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ABSTRACT 

Oral administration is one of the most preferred modes of drug transmission due to it being 

non-invasive, convenient and ease of patient compliance. Oral mucosa is a potential site for 

both local and systemic delivery of therapeutics. Mucoadhesive drug delivery systems with 

customizable release profiles have gained considerable interest among formulation scientists to 

improve clinical outcomes of drugs. Oral environment is highly dynamic in nature. Multiple 

gel formulations are available in the market for treatment of various oral conditions such as 

oral lesions, ulcers, desquamative gingivitis etc. However, retention of drugs in the target 

gingival region is challenging as those common gel formulations can easily wipe out from the 

oral moist environment by food, liquids and even saliva. There is a massive need for 

formulations that can enhance the retention of drugs in the target gingival region. This study 

aimed to develop a mucoadhesive membrane that could enhance retention of medication in the 

oral environment for a period of atleast 8h. The mucoadhesive bandage is a three-layer 

sandwich system made of mucoadhesive thiolated gellan gum, drug particles embedded middle 

layer made of interpenetrating network of zein-gellan gum film and backing layer made of 

polycaprolactone that assures unidirectional flow of drug through the mucous membrane. 

Mucoadhesive bandage prepared using the three-layer sandwich were non cytotoxic to L929 

mouse fibroblast cells. A sustained drug release profile was obtained for PLGA nanoparticle 

and Zein/GG-2S for a period of 8 hours. Favourable biocompatible outcomes, remarkable 

mucoadhesive strength and high folding endurance with strong mechanical properties confirm 

that the developed bandage has high potential to be translated into the market following relevant 

regulatory norms. 
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CHAPTER 1 

INTRODUCTION  

1.1. Oral drug delivery 

Oral drug delivery is one of the most prevalent modes of dispensing drugs into a physiological 

system. It encompasses certain benefits like ease of pharmaceutical administration, patient 

comfort, cost-effectiveness and possibilities of large-scale manufacturing of oral medication 

forms. Approximately 60% of the usual small-molecule drug formulations commercially 

accessible are dispensed through the oral route. Recent estimates show that oral formulations 

constitute around 90% of the international market share of all pharmaceutical formulations 

deliberated for human consumption. Nearly 84% of the successful pharmaceutical commodities 

are orally dispensed and are currently valued at $35 billion having an annual growth rate of 

10% [1]. 

The abidance of patients to oral medications is usually more as compared to diverse parenteral 

routes like that of intravenous, subcutaneous, intramuscular injections, inhalation for asthma 

medicines [2]. In addition, oral dispensing of drugs can be directed to specific portions within 

the gastrointestinal tract for localized ailment of diseased cases like that of stomach and 

colorectal cancers, infections, inflammations, bowel issues, gastro-duodenal ulcers and 

gastroesophageal reflux complications [3]. 

On similar lines, oral drug delivery employing the properties of mucoadhesion has shown 

remarkable growth due to higher residence period of the pharmaceutical dosage and its 

passivity to degradation by gastrointestinal enzymes [4]. Relatively high blood flow and 

optimum surface area aids mucoadhesive drug delivery with instant absorption and superior 

bioavailability. As this method of delivery through the mucous layer surpasses the hepatic 
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metabolism and escapes from being degraded by gastrointestinal enzymes, it contributes to the 

transmission of a large number of high molecular weight sensitive molecules like that of peptide 

and oligonucleotides. Mucoadhesion is defined as the desirability of adherence of 

pharmaceutical drugs that are to be transmitted via the mucous membrane uniformly over a 

period of time. This transmission is a consequence of the interaction between medicinal dosage 

form and secreted mucous or mucosal membrane. The properties of mucoadhesion facilitate a 

strong bonding of the formulation with the oral mucosa and greater residence period [5]. This 

mechanism can be better explained via three phases. The first phase facilitates formation of a 

close adherence between the formulation and the mucous. It is responsible for the proliferation 

of the formulation over the biological substrate. Second phase leads to an interpenetration 

between monomeric units and mucous glycoproteins. Mucins arise with the development of 

physical entanglements amidst the two macromolecular species. Following this, in the third 

phase, consolidation is achieved that entail the strengthening of polymer-mucin adherence due 

to establishment of intermolecular interactions like Van der Waals forces, hydrogen bonding, 

disulphide linkage and electrostatic interactions [6-7].       

1.2. Localized drug delivery 

Localized drug delivery has become one of the most researched areas. It is a form of targeted 

delivery that enhances the concentrations of the prescribed drug at the primary location inside 

the body in correlation to other body tissues. Most of the oral diseases like leucoplakia, 

candidiasis, ulcers, desquamative gingivitis, and xerostomia require localized drug action for 

sustained period of time. Localized drug delivery helps to reduce pain, inflammation, dryness, 

etching by acting locally and instantly at the targeted area. This leads to increased medicinal 

dose with faster effects and reduced complications as it doesn’t affect the other tissues. It is 

beneficial in the case of those drugs that have limited half-life period. The action of drug is 

specific and instantaneous. In certain cases, the drug needs to be safeguarded from the 
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digestives enzymes. Various forms of localised oral drug delivery systems are available which 

includes patches, nasal sprays, gels, tablets, foams, fibers, microspheres etc. Periochip is one 

such biodegradable chip encapsulating 2.5 mg of chlorhexidine digluconate to treat 

periodontitis [8]. The chip is placed using forceps following root surface debridement. The 

gelatin matrix releases its drug content steadily for a period of 7 to 10 days. Actisite® 

(tetracycline periodontal) periodontal fiber is available in the market that releases tetracycline 

hydrochloride for 10 days [9]. However, in this formulation, the fibers have to be removed once 

root canal complications are overcome. Arestin is another product in the form of dry powder 

(microspheres) that contains minocycline hydrochloride embedded inside PLGA, used to 

reduce pocket depth in root canal treatment [10]. Atridox® (doxycycline hyclate) is a liquid 

bio-absorbable product that solidifies and exhibits controlled drug release for 7 days [11]. It is 

used to control bleeding, periodontitis and reduction in the probing depth. All these products 

have remarkable drug release profile.  

Drug delivery through the keratinized mucous membrane is highly desirable for localised oral 

disease treatment. However, none of the oral drug delivery product in the market shows stability 

for a long period. The mucoadhesive gel formulations available in the market gets washed off 

easily due to the dynamic oral environment and high mucous turn over [12]. The gel system 

available in the market does not have a high adherence at the desired location. This requires 

frequent application of the formulation to achieve desired results. Pardeshi et al., developed 

valsartan loaded spray dried mucoadhesive intranasal microspheres. The formulation exhibited 

74.98% of drug permeation within 90 minutes [13].  

1.3. Mucoadhesive polymers and Mucoadhesive theories 

Over the years’ development of various types of mucoadhesive formulations in the form of 

semi-solids like gels, tablets and films had gained popularity [14]. They comprise different 
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forms of hydrophilic polymers of natural origin like that of sodium alginate, gums of xanthan 

and guar, pectin and chitosan. All these polymers show mucoadhesion but the force of adhesion 

is extremely poor [15]. Hence, synthetic or semi-synthetic polymers are in focus that provide 

better mucoadhesive properties after certain chemical modification involving thiolation. Few 

examples of synthetic polymer include cellulose derivatives, polyacrylic acid, 

polyhydroxyethyl methylacrylate, polyethylene oxide (PEO), polyvinyl pyrrolidone (PVP), 

polyvinyl alcohol (PVA) and thiolated polysaccharides. 

