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Abstract

Context: Dyslipidemia, characterized by abnormal plasma lipid levels, is commonly treated with statins, which may induce adverse effects. Fucoidan and
alginate, bioactive marine polysaccharides, have emerged as potential natural modulators of lipid metabolism via cholesterol 7 alpha-hydroxylase 1 (CYP7A1)
and HMG-CoA reductase (HMGCR).

Aims: To evaluate systematically the efficacy of fucoidan and alginate as adjunctive therapies for dyslipidemia, with a specific focus on lipid profiles mediated
through the regulation of CYP7A1 and HMGCR.

Methods: This systematic review was conducted according to PRISMA guidelines. Literature was searched across Scopus, PubMed, Cochrane, ScienceDirect,
and ProQuest. Research that examined human and mammalian models of dyslipidemia treated with fucoidan or alginate was included; however, no studies
specifically addressing human dyslipidemia were found. This review was conducted according to the PRISMA guidelines and follows the PICO format. Risk of
bias was assessed using the SYRCLE tool and implemented by the GRADE tools to assess study quality.

Results: Nineteen preclinical studies met the inclusion criteria. Fucoidan and alginate interventions consistently improved lipid profiles, with reductions in total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglycerides observed in over 85% of studies, and increases in high-density lipoprotein
cholesterol (HDL-C) noted in nearly half. Eight studies demonstrated a significant upregulation of CYP7A1 expression, indicating enhanced bile acid synthesis,
while eight studies reported significant downregulation of HMGCR, suggesting inhibition of cholesterol biosynthesis. These changes were dose-dependent in
several cases, highlighting their regulatory effects on lipid metabolism pathways.

Conclusions: Fucoidan and alginate show promise as adjunct therapies for dyslipidemia by modulating lipid metabolism through CYP7A1 and HMGCR. While
preclinical findings are encouraging, heterogeneity among studies and the lack of clinical data limit the strength of current evidence. Further mechanistic
studies and well-designed clinical trials are warranted to confirm translational relevance.
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Resumen

Contexto: La dislipidemia, caracterizada por niveles plasmaticos anormales de lipidos, se trata cominmente con estatinas, las cuales pueden inducir efectos
adversos. El fucoidan y el alginato, polisacaridos marinos bioactivos, han surgido como posibles moduladores naturales del metabolismo lipidico a través de
la CYPT7AL (colesterol 7 alfa-hidroxilasa 1) y la HMG-CoA reductasa (HMGCR).

Objetivos: Evaluar sistematicamente la eficacia del fucoidan y el alginato como terapias complementarias para la dislipidemia, con especial atencién a los
perfiles lipidicos mediados por la regulacién de la CYP7ALy la HMGCR.

Métodos: Esta revision sistematica se realiz6 de acuerdo con las directrices PRISMA. Se realizé una busqueda bibliogréfica en Scopus, PubMed, Cochrane,
ScienceDirect y ProQuest. Se incluyeron investigaciones que examinaron modelos humanos y de mamiferos con dislipidemia tratados con fucoidan o alginato;
sin embargo, no se encontraron estudios que abordaran especificamente la dislipidemia humana. Esta revision se realizé de acuerdo con las directrices PRISMA
y sigue el formato PICO. El riesgo de sesgo se evalué mediante la herramienta SYRCLE y se implementd mediante las herramientas GRADE para evaluar la
calidad del estudio.

Resultados: Diecinueve estudios preclinicos cumplieron los criterios de inclusién. Las intervenciones con fucoidan y alginato mejoraron sistematicamente los
perfiles lipidicos, con reducciones del colesterol total (CT), el colesterol unido a lipoproteinas de baja densidad (C-LDL) y los triglicéridos observados en mas
del 85% de los estudios, y aumentos del colesterol unido a lipoproteinas de alta densidad (C-HDL) observados en casi la mitad. Ocho estudios demostraron una
regulacién positiva significativa de la expresidn de CYP7AL, lo que indica una mayor sintesis de acidos biliares, mientras que ocho estudios informaron una
regulacion negativa significativa de HMGCR, lo que sugiere una inhibicién de la biosintesis del colesterol. Estos cambios fueron dependientes de la dosis en
varios casos, lo que destaca sus efectos reguladores sobre las vias del metabolismo lipidico.

Conclusiones: El fucoidan y el alginato se muestran prometedores como terapias complementarias para la dislipidemia al modular el metabolismo lipidico a
través de CYPTAL y HMGCR. Si bien los hallazgos preclinicos son alentadores, la heterogeneidad entre los estudios y la falta de datos clinicos limitan la solidez
de la evidencia actual. Se requieren mas estudios mecanisticos y ensayos clinicos bien disefiados para confirmar su relevancia traslacional.

Palabras Clave: alginato; CYP7A1; HMGCR,; dislipidemia; fucoidan; metabolismo lipidico.
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Abbreviations: ABC: ATP-Binding Cassette; AOS: Alginate Oligosaccharide; CYP7A1: Cholesterol 7 alpha-Hydroxylase 1; FXR: Farnesoid X
Receptor; GPR109A: G protein-Coupled Receptorl09A; HDL-C: High-Density Lipoprotein Cholesterol; HFD: High-Fat Diet; HMGCR: 3-
Hydroxy-3-Methylglutaryl-Coenzyme A Reductase; IP: Intraperitoneal; LCAT: Lecithin Cholesterol Acyltransferase; LDL-C: Low-Density
Lipoprotein Cholesterol; LPL: Lipoprotein Lipase; LXR: Liver X Receptor; MeSH: Medical Subject Headings; PCSK9: Proprotein Convertase
Subtilisin/Kexin Type 9; PPARa: Peroxisome Proliferator-Activated Receptor Alpha; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; RCT: Randomized Controlled Trial; SREBP: Sterol Regulatory Element-Binding Protein; SYRCLE: Systematic
Review Centre for Laboratory Animal Experimentation; TC: Total Cholesterol; TG: Triglyceride; UAOS: Unsaturated Alginate

Oligosaccharides; VLDL: Very low-density lipoprotein.

INTRODUCTION

Dyslipidemia is a common metabolic disorder char-
acterized by elevated plasma lipid levels. The most
common dyslipidemia pattern involves elevated levels
of total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C), and triglycerides (TG), along with re-
duced high-density lipoprotein cholesterol (HDL-C)
(Jacobsen et al., 2024). Classified into primary and sec-
ondary dyslipidemia, primary dyslipidemia had a ge-
netic basis, frequently resulting from mutations that
disrupted lipid metabolism and led to inherited lipid
abnormalities. Secondary dyslipidemia, by contrast,
was acquired and arose from lifestyle factors such as
diet and physical inactivity, as well as underlying med-
ical conditions, including diabetes and hypothyroid-
ism, which adversely affected lipid regulation (Faisal
et al., 2019; Jacobsen et al., 2024). These abnormalities
significantly increase the risk of atherosclerosis, cardi-
ovascular disease, and mortality

Current pharmacological interventions used as
standard treatments, such as statins, fibrates, and bile
acid sequestrants, aim to improve lipid profiles by low-
ering LDL-C, reducing TG, and increasing HDL-C
(Dybiec et al., 2023). Statins, such as atorvastatin and
simvastatin, inhibit 3-hydroxy-3-methylglutaryl-coen-
zyme A reductase (HMGCR), thereby reducing LDL-C
levels. Fibrates, such as fenofibrate and gemfibrozil, ac-
tivate lipoprotein lipase (LPL), thereby enhancing the
breakdown of triglyceride-rich lipoproteins, such as
very low-density lipoprotein (VLDL) and chylomi-
crons. Ezetimibe selectively inhibits intestinal choles-
terol absorption (Dybiec et al., 2023; Sidhu & Tripp,
2023). Niacin activates G protein-coupled receptor
109A (GPR109A), leading to reduced lipolysis and
lower free fatty acid levels in the bloodstream (Zeman
et al., 2015). Resins can bind bile acids in the intestine,
preventing their reabsorption into the bloodstream
(Crouse JR 3rd, 1987). However, these standard thera-
pies are associated with adverse effects, including
hepatotoxicity, myopathy, and gastrointestinal dis-
turbances, particularly with long-term use. A meta-
analysis of 62 trials found that statin medication may
cause side effects (Dybiec et al., 2023). Some of the most
common adverse effects of fibrates include headaches,
dizziness, back pain, joint pain, asthenia, diarrhea,
nausea, constipation, dyspepsia, cough, wheezing, na-
sopharyngitis, and flu-like symptoms. Some
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potentially serious adverse effects that may require
dose adjustment or discontinuation may include ele-
vated liver enzymes, elevated creatine phosphokinase,
cholelithiasis development, arrhythmia exacerbation,
pulmonary embolism, pancreatitis, agranulocytosis,
and myocardial infarction (Sidhu & Tripp, 2023).

