The multifaceted bene-
fits of fucoidan, including its anti-inflammatory and antiox-
idant properties, further support its role in cardiovascular
protection.

However, several challenges remain in translating
these findings into clinical practice. Variability in fucoidan
composition due to differences in source, extraction meth-
ods, and processing conditions complicates standardization.
Additionally, optimal dosing strategies for fucoidan in hu-
mans are yet to be established, particularly for post-MI in-
flammation. The mechanisms of fucoidan that have the po-
tential to improve the post-myocardial infarction inflamma-
tory response are presented in Table 1 (Ref. [21,22,23,24,
26,29,31,32,33,39,40,41,48,57,58,59,60,61,62,63,64,65]).
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