Mucoadhesive polymers consist of many functional groups, like that of hydroxyl groups or 

unionized carboxylate groups etc. In addition, molecular weight and chain flexibility are crucial 

to enhance interpenetration between polymer chains and mucus. It is reported that optimum 

degree of hydration, chain entanglement with mucins, sustained system cohesion and ionizable 

moieties facilitate mucoadhesion. Components like saliva secretion, food intake, local pH, and 

constituents of the delivery systems impact mucoadhesion. With an aim to enhance permeation 

via oral mucosa, the scientific community focused on development of adhesive drug 

conveyance techniques with polymers that have mucoadhesive properties [16].  

The phenomenon of mucoadhesion is usually classified into two steps, namely, the contact 

stage and the consolidation stage. The first stage is achieved by bonding between the 

mucoadhesive and mucous membrane, followed by proliferation, protuberance and swelling of 

the formulation, resulting in its strong bonding with the mucus layer. In case of oral drug 

delivery, the motion of organic fluids in the oral cavity, facilitated by brownian motion plays 

an important role. When the polymeric system is in close contact with the mucous surface, it 

encounters repulsive forces like that of osmotic pressure and electrostatic repulsion. Similarly, 

it will be supported by attractive forces such as van der Waals forces and electrostatic attraction. 

In order to achieve efficient mucoadhesion, the polymeric particle must conquer this repulsive 

barrier [17-18].  
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During the process of unification, mucoadhesive polymeric substance gets triggered in the 

residence of moisture that plasticizers the setup. This facilitates the mucoadhesive molecules 

to escape and connect by feeble van der Waals and hydrogen bonds. Basically, the process of 

unification can be described by two important theories, namely, diffusion theory and 

dehydration theory. Diffusion theory states that mucoadhesive molecules and glycoproteins of 

the mucous coherently interrelate because of interpenetration of their chains and establishment 

of secondary bonds. In order to favour the process, mucoadhesive system has characteristics 

that favour both chemical and mechanical interlinkages. For instance, certain molecules having 

building moieties (–OH, –COOH) that support formation of hydrogen bonds with an anionic 

surface charge, high molecular weight, pliable chains and surface-active features. They initiate 

proliferation throughout the mucous layer and exhibit mucoadhesive characteristics [19].   

In context to dehydration theory, substances that easily gellify in aqueous conditions, when 

kept in close proximity with the mucus leads to its dehydration because of the difference in 

osmotic pressure. Variation in concentration gradient extracts water into the formulation before 

establishment of osmotic equilibrium. This activity blends the formulation and mucus, thereby 

enhancing contact time with the mucous membrane. Hence, the velocity of water with which it 

descends gives rise to strengthening of the adhesive bond, avoiding the interpenetration of 

macromolecular chains. Nevertheless, the dehydration theory doesn’t hold good for solid 

formulations or extensively hydrated forms [19]. 

Mucoadhesion can be explained by electronic theory as well. This is dependent on the assertion 

that both mucoadhesive and biological substrates have opposing electrical charges. Hence, 

when both these entities come in close proximity, they exchange electrons that cause 

establishment of a double electric layer at the interface. The force of attraction within this 

electronic double layer affects the mucoadhesive strength. Concept of mucoadhesion can be 

further explained by the adsorption theory. This explains that a mucoadhesive system attaches 
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itself to the mucus by physical interactions like that of van der Waals and hydrogen bonds, 

electrostatic desirability or hydrophobic interactivity. For instance, hydrogen bonds are 

ubiquitous interfacial forces in polymers having carboxyl groups. These forces turn out to be 

very crucial in the process of adhesive interaction. Despite being individually weak, numerous 

interactions due to hydrogen bonding leads to an intense global adhesion [19]. 

1.4. Different form of oral drug delivery devices 

There are various pharmaceutical technologies associated with drug delivery systems like that 

of polymeric nanoparticles, nanocapsules, nanogels, micelles and liposomes. The primary aim 

of all such delivery systems is to improvise oral drug absorption. Nanocarriers are colloidal 

nanoparticles tuned for the delivery of specified dosage of drug to the target site [20]. Size of 

nanocarriers range between 1 and 100 nm in diameter [21-22]. These nanocarriers render 

superior biocompatibility because they are passive, thereby, contemplated as a secured 

approach. They exhibit higher bioavailability with sustained release of drug surpassing the 

endosome–lysosome system [23]. Certain alteration of the physicochemical features of 

nanocarriers like that in surface, composition, shape can tune their activity with reduced 

secondary effects [24]. Hence, it provides a plethora of consequences in the field of drug 

delivery. Despite a diverse group of nanocarriers being developed, only a few exhibit 

distinguished features to deliver drugs to the targeted site. Few distinct characteristics of 

nanocarriers include superior bio-distribution and pharmacokinetics, augmented stability, 

diminished toxicity with well sustained and targeted drug delivery [25-26]. In general, 

nanocarriers have a high surface to volume ratio. They are broadly classified as organic, 

inorganic and hybrid nanocarriers. They can be tuned to conjugate a range of drugs, including 

ligands for the purpose of drug delivery. Since the beginning of 1990, solid lipid nanocarriers 

were employed as a befitting carrier for dispensing lipophilic drugs. Solid lipid nanocarriers 

are synthesised by the mixing of melted solid lipids in water followed by stabilization through 
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addition of emulsifiers. This is achieved by micro-emulsification or via high pressure 

homogenization [27-28]. The solid configuration of lipids at room temperature such as free 

fatty alcohol or acids; steroids or waxes; mono, di, or triglycerides are usually employed for 

the synthesis of solid lipid nanocarriers [29]. With respect to the production environment and 

composition, the drug molecules can be integrated into the matrix, shell or core of the solid 

lipid. Studies identified polymer-lipid hybrid nanocarrier as an efficacious fount for oral drug 

delivery [30-31]. Nanocapsules are like reservoirs that dissolve and disperse the drug dosage 

present in the core of the polymer. Nanospheres encompass the pharmaceutical ingredient 

within the polymer matrix. Both these forms can chemically coalesce or adsorb the 

pharmaceutical ingredient on its shell [32].  
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 CHAPTER 2 

LITERATURE REVIEW 

2.1. Gellan gum based drug delivery systems 

Mucoadhesive polymers are highly effective for the development of oral, nasal, buccal, or 

ocular drug delivery systems as it can provide enhanced retention of drug in the mucosal layer 

[33]. The mucosal layer is made up of mucus, a viscoelastic fluid that lines the visceral organs. 

mucoadhesive polymers have a strong interaction with mucus glycoprotein membranes via 

multiple interactions including disulfide linkage [34]. Various mucoadhesive systems in the 

form of microparticles, tablets, and paste containing drugs such as bethamethasone disodium 

phosphate, hydrocortisone acetate, clobetasol propionate, curcumin, and triamcinolone 

acetonide has been reported [35]. Chitosan/Gelatin/Keratin composite containing 

hydrocortisone sodium succinate as a buccal mucoadhesive patch to treat desquamative 

gingivitis demonstrated a burst release of more than 75% of the drug within a period of 4 h 

[36]. Youssef et al., demonstrated topical application of 0.2 % hyaluronic acid gel that appeared 

to be effective in the control of the symptoms of oral lichen planus [37].  