As a result, attention has turned to natural com-
pounds commonly referred to as nutraceuticals, which
are bioactive substances derived from food sources
and proposed to confer health benefits beyond basic
nutrition, in this case with lipid-modulating potential.
Among them, fucoidan and alginate, sulfated polysac-
charides extracted from brown seaweed, have shown
promise in improving lipid profiles and modulating
cholesterol metabolism (Agarwal & Chauhan, 2019;
Idota et al., 2016). Both compounds are believed to im-
prove lipid profiles by lowering LDL-C, reducing TG,
and raising HDL-C levels, likely through multiple
mechanisms, involving the HMGCR and cholesterol 7
alpha-hydroxylase 1 (CYP7A1) pathways. In addition,
fucoidan and alginate also influence enzymes and pro-
teins involved in lipid metabolism, including sterol
regulatory element-binding protein (SREBP)-2, pro-
protein convertase subtilisin/kexin type 9 (PCSK9),
peroxisome proliferator-activated receptor (PPARa),
and Niemann-Pick C1-like 1 (NPC1L1) (Lu et al., 2024;
Yang et al., 2015). While several nutraceuticals have
been investigated in dyslipidemia, the specific regula-
tory mechanisms of fucoidan and alginate on CYP7A1
and HMGCR remain insufficiently synthesized across
studies. Previous literature lacks a comprehensive
analysis of how these compounds affect cholesterol bi-
osynthesis and bile acid pathways at the enzymatic
level. Apart from that, existing research has found dif-
ferences in the effects of fucoidan or alginate on lipid
profiles. This represents a critical gap in understanding
their therapeutic potential and limits their advance-
ment toward clinical translation.

This systematic review addresses this gap by eval-
uating preclinical evidence on the lipid-lowering ef-
fects of fucoidan and alginate, with a specific focus on
their regulation of CYP7Al1 and HMGCR in
dyslipidemia. By synthesizing current findings, this re-
view aims to clarify the mechanisms involved and as-
sess the viability of these marine-derived polysaccha-
rides as adjunct or alternative therapies in
dyslipidemia management.
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MATERIAL AND METHODS

Ethical approval

All animal studies included in this systematic re-
view were conducted following institutional and/or
national guidelines for the care and use of laboratory
animals, ensuring that housing, handling, and experi-
mental procedures minimized pain, distress, and dis-
comfort, and were approved by the appropriate ethical
review board. Also, this study was upload as
PROSPERO 2025 CRD420251132559.

Eligibility criteria

Eligible studies were those that investigated the ef-
fects of fucoidan or alginate on lipid profiles—total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-
C), and triglycerides (TG) or on enzymatic regulators,
specifically cholesterol 7 alpha-hydroxylase 1
(CYP7A1) and 3-hydroxy-3-methylglutaryl-CoA re-
ductase (HMGCR), in mammalian models of
dyslipidemia. Both randomized and non-randomized
in vivo experimental studies published in peer-re-
viewed journals were included. Observational studies
and clinical trials were also considered if they ad-
dressed lipid metabolism. Exclusion criteria comprised
in vitro studies (unless conducted as part of a combined
in vivo investigation), non-mammalian models (e.g.,
fish, invertebrates), reviews, meta-analyses, conference
abstracts, case reports, and editorials. Studies without
accessible full texts or those that did not report relevant
outcomes for lipid profiles or enzyme regulation were
also excluded. Publications in English, as well as those
in other languages with accessible translation re-
sources, were eligible, and no restrictions were applied
regarding publication date unless emphasis on recent
developments was warranted.

Information sources

A structure search was conducted to ensure com-
prehensive coverage of the relevant literature across
five major electronic databases: Scopus, PubMed,
Cochrane Library, ScienceDirect, and ProQuest. These
databases were selected because they collectively cov-
ered a wide range of biomedical, pharmacological, and
preclinical research, as well as multidisciplinary
sources pertinent to nutraceuticals, marine bioactive
compounds, and lipid metabolism. The search in-
cluded all records from database inception to March
31, 2025, without restrictions on language, publication
date, or publication status at the search stage.

The search scope was defined using the PICO
framework (Table 1) and aligned with the selected re-
search theme. The search focused on evaluating the
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effectiveness of the active compounds fucoidan and al-
ginate in improving dyslipidemia or abnormal lipid
profiles (TC, LDL-C, HDL-C, TG) by modulating the
CYP7A1 and HMGCR enzymes. Each database was
searched using a customized strategy that accounted
for variations in indexing terms, search syntax, and
field tags. Search results were imported and managed
using Rayyan.ai for duplicate removal and for blinded
screening.

Search strategy

The search strategy was designed to systematically
identify all preclinical studies evaluating the effects of
fucoidan and/ or alginate on lipid metabolism, specifi-
cally by modulating CYP7A1 and HMGCR, in
dyslipidemia models. A comprehensive search was
conducted across five electronic databases —Scopus,
PubMed, Cochrane Library, ScienceDirect, and
ProQuest —to identify all available records from data-
base inception to March 31, 2025. No initial restrictions
were applied for language, publication year, or publi-
cation status. Search strategies were customized for
each database, combining Medical Subject Headings
(MeSH) where applicable and free-text terms to cap-
ture both indexed and non-indexed literature. The
search strategy was designed in accordance with
PRISMA 2020 and included both MeSH and free-text
terms to capture relevant studies. The strategy in-
cluded three main conceptual domains: (1) Condition:
("dyslipidemia" OR "hyperlipidemia" OR "hypercho-
lesterolemia" OR "high cholesterol") (2) Intervention:
("fucoidan" OR ‘"alginate) (3) Mechanism/Target:
("CYP7A1" OR "cholesterol 7 alpha-hydroxylase" OR
"HMGCR" OR "HMG-CoA reductase"). Boolean oper-
ators (“AND,” “OR”) were used to combine these do-
mains logically. Filters for animal studies were applied
where database functionality allowed (e.g., PubMed).
The full search strings used for each database are pro-
vided in Table 2.

Selection process

The selection process was conducted in accordance
with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 2020 guidelines.
All records retrieved from the database searches and
supplementary sources were imported into Rayyan.ai,
an online platform designed to facilitate blinded
screening by multiple reviewers. Deduplication was
performed using a combination of automated detec-
tion and manual verification to ensure accuracy. The
resulting unique records were then screened manually.
Two reviewers (P.F.C. and M.LF.) independently as-
sessed the titles and abstracts of all records to identify
potentially relevant studies.

J Pharm Pharmacogn Res (2026) 14(1): 3
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Table 1. Clinical question using the PICO method analysis to obtain data based on the dyslipidemia condition.

Aspect

Criteria

Population

Human population:

® Patients with dyslipidemia (hypercholesterolemia, hypertriglyceridemia, mixed dyslipidemia).

Animal models:
*® Mammalian animal models (e.g., rats, mice, rabbits) with induced or spontaneous dyslipidemia, regardless of strain, sex, or age.

® Models could include those with high-fat diet (HFD)-induced, cholesterol-enriched diet-induced, or genetically modified lipid disorders.

Intervention

Administration of fucoidan and/or alginate (including purified, extracted, or commercially prepared forms), either as monotherapy or in
combination with standard agents.

Administration details:
® Dosing regimens were considered eligible.
® All routes of administration (oral, intraperitoneal, etc.).

® Duration (short-term or long-term interventions).

Comparison

® Placebo-treated groups or untreated dyslipidemic controls.
® Or groups receiving standard lipid-lowering agents (e.g., simvastatin, atorvastatin, fenofibrate).

® Other dietary interventions: Comparison with other natural products (e.g., plant sterols, fiber, or probiotics).

Outcome

® At least one primary outcome related to lipid profiles: total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-
C), or high-density lipoprotein cholesterol (HDL-C).

® And/or at least one secondary outcome related to molecular expression or activity of cholesterol 7 alpha-hydroxylase (CYP7A1) and 3-
hydroxy-3-methylglutaryl-CoA reductase (HMGCR).

Table 2. Literature Search Methods and Results according to keywords and Boolean operators for Scopus, Science Direct, PubMed, and Proquest databases.

