


THE USE OF MARINE ALGAE AS A DENTURE CLEANSER: A NARRATIVE REVIEW

Abstract: Denture usage is increasing in the geriatric society, and one of the problems faced by the majority of denture wearers is denture stomatitis. Denture stomatitis is not merely a result of Candida albicans; it is formed by a biofilm of various species. Several mechanical and chemical methods have been in use, and many studies have tested the antifungal properties of commercially available denture cleansers and other available agents like coconut oil, eucalyptus oil, etc. Marine bioactive products like seaweed have also been used. The brown seaweed Sargassum polycystum and Turbinaria conoides have antifungal and antibacterial activity. There is a need for further studies to be conducted to evaluate the efficacy of the seaweeds available.
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Background
	Tooth loss leads to edentulism and is most commonly seen in older adults. According to the 2011 census, India has about 104 million older people over the age of 60. This relentless increase in older people has resulted in increased dental care. The rate of edentulism was evaluated in 2012, and it was concluded that there is an increase in edentulism in developing countries. The usage of dentures has envisioned an upward trend lately in the aging society.1
	The oral cavity is colonized by almost 700 to 1000 species of bacteria. Candida albicans (C.albicans) is a typical flora colonized in the oral cavity. Denture base acrylic resin is the material most commonly used for the fabrication of dentures which can be predominantly colonized by Candida species and also other bacteria and fungi. Denture stomatitis is the “Inflammation of the mucosa seen underneath the dentures and which is commonly seen on the oral mucosa of denture wearers”.2 Candida albicans is the most significant etiological agent. The frequent cause of this denture stomatitis is poor oral hygiene and improper fitting dentures. Various predisposing factors (can be widely divided into local and systemic) include the use of broad-spectrum antibiotics, dietary factors, malignancies, smoking, diabetes mellitus, iron and vitamin deficiencies, and salivary gland dysfunction which often leads to Candidal infections.3 Frequently denture-related stomatitis has been mentioned in various articles and is found to be in a range between 11% to 67% in denture wearers 3 Multifactorial etiologies is found to be the cause of Denture stomatitis. Denture stomatitis is not solely caused by C.albicans alone but caused by a biofilm consisting of multiple species.4 These multispecies biofilm includes Streptococcus mutans(S.mutans)  and Staphylococcus aureus ( S. aureus) . Streptococcus mutans along with Candida albicans promote yeast adhesion and biofilm removal is difficult.5, 6
	These patients with denture stomatitis often complain of pain, hyperemia, edema, and burning mouth. Denture maintenance is important to maintain good oral health.4 Intervention is needed to eliminate the pathogenic microorganisms and prevent the formation of biofilm on the dentures.7 Marine bioactive products have recently been there searched interest in the biomedical  world due to their reported wide range of activities such as antibacterial, antifungal, and anti-inflammatory properties. These Seaweed extracts have been effective against C. albicans and S. mutans. This article is to review the efficacy of Seaweeds as denture cleansers.
	
Candida Albicans and Biofilm Formation
              Denture plaque is defined as “A dense microbial layer comprising micro-organisms and their metabolites”. 7 More than 1011 organisms are present per gram in wet weight.8 various studies have revealed that denture plaque has the same structure as dental plaque on natural teeth. Candida albicans preferably colonized the surfaces. In a comparison of denture plaque to the plaque adherent on the teeth, the composition resembles each other except for an increase in Candida albicans which causes denture-induced stomatitis.9
              Plaque is structurally and functionally organized which forms through a sequence of events, resulting in, a species-rich microbial community.10 Plaque formation includes different stages. Acquired pellicle formation and followed by reversible adhesion which involves weak long-range Physico-chemical interactions between the cell surface and the pellicle, which in turn leads to stronger adhesin-receptor mediated attachment.10 Co-adhesion which results in the attachment of secondary colonizers to already attached cells and followed by Multiplication followed by biofilm formation and, on occasion, detachment.10      

 Mechanisms of bacterial attachment and co-adhesion could lead to various strategies to control or influence the pattern of biofilm formation which can be gained through knowledge of the mechanism of their formation.
In the oral cavity, Candida albicans is a typical flora that has blastoconidia and hyphae  and is called a diploid fungus.11 Biofilm is formed and then initiated by the colonization of C. Albicans. This fungus changes from blastoconidia to hyphae form in the biofilm.Candidiasis is caused by the growth of Candida albicans found in the oral cavity that breaks the natural barriers to the oral system.10 Adhesion to synthetic Poly Methyl Methacrylate or surface of normal tissues is seen. A lectin-like component which is assisted by the hydrophobicity of Candida albicans is the cause for adhesion.12 Production of proteolytic enzymes and phenotype switching is the virulent factors of Candida albicans which are protection against host defense mechanism. The rate of colonization and pathogenesis of Candida are dependent on the above factors.
The presence of sugar, decreased level of saliva and oxygen, and type of denture are the factors that play an important role in the development of stomatitis.  Candida albicans adherence to conventional and injection molding acrylic denture base materials has been evaluated in different studies and the results show injection molded acrylic materials have less amount of Candida adhered in comparison to the conventional acrylic resins used.13, 14Literature reveals that denture stomatitis is not only caused by C. albicans but also caused by multispecies biofilm which includes Streptococcus mutans (S.Mutans) and Staphylococcus aureus. 15