Since decades exopolysaccharides have exhibited remarkable potential in various 

pharmaceutical applications. Gellan gum is one such extracellular polysaccharide exuded by 

Sphingomonas elodea (ATCC 31461) which was earlier known as Pseudomonas elodea. Gellan 

gum contains tetrasaccharide repeat units, each having two D-glucose units, one D-glucuronic 

acid and one L-rhamnose. The units are connected in proportion to 2:1:1, connected by β (1 → 

4) glycosidic bonds. Commercially, it is accessible in two forms, high acyl and low acyl. Gellan 

gum has the unique property to form gel at low concentrations as hot solutions are cooled in 

the residence of gel-promoting cations. Low acyl gellan gum products exhibit characteristics 

like that of being firm, non-elastic, brittle gels. On the other hand, high acyl gellan gum exhibits 
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characteristics like that of soft, elastic, non-brittle gels. Altering proportion of the two forms of 

gellan gum gives rise to a broad spectrum of textures for various pharmaceutical applications 

[38].  

Gellan gum has two types of acyl substituents, l-glycerol and acetyl. Alkaline hydrolysis is 

employed to get rid of both of the residues, which form deacetylated, low-acetyl or low-acyl 

gellan gum [39]. Gellan gum solution is prepared by dissolving the same in distilled water and 

heating to 60° C. Following this, the solution is cooled that aids in conformation changes of the 

polymer chains, inducing coil-to-helix transition. High acyl gellan gum has acetyl and glyceryl 

groups situated on the periphery of the helix. This obstructs the polymer chain connectivity and 

leads to inferior packing [40-41]. Post deacetylation, cations establish bridges between the 

polymer chains, which gives rise to establishment of a branched network [42-46]. 

Physical properties of the gellan gum such as gelling temperature, gel strength, texture, clarity 

and rate of gel formation is dependent on the pH value, presence of mono, di or tri valent ions, 

type and concentration of cations. Certain gelling characteristics in various media lead to the 

development of controlled release forms based on gellan gum. On account of the ease in 

administration, buccal route is the most favoured mode of dispensing medicinal product. Drug 

liberated from natural hydrophilic polymer matrices is a consequence of complex interaction 

between swelling, diffusion and erosion [47]. In a liquid environment, polymeric gums hydrate 

from the periphery towards the centre, forming a swollen, mucilaginous mass that hinders 

penetration of the fluid into the tablet. This restricts burst release of drug molecules into the 

neighbouring medium. 

Various forms of gellan gum are designed based on its composition, swelling characteristics 

and concentration gradient. Extra granular gellan gum show fastest dissolution and 

disintegration rate [48]. On the other hand, sustained and prolonged release formulations are 
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possible with hydrobhobic modifications of gellan gum [49]. With an aim to prolong the release 

kinetics of metformin, Vijan et al., employed acrylamide-grafted-gellan gum [49]. Here the 

drug release profile in phosphate buffer (pH 6.8) was in accordance with the Higuchi kinetic 

model and the release mechanism was controlled by Fickian diffusion. Total drug release was 

extended up to 8 hours. Another study reported with hard gelatin capsules comprising gellan 

gum or carboxymethyl cellulose granules with ephedrine hydrochloride [48]. The formulations 

were evaluated in various media, like 0.1 N hydrochloric acid (pH 1.2), simulated gastric juice 

(pH 1.5) and simulated intestinal fluid (pH 7.5). Drug release profile showed first order kinetics 

and Fickian release mechanism. Slow drug liberation was seen in the acidic environment. 

Shiyani et al., collated the crumbling characteristics of gellan gum in the configuration of an 

untreated powder and post swelling in water, successive drying and further milling [50]. It was 

demonstrated that special treatment led to enhanced swelling and hydration of the tablets, 

resulting in rapid drug release.  

Gellan gum formulations exhibit pH sensitivity and showed high stability in acidic media and 

disintegration in basic media [51-53]. Drug release rate is controlled by its solubility and the 

amount of the active pharmaceutical ingredient. Alhaique et al., observed that capsules having 

more hydrophobic drug concentration exhibit instant release at the onset followed by 

approximate zero order kinetics [54]. Dissolution tests in various media showed that in the 

acidic conditions, competition between H+ and Ca2+ takes place that alters the gel structure. As 

a consequence, instantaneous drug release takes place. To prevent burst release of drug, 

different modifications were introduced including interpenetrating networks structures, 

chemical modifications to introduce additional inter or intramolecular interactions etc. Zhang 

et al., synthesised a “highly stretchable and self-healing strain sensor based gellan gum hybrid 

hydrogel for human motion monitoring. They prepared hybrid hydrogel through one pot 

method where they have dissolved acrylamide (AAm), gellan gum (GG), MBA(N,N’-
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Methylenebis(acrylamide)) and UV Initiator by varying the weight composition. The mixture 

was stirred at 95oC for 1 hr to get a transparent solution, which was further transferred to mould 

to get three-dimensional gel networks. They observed that the hybrid hydrogel exhibited 

excellent mechanical properties and showed a maximum stress of 16.8MPa which was far better 

than GG and PAAm hydrogel. This is mainly due to uncoupling of gellan gum double- helical 

clusters during deformation [55]. 

Mahajan et al., developed a nasal insert composed of chitosan-ondansetron hydrochloride and 

gellan gum. Ondansetron hydrochloride is a selective 5HT3 receptor antagonist used by patients 

receiving chemotherapy to prevent vomiting and nausea. Generally, it was absorbed by oral 

ingestion and showed a bioavailability rate of 60%. However, oral forms of antiemetics are 

often vomited prior to absorption. The mucoadhesive nasal insert was found to be effective as 

an alternative to drug delivery. The effect of mucoadhesive composite beads of gellan 

gum/pectin for the controlled delivery of drugs were reported. The composite beads were 

prepared by ionotropic gelation technique using Al3+ cations as crosslinker and ketoprofen as 

the drug [56]. Table 1 shows mucoadhesive formulation based localised drug delivery systems 

and its drug release profile. 

Table 1: Different mucoadhesive formulations used for drug delivery applications 

No. Polymer formulation Drug release kinetics Ref. 
 

1 Gellan gum: Pectin (4:1, 1:1 
or 1:4, mass ratios) at 
different concentrations (3 or 
4%, w/v) 
 
Drug: curcumin 
  

Burst release at 10 min. After that, reduction 
in the release profile and only ~ 35 % of 
curcumin released out from all the 
formulations mentioned in the paper. 100% 
release observed within 720 min. 

57 

2 Pectin and Gellan gum  
 

Burst release of 35-75 % for all 
formulations used in the study. 100% 
release at 12 h 

58 
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Drug: Triamcinolone 
Acetonide 

3 Low-acyl gellan gum 
(GELRITE; MW 2.5 × 105 
Da), Carbopol 940P, PEG 
400 for one study. 
Hydroxypropyl 
methylcellulose for another 
study 
 
Drug: Nebivolol 
hydrochloride 

Drug release from all formulations showed 
more than 90% in 4 h. Drug release was 
relatively rapid (~60% in 1h) from gels 
containing less concentration of gellan gum 
as compared with the gels that were 
prepared with a higher amount of gellan 
gum. ~60% of the drug released within 1 h. 
Drug release of 90% within 4h. 

