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EMANUELA BIS', MARTYNA WOZNIAK', PATRYCJA ZWIERZCHLEWSKA',
ALEKSANDRA GEBKA', KAROLINA THUM-TYZO?, RENATA CHALAS?

Application of natural polymers in mucosal diseases of the oral cavity

Abstract

The mucous membrane of the oral cavity is susceptible to various pathological conditions, such as ulcers, inflammations,
or tumors. Traditional methods of treating these diseases can come with limitations or trigger undesirable effects. Biopolymers,
due to their biocompatibility, biodegradability, low toxicity, and ability to regulate regenerative processes, can offer alternative
therapeutic approaches. Among the natural polymers used in the treatment of oral mucosal diseases are hyaluronic acid, chitosan,
cellulose, and collagen. PubMed and ResearchGate databases were included for a thorough analysis of applications of biopoly-
mers in the treatment of oral mucosal diseases. Biopolymers have a wide range of applications in dental practice. They can be
used in the form of gels, creams, rinses, and patches. Natural polymers are utilized as matrices for drug creation and transport.
Thanks to their antibacterial, antifungal, and antiinflammatory properties, they are employed in the treatment of conditions like
recurrent aphthous stomatitis, lichen planus, and periodontal diseases. Their potential in alleviating symptoms and enhancing
wound healing in ulcerative oral cavity diseases has been demonstrated. Biopolymers have also found use in the treatment of
oral cancer by increasing the apoptotic index and sensitizing tumors to radiation and chemotherapy. Biopolymers, due to their
advantages and multifaceted effects, can serve as alternative methods for treating oral mucosal diseases compared to traditional
approaches. In order to confirm their effectiveness, safety, and practical application, further research and assessment of their long-

term effects are necessary.
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INTRODUCTION

The oral cavity mucous membrane is exposed to various
pathological conditions, such as ulcers, inflammation, or tu-
mors. Traditional treatments can come with limitations or in-
duce unwanted effects. Polymers, which are an indispensable
part of modern medicine, have found specific applications in
the treatment of mucous membrane diseases of the oral cavity,
too. Due to their environmentally friendly production and bio-
compatibility from natural polymers [1], as well as cheap and
reproducible use from synthetic polymers [2] they are used
for various applications, including tissue repairing [3], con-
trollable drug delivery [2,4], cancer cell separators, minimally
invasive surgery, etc. In general, polymers can be divided into
synthetic (e.g., polyolefines, polyesters, silicones) and natural
polymers (e.g., polysaccharides, polynucleotides and proteins)
[2]. Materials based on natural polymers have highly desirable
properties in comparison to synthetic ones. Biopolymers, be-
cause of their availability, biocompatibility, biodegradability,
low toxicity, and ability to regulate regenerative processes, can
serve as alternative therapies. They show promise in symptom
relief, wound healing promotion for ulcerative oral diseases,
and even aiding in oral cancer treatment by enhancing apop-
tosis and sensitizing tumours to radiation and chemotherapy.

Natural polymers used in the treatment of oral mucosal diseas-
es include hyaluronic acid, chitosan, cellulose, and collagen,
among others.

MATERIALS AND METHODS

To perform an analysis of applications of biopolymers in
the treatment of oral mucosal diseases, articles available in the
PubMed and ResearchGate databases were used. The follow-
ing keywords used to search the database were: Biopolymers,
Polymers, Oral Mucosa Diseases. The paper was prepared in
consideration of original research papers and reviews. Studies
published between 2015-2024 were included.

RESULTS

A detailed analysis of the literature revealed synthetic and
natural polymers presented in the table 1. Based on the infor-
mation collected, seven biopolymers most important for oral
health were selected, including chitosan, hyaluronic acid, cel-
lulose, sodium alginatum, polynucleotides, collagen and gela-
tin. The role and applications of biopolymers in the treatment
of oral mucosal diseases are described in the following text.
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TABLE 1. The group of natural and synthetic polymers.

