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Abstract 

The objective of this study was the development of different solid formulations, such as wafers and 

films, for buccal administration of ondansetron, a selective and potent antagonist of 5-

hydroxytryptamine 3 receptors used in children for the treatment of nausea and vomiting. Wafers 

and films have been prepared drying an aqueous solution of pectin, hydroxypropyl methylcellulose, 

sodium hyaluronate, sodium carboxymethylcellulose, chitosan or gelatin, through lyophilization or 

oven. Formulations were characterized in terms of morphology, drug solid state and ability to 

hydrate, adhere to mucosa, release and favour the permeation of the drug through porcine 

esophageal epithelium, used as model of human buccal epithelium. The most promising 

formulations were tested for in vitro biocompatibility in human pulp fibroblasts. Films showed 

greater hydration and mucoadhesion abilities and allowed the release and the permeation of a 

greater amount of ondansetron with respect to wafers. Chitosan or hyaluronate provided films with 

the best mucoadhesion properties and good biocompatibility profile.  Moreover, chitosan based film 

allowed to obtain the highest amount of permeated drug and could represent a novel child-

appropriate dosage form able to combine the advantages of solid dosage form with the possibility to 

avoid the swallowing.  

 

 

Keywords: films, freeze-dried wafers, ondansetron, buccal delivery, mucoadhesion, permeation 
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1. Introduction 

Nausea and vomiting are distressing side effects of cancer chemotherapy, radiotherapy and surgical 

anaesthesia. Among the antiemetic agents currently available for children, ondansetron (ODS), a 

selective and potent antagonist of 5-hydroxytryptamine 3 (5-HT 3) receptors, has demonstrated 

superior efficacy, safety and pharmacoeconomic profile as compared to other antiemetics (Ye et al., 

2001). This drug is nowadays administered either orally (oral tablets, orally disintegrating tablet, 

oral soluble film) or intravenously (injections) despite some drawbacks. In particular, although the 

drug is completely and rapidly absorbed after oral administration, its bioavailability is only 60% 

owing to hepatic first-pass metabolism (Wilde and Markham, 1996), while intravenous 

administration requires painful injections decreasing patients’ compliance. Buccal route, through 

the mucosal membranes lining the cheeks, has received great attention as an alternative way for 

administration of ODS in children (Sudhakar et al., 2006). In fact, buccal mucosa allows drug to 

enter the systemic circulation through the external jugular vein, avoiding the first pass effect. 

Moreover, it is easily accessible, more resistant to damage than other mucosal membranes, well-

vascularized and relatively permeable, and shows low enzymatic activity (Salamat-Miller et al., 

2005). Although ODS has been classified as BCS Class III drug owing to its low permeability and 

high solubility, it shows some physicochemical and pharmacological properties suitable for buccal 

delivery (short half life, low dose and low molecular weight; Kumar et al., 2011) and its unionized 

form penetrates well through porcine buccal mucosa, as demonstrated by Mashru and co-workers 

(Mashru et al., 2005). 

Currently,  several polymeric formulations for the buccal drug administration, such as viscous 

solutions, gels, in situ gelling systems, tablets, wafers and films, were widely studied (Fonseca-

Santos and Chorilli, 2018). Liquid viscous formulations and gels are rapidly removed from the 

buccal cavity, as a consequence of accidental swallowing, and they are difficult to administer as 

drops or sprays. Moreover, these formulations present some issues regarding the short term stability 

and consequently the use of preservatives and antioxidants is required in order to avoid the 
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microbial growth and spoilage, especially for products intended for multiple dosing. On the other 

hand, solid formulations can be retained inside the buccal cavity for a longer period and can ensure 

a more accurate drug dosing with respect to liquid formulations. Among the solid formulations, 

films are nowadays the preferred dosage form for transmucosal delivery of drugs in pediatric 

population (Krampe et al., 2016; Costa et al., 2019) and the mainly studied for delivery of ODS 

(Trastullo et al., 2016; Kumria et al., 2013). In fact, they are characterized by high thinness and 

flexibility, comfort of use, dose flexibility and in addition, by using mucoadhesive polymers, it is 

possible overcome the physiological removal mechanism of the oral cavity and improve the 

residence time at the application site (Borges et al., 2015).  