Database

Keyword Hit

Scopus

*n *n

("dyslipidemi*" OR "lipidemic*" OR "hyperlipid*" OR "hypercholesterolemia" OR "hypertriglyceridemia" OR "cholesterol disorders" 454
OR "lipid disorders" OR "atherogenic dyslipidemia" OR "lipoprotein abnormalities" OR "abnormal lipid metabolism" OR "impaired

lipid homeostasis" OR "high blood lipids" OR "High Cholesterol" OR "High Lipid" OR "plasma lipid" OR "High LDL" OR "High

Triglyceride" OR "elevated serum lipids" OR "elevated cholesterol" OR "elevated lipid" OR "Elevated LDL" OR "Elevated Triglyceride")

AND ("fucoidan" OR "alginate" OR "sulfated polysaccharides" OR "fucan" OR "fucan sulfate" OR "alginic acid" OR "alginates" OR

"brown seaweed polysaccharides" OR "marine algal polysaccharides" ) AND (("CYP7A1" OR "Cholesterol 7 alpha-hydroxylase" OR
"CYP7Alenzyme" OR "bileacid synthesisenzyme") OR("HMG CoAReductase" OR "HMGCR" OR "3-hydroxy-3-methylglutaryl coenzyme
Areductase" OR "cholesterol biosynthesis enzyme")) Search on All Field

Science direct

("Fucoidan") AND ("dyslipidemia" OR "hyperlipidemia" OR "hyperlipidemic" OR "hypercholesterolemia” OR "high cholesterol" OR 80
"High Lipid") AND ("CYP7A1" OR "HMG CoA Reductase") Search on All Field

("Alginate") AND ("dyslipidemia" OR "hyperlipidemia" OR "hyperlipidemic" OR "hypercholesterolemia" OR "high cholesterol" OR 204
"High Lipid") AND ("CYP7A1" OR "HMG

CoA Reductase") Search on All Field

PubMed

san

("dyslipidemi*" OR "lipidemic*" OR "hyperlipid*" OR "hypercholesterolemia" OR "hypertriglyceridemia" OR "cholesterol disorders" 108
OR "lipid disorders" OR "atherogenic dyslipidemia" OR "lipoprotein abnormalities" OR "abnormal lipid metabolism" OR "impaired

lipid homeostasis" OR "high blood lipids" OR "High Cholesterol" OR "High Lipid" OR "plasma lipid" OR"High LDL" OR"elevated serum

lipids" OR "elevated cholesterol" OR"elevated lipid" OR"Elevated LDL" OR "Elevated Triglyceride") AND ("fucoidan" OR "alginate" OR
"sulfated polysaccharides" OR "fucan" OR "fucan sulfate” OR "alginic acid" OR "alginates" OR "brown seaweed

polysaccharides" OR "marine algal polysaccharides") Search on All Field

*n

Proquest

("dyslipidemi*" OR "lipidemic*" OR "hyperlipid*" OR "hypercholesterolemia" OR "hypertriglyceridemia" OR "cholesterol disorders" 276
OR "lipid disorders" OR "atherogenic dyslipidemia" OR "lipoprotein abnormalities" OR "abnormal lipid metabolism" OR "impaired

lipid homeostasis" OR "high blood lipids" OR "High Cholesterol" OR "High Lipid" OR "plasmallipid" OR"High LDL" OR"elevated serum

lipids" OR "elevated cholesterol" OR"elevated lipid" OR"Elevated LDL" OR "Elevated Triglyceride") AND ("fucoidan" OR "alginate" OR
"sulfated polysaccharides" OR "fucan" OR "fucan sulfate" OR "alginic acid" OR "alginates" OR "brown seaweed polysaccharides" OR
"marine algal polysaccharides") AND (("CYP7A1" OR "Cholesterol 7 alpha-hydroxylase" OR "CYP7A1 enzyme" OR "bile acid synthesis
enzyme") OR ("HMG CoA Reductase" OR "HMGCR" OR "3-hydroxy-3- methylglutaryl coenzyme A reductase" OR "cholesterol

biosynthesis enzyme")) Search on Anywhere

At this stage, records were classified as included,
excluded, or uncertain. Full-text articles were subse-
quently retrieved for all records classified as included
or uncertain. The same two reviewers independently
assessed each article against the predefined eligibility
criteria during full-text screening, established accord-
ing to the PICO framework. Reasons for exclusion at
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this stage were recorded in detail (e.g., non-mamma-
lian model, in vitro only, absence of relevant outcomes,
review article). Any discrepancies between the two re-
viewers during either the title/abstract or full-text
screening stages were resolved through discussion. If
consensus could not be reached, a third reviewer
(LLEF.) acted as an arbitrator. Inter-reviewer
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agreement was monitored, and disagreements were
generally due to unclear reporting of study design or
outcomes in the abstract. The overall selection process
isillustrated in the PRISMA 2020 flow diagram (Fig. 1),
which shows the number of records identified,
screened, excluded, and included, along with the spe-
cific reasons for exclusion at the full-text stage.

Data collection process

Data extraction was performed independently by
two reviewers (P.F.C. and M.LF.) using Microsoft Ex-
cel. The data extracted from the included studies in-
cluded the following: (i) the identification details of
each study will be noted (title, author(s), year of publi-
cation); (ii) participant or sample characteristics (ani-
mal species, weight, age, sample size, model of
dyslipidemia whether induced or natural); (iii) specific
type of intervention (fucoidan or alginate source, dose,
route of administration, and duration of treatment);
(iv) Comparator details - placebo, untreated control, or
standard lipid-lowering drug (including drug name
and dosage). (v) outcomes of interest, primary out-
comes such as lipid profile parameters, including total
cholesterol (TC), triglycerides (TG), low-density lipo-
protein cholesterol (LDL-C), and high-density lipopro-
tein cholesterol (HDL-C), Secondary outcomes such as
expression levels or activity of cholesterol 7 alpha-hy-
droxylase (CYP7A1) and 3-hydroxy-3-methylglutaryl-

Fucoidan-alginate affect CYP7A1 and HMGCR in dyslipidemia

CoA reductase (HMGCR), as measured by molecular
or biochemical assays.

When multiple reports of the same study were
identified, data were extracted from the most complete
report, with supplementary details obtained from ad-
ditional sources if necessary. Corresponding authors
were contacted via email for clarification when data
were incomplete or unclear. Data extraction was con-
ducted in duplicate, and discrepancies between re-
viewers were resolved through discussion. If consen-
sus could not be reached, a third reviewer (L.E.F.)
acted as an arbitrator. Finalized data were cross-
checked for accuracy before analysis.

Risk of bias assessment

In this systematic review, the SYRCLE Risk of Bias
Tool was used to assess the quality of included studies.
First, the SYRCLE tool was adapted to fit the review’s
objectives, focusing on 10 bias domains relevant to an-
imal research, including selection, performance, detec-
tion, attrition, and reporting biases. A structured tem-
plate was developed with criteria descriptions and
scoring options (“low risk (-),” “uncertain (?),” “high
risk (+)”). The results were summarized in a table, with
a narrative overview of common biases. Studies with
high bias underwent a sensitivity analysis to assess
their impact on the findings, ensuring the review’s con-
clusions are transparent and reliable.

[ Identification of studies via databases and registers

Figure 1. PRISMA flow diagram for literature screen-
ing flowchart.

Records Identified from*
(n=1,122)
Scopus (n = 454)
Sciencedirect (n = 284)
Pubmed (n= 108)
Proquest (n = 276)

Identification

Records removed before screening
Duplicate records removed (n = 207)

Records excluded™
Records screened »| (n=849)

(n=915)

Review Article without corelation (n=203)
Irrelevant publication research (n=115)

Others Outcomes/focus (n=224)

Intervention Non- Fucoidan or Alginate (n=298)
Main Lenguage not english (n=3)

v

Reports sought forretrieval | Reports not retrieved
(n =66) (n=8)

y

Reports assessed for eligibility Reports excluded

(n=59) The intervention given is not relevant (n = 17)
Outcomerfocus study is irelevant (n = 12)
No required outcome index (n = 7)
study design is not relevant (n = 3)
—
—
2
2
°
&
Studies included in review
(n=19)
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Certainty of evidence

The GRADE approach to determine the certainty of
evidence was used, then classified into Low, moderate,
and high levels of evidence.

RESULTS

Study selection

A total of 1.122 articles were identified through da-
tabase and supplementary searches conducted accord-
ing to the predetermined methodology. Duplicate rec-
ords (n = 207) were removed following manual verifi-
cation, with initial detection facilitated by the Rayyan
web application. The remaining 915 unique records
underwent title and abstract screening in accordance
with the predefined inclusion and exclusion criteria,
resulting in the exclusion of 849 records. The full texts
of the remaining 66 articles were then retrieved and as-
sessed for eligibility. Following this assessment, 19
studies met the inclusion criteria for the systematic re-
view. The entire selection process is summarised in
Fig. 1.

Basic study characteristic

The basic characteristics of the included studies are
summarised in Tables 3 and 4. Various mammalian
models were employed. Wistar rats were the most
common (n=>5; Idota et al., 2016, Marounek et al., 2017;
Peng et al., 2018; Ren et al., 2019; Zaidan et al., 2024).
followed by C57BL/6] mice (n =4; Lu et al., 2024; Yang
et al.,, 2019a; 2019b; Zhang et al., 2024) and Kunming
(KM) mice (n = 3; Li et al., 2019; He et al., 2023; Wang
et al., 2019). Two studies each used Sprague-Dawley
rats (Huang et al., 2010; Li et al., 2017) and apolipopro-
tein E-deficient mice (Yin et al.,, 2019; Yokota et al.,
2016). Single studies used Institute of Cancer Research
(ICR) mice (Yang et al., 2015), BALB/c mice (Liu et al.,
2018), or C57BL/6NTacSam mice (Park et al., 2016).
Most studies used male animals (n = 16), one study
used female animals (Marounek et al., 2017), and two
did not specify sex (Li et al, 2019; Yin et al., 2019).
Nearly all studies induced dyslipidemia using high-fat
diets (HFD) of varying composition. One study did not
report the diet composition (Yang et al., 2015), and one
study used aqueous poloxamer-407 (P407) injection
(Park et al., 2016).

