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Abstract

Seaweed extracts are key ingredients in many modern bio-stimulant products, widely recognized for their richness in polysaccharides, minerals, and certain vitamins. 
While the benefi ts of seaweed have been known for biocompatibility, it is only in recent times that their bioactive compounds have gained scientifi c attention. These 
extracts contain phytochemicals such as polysaccharides, lipids, and polyphenols, which possess antibacterial, antifungal, and antiviral properties. Because of these 
properties, fucoidan extracts are of growing interest in nutraceutical, pharmaceutical, and medical applications (e.g., nutritional supplements, wound healing, skincare, 
periodontal therapy, etc.).
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generate a diverse array of chemically active metabolites in 
their environment. Marine macro algae (Seaweed), particularly 
brown algae (Phaeophyta), have gained much research interest 
[6]. Seaweeds are a great source of a broad spectrum of 
biological activities. Brown algae have been utilized by coastal 
communities for their nutritional, functional, and technological 
purposes. Ascophyllum, Laminaria, Saccharina, Macrocystis, 
Nereocystis, and Sargassum represent the most common 
genera. Sargassum, a genus of brown seaweed (Phaeophyceae) 
belonging to the Sargassaceae family, comprises around 400 
species [6].

Brown algae are known to produce different polysaccharides 
like Fucoidan, alginic acid, and laminarin [7]. Fucoidan 
has phytochemical benefi ts, playing a signifi cant role in 
the medicinal and pharmacological arena. Fucoidan is a 
compound, specifi cally a sulphated polysaccharides possess 
biological activities which are highly varied, encompassing 
anticancer [8]. antioxidant, anticoagulant [9], antithrombotic 
[10], immunomodulatory, antiviral [11] and anti-infl ammatory 
properties. Fucoidan is also recognized for its ability to mitigate 
metabolic syndrome. Additionally, it possesses angiogenic 
and osteogenic potential [12]. Fucoidan was procured from 
marine environments found on southeastern coast of India, 
particularly in the Gulf of Mannar region near Rameswaram, 

Introduction

Oral health is critical for the general health and well-being 
of the individual. Globally, periodontal disease, which includes 
gingivitis and periodontitis, is a prevalent oral infection that 
impacts the tissues surrounding and supporting the teeth [1]. 
The Global Burden of Disease Study (2025) highlights systemic 
implications of periodontal disease beyond oral health [2]. 
Comprehensive treatment of periodontal disease includes 
mechanical therapy, although considered a global standard is 
not without any limitations such as accessing certain areas, root 
surface irregularities, and tissue invasive micro-organisms. 
This has paved way for adjunctive therapies along with Phase 
I therapy. Sites specifi city of periodontal disease necessities 
a personalised approach for treatment planning [3]. Adverse 
effect and high dose of systemic medication have promoted 
towards disease site specifi c delivery of drug, shifting from 
synthetic preparations towards herbal extracts as native /
natural remedies [4]. 

Ethno-pharmacology represents a multifaceted strategy for 
drug discovery, encompassing the observation, documentation, 
and experimental analysis of native drugs and their biological 
effects [5]. Marine algae represent some of the most signifi cant 
biomass producers within the marine ecosystem. They 
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Tamil Nadu. It was extracted by the traditional method using 
heat and water [13]. In our study, Fucoidan was obtained from 
the Sigma Aldrich® company.

Fucoidan with the above-mentioned properties, as an herbal 
product, would be advantageous to patients with periodontal 
disease. In an in vitro study on the antibacterial effi cacy of 
the extract of Sargassum wightii against oral pathogens, 
demonstrated highest zone of inhibition was demonstrated at 
a concentration of 1000μg, and it is an effective biologically 
active compound against oral pathogens [14]. Recently, in 
2023, a study on the evaluation of the osteogenic potential of 
Fucoidan-Chitosan hydrogel in the treatment of intra-bony 
defects has highlighted the presence of Fucoidan contributing 
to bone regeneration [15]. We intended to investigate in the 
present study - “Evaluation of Fucoidan for anti-microbial 
potency- An In-vitro study.” This study was done in Department 
of Microbiology, Krishnadevaraya College of Dental Sciences 
and Hospital, Bangalore, Karnataka, India.