Natural polymers Synthetic polymers
Agar Acrylic rubber
Albumin Epoxy resin
Alginates Nylon
Carrageenan Phenol-formaldehyde resin
Cellulose Polyacetylene
Chitin & Chitosan Polyacrylonitrile
Collagen/Gelatin Polyamide
Dextran Polybutadiene
DNA Polyethylene
Fibrin Poly(ethylene oxide)
Gellan gum Poly(ethylene terephthalate)

Hyaluronic acid Poly(methyl methacrylate)

RNA Polyoxyethylene

Silks Polypropylene

Soy, wheat gluten Polystyrene

Starch Polytetrafluoroethylene
Xanthan Polyvinyl chloride
Chitosan

Chitosan, an organic polymer derived from chitin [5] which is
a naturally occurring B-N-acetyl-glucosamine polymer found in
the cell walls of fungi and crustacean shells, holds a significant
place in medical applications. It is obtained by alkaline N-deacet-
ylation of chitin [6]. A key attribute of chitosan that contributes to
its safe medical use is its biocompatibility and biodegradability
[7]. Beyond this, it possesses a range of advantageous properties,
functions, and diverse biological activities that make it widely ap-
plicable, including in the treatment of oral mucosa diseases [8].

Chitosan’s cationic nature enables interaction with nega-
tively charged bacterial cell walls, leading to their disruption
and subsequent bacterial cell lysis [9]. This antibacterial action
can help mitigate the growth and colonization of oral bacte-
ria, potentially aiding in preventing or treating oral infections
[10]. Furthermore, chitosan has the ability to permeate fungal
cell membranes, initiating processes that result in their demise
[11]. This property is very promising for treating fungal infec-
tions, particularly effective against oral candidiasis [12]. Saeed
et al. conducted research on the activity of chitosan oligosac-
charide in the growth and attachment of Candida albicans.
Chitosan oligosaccharide has been incorporated into a tissue
conditioner for the prevention and treatment of denture stoma-
titis. The study revealed a significant reduction in the number
of Candida albicans colonies attached to the tissue conditioner
compared with a control group [13].

The antibacterial, antifungal, and anti-inflammatory char-
acteristics mentioned above, coupled with chitosan’s coagula-
tion properties, promotion of platelet aggregation, and ability
to adhere to mucous membrane surfaces [14], pave the way
for dressings or gels that extend the contact time of therapeutic
agents with affected tissues. Its positive influence on wound
healing and mucoadhesive attributes have led to the creation
of patches for oral ulcers [15]. Furthermore, chitosan mouth-
washes have significantly alleviated pain in patients with oral
ulcers [9]. Epstein et al. demonstrated the effect of a non-
anaesthetic chitosan-based mouth rinse (Synvaza — Synedgen
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Inc., Claremont, CA) on oral cavity soreness and functioning
in ulcerative oral mucosal lesions. The authors observed sig-
nificant reductions in oral soreness associated with talking by
67%, drinking by 62%, swallowing by 56% and eating by 50%
within 72 h [16].

Chitosan demonstrates potential antitumor effects against
oral cancer cells through induction of apoptosis, suppression
of tumour cell growth, and reduction of tumour cell invasive-
ness and migration [17]. It can also act as a carrier for anti-
cancer drugs, potentially enhancing treatment while minimiz-
ing toxicity [18]. Additionally, chitosan’s potential impact on
immunomodulation might prove advantageous in battling oral
cancer by bolstering the immune system [19].
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FIGURE 1. Chemical structures of chitosan.

Hyaluronic acid

Hyaluronic acid, also known as hyaluronan, is a natural-
ly occurring polysaccharide composed of repeating units of
N-acetylglucosamine and glucuronic acid [20]. It is a high
molecular weight, linear molecule that is part of the glycosa-
minoglycan family, that are important components of the ex-
tracellular matrix in various tissues of the human body [21].