An alternative approach for ODS delivery through buccal mucosa could be represented by  

mucoadhesive wafers obtained by freeze-drying, a technology traditionally used in the manifacture 

of product for parenteral administration and with great potential in the development of oral solid 

dosage forms (Siow et al., 2016). Wafers are more recent formulations compared to films and only 

few articles described their development for drug systemic administration through buccal mucosa. 

Wafers as well as films are able to guarantee easy administration, higher drug loading capacity and 

low residual moisture, that prevents microbial contamination or degradation of sensitive drugs 

(Costa et al., 2019). 

Concerning excipients, several natural and synthetic mucoadhesive polymers have been studied for 

buccal films and wafers (Sandri et al., 2015; Russo et al., 2016; Costa et al., 2019). In order to 

obtain the best adhesion properties and guarantee an intimate and prolonged contact with the oral 

mucosa, they must show molecular weight above 100,000 Da, chain flexibily to promote the 

polymer chain diffusion through the mucus, hydrophilic properties to increase the contact with the 

mucosal surface and favour the mobility of the polymer chains, and functional groups capable of 

forming hydrogen bonds with the mucosal surface (Sosnik et al., 2014; Boddupalli et al., 2010; 

Salamat-Miller et al., 2005). 
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The design of children-appropriate medicine is a particular challenge considering that for many 

years scientific research, regulation, and formulation development have mainly focused on requires 

of adults (Preis and Breitkreutz, 2017). The novelty of this work is to fulfill the current demand for 

child-appropriate medicine by exploiting the advantages of solid dosage forms, such as the dose 

accuracy and the high physico-chemical stability, together with the possibility to avoid the 

swallowing and guarantee an easy administration. In particular, the aim of this study was to design 

mucoadhesive films and wafers for the systemic delivery of ODS through buccal mucosa and 

evaluate the influence of the polymeric composition as well as of the preparative method on 

functional properties. Wafers and films were based on a large number of polymers (pectin, 

hydroxypropyl methylcellulose, sodium hyaluronate, sodium carboxymethylcellulose, chitosan or 

gelatin) and prepared by dessication of an aqueous polymeric solution in two different ways: 

liophilization and oven drying (solvent casting method) for wafers and films, respectively. The 

formulations were then characterized in terms of morphology, drug solid state, hydration properties, 

mucoadhesion ability and biocompatibility. The formulations were also evaluated for drug release 

and permeation across porcine esophageal epithelium, used as model of human buccal epithelium. 

 

2. Materials and methods 

2.1 Materials  

Pectin from citrus peel (PEC; MW 30-100 kDa, esterification degree 60 %, pKa = 4.0) and 

hydroxypropylmethylcellulose (HPMC; Benecel
TM

 K100M PHARM, MW 1000 kDa) were sourced 

from Fluka (Milan, Italy) and Ashland (Ashland, Switzerland), respectively. Sodium hyaluronate 

(HYA; MW 1800-2300 kDa, D-glucuronic acid > 42 %, pKa = 2.9) and sodium 

carboxymethylcellulose (CMC; MW 250 kDa, substitution degree 0.78, pKa = 4.3) were supplied 

from ACEF (Piacenza, Italy). Low-viscosity chitosan from shrimp shells (CH; MW 150 kDa, 

deacetylation degree 96-98 %, pKa = 6.3), type B gelatin from bovine skin (GEL; MW 50 kDa, 

100– 115 mmol of free carboxyl groups per 100 g of protein, isoelectric point in the range of pH = 
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4.7-5.2), mucin from porcine stomach (type II, bound sialic acid ~1%), ondansetron hydrochloride 

dihydrate (ODS, MW 365.85 Da) and all other chemicals of analytical grade were commercially 

obtained from Sigma-Aldrich (Milan, Italy). Dulbecco's Modified Eagle Medium (DMEM), L-

glutamine, fetal bovine serum (FBS), penicillin–streptomycin, thiazolyl blue tetrazolium bromide 