59 

4 Bacterial cellulose/ 
polycaprolactone  
 
Drug: Amoxicillin, 
ampicillin, kanamycin 
 
 

Amoxicillin loaded patch showed 99.1 ± 
0.6% cumulative release after 336 h, 
ampicillin loaded showed cumulative 
release of about 98.1 ± 0.3% after 336 h, 
kanamycin showed cumulative release of 
98.6 ± 0.6% after 336 h. 

60 
 

5 HPMC E50 and Eudragit 
RS100 
 
Drug: Glibenclamide 

Membrane permeation of one formulation 
showed complete permeation of 
glibenclamide after 10 h, whereas another 
exhibited complete release of drug after 11 
h. Other formulation showed % of 
permeated drug to vary between 76.15 ± 
2.80% and 101.01 ±0.33%. 

 
61 
 

6 Carboxy-methyl cellulose 
(CMC) 
 
Drug: Gatifloxacin 
 
 

Burst release observed up to 4 h, followed 
by slow release of the drug for next 24 h. 
Patch prepared with CMC microwave-
treated for 3 min showed 45% release in 24 
h, while patch formulated with untreated 
CMC showed 23% drug release in 24 h.  

62 

7 Hydroxy-propyl-methyl-
cellulose, ethyl cellulose  
 
Drug: Methotrexate 

Best controlled-release profile of 82.71%. 
due to presence of hydrophobic polymer 
ethyl cellulose and hydrophilic polymer 
hydroxy-propyl-methyl-cellulose in ratio of 
1:5. 

63 

8 Gellan gum, hydroxyethyl 
cellulose, calcium chloride, 
propylene glycol, Tween 80  
 
Drug: Moxifloxacin 
hydrochloride; clove oil to 
soothe pain 

Drug loaded film released 28% of drug 
during first 3 h followed by cumulative drug 
release of 82% up to 48 h.  
 
Drug and clove oil loaded film showed only 
19% of drug release during first 3 h. 

64 
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9 Chitosan (90% 
deacetylation), 
polyvinyl alcohol, 
lactic acid  
 
Drug: Diclofenac Sodium salt 

Burst release of 17.17% from film in first 5 
h. Drug release observed to be sustained 
reaching cumulative amount of 20.18% (p < 
0.05) at end of 30 h. There was 
19% release of diclofenac from chitosan-
based film in 24 h (pH 7.4).  

65 

10 Polyvinyl alcohol (PVA), 
sodium alginate (SA), 
hydroxy-apatite nanoparticle 
 
Drug: amoxicillin 
 

Amount of drug released on day 3 was 43%, 
day 6 was 72% and day 10 was 87%. 

66 

 

2.2. Poly-(lactic-co-glycolic acid) (PLGA) based drug delivery systems 

Poly-(lactic-co-glycolic acid) (PLGA) is a synthetic biodegradable polymer extensively 

employed in biomedical research and approved by the US Food and Drugs Administration and 

European Medicine Agency. Some of the advantages of using this polymer involve its 

biocompatibility, biodegradability, flexibility, and limited adverse consequences. The two main 

moieties that make up the polymer include lactic acid and glycolic acid, which can be degraded 

by three main chemical methods, namely, hydrolysis, oxidation and enzymatic degradation. 

Some of the dental applications of PLGA are tabulated in table 2. Composites in powdered 

form of gatifloxacin-loaded PLGA and β-tricalcium phosphate are employed in local delivery 

for the cure of osteomyelitis. The polymer exhibits characteristics to steadily transport 

gatifloxacin and possess remarkable antibacterial properties in vitro against Streptococcus 

milleri and Bacteroides fragilis, microorganisms accountable for osteomyelitis.  

The study demonstrated that the implantation was successful in constraining the inflammation 

and assisting osteo-conduction and vascularization of the affected location in rabbit mandible. 

Sterilized PLGA scaffold has its reliability for constructing tissue-engineered buccal mucosa 

[67]. PLGA composites having bio-ceramics are employed in direct pulp capping [68-69] either 
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by encompassing growth factors into PLGA micro particles [69] or by thorough pulp capping 

with PLGA composites of mechanically exposed teeth. Nevertheless, no hard tissue could be 

noticed in direct pulp capping with PLGA. Pulp necrosis was significant because of inferior 

adhesion of PLGA to the pulp regardless of the biocompatibility shown in cellular tests [70]. 

Hence, PLGA composites encompassing bio-ceramics are a better alternative to PLGA alone 

in pulp capping, that exhibits superior tissue response in contrast to calcium hydroxide [68, 70]. 

The favourable outcomes of the PLGA materials encourage more research that focuses on the 

designing of polymeric substances for sustained drug release for a longer period. 

PLGA nanoparticles render its benefits having smaller particle size that supports its perforation 

into the cells, enhanced entrapment efficiency for more drug release, reduced minimum 

inhibitory concentration [71]. Minocycline-loaded PLGA nanoparticles exhibits enhanced 

antibacterial effects as compared to the action of free minocycline [72]. It has shown to render 

a supportive carrier system for the delivery of antibiotics to periodontal tissues. Inhibition zone 

of minocycline-loaded nanoparticles (9.2 mm) was observed to be more than that of free 

minocycline (3.5 mm) against Aggregatibacter actinomycetemcomitans, which is one of the 

most notorious pathogens in periodontal infections [71]. Adding on to that, methylene-blue 

loaded PLGA nanoparticles exhibited enhanced photodynamic effect as compared to free 

methylene-blue. It showed efficiency in inhibiting E. faecalis biofilm species, which is 

associated with endodontic failures. The experiments were performed in infected root canals of 

human extracted teeth [72]. Moreover, methylene-blue loaded PLGA nanoparticles showed 

enhanced photodynamic effect as compared to free methylene-blue in suspensions of human 

dental plaque bacteria along with biofilms extracted from 14 patients suffering from chronic 

periodontitis [73]. Hence, PLGA nanoparticles encompassing methylene-blue photosensitizer 

has its potential application to treat endodontic infections [72]. It can also be tuned to counter 

human dental plaque bacteria present in patients having chronic periodontitis [73]. PLGA 
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nanoparticles enhance bone regeneration procedures, dispatching growth and differentiation 

factors. Delivery of PLGA nanoparticles encompassing bone morphogenetic protein-2 to bone 

marrow mesenchymal stem cells influenced greater bone formation in vivo as compared to 

either embedding of the nanoparticles having bone morphogenetic protein-2 alone or 

osteogenically differentiated stem cells [74]. PLGA nanoparticles having simvastatin were 

employed to amplify osteogenesis of bone marrow mesenchymal stem cells, that has its 

potential application in bone regeneration [75]. PLGA nanoparticles encompassing growth 

factor has its application in implant therapy, reviving bone formation neighbouring to the 

surface of a dental implant that penetrates inside the bone [74]. Histomorphometric study 

resulted in a 44% mean bone-to-implant contact percentage, post 12 weeks of engrafting in 

rabbit tibiae [76].  
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Table 2: Different PLGA formulations used for localised oral drug delivery applications 

No. PLGA Formulations Application Ref. 