Streptococcus mutans
              The most prevailing bacteria on teeth are Streptococcus sanguis and Streptococcus mutans.16 Streptococcus mutans is frequently seen on acrylic dentures surfaces. These gram-positive bacteria Streptococcus mutans are the first bacteria to attach to the denture base and form a colony. Streptococcus mutans synthesize extracellular polysaccharide substrates such as dextran or levan from sucrose. These substrates are pathways for bacteria and other fungi to attach to denture bases.10
                        They may compete for binding sites if Streptococcus mutans are incubated along with Candida albicans. It can also promote yeast adhesion.15 S. mutans increase Candida biofilm formation.  Mutual growth of these microorganisms is seen, and they can also co-aggregate with each other, which may enhance the adhesion process. Bacteria and fungi will then colonize and proliferate into biofilm on denture bases, leading to denture stomatitis.10


Treatment for Denture Stomatitis

Oral hygiene maintenance and good denture cleansing must be regularly performed for the control of bacterial biofilm present on the prosthesis and oral soft tissue. Biofilm on dentures can be controlled by various chemical, mechanical and mechanical-chemical methods. Many different methods are available for the maintenance of dental prostheses. Chemical solutions, such as glutaraldehyde, chlorhexidine, sodium hypochlorite, chlorine dioxide, iodine, alcohol are commonly used for disinfection purposes.17 However; there are several drawbacks to the use of 
such chemical agents for the maintenance of prosthesis. The treatment of denture stomatitis can be further divided into the following categories Anti-fungals, Denture cleansers, Denture cleansers using marine algae and seaweeds

Antifungals

Treatment of oral candidiasis is done by the usage of antifungal agents like azoles (Amphotericin B) Topical administration is used mainly to treat oral candidiasis and denture stomatitis. Systemically also antifungal treatment with Azoles can be done, of which Fluconazole, a broad-spectrum antifungal is the most common. Different treatment modalities and a broad range of antifungal agents have been used in an attempt to inhibit adhesion and Candidal colonization on the surface of the denture.18

Denture Cleansers

Denture biofilm removal is achieved by mechanical, chemical, and by irradiation or a combination of all the above.  Mechanical cleaning is done by using a toothbrush and also employing ultrasonic cleansing. Chemical cleaning can be done by immersing dentures in disinfectant solutions such as alkali peroxide, alkali hypochlorite, chlorhexidine, sodium hypochlorite, enzymes, and herbs.17 Chemical-based denture cleanser is more effective than mechanical due to its benefit of being easy to use and various in vitro studies have shown their potency in reducing biofilm formation. Hence the cleansers that have both bactericidal and fungicidal effects are easier to use and compatible with denture materials. 
	In the market various types of denture cleansers are available. According to the mode of action, there are classified as Alkaline peroxides, Sodium hypochlorite, Chlorhexidine, Chelating agents, Detergents, Enzymes, Ozone, 100% vinegar.11 The rural and dependent elderly have minimum access to all of these cleansers. An alternative that is readily available in the rural setup is indeed needed. Alternatives have been made to these by using herbal means. Seaweeds are such natural ingredients that can be developed as an alternative to denture cleanser. Sea weed has secured wide popularity recently in various fields like medical, dental, and biochemical.11

Marine Algae 
                    Sea weed are a rich source of biologically active metabolites. There are about 6000 species of seaweed that have been identified and categorized into Chlorophytes(green), Rhodophytes(red),Pheophytes(brown).11 There are different types of seaweed; those growing near the high-water mark  where plants are often exposed to air, differ from those growing at lower levels, where there is little or no exposure.13,14 Seaweeds are been widely used in food, medicine, fertilizer, and bioethanol production. Seaweed producing these polysaccharides has been used by industrialists and researchers to expand the global industry. One among these seaweed polysaccharides are alginate. Alginate is isolated from brown seaweed and it is an anionic polymer that has been used in food applications. 19 Recently, alginate has been used in various biomedical fields, as Impression materials, Tissue engineering, Tableting agent, and Drug delivery.10
                     Seaweeds are rich source of antioxidants and have antimicrobial properties. The antioxidant property of the sea weed is because of the pigment like fucoxanthin, astaxanthin, caretenoid and phenolic compounds.11, 21 Brown algae which belong to pheophyta are brownish in colour due to large amounts of caretnoid fucoxanthin masking the remaining pigments among one of which is Sargassum polycystum. 22 Brown algae (Phaeophyta) had the highest antibacterial activity. Sargassum polysyctum contains active compounds of flavonoids, alkoloid, saponin, phenol, and trapezoid serves as antibacterial, antiviral, and anti-fungal.17 Tannin can be locally applied on wounds at the throat and oral cavity, especially in stomatitis.