Hyaluronan is characterised by its ability to bind and retain
water, giving it a gel-like consistency and lubricating prop-
erties [22]. It is biocompatible, biodegradable, and nontoxic,
making it safe for various medical applications [23]. Moreo-
ver, it has the ability to form a temporary structure that fa-
cilitates the deposition of extracellular matrix (ECM) proteins.
This process triggers various cellular responses, including cell
proliferation, adhesion, and migration [24]. Furthermore, the
hydrophilicity of hyaluronic acid, which refers to its strong
affinity for water molecules, plays a crucial role in wound
healing, periodontal tissue repair, and volume restoration after
dental procedures [2,25].

Hyaluronic acid has been investigated as a potential treat-
ment for oral mucositis, which is inflammation and ulceration
of the oral mucosa that can occur as a side effect of head and
neck radiation therapy [26]. It can be applied topically as a gel
or mouthwash to soothe and protect the oral mucous mem-
brane. Local administration of hyaluronan may play an impor-
tant role and provide effective relief for patients suffering from
painful erosive lesions in the oral cavity [27,28].
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In a study conducted on rats by Guo et al., hyaluronic acid
in the form of a composite hydrogel with bioglass was em-
ployed to treat the symptoms of Oral Submucous Fibrosis
(OSF), a condition affecting the oral mucous membrane. The
results of the study demonstrated that this hydrogel compos-
ite effectively alleviated OSF symptoms, including mucosal
pallor and limited mouth opening. Furthermore, it exhibited
biocompatibility and was readily metabolised in the rat organ-
isms, signifying its potential utility for the treatment of oral
mucous membrane conditions in humans [29,30].

OH OH

FIGURE 2. Chemical structure of hyaluronic acid.

Cellulose

Cellulose is a high molecular weight biopolymer that oc-
curs naturally in plant cell walls or is produced by some bacte-
ria such as Agrobacterium, Pseudomonas, Rhizobium, Escher-
ichia spp., Komagataeibacter xylinus [2]. When it is produced
by bacteria, it is called bacterial cellulose [2,31].

Bacterial cellulose is a promising material that is widely
used in medicine due to its low toxicity, biocompatibility and
biodegradability [32]. This means that it is well tolerated by
living tissues and that the products of its degradation break-
down are neutral to the body. In addition, cellulose has a
strong affinity for water molecules, making it an excellent
transport medium for drugs [31].

It is used as a physical barrier in the treatment of inflam-
mation of the skin and mucous membranes, burns, abrasions,
wounds, ischemic, and diabetic wounds [33]. Horue et al. re-
port in their study that the bacterial cellulose membrane, due to
its highly hydrated state, creates an optimal moisture environ-
ment that speeds up the epithelialization process, reduces pain
during dressing changes, and enhances the healing process
[34]. Additionally, the membrane’s absorbent capability facili-
tates easy removal during dressing changes, contributing to an
improved healing process [35,36]. Its excellent permeability
to gases further supports proper re-epithelization by allowing
effective exchange between the atmosphere and the wound
[34]. Thanks to its bioadhesive properties, it can be used as
a scaffold for the growth of endothelial cells, chondrocytes,
and smooth muscle cells, which significantly reducing healing
time [37]. Martin and Nunan investigated the tissue response
following the subcutaneous implantation of a cellulose mem-
brane in mice [19]. The researchers did not observe signs of
foreign body reaction throughout the study, and also noted the
development of new blood vessels surrounding and within the
implanted cellulose [38].
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FIGURE 3. Chemical structure of cellulose.

Sodium alginatum

Alginate is a type of linear anionic polysaccharide derived
from alginic acid [39]. It is composed of 1,4-linked d-mannu-
ronate residues and 1,4-linked 1-guluronates and can be ex-
tracted from various algal sources, each with a different com-
position [40].