(MTT) and dimethyl sulfoxide (DMSO) were from Merck KGaA (Darmstadt, Germany). Human 

pulp fibroblasts (HPFs) were kindly provided by Prof. M. Falconi and Prof. G. Teti (University of 

Bologna). Hydration, mucoadhesion and release studies were conducted in aqueous buffer at pH 

6.8, simulating human saliva pH, composed of 4.61 g/L KH2PO4 and 16.75 g/L Na2HPO4x12H2O 

(healthy saliva pH = 6.7-7.4; Marques et al., 2011), while in vitro permeation tests were conducted 

by using a saline solution (NaCl 9 g/L; Abruzzo et al., 2019; Trastullo et al., 2016). An aqueous 

phosphate buffer (PBS) at pH 7.2 with the following composition 10 g/L NaCl, 0.25 g/L KCl, 1.8 

g/L Na2HPO4, 0.25 g/L K2HPO4 was used for in vitro biocompatibility test. 

 

2.2 Preparation of films and wafers 

Films and wafers were prepared by dessication of a polymeric solution by freeze drying and oven 

drying (solvent casting method), respectively. Polymeric solutions were prepared by mixing for 24 

h at 200 rpm PEC, HPMC, HYA, CMC (at 25 °C) or GEL (at 50 °C) in water, while CH was 

solubilized in 1 % w/w acetic acid solution (at 25 °C). ODS was dissolved in water and added to the 

different polymeric solutions, thus obtaining final drug and polymer concentrations of  0.12 % w/w 

and 1.5 % w/w, respectively.  

For film preparation, 13.3 g of each polymeric solution were placed on a Petri dish (diameter = 5 

cm) and oven-dried at 70 °C for 3 h (heating oven FD series; Binder, Tuttlingen, Germany). Films 

were cut in discs of 13 mm in diameter, containing a theoretical amount of drug equal to 1.08 mg 

and stored in a desiccator until use.  

For wafer preparation, 0.9 g of aqueous polymeric solution were spread into each cavity (diameter 

13 mm) of a blister pack (Farmalabor, Canosa di Puglia, Italy), frozen overnight at -20 °C, 
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lyophilized at 0.01 atm and -45 °C (Christ Freeze Dryer ALPHA 1-2, Milan, Italy) and stored in a 

desiccator until use. The different formulations were named on the basis of polymeric composition 

as follows: PECF, HPMCF, HYAF, CMCF, GELF, CHF for films and PECW, HPMCW, HYAW, 

CMCW, GELW, CHW for wafers. 

Formulations were weighted and diameter and thickness were measured through an electronic 

digital caliper (art. 1367 E 2900, Shanghai ShangErBo Import & Export Co., Shanghai, China). 

Drug content was measured by dissolving the formulation in 40 mL of saline solution (NaCl 9 g/L) 

and analyzed by the HPLC method previously reported (Trasullo et al., 2016).  

 

2.3 Viscosity of polymeric solutions 

Viscosity of aqueous polymeric solutions (0.5 % w/v) was measured at 25 °C through a falling ball 

viscometer (HAAKETM Falling Ball Viscometer Type C, Thermo electron corporation, Karlsruhe, 

Germany). 

 

2.4 Differential scanning calorimetry (DSC)  

DSC experiments were performed on polymeric films and wafers in order to investigate the solid 

state of ODS inside the formulations. Calorimetric measurements were conducted through a 

Netzsch DSC200 PC differential scanning calorimeter (Metzsch, Germany) using the following 

setting parameters: temperature from 25 °C to 250 °C, heating rate of 10 °C/min. 

 

2.5 Scanning electron microscopy (SEM) 

SEM analysis were carried out to investigate the morphology of the formulations by using a LEO 

420 (LEO Electron Microscopy Ltd., Cambridge, UK) with a secondary electron imaging at 15 kV. 