Results of individual studies

The outcomes of the included studies are summa-
rized in Tables 3 and 4. Overall, fucoidan and alginate
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demonstrated consistent lipid-modulating effects, alt-
hough the magnitude of response varied across animal
models, intervention doses, and treatment durations.
Fucoidan was evaluated in 15 studies (He et al., 2023;
Huang et al., 2010; Li et al., 2017; Liu et al., 2018; Lu et
al., 2024; Park et al., 2016; Peng et al., 2018; Ren et al.,
2019; Wang et al., 2019; Yang et al., 2019a; 2019b; Yin et
al.,, 2019; Yokota et al., 2016; Zaidan et al., 2024; Zhang
et al, 2024) while alginate was evaluated in four
studies (Idota et al., 2016; Li et al., 2019; Marounek et
al., 2017; Yang et al., 2015). Twelve studies employed
multiple doses, five used a single dose (Li et al., 2017;
Lu et al., 2024; Marounek et al., 2017; Ren et al., 2019;
Yang et al., 2019b), and two did not report exact doses
because the intervention was incorporated into animal
feed (Idota et al., 2016; Yokota et al., 2016). Oral admin-
istration was the predominant route, with one study
using intraperitoneal injection (Park et al., 2016). Inter-
vention duration ranged from 2 to 16 weeks. CYP7A1
expression upregulation (n = 8) was consistently re-
ported. While HMGCR activity (n = 8) was observed
across studies, indicating suppression of cholesterol bi-
osynthesis.

Quality and risk of bias

The results of the risk-of-bias assessment are pre-
sented in Table 5. Overall, the studies indicated that the
test animals were in relatively similar conditions be-
fore treatment, resulting in an evaluation of “-” for this
criterion. Out of the 19 studies, 13 studies used ran-
domization (He et al., 2023; Huang et al., 2010; Idota et
al., 2016; Li et al., 2017; Liu et al., 2018; Lu et al., 2024;
Marounek et al., 2017; Park et al., 2016; Ren et al., 2019;
Yang et al., 2019a; 2019b; Yin et al., 2019; Zhang et al.,
2024) to assign animals to research groups. However,
they did not specify the randomization method used,
leading to an evaluation of “-,” while the other 6 stud-
ies provided no clear information regarding animal al-
location (Li et al., 2019; Peng et al., 2018; Wang et al.,
2019; Yang et al., 2015; Yokota et al., 2016; Zaidan et al.,
2024), resulting in an evaluation of “?”. None of the
studies conducted a random selection of test animals
to evaluate research outcomes, so the risk of bias for
this aspect was rated as "+". Additionally, none of the
studies reported blinding of the evaluators for the re-
sults; however, because the results were based on ob-
jective indices, the outcome indicators were unaf-
fected, and this criterion was rated as "-".
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Table 3. Basic data extraction based on the criteria that have been included.

No Included study Species Gender Weight Age Intervention Source Dose Time Adm. Comparison drug Group Result
1 (Lietal.,2017) Sprague-Dawley rats Male 180t0220 g 4w Fucoidan Sea Cucumber 40 mg/kg/d 4w Oral Simvastatin 5 5 ®,2,®
mg/kg/d
2 (Yang et al., 2015) ICR mice Male N/A N/A Alginate Laminaria 250 mg/kg/d, 500 2w Oral N/A 3 @,@
hyperborean mg/kg/d
3 (He etal., 2023) Kunming mice Male 20+2g N/A Fucoidan Ascophyllum 100 mg/kg/d, 200 4w Oral Atorvastatin 5 12 O,,®
nodosum mg/kg/d, 400 mg/kg/d mg/kg/d
4 (Wang et al., 2019) Kunming mice Male N/A 8w Fucoidan Fucus vesiculosus 20 mg/kg/d, 100 9w Oral Metformin 225 5 O,3,®
mg/Kg/d mg/kg/d
5 (Lu et al., 2024) C57BL/6J mice Male N/A 6w Fucoidan Laminaria 300 mg/kg/d 8w Oral N/A 4 0,2,3,®
Jjaponica
6 (Idota et al., 2016) Wistar rats Male 113to 152 g 6w Alginate N/A Unspecific (0.5%, 1%, 2w Oral Colestimide 0.5% 6 ®
2% w/w in diet)
7 (Marounek et al., 2017) Wistar rats Female Around 240 g 6w Alginate Brown algae 20 g/kg 3w Oral N/A 4 O,®
8 (Lietal.,2019) Kunming mice N/A 17to18¢g N/A Alginate N/A 100 mg/kg/d, 200 4w Oral Orlistat 75 mg/kg 10 O,3,®
mg/kg/d, 400 mg/kg/d per day
9 (Yang et al., 2019a) C57BL/6J mice Male 2+2¢g ? Fucoidan Ascophyllum 50 mg/kg/d, 200 6w Oral fenofibrate group 5 0,2,®
nodosum mg/kg/d (50 mg/kg/d)
10 (Liu et al., 2018) BALB/c mice Male 20+1g 6-8w Fucoidan Undaria 50 mg/kg/d, 100 8w Oral N/A 4 0,3,®
pinnatifida mg/kg/d
11 (Yokota et al., 2016) ApOE shl mice Male 20-22¢g 7-8w Fucoidan Cladosiphon Unspecific (HFD+1% 12w Oral N/A 3 0,2,®
okamuranus fucoidan or HFD+5%
fucoidan)
12 (Park et al., 2016) C57BL/6NTacSam Male N/A Tw Fucoidan Fucus vesiculosus 10 mg/kg/d, 30 16w Ip Atorvastatin 10 6 O,3,®
mice mg/kg/d, 50 mg/kg/d mg/kg/d
13 (Zaidan et al., 2024) Wistar Rats Male 150t0300 g 2-3m Fucoidan Sargassum 100 mg/kg/d, 200 3w Oral Simvastatin 10 6 @,@
crassifolium mg/kg/d, 400 mg/kg/d mg/kg/d
14 (Huang et al., 2010) Sprague-Dawley (SD) Male 180t0220 g ? Fucoidan Laminaria 100 mg/kg/d, 200 4w Oral N/A 6 ®,®
rats japonica mg/kg/d, 400 mg/kg/d
15 (Ren et al., 2019) Wistar rats Male 150+10g 6w Fucoidan Saccharina 100 mg/kg/d 8w Oral Zhibituo tablets 100 6 0,3,®
sculpera mg/kg/d
16 (Peng et al., 2018) Wistar rats Male 150+10¢g 6w Fucoidan Kjellmaniella 100 mg/kg/d, 300 12w Oral Zhibituo tablets 100 5 ®,3,®
crassifolia mg/kg/d mg/kg/d
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Table 3. Basic data extraction based on the criteria that have been included (continued...)

No Included study Species Gender Weight Age Intervention Source Dose Time Adm. Comparison drug Group Result

17 (Zhang et al., 2024) C57BL/6J mice Male 235+15¢g ? Fucoidan Laminaria 50 mg/kg/d, 200 6w Oral fenofibrate group 4 @,@,@
Jjaponica mg/kg/d (50 mg/kg/d)

18 (Yang et al., 2019b) C57BL/6J mice Male 20+2¢g ? Fucoidan Ascophyllum 100 mg/kg/d 4w Oral fenofibrate group 4 0,2,
nodosum (50 mg/kg/d)

19 (Yin et al., 2019) Apolipoprotein (apo) N/A N/A 10-11w Fucoidan Ascophyllum 50 mg/kg/d, 200 8w Oral fenofibrate group 4 0,2,
E-deficient mice nodosum mg/kg/d (50 mg/kg/d)

These data consist of the basis standards for animal models, intervention methods, natural resources, and drug comparisons. G: gram; w: weeks; mg/kg/d: milligram/kilogram/day; N/Aindicates that no relevant information was provided in the article; Adm.: Administration method; ip.: intraperitoneal injectior

Lipid Profile (e.g., Total Cholesterol/Triglyceride/LDL/HDL); @ represents CYP7AL Level; @ represents HMGCR Level; @ represents Others Key Enzyme.

Table 4. Results from the inclusion of study criteria and continuation of the data results in Table 3.

No Included study Results

1 (Lietal.,2017) Fucodians extracted from sea cucumbers, Pearsonothuria graeffei, significantly regulate lipid disorder (TC, TG, HDL-C, and LDL-C level) and significantly increase the level of PPARa and decrease the level of
CYP7ALlin SD rats fed on HFD

2 (Yang et al., 2015) Treatment of mice with alginate oligosaccharide (AOS) stimulated LDLR expression and reduced PCSK9 expression, resulting in decreased plasma LDL-cholesterol levels, which were dependent on SREBP-2 and
PCSK9.
3 (He et al., 2023) Fucoidan components derived from Icelandic brown algae, Ascophyllum nodosum, reduced decreases in HL, LPL, and lecithin cholesterol acyltransferase (LCAT) activities while also inhibiting the increase in

HMGCR activity in a mouse model.

4 (Wang et al., 2019) Fucoidan from Fucus vesiculosus (FvF) decreased serum levels of TG, TC, and LDL-C and liver lipid accumulation, while increasing the HDL-C level in mice with metabolic syndrome by inhibiting HMGCR
activities.