1 PLGA (LA:GA = 50:50, MW = 70,000) 

Drug: Minocycline 

Alveolar bone augmentation 

in ligature-induced 

experimental periodontitis 

77 

2 PLGA (MW=12 kDa, 50:50 

lactide/glycolide molar ratio), Pluronic1 F-

108 

Dye: Methylene blue 

Photodynamic therapy for 

treatment of dental plaque 

78 

3 PLGA (50:50 lactide/glycolide molar ratio) 

Growth factor: Basic fibroblast growth factor 

(bFGF) 

Cardiac neovascularization, 

increasing perfusion and 

improving cardiac function 

79 

4 PLGA (lactide : glycolide = 85 : 15 and 

average molecular weight of 240,000 Mw), 

L-glutamic acid, Hydroxyapatite nanorods 

Protein: Bone morphogenetic protein (BMP-

2) 

Bone tissue regeneration 80 

5 (PLGA) (85:15), Mw (50 KDa–75 KDa), 

Gelatin, N-(3-dimethylaminopropyl) 

N´ethylcarbodiimide hydrochloride and  

N-hydroxysuccinimide 

Drug: simvastatin 

Enhances osteoblastic 

activity 

81 
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2.3. Objectives of the work 

The study aimed to develop mucoadhesive bandages for the localised treatment of oral disease 

conditions such as desquamative gingivitis, oral candidiasis etc.  

1. Preparation of clotrimazole impregnated multi-layered mucoadhesive bandages using 

thiolated gellan gum as mucoadhesive layer. 

2. In vitro evaluations of thiolated gellan gum for its extent of thiolation using different 

techniques such as FTIR, NMR, Ellman’s assay and rheology. 

3. In vitro evaluations of mucoadhesive bandages for its mechanical properties, contact angle 

measurements, percentage swelling, in vitro drug release kinetics from the drug reservoir layer 

and PLGA nanoparticles, and in vitro cytotoxicity. 

3: Ex vivo evaluations of mucoadhesive bandages for its mucoadhesive characteristics using 

pig and rat intestinal mucosa. 

 

Figure 1: Schematic representation of multi-layered mucoadhesive bandage 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. Materials 

Gellan Gum (GelzanTM CM or Gelrite®) Sigma Aldrich, USA, L-cysteine, 1-Ethyl-3-(3-

dimethylamino propyl) carbodiimide hydrochloride (EDC), N-Hydroxysuccinimide (NHS), 

PLGA (50:50) and PLGA (75: 25) and Zein were purchased from Sigma, Aldrich, Bangalore. 

Aluminium ammonium sulphate dodecahydrate (AlAS) was purchased from Merck Life 

Science Pvt. Ltd., Mumbai, India. Polycaprolactone (Mn = 80 KDa) and sodium hydroxide 

were purchased from SISCO research laboratories Pvt Ltd, India. Clotrimazole was purchased 

from TCI, Hyderabad, India. Deionized water was used throughout the reaction and purification 

process. All other reagents were of analytical grade and used as such without any further 

purification.  

3.2. Preparation of clotrimazole impregnated mucoadhesive bandage  

3.2.1. Synthesis of thiolated gellan gum 

Thiolated gellan gum was prepared using different molar ratios of gellan gum and L-cysteine. 

Briefly, 1% gellan gum (2 g) solution was prepared in DI water by magnetically stirring the 

solution at 50° C, 400 rpm overnight. To the above solution, required amount of EDC and NHS 

was added and stirred continuously for two hours. The pH was adjusted to ~8.5 by addition of 

0.1 N NaOH solution. Following this, L-cysteine was weighed based on the molar ratio and 

added to the activated gellan gum solution, followed by continuous stirring for 16 h at 50° C, 

400 rpm. The reaction mixture was dialysed against distilled water using a dialysis bag of 

molecular weight cut off (M.W.C.O) 12 KDa for 48 h with frequent change of DI water. The 

solution was freeze dried and used for further studies. Thiolated gellan gum was prepared using 
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different feed ratios of gellan gum: L-cysteine such as 1:0.5, 1:1, 1:2 and were labelled as GG 

1:0.5, GG 1:1, GG 1:2. 

3.2.2. Preparation of gellan gum films 

100 mL thiolated gellan gum solution (GG 1:0.5, 2 %) was prepared in DI water. The solution 

was stirred mechanically at 800 rpm for 20 min and 0.1 g aluminium ammonium sulfate 

dodecahydrate (50mg/mL solution in DI water) was added slowly while stirring. This was 

followed by continuous stirring of the solution for 30 minutes at 800 rpm. The solution was 

transferred to a glass petri dish (9 cm diameter) and dried in an oven at 40° C, overnight to get 

thin transparent film, labelled as GG-0.5S. Similarly, films prepared using GG 1:1 and GG 1:2 

were labelled as GG-1S and GG-2S respectively. 

3.2.3. Preparation of drug reservoir layer 

Drug reservoir layer was prepared using zein-cross-linked thiolated gellan gum. Briefly, 1% 

solution of thiolated gellan gum (GG 1:1, 66 mL) was prepared in DI water and stirred 

mechanically at 50 °C. To the above solution 34 mg of AlAS in 1 mL water was added slowly 

at 800 rpm. In the next step, polymer blend was prepared by adding 26.4 ml of 5% zein solution 

and 37.36 ml ethanol to the homogenous mixture of cross-linked thiolated gellan gum. 1mL 

clotrimazole (99 mg) solution in acetonitrile was added along with 1.3mL glycerine. The 

solution was stirred continuously for 30 minutes at 800 rpm and transferred to a 15 cm petri 

dish. It was dried in an oven at 40oC, overnight.  

3.2.4. Preparation of backing layer 

Polycaprolactone based backing layer was prepared via electrospinning method. 8 ml of N,N-

dimethylformamide (DMF) and 2 ml of dichloromethane (DCM) was added to a 15 ml glass 

vial. 1 g polycaprolactone (PCL; Mn = 80000) was added slowly to a solution of 8 ml N,N-
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dimethylformamide (DMF) and 2 ml of dichloromethane (DCM) in a 15 mL glass vial. The 

solution was kept for stirring at 400 rpm at room temperature, overnight. Clear transparent 

solution of PCL obtained was used for electrospinning. Electrospinning parameters were 

optimised as follows, Voltage = 10.5 kV; Flow rate = 1.5 ml/h; Distance = 12 cm; Syringe 

diameter = 14.3 mm; Time = 2 h. 

3.3. Synthesis of drug loaded PLGA nanoparticles  

Polyvinyl alcohol (PVA; Mw= 89-98 KDa) solution was prepared by dissolving 2 g of PVA in 

100 ml distilled water at 80° C, 500 rpm. The solution was centrifuged at 2000 rpm for 5 min 

and collected the supernatant. PLGA solution was prepared by dissolving 30 mg of PLGA in 3 

ml chloroform in a 15 ml glass vial. The solution was magnetically stirred overnight at room 

temperature, 400 rpm. PLGA nanoparticle was prepared by emulsion technique. PLGA solution 

with and without drug was added to 10 ml of 2% PVA solution in a 50 ml centrifuge tube. The 

solution was vortexed for 1 min and probe sonicated for 3 min with interval after every 1 minute 

at an amplitude of 50.  Following this, the solution was kept for overnight stirring at 400 rpm. 