Films and wafers were cut with a razor blade, fixed on supports and coated with gold-palladium 

under an argon atmosphere using a gold sputter module in a high-vacuum evaporator.  
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2.6 Hydration ability 

Hydration process is a necessary step to allow the adhesion of the formulation with the biological 

membrane, the release of drug and consequently its permeation through the buccal mucosa. For this 

reason, the influence of the polymeric composition as well as the formulation type on the ability to 

uptake the water was investigated. The study was conducted through a gravimetric method 

following the procedure described by Bigucci and co-authors (Bigucci et al., 2015). Specifically, 

films or wafers were accurately weighted and placed on a sponge previously soaked in phosphate 

buffer at pH 6.8. Hydration ability was measured as weight increase of the formulation for 180 

minutes, according to the following equation: 

Hydration ability    (%) = (WHF - WDF) × 100/ WDF 

where WHF is the weight of hydrated formulation and WDF is the weight of the dried formulation. 

 

2.7 Mucoadhesion ability 

The capability of a drug delivery system to adhere to the biological mucosa is important to assure 

an appropriate residence time at the application site, and consequently to guarantee the permeation 

of enough amount of drug. For this study, an adapted tensiometer (Krüss 132869; Hamburg, 

Germany) was used to measure the force needed to pull out a freshly porcine esophageal mucosa 

from the formulation. Porcine esophageal mucosa was used in virtue of its high similarity with the 

buccal one (Diaz del Consuelo et al., 2005a). Mucosa was hydrated for 5 minutes with mucin 

suspension (0.05 % w/v) in phosphate buffer at pH 6.8,  fixed to a support (surface area 1 mm
2
) with 

cyanoacrylate adhesive and then suspended from the tensiometer. Subsequently, the mucosa was 

lowered to make contact with the surface of the formulation placed on a glass slide. The adhesive 

bond strength was represented by the force (reported in Newton) required to separate the 

formulation from the mucosa. 
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2.8 In vitro release studies 

The drug amount released over the time from the different formulations was assessed by in vitro 

release studies. Each film or wafer was attached on a glass slide using cyanoacrylate adhesive in 

order to avoid the formulation floating. The assembled system was placed  in 40 mL of phosphate 

buffer at pH 6.8 under stirring (sink conditions were assured) and, at different time intervals until 

360 minutes, aliquots of 1 mL were withdrawn, replaced with fresh medium, and analyzed by 

HPLC method. Results are shown as drug fractional amount released  (ratio between the absolute 

cumulative amounts of drug released at time t (Mt) and infinite time (M∞)) plotted as a function of 

time. 

 

2.9 In vitro permeation studies 

In vitro permeation tests were performed to determine the cumulative amount of drug able to 

diffuse from the formulation across the mucosa. A Franz-type static glass diffusion cell (15 mm 

jacketed cell with a flat ground joint and clear glass with a 12 mL receptor volume; diffusion 

surface area = 1.77 cm
2
), equipped with a V6A Stirrer (PermeGearInc., Hellertown, PA, USA) was 

employed. Porcine esophageal epithelium was used as a model of buccal membrane (Diaz del 

Consuelo et al., 2005b). It was isolated as described in our previous work (Abruzzo et al., 2017) and 

placed between the donor and the receiver chambers. The chambers were held together tightly with 

a cell clamp and sealed with parafilm to limit evaporation. The formulation was placed in the donor 

chamber on the esophageal epithelium, previously hydrated with 400 µL of phosphate buffer at pH 

6.8 for 15 minutes. Saline solution was employed as receptor medium and maintained at 37 ± 0.5 

°C under stirring. At predetermined time intervals until 360 minutes, samples (0.2 mL) were 

collected from the receiver chamber, replaced with the same amount of saline solution and analyzed 

using HPLC. An aqueous solution (400 µL) of ODS (2.7 mg/mL) was also tested. The results of 

permeation studies are shown as cumulative drug amount permeated (expressed as fractional 

amount) plotted as a function of time.  
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2.10 Biocompatibility test in human dental pulp fibroblasts 

The most promising formulations, namely films and wafers based on CH and HYA, were selected 

to investigate the in vitro biocompatibility in human pulp fibroblasts (HPFs) through MTT assay. 