5 (Lu et al., 2024) Fucoidan_from Laminaria japonica inhibited fatty acid synthesis via down-regulation expression of SREBP-1c and FAS, and promoted cholesterol consumption via up-regulation of CYP7A1 in HFD mice.

6 (Idota et al., 2016) Treatment of calcium alginate (Ca-Alg) for one to two weeks is effective in reducing plasma cholesterol; however, no marked difference in any other biochemical parameters related to lipid metabolism was

observed among the groups of high-cholesterol diet rats.

7 (Marounek et al., 2017) Amidated alginate at 20g/kg significantly decreased serum cholesterol, serum triacylglycerols, hepatic and total hepatic lipid, and significantly inhibited the increase of CYP7A1 expression in rats fed diets
containing cholesterol and palm fat.

8 (Lietal.,2019) Unsaturated alginate oligosaccharides (UAOS) derived from enzymatic degradation of Laminaria japonica significantly reduced TC and Tg levels compared with the model group, with no significant differences
in HDL-C and LDL-C levels. The UAOS intervention also significantly decreased HMGCR expression.

9 (Yang et al., 2019a) In the liver, fucoidan significantly increased the expression of PPARa, PPARY, X receptor (LXR)B, adenosine triphosphate (ATP) binding cassette (ABC)A1, ABCG8, LDLR, scavenger receptor B type 1 (SR-B1),
CYP7AL, and decreased the TG level and expression of PCSK9 and PPARR in C57BL/6J Mice Fed HFD.

10 (Liu et al., 2018) Fucoidan from Undaria pinnatifida decreased serum TC and LDL-C levels, as well as liver cholesterol levels. Fucoidan also decreased the expression of liver cholesterol-related proteins such as HMGCR and
SREBP-2 in HFD-induced mice.

11 (Yokota et al., 2016) Fucoidan reduced blood lipid, TC, TG, non-HDL-C, and glucose levels but increased LPL in HFD-fed apolipoprotein E-deficient mice (ApoE*" mice)
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Table 4. Results from the inclusion of study criteria and continuation of the data results in Table 3 (continued...)

No Included study Result

12 (Park et al., 2016) Fucoidan in poloxamer-407 (P407)-induced hyperlipidemic mice significantly reduced serum TC, TG, and LDL-C levels, but increased HDL-C levels. Fucoidan also attenuated SREBP-2 expression, leading to
decreased HMGCR and LDLR mRNA levels in the liver.

13 (zaidan et al., 2024) Crude fucoidan dosage 100, 200, 400 mg/kg BW/day for 21 days reduces total cholesterol, TG, and LDL levels in dyslipidemia rats, and significantly increases HDL levels.

14 (Huang et al., 2010) Fucoidan polysaccharide sulfuric acid ester (FPS) from Laminaria japonica Aresch had hypolipidemic effects in induced hyperlipidemic rats through significantly lowering serum TC, TG, and LDL-C level, and
elevating the HDL-C level as well as the activities of LPL, HL, and LCAT.

15 (Ren et al., 2019) The fucoidan fraction from Saccharina sculpera effectively reduces the level of serum TG, TC, and LDL-C and increases HDL-C levels, as well as prevents lipid accumulation in the liver. This fucoidan could inhibit
cholesterol synthesis by downregulating HMGCR and upregulating LCAT in the_hyperlipidemic Wistar rat model.

16 (Peng et al., 2018) After 12 weeks, increased HDL-C levels were observed in the Fucoidan 300 mg/kg/day group, and decreased TC, TG, and LDL-C levels were observed in all groups. HMGCR levels decreased significantly.

17 (zhang et al., 2024) Fucoidan from Laminaria. Japonica Aresch significantly decreased plasma TG and TC levels, as well as the expression of PCSK9, LDLR, CYP7A1, and SREBP1c and SREBP2, at a dosage of 50 mg/kg in C57BL/6J
mice fed a high-fat diet.

18 (Yang et al., 2019b) Fucoidan A3 from the brown seaweed A. nodosum creased the mRNA expression of LDLR, SR-B1, CYP7A1, LXR[, ABCA1, and SREBP1c, and decreased the expression of PPARy in C57 BL/6J mice fed HFD.

19 (Yin et al., 2019) The fucoidan treatment significantly increased the expression of SR-B, PPARa and 3, LXRa, ABCAL, and ABCG8; and markedly decreased the expression of PPARy and SREBP1c in apolipoprotein E-deficient
(apoE”! mice fed a high-fat diet.
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Table 5. Criteria methods used to evaluate the risk of bias in animal experiments, as well as the meaning of the symbols that indicate the level of

risk.

No Journal Include ©) ) ® ® ® ® @ ®
1 (Lietal., 2017) ? - ? - ? + - - - ?
2 (Yang et al., 2015) ? - ? ? ? + - - - ?
3 (He etal., 2023) ? - ? - ? + N R R 2
4 (Wang et al., 2019) ? - ? ? ? + - - - ?
5 (Luetal.,2024) ? - ? - ? + - - - ?
6 (Idota etal., 2016) ? - ? - ? + R R R 2
7 (Marounek et al., 2017) ? - ? - ? + R R R 2
8 (Lietal.,2019) ? - ? ? ? + _ _ _ 2
9 (Yangetal., 2019a) ? - ? - ? ¥ R R . 2
10 (Liuetal., 2018) ? - ? - 2 + R R R 2
11 (Yokota et al., 2016) ? - ? ? ? ¥ B R R 2
12 (Park et al., 2016) ? - ? - ? + - _ _ 2
13 (Zaidan et al., 2024) ? - ? ? ? + - - - ?
14 (Huang et al., 2010) ? - ? - ? + - - - ?
15 (Renetal.,2019) ? - ? - ? + - - - ?
16 (Pengetal., 2018) ? - ? ? ? + _ _ _ 2
17 (Zhangetal.,2024) ? - ? - ? + R R R 2
18 (Yangetal.,, 2019b) ? - ? - ? + - - - ?
19 (Yinetal., 2019) ? - ? - ? + R R R ?

Evaluation of bias risk was based on the following determinations: (1) Whether the generation or application of allocation sequence was sufficient/correct; (2) Whether
the baseline of each group was the same or whether confounding factors had been adjusted; (3) Whether allocation concealment was sufficient/correct; (4) Whether
the animals were randomly placed during the experiment; (5) Whether animal breeders and researchers were blinded in the experiment to avoid knowing the
intervention measures accepted by animals; (6) Whether the animals were randomly selected for outcome assessment; (7) Whether evaluators of results were blinded;
(8 Whetherincomplete data were fully/correctly explained; (9) Whether the research report had nothing to do with the selective result report; 19 Whether other issues
would lead to high risk of bias; "-" means low risk; "?" indicates uncertainty; "+" means high risk.

No studies specifically addressed other issues that
might lead to a high risk of bias, so this was evaluated
as " ?/I X

Overall, based on the risk-of-bias assessment using
the SYRCLE Risk of Bias Tool, the articles had minimal
bias. In the present study, the SYRCLE animal experi-
ment risk assessment tool was used to evaluate the
quality of the included literature. In animal experi-
ments, randomization has a significant impact on ex-
perimental results. If animals are not randomly allo-
cated, researchers may predict the behavior of each
group, leading to implementation bias (Hooijmans et
al., 2014). According to the research result, only 13
studies (He et al., 2023; Huang et al., 2010; Idota et al.,
2016; Li et al., 2017; Liu et al,, 2018; Lu et al., 2024;
Marounek et al., 2017; Park et al., 2016; Ren et al., 2019;
Yang et al., 2019a; 2019b; Yin et al., 2019; Zhang et al.,
2024) utilized the randomized placement of animals.
Additionally, if results were measured without ran-
domization and samples were evaluated only during a
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specific period, there may be a risk of measurement
bias. The literature included in the current review did
not report whether the outcome indicators were ran-
domly evaluated. In animal experiments, the applica-
tion of blind methods during the intervention, imple-
mentation, and outcome measurement stages differs
from their use in RCTs. Although there is no need to
blind animals, most researchers involved in interven-
tion implementation are also animal breeders. If ani-
mal breeders are not blinded, subjective bias may arise
in their expected experimental results (Hooijmans et
al., 2014). None of the studies included in this review
described whether the breeders and researchers were
blinded. More attention should be given to the imple-
mentation and full reporting of measures, including
the balance of baseline characteristics, randomization
of outcome measurement, randomized animal assign-
ment, and blinding methods. This is especially im-
portant for improving research quality and minimiz-
ing bias.
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Table 6. The Level of evidence for each identified primary and secondary outcome (GRADE approach).

Outcome Number of studies Study design :::S:I;:;y of evidence gz\an;s:zrgtzil}ng /Upgrading

Total cholesterol 18 Randomized Trials Moderate Downgrading for Risk of Bias

Triglyceride 17 Randomized Trials Moderate Downgrading for Risk of Bias

HDL 12 Randomized Trials Low Downgrading for Risk of Bias and
Inconsistency

LDL 14 Randomized Trials Low Downgrading for Risk of Bias and
Inconsistency

CYP7A1 8 Randomized Trials High No Downgrading necessary

HMG CoA reductase 8 Randomized Trials Moderate Downgrading for Risk of Bias

Certainty of evidence

The level of evidence for the impact of fucoidan and
alginate on total cholesterol, triglycerides, HDL, LDL,
CYP7A1, and HMG-CoA reductase is shown in Table
6.