Materials and methods

This in-vitro, analytical study was conducted in 
Krishnadevaraya Dental College and Hospital, Bangalore, 
Karnataka. Patients presenting with Stage II/III and Grade B 
periodontitis were enrolled for collection of Gingival Crevicular 
Fluid (GCF) using Paper points (Dia Dent), ® from Out Outpatient 
Department (OPD) of Periodontology. The following selection 
criteria will be included.

Inclusion criteria for this study include patients with at 
least 18 years of age, patients presenting with Stage II/III 
and Grade B periodontitis, and patients who will comply with 
oral health care instructions and necessary visits. Exclusion 
criteria include patients with uncontrolled diabetes and severe 
cardiovascular or infectious diseases, smokers, lactating and 
pregnant women, patients who are psychologically unable to 
participate and patients with poor oral hygiene are not included 
in this study. 

Site selection: For the collection of GCF samples, paper 
points (Dia Dent). ®Patients presenting 3-5 mm of loss of 
attachment were included. The deepest probing depth in 
the selected quadrant, preferably premolar/molar area, was 
included for GCF sample collection through the extra crevicular 
method.

Ethical approval: This is an ex vivo study where a total of 5 
patients with Stage II/III and Grade B periodontitis satisfying 
the inclusion criteria and exclusion criteria were included for 
GCF sample collection at the pre-selected sites (deepest probing 
depth with ≥5 mm). The study went through the institutional 
review board of Krishnadevaraya College of Dental Sciences 
and Hospital in the pre-selection category, and considered 
Fucoidan compound was approved for biocompatible use. No 
screened patients were excluded.

GCF sample collection

GCF samples were obtained from the buccal aspect of the 
selected site using paper points. For a distinct standardization 

of the sampling site, the GCF sample was collected from the 
interproximal sites, among which the site showing the greatest 
probing depth. An unstimulated GCF sample was collected 
from the patients for which a sterile paper point was gently 
inserted into the entrance of the selected site (extracrevicular). 
The paper point was held in place for 30 seconds. Attempts 
were made to avoid the insertion of points to the depth of the 
pocket. To minimise the contamination of GCF with blood, 
paper points contaminated with blood were discarded and an 
alternate site was sampled [16]. 

Procedure for MIC estimation

Antimicrobial activity was assessed through an agar well 
diffusion test. A sterile paper point (Dia Dent) ® of size 0.06 
mm was placed in the deepest periodontal pocket under 
aseptic conditions and kept for 30 seconds. The paper point 
was transferred to 1ml of sterile thioglycolate broth containing 
hemin and vitamin K and incubated at 37 ◦C for 1 hour.

The specimen was vortexed for 30 seconds in a vortex mixer 
to elute the bacteria from the paper point. 10μl of the specimen 
was transferred onto a dry anaerobic blood agar (Himedia 
Laboratories Pvt. Ltd) and spread uniformly using a sterile L 
spreader. Wells of 6 mm diameter were punched on the agar 
plate using sterile templates.

Fucoidan was diluted in sterile distilled water by serial 
doubling dilution to obtain dilution of 50 mg/ml,25 mg/ml,12.5 
mg/ml,6.25 mg/ml,3.12 mg/ml,1.56 mg/ml,0.78 mg/ml,0.39 
mg/ml,0.19 mg/ml,0.09 mg/ml,0.04 mg/ml,0.02 mg/ml and 
taking chlorhexidine as positive control and saline as negative 
control. Chlorhexidine is considered as gold standard, which 
can be used as an adjunct to mechanical therapy in periodontitis 
(Figure 1) [17].

50 μl of the Fucoidan dilution was inoculated onto the 
designated wells under aseptic condition. The plates were 
incubated at 37 ◦C in an anaerobic jar with gas pack for 48 
hours.