Firstly, each formulation in the presence or absence of ODS was immersed in 5 mL of DMEM- 

High glucose complete medium at 37 °C for 6 h. The semisolid formulations were then removed 

from medium and the resulting extracts were filtered through 0.45 μm Millipore filters. The 

extracts, as well as the solution of ODS in medium (0.216 mg/mL), were used for MTT assay. 

A stock MTT solution (5 mg/mL in PBS) was prepared and filtered through a 0.22 μm Millipore 

filter. HPFs were seeded into a 96-well culture plate in DMEM containing 10% FBS, 1% penicillin 

and streptomycin, according to the method reported by Zago and co-workers (Zago et al., 2008). 

After 24 h, the medium was removed and cells were incubated for 6 h, three of which in the 

presence of MTT solution at a final concentration of 0.5 mg/mL at 37 °C and 5% CO2 in a 

humidified atmosphere. Subsequently, the medium was gentle removed and the blue violet 

formazan product was dissolved with DMSO. The absorbance of solutions was measured at 570 

nm, using a multiwell plate reader (Wallac Victor 2, PerkinElmer, Waltham, Massachusetts, U.S.). 

Cell viability (% of control) is the ratio of the values of the cells treated with formulations and the 

values of the control.  

 

2.11 Statistical analysis  

Results are expressed as mean ± SD of three replicas, with except for permeation studies (five 

replicas) and MTT assay (four replicates). t-test was used to determine statistical significance of 

results (p < 0.05). One-way ANOVA (p < 0.05) followed by Bonferroni’s test (p < 0.05) was used 

to assess statistical differences of biocompatibility results. The statistical analysis were performed 

with GraphPad Prism 5.0 software (San Diego, CA, USA). 
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3. Results and discussion 

The design of a buccal drug delivery system involves the optimization of its composition and 

preparative procedure in order to obtain suitable properties, such as mucoadhesive characteristics, 

ability to release the drug and to promote its permeation. In this study, different polymers were 

selected on the basis of their peculiar features. In particular, PEC, HYA, CMC, CH and GEL show 

well-known properties of biocompatibility, biodegradability and mucoadhesivity (Laffleur, 2014; 

Cheung et al., 2015; Tedesco et al., 2016), while HPMC was selected also as controlled-release 

material (Kraisit et al., 2017; Do et al., 2014). Moreover, two simple and easily reproducible 

preparative techniques, solvent casting method and lyophilization, were adopted to obtain films and 

wafers, respectively. Both final formulations could represent a valid alternative to the conventional 

dosage forms for paediatric population, on account of their adequate handling, easy application 

inside the buccal cavity, ability to rapidly gelify and consequently decrease the discomfort (Lam et 

al., 2014; Berger er al., 2004).   

 

3.1 Preparation of films and wafers 

All the prepared polymeric solutions allowed to obtain films or wafers, easy to handle and to 

remove from the petri dish or blister without damage, with except to film based on GEL that was 

difficult to remove and susceptible to breakage. The macroscopical observation highlighted that all 

the films were thin, omogeneous and transparent, excluding CMCF that showed an opalescent 

aspect. On the other hand all the developed wafers showed a cylindrical and regular shape.  

Weight, thickness and drug content of the different formulations were determined and reported in 

Table 1. Our results demonstrated that no significant difference (p > 0.05) was present between the 

weight values of films and wafers, thus demonstrating the efficiency of the two employed 

preparative methods (Nair et al., 2013). The thickness was influenced by the preparative procedure 
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used for water removal from the polymeric solutions. In fact, the thickness of wafers (ranged from 

3.69 mm to 5.92 mm) was higher (p < 0.05) than of films (ranged from 0.07 mm to 0.13 mm), as 

consequence of the freezing phase, which maintains the initial solution height, and the subsequent 

ice crystal sublimation under vacuum (Boateng et al., 2010). The thinness of films make them less 

obtrusive and more tolerable than wafers, thereby improving therapy compliance especially for 

younger patients (Montero-Padilla et al., 2017).  