PLGA nanoparticle suspension was divided into 8 eppendorf tubes and centrifuged at 15000 

rpm, 4° C, 30 min. The pellet was collected and dispersed in 5 mL DI water. Probe sonicated 

for 3 min to disperse well. The process was repeated twice. The solution was freezed at -70° C 

and lyophilized.   

3.4. Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier transform infrared spectroscopy analysis was carried out to confirm the thiolation of 

gellan gum using FTIR Spectrometer (Shimadzu, IR Spirit) in transmission mode.  Samples 

were crushed with KBr powder and compressed using hydraulic press to form a pellet. 

Transmission spectra were collected in the range of 4000-400 cm-1. 
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3.5. Particle size 

Particle size of PLGA nanoparticle (1 mg/mL in DI water) was measured using Malvern 

Zetasizer Nano ZS, Malvern Instruments Ltd, with He-Ne laser beam at wavelength of 625 nm.  

3.6. NMR Spectroscopy 

NMR Spectra were recorded on a 400 MHz Brucker Advance FTNMR Spectrometer. Chemical 

shifts were recorded relative to TMS as the internal standard. D2O was used as solvent. 

3.7. Contact angle  

Surface hydrophilicity of both mucoadhesive film and backing layer were studied using water 

contact angle measurements (Data physics OCA15 Plus, Germany). First films were mounted 

on a glass slide using a double-sided tape. Water drops were dispersed on the film surface. 

Contact angle was measured for both the right and left side of the water drop and the mean was 

determined. A minimum of five different measurements were taken for each set and averaged. 

3.8. Rheology study 

The viscosity of gellan gum solution at different extent of thiolation was studied using a 

modular compact rheometer, AR 1000N rheometer (TA Instruments, Crawley, UK). Two or 

three drops of 2% thiolated gellan gum in DI water was taken in the rheometer and placed at 

0.2 mm distance. The experiment was performed at different temperatures at a shear rate of 

0.1-100 s-1. Temperature was controlled using the Peltier effect with a water bath as heat source 

or sink. Gellan gum solution without thiolation was used as reference for this study. 

3.9. Thiol estimation 

Reaction buffer was prepared by dissolving 0.1 M of sodium phosphate and 1 mM of EDTA in 

1 L distilled water and adjusted the pH to 8. Ellman’s reagent was prepared by dissolving 4 mg 

of Ellman’s reagent in 1 ml of reaction buffer. Cysteine standards were prepared as per table 3. 
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Table 3: Parameters of the standard solution prepared for Ellman’s assay 

Standard Volume of reaction buffer  Amount of L-cysteine Final concentration 

A (Stock) 100 ml 26.34 mg 1.5 mM 

B 5 ml 25 ml of standard A 1.25 mM 

C 10 ml 20 ml of standard A 1.0 mM 

D 15 ml 15 ml of standard A 0.75 mM 

E 20 ml 10 ml of standard A 0.5 mM 

F 25 ml 5 ml of standard A 0.25 mM 

G 30 ml 0 ml 0 mM 

  

Thiolated gellan gum solution was prepared using GG-1: 0.5, GG-1: 1, GG-1: 2 in DI water at 

a concentration of 0.5 wt. % and used for thiol estimation. 7 test tubes were labelled A-G. 2.5 

ml of reaction buffer and 50 µL of Ellman’s reagent was added to each test tube. 250 µl of 

cysteine standard was added to all the test tubes labelled A-G. 7 other test tubes were labelled 

S1 to S7. 2.5 ml of reaction buffer and 50 µL of Ellman’s reagent was added to each test tube. 

250 µL each of the polymer samples was added to the corresponding test tube. The solution 

was incubated for 15 minutes at room temperature. Both standards and samples were measured 

at 412 nm using UV Spectrophotometer (UV-1800, Shimadzu). Concentration of each polymer 

sample was calculated using the standard curve. 

3.10. Mechanical Properties 

Film samples 3 cm×1 cm (l×w) were analysed for its mechanical properties using a universal 

testing machine (Instron®). The samples were clamped in a sample holder in a vertical position 
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with a distance of 2 cm in between the two clamps. Load cell of 100 N was applied with a rate 

of 0.5 mm/sec. The same tests were performed using wet film that was immersed in saline for 

30 min. 

3.11. Physical appearance 

All films and bandages were visually inspected for colour, uniformity, clarity, flexibility, and 

smoothness. 

3.12. Thickness of the films and bandages 

Thickness of bare thiolated gellan gum films, drug reservoir layer, backing layer (electro spun 

polycaprolactone) and mucoadhesive bandages were measured using a screw gage micrometre 

at three independent locations in the samples. Thickness of each membrane was noted as 

average ± standard deviation. 

3.13. Folding endurance 

Folding endurance of the mucoadhesive bandages were determined by repeated folding of the 

sample (2cm*2cm) at 180° towards one side along the midline. The number of folds before 

breaking of the sample was observed. This study aids in understanding the efficacy of glycerol 

as plasticizer and determine the mechanical strength of the bandages. The experiment was 

performed in triplicate to estimate mean folding endurance for the mucoadhesive bandage 

formulation.  

3.14. In vitro drug release kinetics 

Drug reservoir layer (Zein-GG2S with Clotrimazole, 1 cm2, 2 mg) was suspended in PBS 

having 0.5 wt.% tween 20 and incubated at 37oC, 100 rpm. The released drug at regular 

intervals (0.5 h, 1h, 2h, 4h, 6h, 8h) was collected and analysed using UV visible spectroscopy 

(UV-1800, Shimadzu). Standard curve of clotrimazole was prepared using different 

concentration of drug in acetonitrile. For drug loaded PLGA nanoparticle, 1mg/ml of the drug 

loaded PLGA nanoparticle was suspended in PBS having 0.5 wt.% tween 20 and incubated at 
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37oC, 100 rpm. After specific time intervals, 100 µl of supernatant was collected and diluted 

with 400 µl of acetonitrile before reading. The PLGA suspension used in the study was then 

replenished with 100 µl of PBS and the process was continued. All the experiments were done 

in triplicate. 

3.15. In vitro cell culture studies 

In vitro cytotoxicity study was performed using L929 mouse fibroblast cells to evaluate the 

cytocompatibility of the mucoadhesive bandage. Triton X 100 (0.1%) was used as positive 

control and cell culture media as the negative control.  

3.16. Ex vivo mucoadhesive study 

The intestinal mucosal membrane of Sprague Dawley rat, and pig intestinal mucosa were used 

to evaluate the mucoadhesive strength of the bandage using a texture analyser (TA.XT plus, 

Stable Micro Systems). The Institutional Animal Ethics Committee (IAEC, SCTIMST) 

approved the use of spent animals for harvesting oral/intestinal mucosa. The bandage strips of 

suitable size were secured to the probe of texture analyser with the help of double-sided 

adhesive tape. The film was attached to the probe and a force of 50 g was applied for 60 seconds 

at speed of 0.1 mm/sec. Mucoadhesive strength was determined as the force in dynes needed 

to separate the film from the mucosal membrane.  

3.17. Statistical Analysis 

Statistical analysis was performed using Graph Pad Prism. Relevant test methodology (paired 

t test or one-way ANOVA) was chosen based on number of groups in the particular study. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Thiol modified gellan gum was synthesised at different extent of thiolation via carbodiimide 

chemistry using different molar ratios of gellan gum and L-cysteine. The schematic 

representation for the synthesis of thiolated gellan gum is shown in the Figure 2.  