Sargassum polycystum and Turbinaria Conoides:
	Brown algae (class Phaeophyceae) are commonly found as seaweeds. They are widely distributed in colder zones and absent from tropical waters. These are abundant along both the Pacific and Atlantic coasts.	Gulfweed (Sargassum) is common as free-floating masses in the Gulf Stream and Sargasso Sea. They have been consumed as food in various parts of the world. Seaweed products like alginate, agar, and carrageen are used as food additives. They are used primarily in the medical industry and also for edible packaging, bioremediation, ocean afforestation (carbon removal), and fertilizer.15, 16 Sargassum is a genus of brown algae which has over 300 species. Sargassum polycystum are edible brown seaweed. Sargassum and Turbinaria belong to class Phaeophyceae.16
	 Turbinaria species that are often preferentially consumed by herbivorous fishes and echinoids, there is a relatively low level of phenolics and tannins. Genus Turbinaria are extraordinarily promising anti-proliferative, antipyretic, anti-inflammatory, anti-diabetic, antiviral, antimicrobial, and hepato-protective seaweed algae. These activities are represented by diverse classes of compounds including sterols, amino acids, fatty acids, alcohols, halocarbons, hydrocarbons, carbohydrates, esters and cyclic tetrapyrrole compounds.15
	Seaweed powder was mixed with solvents either ethanol or methanol and extract filtrates are used as denture cleansers. 23 Brown algae alcoholic extracts exhibit inhibition against C. albicans and followed by remaining microorganisms. Methanol extract from Sargassum species shows very strong antioxidant activity and the antimicrobial against gram-positive and gram-negative bacteria.24 Phenol compounds can damage the cell walls and cell membranes, precipitate proteins, and play a role in enzyme inactivation. The Sargassum Species extract contains triterpenoid compound which is lipophilic that can cause an obstruction of the fungi membrane and further dissolve the lipid contained in the cell membrane. Antifungal properties of tannins are known from the ability of tannins to disrupt cell membrane structures and inhibit the process of vegetative reproduction of C.albicans.25 These extracts possessed noticeable antimicrobial activity against gram positive and gram-negative bacteria compared with Ampicillin in the pharmaceutical industry.4
                 A study evaluated the antibacterial activity of Sargassum polycystum and has shown inhibition percentage of S. Mutans as 95.5% at the seaweed concentration of 100mg/ml. Antifungal activity of Sargassum polycyctum against Candida albicans has exhibited fungi static activity with diameter of inhibition zone i.e 22 mm. 25

Ulva lactuca: 
	Ulva spp. are categorized under green algae (Chlorophyta). Various studies have shown that this Ulva lactuca possesses antifungal, antibacterial, and antiviral properties.26, 27 Previous research have shown antimicrobial activity against Staphylococcus aureus.28 A study by Murugaboopathy V et al. in 2020 concluded that Ulva lactuca showed moderate antimicrobial activity against the common oral pathogens 29, similar to the previous studies conducted. 28, 30 A study mixed algal extract with a selenous acid solution and ascorbic acid, which was then incubated and vortexed at 250 rpm, and nanoparticles were synthesized. These nanoparticles are effective against Streptococcus mutans, Staphylococcus aureus, Lactobacillus, and Candida albicans, have excellent antioxidant properties, and showed no toxicity.31 Acrylic resins are most commonly used, and the biofilm formed on the surface should be removed. Acrylic resins have been mixed with various concentrations of Ulva lactuca following photo-activation against Streptococcus mutans, and it has been concluded that at a concentration of 1% (w/w), they have antibacterial activity against S. mutans and do not affect their flexural strength. 32
Summary         
 		Individuals wearing dental prosthesis are frequently colonized on the oral mucosa by C. albicans and S. mutans and denture stomatitis is more frequently seen. Adequate hygiene is necessary for denture wearer’s oral health by means of biofilm removal. There are different treatment options available for denture stomatitis and denture cleansers are the most commonly used method of treatment. There is a shift in the usage toward natural alternatives in recent times because of their wide antimicrobial, antifungal activity, and their antioxidant activity, and seaweed is one among them. These are available widely so can be used and denture cleansers can be manufactured locally which are the most cost-effective and an affordable alternative.
Marine algae have possessed beneficial effects on mankind. Seaweed is a source of natural antimicrobial and antibacterial compounds that have various biological activities. Sea Weeds are been used in various products for medical and dental purposes and has been one of the focus of attention for their wide range of properties further studies have to be done to evaluate their efficacy as denture cleansers. 
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