Finally, for each formulation the experimental drug content (Table 1) was close to the theoretical 

one (1.08 mg), suggesting that the preparative methods allowed to obtain an omogenous drug 

distribution inside the formulation.  

 

3.2 Differential scanning calorimetry (DSC) 

Fig. 1 shows the DSC profile of ODS overlapping with the profiles of films (Fig. 1A) and wafers 

(Fig. 1B). ODS showed a peak around 186 °C corresponding to the melting point of the drug and 

another peak at 109 °C due to the dehydration process, in agreement with the literature (Pattnaik  et 

al., 2011). The thermograms of all the formulations showed one endothermic peak around 60-110 

°C, related to the loss of water molecules and an exothermic peak beyond 200 °C, due to the 

polymer decomposition. For both films and wafers, the characteristic melting peak of ODS was 

absent, indicating that solvent casting method and lyophilization process induced drug transition 

from a cristalline to an amorphous state. Despite the disadvantages of the amorphous form, such as 

lower physical stability compared to crystals, the presence of ODS in this state could imply a better 

drug solubility and consequently an increase of its bioavailability (Rumondor et al., 2016).  

 

3.3 Scanning electron microscopy (SEM) 

Fig. 2 shows the internal structure and the surface morphology of the prepared formulations. SEM 

images highlighted differences between films (Fig. 2A) and wafers (Fig. 2B). In particular, films 
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showed a continuous and dense polymer sheet and a smooth surface. On the other hand, wafers 

were characterized by a sponge-like porous structure as a result of ice nucleation during 

lyophilization (Hou et al., 2003). Moreover, wafers displayed a different morphology as a 

consequence of the polymeric composition. In particular, PECW and HPMCW presented a network 

with spherically shaped pores; HYAW, CMCW and CHW showed a leaf-like structure, while GELW 

was characterized by a more compact morphology.  

 

3.4 Hydration ability 

The hydration ability of buccal formulations has a crucial impact on drug release and mucoadhesive 

properties (Timur et al., 2019). Fig. 3 reports the hydration profiles of films (Fig. 3A) and wafers 

(Fig. 3B) in phosphate buffer at pH 6.8. As can be seen, the hydration of wafers was slower than 

films, probably due to higher thickness and lower contact between the porous surface and the 

sponge soaked with the buffer, that decreased the water diffusion inside the formulation.  

Taking into account the polymeric composition, hydration ability could be influenced by the 

chemical structure of the polymer as well as by its ionization (Camponeschi et al., 2015). As can be 

seen in Fig. 3A, for all films the maximum hydration value was reached after 60 minutes. CHF and 

HYAF were characterized by highest hydration ability (p < 0.05) on the basis of their hydrophilic 

nature and of the presence of charged aminic and carboxyilic groups able to promote the water 

uptake (Kononova et al. 2019; Sandri et al., 2015). No significant difference was observed between 

CMCF, PECF and HPMCF (p > 0.05).  

Differently from films, hydration profiles of wafers were characterized by a fast initial phase within 

20-30 minutes followed by a phase with a reduced water uptake rate, with except for GELW that 

reached a plateau after 60 minutes. The reduced water uptake rate was probably correlated to the 

internal porous structure of wafers in which the water slowly diffused. On the other hand, the more 

compact structure of GELW limited the water entry over the time. Moreover, wafers containing 

charged carboxylic (PEC, CMC, HYA) or aminic (CH) groups showed higher hydration ability with 
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respect to the neutral HPMC (p < 0.05, Timur et al., 2019; Bigucci et al., 2008; Berger et al., 2004). 

Finally, the polypeptidic nature of GEL (isoelectric point in the range of pH 4.7-5.2) provided a low 

hydration ability despite the presence of ionizable groups of aspartic acid, lysine, arginine and 

histidine.  

 

3.5 Mucoadhesion ability 

The formulation ability to adhere to a mucosal surface represents an important factor for the design 

of a buccal dosage form. A greater mucoadhesion and consequently, a longer residence time at the 

application site could result in high drug concentration in the absorption area and hence high flux, 

thus enhancing drug bioavailability, reducing daily dose frequency and improving patient 

compliance. Mucoadhesion process is generally based on an initial step of hydration followed by 

the interdiffusion and entanglement of polymeric chains into the mucus (Boddupalli et al., 2010).  