DISCUSSION

Fucoidan and alginate improve lipid profile

All studies included in this research reported lipid
profile results following intervention. Of the 19 jour-
nals, 15 studies received fucoidan interventions, while
4 studies received alginate interventions. Fucoidan
consists mainly of sulfated a-L-fucose units, with vari-
ations in composition depending on the source and ex-
traction method. The structure can include various
sugars, such as galactose, mannose, and uronic acids,
which contribute to its biological activity. Variability in
fucoidan structure affects its functional capacity and
bioactivity, making it a versatile compound for thera-
peutic applications, including the management of
dyslipidemia (Sezer & Cevher, 2011).

Based on Tables 3 and 4. The research conducted by
He et al. (2023) utilized fucoidan extracted from
Ascophyllum nodosum, administered at varying doses of
100 mg/kg/day, 200 mg/kg/day, and 400
mg/kg/day over a period of 4 weeks, to Kunming
mice induced with dyslipidemia. Each fucoidan
showed a dose-dependent increase in the low-, me-
dium-, and high-dose groups. In general, TC, TG, and
LDL levels decreased, and HDL levels increased com-
pared with the model group. This fucoidan alleviated
decreases in hepatic lipase (HL), LPL, and lecithin cho-
lesterol acyltransferase (LCAT) activities while also in-
hibiting the increase in HMGR activity. HL, LPL, and
LCAT are all crucial enzymes involved in lipid metab-
olism (He et al., 2023). Another study administered fu-
coidan doses of 50 mg/kg/day and 200 mg/kg/day
for 6 weeks (Yang et al., 2019a). and which adminis-
tered doses of 100 mg/kg/day for 4 weeks (Yang et al.,
2019b), using fucoidan derived from the brown
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seaweed Ascophyllum nodosum, also demonstrated anti-
dyslipidemia effects in C57BL/6] mice induced with
HEFD. The studies showed a significant dose-depend-
ent reduction in plasma TG and TC levels compared to
the model.

The research using fucoidan from Ascophyllum
nodosum was also conducted on apolipoprotein (apo)
E-deficient mice with doses of 50 mg/kg/day and 200
mg/kg/day over 8 weeks, showing a reduction of TC,
TG, and LDL-C index in hyperlipidemic mice, but this
fucoidan showed no significant effect on HDL-C level.
The fucoidan treatment significantly increased the ex-
pression of SR-B, PPARa and 3, LXRa, ABCA1, and
ABCGS; and markedly decreased the expression of
PPARy and SREBPIc in apolipoprotein E-deficient
(apoE~~) mice fed a high-fat diet (Yin et al., 2019). An-
other study on ApoE shl mice administered with fu-
coidan from Cladosiphon okamuranus by mixing it with
HFD (HFD + 1% fucoidan or HFD + 5% fucoidan) as
daily feed for 12 weeks reported that the HFD + 5% fu-
coidan group had significantly reduced plasma TC,
TG, and non-HDL-C levels. In contrast, HDL-C levels
were increased in the plasma of the HFD + 5% fucoidan
group compared to the HFD group (Yokota et al.,
2016).

Fucoidan from other sources was also studied by
Park et al. (2016), using fucoidan at doses of 10
mg/kg/day, 30 mg/kg/day, and 50 mg/kg/day over
16 weeks in poloxamer-407 (P407)-induced hyper-
lipidemic mice, and by Wang et al. (2019) with doses of
20 mg/kg/day and 100 mg/kg/day over 9 weeks in
mice with metabolic syndrome. Both studies used fu-
coidan from Fucus wvesiculosus administered to
C57BL/6NTacSam mice and Kunming mice, respec-
tively. The results showed a significant decrease in se-
rum TG and TC levels by inhibiting HMGCR activity.
In addition, LDL-C was significantly reduced, while
HDL-C was significantly increased after treatment
compared with the model group, in a dose-dependent
manner. Fucoidan also attenuated hepatic SREBP-2
protein expression, leading to decreased hepatic
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HMGCR and LDLR mRNA expression (Park et al.,
2016; Wang et al., 2019).

Peng et al. (2018) studied the effects of fucoidan
from Kjellmaniella crassifolia on Wistar rats, administer-
ing doses of 100 mg/kg/day and 300 mg/kg/day over
12 weeks. At the end of the study, a decline in TC, TG,
and LDL-C levels was observed in both groups. How-
ever, HDL-C levels increased only in the 300
mg/kg/day group after 12 weeks. In another study us-
ing Wistar rats, Ren et al. (2019) administered a dose of
100 mg/kg/day for 8 weeks, while Zaidan et al. (2024)
tested doses of 100 mg/kg/day, 200 mg/kg/day, and
400 mg/kg/day for 3 weeks, using Saccharina sculpera
and Sargassum crassifolium as fucoidan sources. Both
studies demonstrated reductions in TC, TG, and LDL
levels in dyslipidemic rats fed an HFD, with statisti-
cally significant differences. The study demonstrated a
significant reduction in TC, TG, and LDL, as well as an
improvement in HDL levels. Similar results were also
observed in the study by Ren et al. (2019), which ad-
ministered three fucoidan fractions (F1-F3) derived
from Saccharina sculpera.

The fucoidan compound can also be sourced from
Undaria pinnatifida, a seaweed commonly known as
seaweed or sea vegetation, and is frequently used in
culinary preparations. Administering doses of 50
mg/kg/day and 100 mg/kg/day for 8 weeks on
BALB/c mice induced with dyslipidemia showed a
significant reduction in TC, LDL-C, and liver choles-
terol levels, but no significant changes in HDL and TG
compared to the model group (Liu et al., 2018). Fu-
coidan also decreased the expression of liver choles-
terol-related proteins such as HMGCR and SREBP-2 in
HFD-induced mice. Study fucoidan from sea cucum-
bers in Sprague-Dawley rats, administering 40
mg/kg/day for 4 weeks, which led to decreased TG,
TC, and LDL levels, as well as an increase in HDL (Li
etal., 2017). Another study conducted trials on induced
hyperlipidemic Sprague-Dawley rats using fucoidan
polysaccharide sulfuric acid ester (FPS) from Laminaria
japonica at doses of 100 mg/kg/day, 200 mg/kg/day,
and 400 mg/kg/day over 4 weeks and found similar
results across all dose groups, that showed hypoli-
pidemic effects through significant low serum TC, TG,
and LDL-C concentrations, high HDL-C level and in-
creased activities of LPL, HL, and LCAT (Huang et al.,
2010). Two other recent studies used fucoidan from
Laminaria japonica. The first study administered fu-
coidan (FUC) and low-molecular-weight fucoidan (L-
F) at 300 mg/kg/day for 8 weeks, showing that both
FUC and L-F significantly reduced TC and LDL, with
only L-F significantly lowering TG (Lu et al., 2024). In
contrast, administering fucoidan at doses of 50
mg/kg/day and 200 mg/kg/day over 6 weeks signif-
icantly decreased plasma TG at the 200 mg/kg dosage
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and reduced plasma TC levels in a dose-dependent
manner, with better results in the 200 mg/kg group
(Zhang et al., 2024).

The bioactive compound, aside from fucoidan, that
shows potential as an alternative treatment for
dyslipidemia is alginate, a polysaccharide derived
from brown seaweed, which has been shown to im-
prove lipid profiles, particularly in individuals with
dyslipidemia. A study conducted by Yang et al. (2015)
revealed that alginate oligosaccharide (AOS) stimu-
lated LDLR expression and reduced PCSK9 expres-
sion, resulting in increased cholesterol uptake and de-
creased plasma LDL-C levels, which were dependent
on SREBP-2 and PCSK9 (Yang et al., 2015). A combina-
tion of an HFD with alginate at various concentrations
(0.5%, 1%, and 2% w/w in the diet) as a daily feed for
Wistar rats over two weeks showed a decrease in TC in
the 2% group. However, no significant changes were
observed in TG, HDL, or LDL levels (Idota et al., 2016).
Another study in Wistar rats used alginate extracted
from brown algae to compare the effects of alginate ex-
tract and amidated alginate at a dose of 20 g/kg for 3
weeks. The results showed that amidated alginate sig-
nificantly reduced serum TC and TG in these rats
(Marounek et al., 2017). Another type of alginate, un-
saturated alginate oligosaccharides (UAQOS), in various
doses (100 mg/kg/day, 200 mg/kg/day, and 400
mg/kg/day), was administered for four weeks,
demonstrating a significant reduction in TG and TC.
However, there were no significant changes in LDL
and HDL levels (Li et al., 2019).

