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Abstract
BACKGROUND: Bone loss in the oral cavity can occur in various situations, including periodontitis-related issues and 
complications after tooth extraction. A damaged or lost alveolar bone can be restored through a tissue engineering 
approach. Fucoidan, a marine biopolymer derived from brown algae, is one biomaterial that aids bone regeneration 
since it contains biomaterials that can generate new osteoblast cells.

AIM: The purpose of this review is to determine whether fucoidan can be employed to promote osteoblast cell growth 
during bone repair.

METHODS: The search strategy was performed in PubMed; Elsevier (Scopus); ScienceDirect; Libgen, and Google 
Scholar. In addition, a manual hand searching was performed to locate and identify additional studies.

RESULTS: Based on the reviewed articles, it has been discovered that five met the inclusion criteria and found that 
the marine bioactive compound fucoidan can significantly increase the expression of ALP activity.

CONCLUSION: Fucoidan is considered to have biological properties, including antithrombotic, anticoagulant, and 
antioxidant. It also serves as a phenotypic marker during the early stages of osteoblastic differentiation.
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Introduction

Bone is a tissue that has a complex system 
of cell regeneration, where old cells are remodeled 
and then replaced with new cells [1], [2], [3]. Together, 
osteoblasts and osteoclasts comprise cells that are 
involved in both the formation and resorption of bone. 
The loss of bone material is spurred on by excessive 
osteoclast activity [1], [2], [3], [4]. In dentistry, bone 
can be lost or destroyed due to trauma, tumors, or 
infections, leaving vital organs vulnerable to injury [5].

Bone grafting, which comes in three 
types (Autograft, Allograft, and Xenograft), is the 
usual treatment for cases of bone loss in the oral 
cavity [5], [6], [7]. The type of bone graft depends on 
where the bone came from; for example, an autograft 
is obtained from the patient’s bone, an allograft 
uses the bone of the same species, and a xenograft 
uses bone from an entirely other species, such as 
an animal bone [5], [7], [8]. For bone regeneration, 
bone transplants must possess osteogenesis, 
osteoinduction, and osteoconduction characteristics [5]. 
However, flaws were discovered that increase the 

likelihood of a protracted recovery, considerable donor 
morbidity, infection, and poor osteoinductivity [6], [9]. 
Therefore, there are issues with the safety of present 
bone grafts [7]. Due to this fact, it is crucial to find 
alternative materials and techniques to treat alveolar 
bone loss [6], [9].

Fucoidan, a marine biopolymer derived from 
brown algae, which contains biomaterials capable of 
producing new osteoblast cells, is one biomaterial that 
contributes to bone regeneration [10], [11]. Fucoidan 
includes a substantial presentation of the L-Fucose 
group, and sulfate ester is a sulfated polysaccharide 
with biological activity as an anti-coagulant, anti-
inflammatory, and anti-cancer [10], [12]. It can contribute 
to osteogenesis by influencing osteoblast cells to form 
and regenerate bone tissue [11], [12]. Osteoblast 
cells are bone cells that play an essential role in bone 
deposition and maintain bone dynamics [3], [13]. To 
date, the use of fucoidan is still ineffective and more 
people need to be educated about the potential methods 
for extracting and processing these biomaterials. Given 
this context, the authors are keen to conduct a study to 
determine whether fucoidan can be used to promote 
osteoblast cell formations during bone regeneration.

Since 2002
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Methods

Search strategy

This systematic review was conducted 
following preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) guidelines.

Information sources

A structured search of the following critical 
electronic databases served as the primary source of 
literature: PubMed, Elsevier (Scopus), ScienceDirect, 
Libgen, and Google Scholar. Hand-searching the 
reference lists of included studies or other pertinent 
publications will be the secondary source of potentially 
relevant information.

The electronic search was performed using the 
combination of the following phrases: fucoidan, brown 
seaweed, osteoblas, bone tissue engineering, and 
alveolar bone loss.