Fig. 4 shows the mucoadhesion ability for films and wafers. As can be seen, the force necessary to 

detach films from the mucosa was higher with respect to wafers (p < 0.05), accordingly to previous 

findings about the hydration. Moreover, this result was in agreement with recent observation of 

Boateng (Boateng and Okeke, 2019), who reported that the low mucoadhesion property of wafers 

with respect to films can be attributed to the lesser contact with the mucosal surface of a network 

characterized by a sponge-like structure.  

For both films and wafers, the presence of HYA and CH assured the best mucoadhesion to mucosa 

(p < 0.05), due to the greatest hydration ability and the presence of many groups that can establish 

hydrogen bonds with the mucus chains. Moreover, for CH based formulations the aminic groups 

were able to establish ionic interactions with the negatively charged sialic acid (pKa 2.6) and 

sulphate residues of mucin (Sosnik et al., 2014; Sandri et al., 2015; Russo et al., 2016). 

Furthermore, formulations based on PEC, CMC and HPMC showed a good mucoadhesive 

properties, in virtue of the presence of hydrophilic groups, the chain entanglement and physical 

interlock with mucus (Sosnik et al., 2014; Sudeendra et al., 2010; Sriamornsak et al., 2010). Finally, 
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the lowest mucoadhesion property of GELW (p < 0.05) was a consequence of its lowest hydration 

ability that limited the penetration of peptidic chains into the mucus layer.  

 

3.6 In vitro release studies 

In vitro drug release tests were performed in order to evaluate formulation ability to release the drug 

over the time. Fig. 5 shows the release profiles for films (Fig. 5A) and wafers (Fig. 5B) obtained in 

phosphate buffer at pH 6.8. Different factors, such as hydration ability, relaxation of the polymer 

chains, formation of viscous gel, drug dissolution and diffusion through the rehydrated formulation, 

were involved in the mechanism of drug release (Boateng et al., 2012). Viscosity of aqueous 

polymeric solutions was measured and viscosity values for PEC, HPMC, HYA, CMC, CH and GEL 

were 8.6 ± 0.3, 77.7 ± 2.6, 353.9 ± 3.7, 12.4 ± 0.2, 12.2 ± 0.1 and 1.1 ± 0.1 mPa x s, respectively. 

Generally, solutions with lower viscosity produce networks less viscous after hydration in the 

release medium, that could promote the drug diffusion and release. 

As can be seen from the figures, films released ODS faster than wafers, due to their more rapid 

hydration that promoted drug diffusion (Viridénet al., 2009). The release profiles of all films, with 

except for HYAF, were characterized by an initial fast phase followed by a plateau that was reached 

after only 180 minutes. On the other hand HYAF provided a sustained release of ODS, in relation to 

the highest viscosity of the hydrated film, reaching the plateau after 180 minutes.   

As regard release profiles of wafers, GELW and PECW allowed the release of the total amount of 

ODS after 90 and 120 minutes, respectively, as a consequence of the dissolution of the wafers. For 

the other wafers, a sustained release profiles were observed and the amount of the ODS released 

over the time increased with the decrease of the viscosity of the rehydrated formulation. In 

particular, CMCW and CHW, presenting a similar viscosity, showed overlapped release profiles (p < 

0.05), while HYAW, characterized by the highest viscosity, provided the lowest release over the 

time (p < 0.05).   
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3.7 In vitro permeation studies 

In vitro permeation studies were performed to investigate ODS diffusion across the buccal 

epithelium. Fig. 6 shows the permeation profiles of ODS from an aqueous solution and from CH 

and HYA based films and wafers, selected on the basis of their best mucoadhesive properties 

among all the formulations. For both films and wafers, no significant difference was observed in the 

permeation profiles of PEC, HPMC, CMC, GEL with respect to HYA (p > 0.05; data not reported). 