Based on the studies reviewed (Tables 3 and 4), ad-
ministration of fucoidan and alginate reduced TC lev-
els in 18 of 19 studies, with one study not examining
this parameter. TG levels decreased in 17 studies, and
2 did not examine this parameter; all 17 reported re-
ductions in blood TG levels. Regarding LDL levels, 12
studies reported significant reductions, 2 reported no
significant changes, and 1 reported only a significant
reduction in non-HDL-C levels without mentioning
LDL. Four other studies did not investigate this param-
eter. Regarding HDL, 9 studies reported a significant
increase, 3 showed no significant increase, and 7 did
not investigate this parameter. Based on these findings,
fucoidan and alginate appear to offer a promising nat-
ural alternative for managing dyslipidemia by improv-
ing lipid profiles. However, further clinical studies are
needed to fully understand their therapeutic potential
and optimize their application in clinical practice.

Fucoidan and alginate affecting CYP7A1 level

Cholesterol 7a-hydroxylase 1 (CYP7A1) is the ini-
tial and rate-limiting enzyme in the classical pathway
of bile acid synthesis, converting cholesterol into 7a-
hydroxycholesterol. Impaired CYP7A1l function or
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reduced expression can decrease bile acid synthesis,
leading to elevated serum cholesterol levels and con-
tributing to dyslipidemia (Faisal et al., 2019). A signifi-
cant reduction in CYP7Al expression in HFD-fed
apolipoprotein E-deficient mice (ApoEs" mice) treated
with fucoidan (Yokota et al., 2016). However, a signifi-
cant increase in CYP7A1 expression was observed in
rats fed diets containing cholesterol and palm fat, but
in those given alginate, the increase was less pro-
nounced than in rats on a cholesterol-only diet; this
suggests that alginate could significantly inhibit the in-
crease in CYP7A1 expression (Marounek et al., 2017).

Fucoidan treatment significantly increased
CYP7A1 expression in the treated group compared to
the dyslipidemia model group (Li et al., 2017). Similar
findings were observed, with fucoidan-treated groups
showing significant increases in CYP7A1l expression
compared with model groups. In the liver, this fu-
coidan significantly increased the expression of
PPARa, PPARY, liver X receptor (LXR)p, adenosine tri-
phosphate (ATP) binding cassette (ABC)A1, ABCGS,
LDLR, scavenger receptor B type 1 (SR-B1), CYP7A1,
and decreased the TG level and expression of PCSK9
and PPAR( (Yang et al,, 2019a). Additionally, it also
led to a decrease in PPARy expression (Yang et al.,
2019b). However, there was no significant increase in
CYP7A1 expression in the intervention group com-
pared with the dyslipidemia model group (Yin et al.,
2019). A recent study showed that a fucoidan dose of
50 mg/kg increased CYP7A1l gene expression com-
pared to the dyslipidemia model group, but a 200
mg/kg dose caused a dramatic decrease (Zhang et al.,
2024). Similar results reported that fucoidan from Lam-
inaria japonica inhibited fatty acid synthesis by down-
regulating the expression of SREBP-1c and FAS, and
promoted cholesterol consumption by up-regulating
CYP7A1 in HFD mice (Lu et al., 2024).

Overall, based on Table 4, eight out of the 19 studies
included in this systematic review reported changes in
CYP7A1 levels in animal models following interven-
tions. Six of these studies documented increased
CYP7A1 expression in groups treated with specific
doses of fucoidan or alginate (Li et al., 2017; Lu et al.,,
2024; Marounek et al., 2017; Yang et al., 2019a; 2019b;
Yin et al., 2019), and one study highlighted dose-de-
pendent effects on CYP7A1 levels (Zhang et al., 2024).
This suggests that both fucoidan and alginate may
lower cholesterol levels by enhancing bile acid produc-
tion via CYP7A1 activation, thereby accelerating bile
acid synthesis (Yang et al., 2019a; 2019b). One pro-
posed mechanism is enhanced fecal bile acid excretion
due to reduced intestinal reabsorption, which would
promote hepatic bile acid synthesis from cholesterol,
thereby lowering plasma cholesterol (Idota et al., 2016).
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On the other hand, two studies reported decreased
CYP7A1 levels in the intervention group compared to
the model group (Marounek et al., 2017; Yokota et al.,
2016). CYP7A1 expression is regulated by feedback
mechanisms involving nuclear receptors, such as the
farnesoid X receptor (FXR), which suppresses CYP7A1
at high bile acid levels, thereby reducing bile acid syn-
thesis (Faisal et al, 2019). The downregulation of
CYP7A1 observed in the fucoidan-supplemented HFD
group may reflect maintenance of cholesterol homeo-
stasis through alternative pathways, without elevating
CYP7A1 levels (Yokota et al., 2016; Zhang et al., 2024).

Fucoidan and alginate affect the HMGCR level

HMG-CoA reductase (HMGCR), an enzyme lo-
cated in the endoplasmic reticulum of hepatocytes,
plays a pivotal role in cholesterol biosynthesis by cata-
lyzing the conversion of HMG-CoA to mevalonate, a
key intermediate in the pathway. This reaction, the
rate-limiting step of cholesterol synthesis, involves the
reduction of HMG-CoA, powered by two molecules of
NADPH (nicotinamide adenine dinucleotide phos-
phate). In a study by He et al. (2023), fucoidan was
found to significantly downregulate HMGCR expres-
sion, aligning with Liu et al. (2018), who reported a
substantial reduction in HMGCR protein levels in the
fucoidan-treated intervention group. Moreover, the ef-
fects of UAOS on dyslipidemia-induced mice were in-
vestigated and found that UAOS intervention reversed
the elevated HMGCR expression (Li et al., 2019).

HMGCR activity is intricately regulated by feed-
back mechanisms that respond to intracellular choles-
terol levels: high cholesterol levels inhibit HMGCR ex-
pression and activity, curbing cholesterol synthesis,
whereas low cholesterol levels activate HMGCR to in-
crease cholesterol synthesis (Tien et al., 2023). Addi-
tional studies using fucoidan also observed marked
significant decreases in HMGCR levels compared to
the control or model group (He et al., 2023; Park et al.,
2016; Peng et al., 2018; Ren et al., 2019; Wang et al.,
2019). Based on Table 4, both fucoidan and alginate
demonstrated notable effects on HMGCR levels in an-
imal models with dyslipidemia. In 8 of the 19 studies,
HMGCR expression consistently declined in groups
treated with bioactive fucoidan or alginate. This reduc-
tion in HMGCR under dyslipidemic conditions could
help restore cholesterol homeostasis. By inhibiting this
enzyme, cholesterol synthesis is halted, as HMGCR is
the critical enzyme responsible for converting HMGCR
to mevalonate (Guo et al., 2024). Thus, a reduction in
HMGCR expression results in decreased or halted cho-
lesterol production, which may contribute to lower
blood cholesterol levels and improve lipid profiles in
dyslipidemia conditions.
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Fucoidan and alginate comparison with current
medications

Statins, such as atorvastatin and simvastatin, are
among the most widely prescribed medications for
dyslipidemia. They function by inhibiting HMGCR, an
enzyme crucial for cholesterol synthesis in the liver. By
reducing cholesterol production, statins effectively
lower LDL cholesterol levels and have been shown to
reduce cardiovascular events. Statins also have plei-
otropic effects, including improving endothelial func-
tion and reducing inflammation (Bansal & Cassagnol,
2023). A study compared the effectiveness of adminis-
tering fucoidan at 50 mg/kg/day and atorvastatin at
10 mg/kg/day over 16 weeks, showing that TC levels
were lower in the statin group than in the fucoidan
group. However, LDL-C and TG levels were lower in
the fucoidan group, and HDL-C levels were also found
to be higher in the fucoidan group (Park et al., 2016). In
some aspects, statins showed better outcomes, but
there were no significant differences in effectiveness
between statins and the treatment group (He et al,
2023).

Fenofibrate belongs to the fibrate class of drugs and
primarily works by activating PPARa. This activation
enhances the breakdown of triglyceride-rich lipopro-
teins by increasing lipoprotein lipase activity and de-
creasing hepatic TG production. Fenofibrate is particu-
larly effective in lowering TG and raising HDL-C lev-
els. It can be used alone or in conjunction with statins
for patients with mixed dyslipidemia (Sidhu & Tripp,
2023). Research used fenofibrate at 50 mg/kg/day as a
positive control and found that fucoidan intervention
significantly reduced plasma TG levels in the An200
group, with the effect slightly better than that of feno-
fibrate. However, the plasma TC-lowering ability was
comparable to that of the fenofibrate group (Yangetal.,
2019a). Similar findings were reported, showing that
the TC-lowering effect in the F3-H group was greater
than that in the fenofibrate group (Zhang et al., 2024).
Another study demonstrated that fucoidan treatment
markedly reduced plasma TG levels, demonstrating an
even greater effect than in the fenofibrate group (Yang
et al., 2019b). On the other hand, research by Yin et al.
(2019) reported no significant differences in lipid pro-
file improvement between fucoidan and fenofibrate
treatments.
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Colestimide is a bile acid sequestrant that primarily
works by binding bile acids in the intestine. This bind-
ing prevents their reabsorption, leading to increased
bile acid excretion. As a result, the liver compensates
for the loss of bile acids by converting more cholesterol
into bile acids, thus lowering serum cholesterol levels,
particularly LDL-C. Colestimide is often used in pa-
tients who cannot tolerate statins or in combination
with other lipid-lowering agents to enhance choles-
terol-lowering effects (Patel & Can, 2023). A previous
study compared the effectiveness of alginate as an anti-
dyslipidemic agent with colestimide as a positive con-
trol. The results showed no significant difference in TC
levels between the 2% alginate treatment group and
the 0.5% colestimide group. However, LDL levels were
lower in the colestimide group, while TG levels were
lower, and HDL levels were higher in the 2% alginate
group (Idota et al., 2016).