Eligibility criteria

Studies were chosen based on the following 
inclusion criteria: (1) Original paper; (2) published 
during the past 10 years (2011–2021); (3) written in the 
English language; and (4) accessible full-text.

Studies were disqualified if they were either 
(1) abstract-only, closed-access, or (2) literature review 
articles.

Selections of study

The studies will be assessed following the 
qualifying requirements and the selection procedure 
will be separated into two stages. Transferring 
references to an online reference management solution 
will handle data (EndNote X9.2 reference manager). 
The management tools will be used to record the 
selection process. As the first step, duplicates of the 
first search results will be removed. Eligible full texts will 
be examined after comparison and agreement with the 
first screening procedure. The study will be disregarded 
if no full text is located. The PRISMA design specifies 
that a flow diagram will be used to follow the process 
(Figure 1).

Extraction of data

The following information was taken from 
each included study under the proposed standard 
form: author’s name, country, species, sample location, 
extraction method, bioactive compound, cell lines, 
evaluation observation, and result.

Results

The literature search results through PubMed, 
Elsevier (Scopus), Science Direct, Libgen, and Google 
Scholar websites were conducted from November 01, 
2021 to January 14, 2022, using pre-defined keywords 
and yielded a total of 1153 articles from the electronic 
databases. Only 11 studies were identified as eligible after 
removing duplicates and screening titles and abstracts. 
Following the evaluation of full-text articles from 11 
studies, five met the inclusion criteria and were included 
in the final quality assessment, as shown in Figure 1.

The study characteristics are summarized 
in Table 1. The first study was conducted by Hwang 
et al., 2016, which evaluated the in vitro and in vivo 
effects of low molecular weight (LMW) fucoidan on the 
osteogenic differentiation properties of bone [14]. This 
study used fucoidan extract from the algae Sargassum 
hemiphyllum. It then hydrolyzed with glycolytic enzymes 
to produce fucoidan LMW (<1 kDa) to determine the 
effect on proliferation and differentiation using the 
7F2 osteoblastic cell line in vitro. ALP activity test and 
osteocalcin (OC) secretion as a phenotypic marker of 
increased osteoblast differentiation were carried out by 
inoculation of 7F2 cells (1 × 105) treated with 10 µL of 
different concentrations (0 [control], 0.25, 0.5, 1, and 
2 mg/mL) of fucoidan and LMW for 48 h on medium. 
They reported that there was a significant increase in 
the concentration of fucoidan LMW 0.25–2 mg/mL, and 
ALP activity increased to 135.35 ± 2.91% at 2 mg/mL 
when compared to the control group.

The second literature was conducted by Park 
et al. in 2012 regarding the sulfated polysaccharide 
fucoidan capable of stimulating the differentiation of 
human adipose-derived stem cells (hADSCs) into 
osteoblasts through matrix deposition analysis and 
expression of osteogenic marker genes [15]. In this 

Figure 1: Flow of study selection process
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study, fucoidan with high molecular weight (HMW) 
(>30 kDa) was dissolved in dimethyl sulfoxide (DMSO, 
10 mg/mL), then filtered using a 0.2 mm filter, then 
stored at −20°C. Their results showed that hADSCs 
cultured with fucoidan in osteogenic media (OS + Fuco) 
were very positive compared without fucoidan in the 
ALP, ARS, and VK staining assays so that fucoidan 
significantly induced osteogenic differentiation. 
However, it did not show a specific reaction in any 
staining test when cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) with fucoidan (ADSC + Fuco).

The third study was conducted by Kim 
et al. in 2018 regarding fucoidan-induced osteogenic 
differentiation that promotes angiogenesis by inducing 
vascular endothelial growth factor secretion and 
accelerating bone repair [16]. This study uses fucoidan 
extracted from brown algae Laminaria with molecular 
weights ranging from 3.3 to 100 kDa and mesenchymal 
stem cells (MSC) from alveolar bone marrow cultured 
in DMEM in a CO2 incubator humidified at 37°C. The 
results showed that fucoidan in concentrations of 1 and 
5 g/mL significantly increased the MSC proliferation 
compared to untreated control cells. In a quantitative 
direct-time PCR assay lasting 5 days of fucoidan 
treatment, it was reported that the mRNA levels of 
osteoblast marker genes such as RUNX2, ALP, OC, 
bone morphogenetic protein-2 (BMP-2), and collagen 
Type 1 (Col-1) increased significantly.