Sodium alginate has numerous medical applications due to
its beneficial properties such as biocompatibility, biodegrada-
bility, mucoadhesion and low-cost production [40,39]. One of
these is the delivery of drugs such as 5-FU, Cur, Ibuprofen
and anti-cancer microcapsules [41]. He et al. indicates that
chitosan-alginate hybrid (AH) nanoparticles have been created
for use as carriers in oral drug delivery for anticancer therapy
[42]. The robust electrostatic interactions between the amino
groups of chitosan and the carboxyl groups of alginate play a
significant role in enabling the formation of stable alginate hy-
brid material (AHM) [43]. It can also be used in wound dress-
ing and treatment, 3D bioprinting, cartilage regeneration and
in vivo wound healing [44].

Sodium alginate can be a biodegradable scaffold that sur-
rounds periodontal ligament (PDLSC) and gingival mesenchy-
mal stem cells (GMSC) and redirects stem cell differentiation
into bone or adipose tissue, making it a promising polymer
for tissue engineering [45,46]. In the treatment of moderate
chronic periodontitis, it produces very good results due to its
osteogenic properties [47]. When applied directly to the pock-
et, it increases mucoadhesion and controlled release [44].

FIGURE 4. Chemical structure of sodium alginatum.

Polynucleotides

Polynucleotides are biopolymers made up of nucleotide
monomers. The most common examples with distinct biologi-
cal functions are DNA (deoxyribonucleic acid) and RNA (ri-
bonucleic acid). In living organisms, polynucleotides encode
the genome. They have many advantages that make them suit-
able for widespread use in dentistry [48].

One of the main aims of the polynucleotide work is to de-
velop a therapy that would inhibit the lysosomal cysteine pro-
tease, Ctsk, which is responsible for bone resorption and de-
struction, particularly in periodontitis. In addition, inhibition
of Ctsk may have a role in the prevention of temporomandibu-
lar joint disease, as it also causes bone resorption in the joints
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[49-51]. It has also been found that the use of polideoxyribonucleo-
tide, PDRN [52], an A receptor ligand, reduces inflammatory infil-
tration in the gums and periodontal ligaments [53,54]. DNA/RNA,
owing to its anti-inflammatory properties, is utilized as an active
ingredient in formulations designed for treating oral mucosa ulcers.

It is possible to limit tumour growth by using graphene ox-
ide and polyethyleneimine [45]. Cancer immunotherapy utilizing
peptides and antisense oligonucleotides may decrease the expres-
sion of the tumor growth factor and increase apoptosis of can-
cer cells. This could lead to reduced tumor growth and increased
sensitivity to radiotherapy and chemotherapy [49]. Moreover, oli-
gonucleotide aptamers represent a promising therapeutic option
in combating microbial infections. They demonstrate the ability
to inhibit bacterial toxins, reduce pathogen invasion, and exhibit
anti-biofilm activity, which allows for the replacement of conven-
tional monoclonal antibodies [2,53]. Polypeptides, i.e. gelatin and
collagen are the most commonly used polymers.

FIGURE 5. Chemical structure of polynucleotide.

Collagen

Collagen is a natural protein that constitutes the main com-
ponent of the extracellular matrix in animal organisms. It ex-
hibits strong osteoinductive properties, stimulates bone devel-
opment and improves its mechanical strength. Therefore, it is
most commonly used to accelerate the healing process of the
tooth socket after surgical tooth extraction [55,56]. Further-
more, collagen induces the growth of the extracellular matrix,
which has found application in controlled tissue regeneration
during procedures performed on periodontal patients [57].

Collagen-based sponges crosslinked with glutaraldehyde
and chloramphenicol are resistant to collagenases, do not ab-
sorb water, and gradually release drugs [58]. Fu et al. designed
and tested antimicrobial peptide-modified polycaprolactone col-
lagen nanosheets (APCNs). The study demonstrated that these
nanosheets exhibited robust adhesion to irregular buccal muco-
sa surfaces under wet conditions and external force. Moreover,
they displayed high antibacterial activity against both Gram-

115

positive and Gram-negative bacteria, along with good biocom-
patibility [59]. Their antibacterial and antimicrobial properties
have also been proven, making them useful in the therapy of oral
cavity infections [60]. Gao et al. investigated the impact of marine
collagen peptides (MCPs) derived from tilapia skin on the recovery
of traumatic oral ulcers in rats and the associated mechanism. The
researchers observed that the utilization of MCPs demonstrated an
acceleration in the healing of oral mucosal ulcers and a suppression
of inflammatory responses in rat and rabbits studies [61,62].
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FIGURE 6. Chemical structure of collagen.