 

Figure 2: Schematic representation for the synthesis of thiolated gellan gum 

 

Thiol functionalities in the polymer chain was confirmed using FTIR and thiol estimation assay. 

Figure 3 shows FTIR spectra of gellan gum (GG) and thiolated gellan gum (GG 1:0.5, GG 1:1 

and GG 1:2). The peak at 2500 cm-1 is assigned to -S-H stretching in GG 1:0.5, GG 1:1 and 

GG 1:2. However, the thiol peak is not very distinct.  A broad peak ~ 3338 cm-1 is attributed to 

O-H stretching in both GG and thiolated GG. –C-H stretching at 2929 cm-1 is visible for all the 

spectra as there is no change in the bond during modifications. The peak at 1614 cm-1 is due to 

the presence of –C=O stretching and no visible change in the peak was noticed before and after 
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modifications of gellan gum. An additional peak around 2520 cm-1 is visible in all thiolated 

gellan gum spectra and is attributed to the weak –S-H stretching of L-cysteine moieties 

conjugated into the polymer chain. 

 

Figure 3: FTIR spectra of gellan gum (GG, red) and thiolated gellan gum (GG 1:0.5 (purple), 

GG 1:1 (green), GG 1:2 (blue)) 

 

Thiol group estimation was performed using Ellman’s reagent. The standard curve for thiol 

estimation showed a linear relationship between absorbance and concentration of standard L-

cysteine with an R2 value of 0.9825 (Figure 4). The standard curve was used to estimate the 

extent of thiolation in GG 1:0.5, GG 1:1 and GG 1:2. Bare gellan gum was used as the reference. 

During initial studies, conjugation was done in different media at pH around ~8.5.  Thiolation 

reaction at the feed ratio of 1: 2, gellan gum/L-cysteine in DI water and PBS at pH 8.5 was 

denoted as GG 1:2 S1 and GG 1:2 S2 respectively. It was noted that GG 1:2 S1 had the 
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maximum concentration of thiol group (0.1242 mM/mg of GG 1:2) as compared to all other 

modifications of GG (Figure 4).  

 

Figure 4: (A) Calibration curve reflecting absorbance Vs concentration of standard solution; 

(B) Normalized absorbance of various thiolated gellan gum samples  

 

The result showed that as the feed ratio of L-cysteine/GG increased more thiol groups were 

introduced in the polymer chain. Also the extent of thiolation increased while using DI water 

at pH 8.5 as the reaction media compared to that in PBS. The amount of thiol groups in GG 1:2 

while using PBS as the reaction media was only 0.0896 mM/mg of polymer. This is because 

PBS has high salt concentration, which is not very favourable for thiolation of GG. Based on 

the extent of thiolation while using different media for the synthesis of GG 1:2 it was concluded 

that DI water at pH 8.5 was a preferred media for reaction. Following that all the experiments 

were done in DI water at pH 8.5.  

In order to confirm the thiolation GG, 1 H NMR spectra of GG, GG 1:2 was compared (Figure 

5). NMR spectra of GG showed four characteristic peaks corresponding to -CH of rhamnose: 

5.4058 ppm, -CH of glucuronic acid: 5.12 ppm, -CH of glucose: 4.53 ppm and -CH3 of 

rhamnose: 1.3 ppm. The NMR spectra of thiolated gellan gum showed singlet peaks near 3.55, 

3.77, 3.4 and 2.89 ppm which can be correlated to the presence of thiol moieties [81]. 
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Figure 5: (A) NMR spectra of gellan gum, GG  (B) thiolated gellan gum, GG-1:2  

 

The viscosity of 2% gellan gum and thiolated gellan gum was studied using a rheometer at 

different temperature. It was shown that with increase in the shear rate, viscosity decreased 

drastically. As evident from the figure 6, all these solutions exhibited pseudo plastic shear 

thinning effect as in the case of non-Newtonian fluids. GG 1:2 showed higher viscosity 

compared to that of GG 1:0.5 and GG 1:1 at the shear rate of 0.1 s-1. In addition to that a 

reduction in viscosity was observed with increase in temperature (Figure 6B). It can be 

attributed to the increased average kinetic energy of molecules in the solution with increase in 

temperature. This led to the molecules surpassing the intermolecular attractive forces between 

them and a declination in the viscosity of the solution was observed. 
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Figure 6: (A) Reduction in viscosity of 2% gellan gum solution with and without thiol 

modification at different shear rate (B) viscosity of 2% gellan gum solution at the shear rate of 

0.1s-1 at two different temperature  

 

To optimise the crosslinking density to prepare hydrolytically stable GG films, different weight 

ratio of aluminium ammonium sulfate (AlAS) were used. GG film prepared using different 

weight ratio of AlAS like, 2 wt%, 5 wt%,10 wt%, 15 wt% and 20 wt% was represented as GG-

2, GG-5, GG-10, GG-15 and GG-20 respectively via solvent evaporation method (Figure 7).  

Figure 7: Schematic for the preparation of crosslinked gellan gum film via solvent evaporation  

 

Free swell capacity of GG films both in saline and DI water is shown in Figure 8. According 

to the result as the percentage crosslinking increased free swelling capacity decreased in DI 

water. However, there were no significant changes observed between samples in saline. 
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Importantly, reduced free swell capacity of gellan gum hydrogel in saline was noted compared 

to that in DI water.  It was attributed to the reduced ionic concentration difference between 

inside and outside of the hydrogel system because of the high ionic concentration of 0.9 wt% 

saline. It reduced the diffusion of media freely into the bulk of the cross-linked polymer 

network. Even though there was a slight reduction in the free swell capacity of GG-5 compared 

to that of GG-2, the hydrolytic stability was more in GG-5. Based on the hydrolytic stability 

and free swell capacity in DI water, use of 5 wt% AlAS was finalised for further studies. 

 

Figure 8: (A) % swelling of cross-linked gellan gum in different media; (B) Mucoadhesion of 

thiolated gellan gum film compared to polyvinyl alcohol using rat intestinal mucosa 

 

Thiolated GG films were prepared after crosslinking with 5 wt % AlAS. GG films were 

prepared using GG, GG 1:0.5, GG 1:1, GG 1:2 was denoted as GG, GG0.5, GG1, GG2 

respectively. Mucoadhesion studies were done using rat intestinal mucosa and PVA/thiolated 

PVA (PVA-S) as control. Both PVA and PVA-S films were part of another study of the group. 

Data showed that GG-2S has high mucoadhesive properties with a force of ~ 300 g compared 

to other samples prepared using GG-0.5S or PVA/PVA-S.  GG-2S at 5 wt% crosslinking was 

finalised for further studies based on the free swell capacity and extent of mucoadhesion. 
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Figure 9: Water contact angle of (A) thiolated gellan gum film (GG-2S; θ=89°) and backing 

layer of electrospun polycaprolactone (θ=118°) (C) graphical representation of contact angle 

of thiolated gellan gum layer and PCL backing layer (Statistical analysis was performed using 

Mann Whitney test, n=6 and p=0.0022). 