The fourth literature by Kim et al.; 2015, 
evaluated fucoidan’s ability to differentiate osteoblasts 
through BMP2-Smad 1/5/8 dependent on c-Jun 
N-terminal Kinase and ERK in human MSC 
signaling [17]. This study used human alveolar bone 
marrow-derived MSC to determine the effect of fucoidan 
on osteoblast differentiation. The results of the ALP 
staining test showed that fucoidan significantly induced 
ALP activity in the range of 0.1–1.0 µg/mL. Real-time 
PCR test results reported that the mRNA expression 
level of osteoblast marker genes (RUNX2, Col. 1, OC, 
and ALP) increased significantly after the treatment 
with 1 µg/mL fucoidan.

The fifth study conducted by Hsu et al., 2021 
explained the assay of crosses of hyaluronan (HA) 
and fucoidan in inducing osteoblast differentiation for 
the manufacture of composite hydrogels [18]. This 
study evaluated the effects of methacrylate-HA and 
methacrylate-fucoidan on the mechanical properties 
of hydrogels, cell proliferation, cell adhesion, and 
production of ALP. The results of the ALP activity test 
for 3 days showed that fucoidan could increase ALP 
activity as a phenotypic marker for early-stage osteoblast 
differentiation of MG63 cells. This study suggests that 
fucoidan can be used as a potential candidate to form a 
biocomposite scaffold in bone tissue engineering because 
it allows the adhering cells to differentiate and mineralize.

Discussion

Bone is a connective tissue responsible 
for supporting structural organs and protecting the 
skeleton. Another function of bone is as a place of 
calcium metabolism [3], [19], [20]. In dentistry, alveolar 
bone is found in the upper jaw (maxilla) and lower jaw 
(mandible). Alveolar bone plays a role as the main 
supporting structure of the teeth, maintains mineral 
homeostasis, and has an endocrine function [5]. To 
maintain bone strength and mineral homeostasis, 
bone actively performs bone remodeling, replacing 
or reshuffling old bone by resorbing bone and then 
replacing it with new bone to prevent bone accumulation 
with microdamage [19], [20], [21]. The bone remodeling 
process involves two central cells, osteoblasts that play 
a role in bone deposition and osteoclasts that carry out 
bone resorption. However, if osteoclasts experience 
excessive bone resorption, it will disrupt the bone 
remodeling process, resulting in bone loss [19], [20].

Tissue engineering has become a bone 
repair therapy that is more often used in recent years 
because it uses natural or synthetic materials or a 

Table 1: Characteristic of included studies
Author (year)/country Species Subject of study Object of study Results
Hwang et al., (2016)/Taiwan [14] Sargassum 

hemiphyllum
LMW fucoidan on osteogenic 
differentiation of bone

ALP activity and 
osteocalcin secretion

ALP activity increased to 135.35±2.91% at 2 mg/mL 
fucoidan and increased osteocalcin secretion at 
concentrations from 0.5 to 2 mg/mL by 7F2 cells 
cultured with LMW fucoidan.

Park et al. (2012)/Korea [15] Sulfated 
polysaccharide 
fucoidan

Fucoidan stimulates the 
differentiation of hADSCs into 
osteoblasts

Comparison of hADSC 
cultured with and 
without fucoidan in 
osteogenic media

hADSC cells cultured with fucoidan in osteogenic 
media were highly positive compared without 
fucoidan.

Kim et al. (2018)/Korea [16] Laminaria 
japonica

Fucoidan induces osteogenic 
differentiation

MSCs were cultured 
and treated with 
fucoidan

The highest ALP activity after treatment with 1 g/mL 
fucoidan.