Gelatin

Gelatin is a hydrolysed form of collagen that is widely used in
dentistry [63]. It belongs to biocompatible and biodegradable pol-
ymers. It has been shown to accelerate wound healing due to its
mechanical support and the integrity of to the hydrofilms [64]. It
makes up for tissue damage around the wound and offers a natural
substrate for the extracellular matrix [65]. Therefore, it has found
application in the creation of medical dressings. However, it re-
quires cross-linking with other polymers and the administration of
antimicrobial preparations [40]. Gelatin is characterised by adhe-
sive properties and low immunogenicity [66]. It has been demon-
strated that scaffolds containing gelatin and placed in periodontal
pockets can contribute to a reduction in the amount of periodontal
pathogens. Moreover, these scaffolds demonstrate ease of applica-
tion and improve the integrity of periodontal tissues [67,68]. Fur-
thermore, this polymer is used for cartilage regeneration and bone
formation. The addition of gelatin has been shown to increase the
resistance of the graft structure to fractures [69].

In addition, gelatin is used as a drug carrier [40]. However,
it has several drawbacks, such as weak mechanical properties, sus-
ceptibility to protease activity, and thermal instability. Nevertheless,
ithas been demonstrated that drugs produced based on gelatin stimu-
late the process of post-extraction wound healing, which is useful in
dental surgery [70]. Liu et al. prepared and employed a biomimetic
hybrid scaffold, consisting of gelatin methacryloyl and decellular-
ized human amniotic particles (GelMA-dHAP), as a tissue substi-
tute to enhance wound healing in the oral mucosa of rabbits. They
revealed that the hybrid scaffold significantly boosted fibroblast
proliferation and differentiation compared to control groups. Sub-
sequent to these initial evaluations, and to gain a deeper understand-
ing of the underlying mechanisms of wound healing, in vivo his-
tological and immunohistochemical studies were conducted using
a rabbit oral mucosa defect model. The findings demonstrated that
GelMA-dHAP has the potential to stimulate angiogenesis and col-
lagen expression within the oral mucosa [71].

0 o o o OH
I w I w | w I
C—N—?H—C—N—(‘)H—C—N—(I:H—C—N
i CH, H (e o T
W\N—cl:H—c—Nf?H—c—N éHz CHy h}—N—CH—ﬁ—N
|
CHs (JJH; c=0 O o
| | Cnn]
ITbH o Il
o
(]:=NH2
NH,

FIGURE 7. Chemical structure of gelatin.
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CONCLUSIONS

In the realm of dental materials, the exploration of natural
polymers has garnered significant attention for their inherent
biocompatibility, widespread availability, and environmen-
tally friendly biodegradability. However, challenges such as
source variability and limited control over mechanical proper-
ties require innovative approaches. The strategic combination
of natural and synthetic polymers not only enhances mechani-
cal strength but also allows precise control over absorption
rates, ensuring optimal clinical outcomes. Notable natural pol-
ymers in dentistry include chitosan, hyaluronic acid, cellulose,
sodium alginate, and collagen, each contributing to diverse
applications from infection prevention to tissue regeneration.
Sodium alginate, with mucoadhesive properties, is of utility
in drug delivery, wound dressing, and periodontal treatments.
The collaborative synergy among dentists, material scientists,
and researchers is pivotal in harnessing the potential of bio-
compatible polymers. This amalgamation of expertise and in-
novation positions biocompatible materials as key players in
addressing oral health challenges.
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