Colestimide, statins, and fenofibrate are associated
with various side effects that can impact patient adher-
ence and overall health. Colestimide commonly causes
gastrointestinal issues, including constipation, ab-
dominal discomfort, and potential nutrient malabsorp-
tion, particularly of fat-soluble vitamins (Patel & Can,
2023). Statins are linked to muscle-related symptoms,
including myopathy and rhabdomyolysis, along with
liver enzyme elevations and a slightly increased risk of
developing diabetes. Some patients may experience
cognitive effects, such as memory loss (Bansal & Cas-
sagnol, 2023). Fenofibrate may lead to gastrointestinal
disturbances, liver function changes, and muscle-re-
lated side effects, especially when combined with
statins (Sidhu & Tripp, 2023).

Limitation

Despite the encouraging results, several limitations
must be acknowledged. Study Quality: The quality of
the included studies varied significantly, with some
exhibiting a high risk of bias due to small sample sizes
and the lack of control groups. This variability can af-
fect the reliability of the conclusions drawn from the
review. Heterogeneity: There was considerable hetero-
geneity across study designs, including differences in
animal models, fucoidan and alginate dosages, and
methods for assessing lipid profiles. This heterogene-
ity complicates direct comparisons and generalizations
of the findings across studies.
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Figure 2. Overview of fucoidan and alginate compounds in decreasing blood lipid through CYP7A1 and HMG CoA pathways.

Adipose hypertrophy elevates circulating free fatty acids, enhancing hepatic triglyceride and lipoprotein production and contributing to dyslipidemia.
The FGFR4 axis suppresses CYPTAL to regulate bile acid synthesis, and its (FGFR4) disruption increases CYP7A1 expression and hepatic bile acid levels.
Fucoidan and alginate upregulate CYP7AL, stimulate bile acid production, promote cholesterol catabolism, enhance LDL receptor activity, and support
HDL formation. SREBP-2 governs cholesterol homeostasis by regulating HMGCR and LDLR, while HMGCR inhibition reduces endogenous cholesterol
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Limited human data

While animal studies provided valuable insights,
no clinical trials involving human subjects have been
reported. More robust human studies are needed to
confirm the efficacy and safety of fucoidan and algi-
nate in the management of dyslipidemia.

Mechanistic understanding

Under typical physiological conditions, bile acids
stimulate intestinal FXR, prompting the secretion of
FGF19 into the portal circulation. This factor interacts
with the FGFR4 receptor on hepatocytes, which is cru-
cial for the subsequent suppression of bile acid produc-
tion by inhibiting the transcription of CYP7A1, result-
ing in reduced bile acid concentrations. Similarly,
FGFR4 disruption enhanced bile acid synthesis while
overactive FGF19 and FGFR4 expressions repress
CYP7A1 expression. (Chiang & Ferrell, 2020; Yu Cai
Lim & Kiat Ho, 2024). Although the review discusses
these potential mechanisms (Fig. 2) through which fu-
coidan and alginate exert their effects, further research
is necessary to elucidate the precise biochemical path-
ways involved. In summary, while fucoidan and algi-
nate show promise as natural alternatives for manag-
ing dyslipidemia, further high-quality research is es-
sential to validate these findings and establish clear
clinical guidelines for their use.

CONCLUSION

This systematic review demonstrates that fucoidan
and alginate can beneficially modulate lipid profiles in
animal models of dyslipidemia, primarily by lowering
LDL-C, TG, and TC levels, while increasing HDL-C.
The observed effects appear to be facilitated by
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upregulation of CYP7A1 and suppression of HMGCR,
pivotal enzymes in cholesterol metabolism. The find-
ings emphasize the potential of fucoidan- and alginate-
rich sources as promising candidates for the develop-
ment of nutraceuticals, functional foods, and pharma-
cognostic leads for the management of dyslipidemia.
Bioactive compounds of this nature present a natural,
potentially safer alternative or adjunct to conventional
lipid-lowering agents. These compounds have applica-
tions in food science and therapeutic innovation. How-
ever, the evidence is limited by heterogeneity in study
designs, variability in animal models, and the absence
of clinical trials in humans. Further high-quality mech-
anistic investigations, well-designed clinical trials are
essential to confirm these findings and establish their
efficacy, safety, and translational applicability.
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Supplementary data
Table S1. PRISMA checklist items used to summarize reporting quality in the included systematic reviews..

Location
where item
is reported
TITLE
Title |l |Identify the report as a systematic review. 1
IABSTRACT
IAbstract |2 |See the PRISMA 2020 for Abstract’s checklist. 1
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 2
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 2
METHODS
Eligibility 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. |3
criteria
Information |6 Specify all databases, registers, websites, organizations, reference lists and other sources searched or 3
sources consulted to identify studies. Specify the date when each source was last searched or consulted.
Search strategy|7 Present the full search strategies for all databases, registers and websites, including any filters and limits 3
used.
Selection 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how |3
process many reviewers screened each record and each report retrieved, whether they worked independently, and if
applicable, details of automation tools used in the process.
Data collection [9 Specify the methods used to collect data from reports, including how many reviewers collected data from |5
process each report, whether they worked independently, any processes for obtaining or confirming data from study
investigators, and if applicable, details of automation tools used in the process.
Data items 10a |Listand define all outcomes for which data were sought. Specify whether all results that were compatible |5
ith each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if
not, the methods used to decide which results to collect.
10b |Listand define all other variables for which data were sought (e.g. participant and intervention 5
characteristics, funding sources). Describe any assumptions made about any missing or unclear
information.
Studyriskof  [11  [Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, |5
bias how many reviewers assessed each study and whether they worked independently, and if applicable, details
assessment of automation tools used in the process.
Effect 12 |Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or 5
measures presentation of results.
Synthesis 13a |Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the 3
methods study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
13b |Describe any methods required to prepare the data for presentation or synthesis, such as handling of 5
missing summary statistics, or data conversions.
13c |Describe any methods used to tabulate or visually display results of individual studies and syntheses. 5

13d |Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis |5
as performed, describe the model(s), method(s) to identify the presence and extent of statistical
heterogeneity, and software package(s) used.

13e |Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup |5
analysis, meta-regression).
13f |Describe any sensitivity analyses conducted to assess robustness of the synthesized results. 5

Reportingbias |14 |Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting |6, 10
assessment biases).

Certainty 15 |Describe any methods used to assess certainty (or confidence) in the body of evidence foran outcome. 6
assessment
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Table S2. PRISMA checklist items used to summarize reporting quality in the included systematic reviews (continued...)

d Item Checklist item Location where
item
is reported
RESULTS
Study selection |16a |Describe the results of the search and selection process, from the number of records identified in the Figure 1 (page 5)
search to the number of studies included in the review, ideally using a flow diagram.
16b [Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why |6
they were excluded.
Study 17 |Cite eachincluded study and present its characteristics. 6
characteristics
Riskofbiasin [18 [Present assessments of risk of bias for each included study. 6
studies
Results of 19 [For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and |6
individual (b) an effect estimates and its precision (e.g. confidence/credible interval), ideally using structured tables
studies or plots.
Results of 20a [For each synthesis, briefly summarize the characteristics and risk of bias among contributing studies. Table 3 (pages
syntheses 7-8) and Table 5
(page 10)
20b [Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the Table 4 (page 8)
summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical
heterogeneity. If comparing groups, describe the direction of the effect.
20c  [Present results of all investigations of possible causes of heterogeneity among study results. 6
20d [Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. N/A
Reporting 21  [Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis |6, 10
biases assessed.
Certaintyof |22 |Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 11
levidence
DISCUSSION
Discussion 23a [Provide a general interpretation of the results in the context of other evidence. 11-14
23b [Discuss any limitations of the evidence included in the review. 14
23c [Discuss any limitations of the review processes used. 15
23d [Discussimplications of the results for practice, policy, and future research. 15
(OTHER INFORMATION
Registration  [24a |Provide registration information for the review, including register name and registration number, or state |3
and protocol lthat the review was not registered.
24b |Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 3
24c  [Describe and explain any amendments to information provided at registration or in the protocol. N/A
Support 25 [Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors| 15
in the review.
Competing 26 [Declare any competinginterests of review authors. 15
interests
Availability of [27 |Report which of the following are publicly available and where they can be found: template data collection|N/A
data, codeand forms; data extracted from included studies; data used for all analyses; analytic code; any other materials
other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/
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