Kim et al. (2015)/Korea [17] Laminaria 
japonica

Effect of fucoidan on osteoblast 
differentiation

hABM-MSC The ALP staining test showed that fucoidan 
significantly induced ALP activity in the range of 
0.1–1.0 g/mL−1; and Real-time PCR test results 
reported that the mRNA expression level of 
osteoblast marker genes increased after treatment 
with 1 µg/mL fucoidan.

Hsu et al. (2021)/Taiwan [18] Sargassum 
horneri

Hyaluronan and fucoidan crosses 
in inducing osteoblast differentiation 
for the manufacture of composite 
hydrogels

ALP activity test The results of the ALP activity test showed that 
fucoidan was able to increase ALP activity as 
a phenotypic marker for early-stage osteoblast 
differentiation of MG63 cells.

LMW: Low molecular weight, hADSCs: human adipose-derived stem cells, MSCs: Mesenchymal stem cells, hABM-MSC: Human alveolar bone marrow-derived mesenchymal stem cells.
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combination of both [22], [23]. It is more biocompatible 
for growth and better cell attachment [8], [23]. Several 
studies have found that brown algae mucus matrix 
or interstitial tissue contains a polysaccharide of the 
L-Fucose group and a sulfate ester (soluble in sulfated 
heteropolysaccharide) named fucoidan, which is known 
to treat bone defects (especially in MSC) by promoting 
osteoblast differentiation so that an increase in ALP, 
OC, and BMP-2 [22], [24]. ALP functions to increase 
the local concentration of inorganic phosphate, reduce 
the concentration of extracellular pyrophosphate, 
inhibit mineral formation, and act as a promoter of 
mineralization to become an essential component in 
bone formation. OC is a bone crystal growth regulator 
associated with its high affinity for hydroxyapatite 
crystals, making it a crucial part of bone minerals [21]. 
Fucoidan consists of very complex compositions such 
as galactose, rhamnose, xylose, mannose, uronic acid, 
and especially fucose and sulfuric acid, making the 
structure of the pure compound known. However, the 
overall structure still needs to be clarified [22].

Fucoidan has a sulfate region to inhibit 
bone marrow macrophage osteoclastogenesis by 
inhibiting RANK-induced MAPK activation through 
the downregulation of genes involved in osteoclast 
differentiation and resorption [24]. Fucoidan has been 
shown to interact directly with various growth factors, 
such as BMPs, and stimulate fibroblast proliferation. It is 
known that fucoidan can also induce the differentiation of 
collagen fibrillation and human osteoblast cells [25]. The 
LMW has more potent bioactivity than HMW fucoidan; 
in the study of Zhang et al. 2020, it was found that the 
LMW Fucoidan <30 kDa had a potential effect on the 
osteoconductive properties of bone biomaterials [26].

This polysaccharide has a strong osteogenic 
effect; according to the research of Chandika and Jung, 
after BMP-2 is secreted, a lot of ALP is produced. BMP-2 
is a cytokine that promotes bone formation, induces 
osteoblast differentiation, and is an important marker 
of osteoblast activity and function [22]. ALP activity 
increased depending on the dose of fucoidan, and this 
study occurred when the fucoidan dose was 200 µg/mL. 
After a dose of 100 µg/mL, which lasted 6 days, RUNX2 
and BMP2 gene expression were, respectively, 8.6-fold 
and 2.5-fold higher than the control group. Being the 
most critical transcriptional regulator in bone tissue, 
acting as an essential regulator in the production and 
maturation of osteoblasts is the role of RUNX2 [22].

Conclusion

Fucoidan can probably act as a phenotypic 
marker in the early stages of osteoblastic differentiation 
by increasing osteogenic marker genes such as ALP, 
OC, BMP-2, RUNX-2, Col-1, and OPN. The increase in 

the osteogenic marker gene depended on the dose of 
fucoidan treatment.
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