Result

MIC value: The minimal dilution of Fucoidan that gave 
a visible zone of inhibition was considered as its MIC at a 
dilution of 156 mg/ml according to doubling dilution. The 
effective concentration was followed by the determination of 

Figure 1: Photographic view of MIC seen in an anaerobic blood agar plate.
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cell viability-MTT Assay. (Stroma Lifesciences Pvt Ltd). The 
test sample induced 50% cell death in Human fi broblast cells 
at a concentration of 204.5 μg

Cell viability was determined using the MTT Assay

(3- [4, 5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium 
bromide). Cells were seeded in a fi bronectin-coated 24 x 12 
well plate for cultivation at 37 °C. After 48 h, 20 mL of MTT 
5g/L (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide) was added to each well at a fi nal concentration 
of 0.5mg/ml after 4 hours of shock wave treatment. Cells 
were cultured in a 24 x 12 well plate to 70% confl uency and 
treated with shock wave pulses as described above. Cells were 
incubated in MTT medium for 3 hours at 37 °C in the dark, 
and formazan crystals were solubilized using 50% Dimethyl 
Sulfoxide (DMSO). Absorbance was read at 570 nm using 
Eppendorf Bio-spectrometer with DMSO as reference. The test 
sample induced 50% cell death in Human fi broblast cells at a 
concentration 204.5 μg (Graph 1).

which improves anti-bacterial activity too. Rajivgandhi, et 
al. 2021 have demonstrated that S.wightii possesses potential 
antioxidant and anti-cholinesterase activity along with a wide 
range of biological activities [18].

Eshwar S, et al. (2023) evaluated the ‘Osteogenic potential 
of Fucoidan with chitosan as hydrogel in treatment of 
periodontal intra-bony defects [15]. We have evaluated the 
concentration of Fucoidan through the detection of Minimum 
inhibitory concentration (MIC) and investigated its Cytotoxic 
effect through this in-vitro study. Fang CY, et al. (2022) in 
their in-vitro study confi rmed Fucoidan-mediated inhibition 
of fi brotic properties via MEG-3/miR-181a/Egr1 axis in oral 
submucous fi brosis. They investigated through Cell culture, 
Cell viability, Cell migration assay, RNA Isolation, Sequencing, 
and RT-qPCR [19]. We have investigated the concentration of 
Fucoidan through Cell viability assay.

In the present study, ethanolic extracts of different dilutions 
of Fucoidan were evaluated against anaerobic microorganisms 
to determine the antibacterial activity. Previously, same study 
design has been applied for detection of periodontal pathogens 
[20]. Our study showed insignifi cant values for dilution of 
Fucoidan at concentrations of 0.78 mg/ml, 0.39 mg/ml, 0.19 
mg/ml, 0.09 mg/ml, 0.04 mg/ml, and 0.02 mg/ml. 

Our study is also not without any limitations. We had 
procured fewer GCF samples for Minimum Inhibitory 
Concentration (MIC) of Fucoidan. As we had to estimate the 
inhibitory concentration of Fucoidan in anaerobic culture, we 
used GCF samples with Fucoidan dilutions to check the MIC. 
No ethical clearance was obtained for this study. We have used 
Gingival Crevicular Fluid (GCF) samples at periodontal disease 
sites instead of plaque samples to provide MIC. As Fucoidan 
has multi-faceted properties [15,21,22], it holds promise for 
the treatment of multi-factorial periodontal disease. 

Conclusion

Sulphated polysaccharides like Fucoidan possess 
antibacterial and cytotoxic properties. The biological effects 
depend heavily upon the source species, extraction method, 
and purity. Comprehensive studies and animal research are 
required to validate the in-vivo effectiveness of Sargassum 
wightii extract as herbal antibacterial agent for periodontal 
therapy. The current study aims to use Fucoidan extract, 
which has antimicrobial properties by inhibiting anaerobic 
microorganisms. Hence, Fucoidan can be used as herbal extract 
as adjunct to periodontal therapy. 
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