The permeation profiles of the different formulations were lower than ODS solution profile (p < 

0.05) and in all cases a sustained drug diffusion across the membrane was observed. Specifically, 

films provided the permeation of a greater amount of drug with respect to wafers (p < 0.05), as a 

consequence of their greater hydration and drug release ability. Moreover for both films and wafers, 

the presence of CH assured the permeation of a greater amount of drug (p < 0.05), in agreement 

with the well-documented ability of this polymer to interfere with the lipid organization in the 

buccal epithelium (Senel et al., 2000).  

 

3.8 Biocompatibility test in human dental pulp fibroblasts 

The effect of films and wafers, prepared with two different polymers (CH and HYA), on cell 

viability was determined by estimation of living cell competence to reduce thiazolyl blue 

tetrazolium bromide, also known as MTT assay (Mosmann et al., 1983). The viability of cells 

incubated with different formulations for 6 h is not significantly different (p > 0.05) from viability 

of control cells, as shown in Fig. 7. Considering that free ODS and formulations prepared without 

drug did not impair cell survival, we can argue that both ODS and selected formulations resulted 

safe for buccal use. 

 

4. Conclusions 
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Polymeric films and wafers have been successfully prepared and proposed as buccal delivery 

systems for administration of ODS in children, on the basis of their ability to hydrate in contact 

with saliva thus reducing discomfort. Starting from the same polymeric solution, two formulations 

with different functional porperties were obtained by just changing the drying procedure. 

Specifically, films were able to greatly hydrate, adhere to mucosa and favour the drug release and 

permeation with respect to wafers. In addition, CH based film showed good biocompatibility 

profile, guaranted the highest amount of permeated drug and could represent a novel child-

appropriate dosage form. 
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Legend to Figures 

Fig. 1 DSC thermogram of ODS overlapping with than of films (Fig. 1A) and wafers (Fig. 1B). 

Fig. 2 SEM images of films (Fig. 2A) and wafers (Fig. 2B).   

Fig. 3 In vitro hydration profiles for films (Fig. 3A) and wafers (Fig. 3B) in phosphate buffer at pH 

6.8 until 180 minutes (mean ± SD, n= 3).  

Fig. 4 Mucoadhesive capacity (expressed as detachment force) of films and wafers (mean ± SD, n= 

3). 

Fig. 5 In vitro release profiles of ODS from films (Fig. 4A) and wafers (Fig. 4B) in phosphate 

buffer at pH 6.8 until 360 minutes (mean ± SD, n= 3). 

Fig. 6 Permeation profiles of ODS through esophageal porcine epithelium from drug solution and 

CH and HYA based films and wafers (mean ± SD, n= 5).  

Fig. 7 Biocompatibility of ODS, CH and HYA based films and wafers assessed in human dental 

pulp fibroblasts by means of MTT assay (mean ± SD, n= 4).  
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Table 1. Weight, thickness and drug content of films and wafers (mean ± SD, n = 4). 

Formulation Weight (mg) Thickness (mm) Drug content (mg) 

PECF 12.0 ± 2.5 0.11 ± 0.09 1.26 ± 0.23 

HPMCF 12.1 ±  4.1 0.07 ± 0.04 0.97 ± 0.35 

HYAF 13.1 ± 3.1 0.13 ± 0.07 1.04 ± 0.21 

CMCF 13.8 ± 1.9 0.12 ± 0.07 1.01 ± 0.15 

CHF 14.0 ± 2.9 0.10 ± 0.02 1.00 ± 0.08 

PECW 15.4 ± 1.4 5.86 ± 0.42 1.24 ± 0.18 

HPMCW 13.4 ± 1.9 3.69 ± 0.52 1.03 ± 0.08 

HYAW 14.6 ± 1.2 4.09 ± 0.48 1.06 ± 0.14 

CMCW 15.7 ± 1.3 5.57 ± 0.58 1.07 ± 0.12 

GELW 15.8 ± 1.3 5.92 ± 0.30 1.18 ± 0.09 

CHW 15.6 ± 1.4 5.35 ± 0.19 1.13 ± 0.14 

Table 1
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