 

Thiolated gellan gum layer is highly hydrophilic as evident from the water contact angle (Figure 

9).  Thiolated gellan gum film (GG-2S) showed a water contact angle θ = 89o. Zein was used 

as a second component in the film to improve the hydrophilic/hydrophobic balance. The 

backing layer of electrospun PCL membrane showed a water contact angle of θ = 118o. The 

hydrophobic nature of the backing layer will ensure the unidirectional flow of the drug 

molecule through the thiolated GG-2S layer. Figure 10 showed the percentage cell viability of 

thiolated gellan gum film (GG-2S and GG-0.5). More than 90% cell viability was observed for 

both GG-2 and GG-0.5. The negative control (NC) and positive control (PC) showed an 

expected cell viability value of 100 % and < 10 % respectively. The result gave us a preliminary 

evidence of biocompatibility and confidence in moving forward with the current modifications. 
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Figure 10: Percentage cell viability of thiolated gellan gum films using L929 mouse fibroblast 

cells (statistical analysis was performed using one-way ANOVA, n=5; p < 0.0001) 

 

The thickness of GG-2S, and Zein/GG-2S film was ~ 0.014 mm, and 0.019 mm respectively. 

The tensile strength of GG-2S and Zein/GG-2S were analysed in the dry condition. The data 

showed a reduction in the tensile strength of Zein/GG-2S compared to GG-2S.  

 

Figure 11: Percentage free swell capacity of the bandage in saline at different time point 

(statistical analysis was performed using one-way ANOVA, n=3; p < 0.0001) 
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Free swell capacity of mucoadhesive bandage in saline was measured (Figure 11) and analysed 

using one-way ANOVA. The data showed that free swell capacity increases with time. 

However, swelling saturation happened within 1 h and no statistical difference in percentage 

swelling after 1h. The tensile strength of GG-2S was 63.1 ± 40.36 MPa. Whereas Zein/GG-2S 

had a tensile strength of 29.11 ± 3.44 MPa only. However, Zein/GG-2S showed a significant 

improvement in the percentage tensile strain at maximum load, 15.67 ± 2.14 % (Figure 12). 

Whereas, GG-2S showed a reduction in the percentage strain at maximum load compared to 

that of Zein/GG-2S, 6.92 ± 3.92 %. It can be attributed to the interpenetrating network structure 

of Zein/GG-2S with enhanced elasticity compared to GG-2S film. Mechanical properties of 

Zein/GG-2S is good enough to survive in the dynamic environment of oral cavity. To check 

the properties of Zein/GG-2S in wet condition, tensile strength was measured after incubating 

the film in 0.9% saline for 30 minutes. The result showed a tensile strength reduction of more 

than 95% for Zein/GG-2S film in the wet state compared to that in the dry state (Figure 12).   
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Figure 12: (A) Tensile strength of GG-2S and Zein/GG-2S; (B) Tensile strength of Zein/GG-

2S in the dry and wet stage (C) Percentage tensile strain at maximum load for both GG-2S and 

Zein/GG-2S (statistical analysis was performed using paired t test, * means p ≤ 0.015; ** means 

p ≤ 0.002) 

 

Initially the loading efficacy was determined using high performance liquid chromatography 

(HPLC). However, due to some technical constraints, the standard curve and drug release study 

was once again performed using UV –Visible spectroscopy. As observed in figure 13 A, 

clotrimazole showed linear relationship at lower concentration below 40 mg/L. With increase 

in drug concentration, the graph saturated and linearity was lost. Concentration of drug in a 

polymer sample was calculated by measuring the absorbance of released drug at each time point 

using beer lamberts law (Equation 1).  

� = €�� -------------------------1 
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Where, A = absorbance, € is molar absorption coefficient, β is length of light path, C is 

concentration of drug. Standard curve for clotrimazole was drawn at wavelength of 210 nm. 

Figure 13B showed drug release profile of Zein/GG-2S film and PLGA nanoparticle in PBS 

having 0.5 wt% tween 20. The data showed a burst release of 36 µg/mL and 38 µg/mL within 

a period of 30 minutes for Zein/GG-2S film and PLGA nanoparticle respectively. After that a 

sustained drug release of clotrimazole was obtained for a period of 8h. At 8h, ~ 56 µg/mL and 

~62 µg/mL clotrimazole was released for Zein/GG-2S film and PLGA nanoparticle 

respectively. The activity of released clotrimazole need to be anaylsed. However, due to the 

limited time those experiment will be planned in future studies.   

 

Figure 13: Drug release profile of Clotrimazole from PLGA nanoparticle and Zein/GG-2S film 

in phosphate buffered saline 

 

The work of adhesion of the three-layer sandwich mucoadhesive bandage and zein/GG-2S were 

determined using pig intestinal mucosa (Figure 14). The figure 14 B showed different layers of 

mucoadhesive bandage prepared, top layer of thiolated mucoadhesive GG film (GG-2S), 

middle drug reservoir layer (Zein/GG-2S) and backing layer prepared using electrospun PCL. 

Figure 14A showed a work of adhesion of 52 ± 5.6 g.mm for Zein/GG-2S and 199.9 ± 53.4 

g.mm for the bandage. Bandage showed a work of adhesion higher compared to Zein/GG-2S. 
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It may be attributed to the enhanced mucoadhesive nature of thiolated zein layer as compared 

to that of interpenetrating network structure of Zein and thiolated GG (Zein/GG-2S).  

 

Figure 14: (A) Work of adhesion of Zein/GG-2S and bandage (B) Three different layer of 

mucoadhesive bandage, ie, mucoadhesive gellan gum layer, middle layer of drug loaded GG-

Zein and electrospun backing layer. 
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CHAPTER 5 

CONCLUSION 

Oral disease conditions such as candidasis, desquamative gingivitis etc focused on localized 

oral drug delivery through keratinised mucosal tissue such as gingiva and palate. Multiple 

mucoadhesive oral formulations are available in the market. However, the mucoadhesive nature 

of those formulations were poor and need further improvement. The study aimed to develop 

such localized drug delivery bandages that can have sustained drug delivery for a period of 8 

hours. This study was successful in achieving its aim by combining three layers having different 

characteristics. Contact angle of 89° was obtained for hydrophilic thiolated gellan gum layer 

and 118° for hydrophobic polycaprolactone layer. The hydrophobic PCL layer could facilitate 

the unidirectional flow of drug molecule throught he mucoadhesive gellan gum layer. The films 

showed > 95% cell viability in MTT assay which indicated its cytocompatibility and suitability 

for oral drug delivery applications. The mucoadhesive bandage developed showed sustained 

drug release profile for clotrimazole for a period of 8 hours having insignificant swelling. The 

tensile strength of both dry and wet state of Zein/GG-2S and bandage showed high work of 

adhesion while using pig intestinal mucosa as the mucosal layer. Favourable biocompatible 

outcomes, remarkable muco-adhesive strength and high folding endurance with strong 

mechanical properties confirm that the bandages developed have potential application in 

translational research. 
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FUTURE SCOPE 

1) Drug release profile of PLGA nanoparticle impregnated drug researvoir layer need to 

be tuned for controlled release for a period of 8-24 hours. 

2) Different composition of drug reservoir layer can be tried, like hydroxy propyl methyl 

cellulose. 

3) Optimization of conditions to prepare electrospun mucoadhesive layer and drug 

reservoir layer.  
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