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Development and Characterization of Mucoadhesive Thin Film 

as an Oral Mucosal Drug Delivery System of Carbinoxamine Maleate 
 

Antonio Charbel El Hajj 
 

ABSTRACT 

 

Objective: Thin film (TF) is an oral mucosal drug delivery system that disintegrates and 

dissolves the drug rapidly when placed on any oral mucosal tissue. This work aimed to 

develop and characterize TF containing carbinoxamine maleate (CM) for the 

symptomatic treatment of seasonal and perennial allergies and other allergic conditions.  

 

Methods: Three optimized batches were developed by solvent-casting method with 

different ratios of blends of hydroxypropyl methylcellulose (HPMC) E50LV and 

polyvinylpyrrolidone (PVP) K12 or K85-95 as mucoadhesive film-forming polymers. 

The produced TFs were subjected to physicochemical and mechanical characterization. 

 

Results: The weight and thickness of TF were in the range of 40.47 mg ± 0.49 to 65.70 

mg ± 1.51 and 50.80 µm ± 1.11 to 95.20 µm ± 2.50, respectively. The percent drug load 

was found to be within the acceptable limit for content uniformity. Within 15 minutes, 

the amount of CM released from thin films of Batch 3 was 81.04% ± 1.91 which was 

significantly slower than Batch 1 and Batch 2. The disintegration of TFs was achieved in 

less than 180 seconds. Results of mechanical testing revealed high values of Young’s 

modulus with no significant difference between batches. The incorporation of blends of 

HPMC E50 LV and PVP K85-95 at a ratio of 1:1 notably decreased tensile strength and 

elongation at break. 

 

Conclusion: This work demonstrates the successful development of TF as an adequate 

delivery system for the administration of CM. The selection of the film-forming polymer 

type, grade, and ratio can impact the characteristics of the TF and modify the delivery of 

CM.  

 

Keywords: Mucoadhesive Polymers, Thin Film, Drug Delivery, Carbinoxamine 

Maleate 
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“I think I benefited from being equal parts ambitious and curious. And of the two, 

curiosity has served me best.” 

– Michael J. Fox 
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Chapter 1 

Introduction 

 

1.1 Oral Mucosal Drug Delivery System 

The oral route is by far the most common route of drug administration. Despite 

its advantages, some limitations could make it unsuitable for drug delivery. 

Among these limitations are poor drug solubility, slow onset of action, acid- or 

enzyme-related degradation as well as low drug permeability through the 

gastrointestinal tract. In alignment with efforts to overcome such limitations, the 

oral mucosal route has been considered a promising alternative, for a systemic 

effect, to the conventional oral route for drug delivery (Hua, 2020). 

 

1.1.1 Oral Mucosal Cavity 

The oral mucosal cavity is divided into buccal, gingival, palatal, and sublingual 

regions. The thicknesses and degrees of keratinization of these regions vary, with 

buccal and sublingual being the only regions with non-keratinized epithelium in 

the oral mucosal cavity, and thus either region has the potential to provide 

systemic absorption. The sublingual region is rich in blood supply and has a thin 

epithelial layer with a thickness of 100 µm to 200 µm, which is one of the most 

attractive routes for fast drug administration. On the other hand, the buccal 

region of the oral mucosal cavity has a thick epithelial layer with a thickness of 

500 µm to 600 µm, which is generally used for sustained local or systemic drug 

delivery (Bruschi et al., 2020). 

 

1.1.2 Oral Mucosal Membrane 

The primary functions of the oral mucosal membrane are protection, secretion, 

sensation, and thermal regulation. It is less susceptible to drug- or excipient-

induced irritation due to the rapid cellular recovery within 5 days to 6 days 

(Bruschi et al., 2020). In humans, it consists of four tissue layers, 
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including epithelium, basal lamina, lamina propria, and submucosa, which 

contains blood vessels, lymphatic vessels, and nerves (Figure 1). 

 

Figure 1 Diagram of a Cross-Section of the Oral Mucosal Membrane in Humans 

(Adapted from Harris and Robinson, 1992) 

 
  

Saliva and mucus are two physiological aspects of the oral mucosa that should be 

taken into consideration when designing oral mucosal drug delivery systems 

(Bruschi et al., 2020). Unlike the gastrointestinal tract, which provides a harsh 

acidic and enzymatic environment, the continuous secretion of saliva provides 

consistent physiological conditions for the formulation. Mucus is a component of 

saliva secreted by salivary glands and is made up of water and an insoluble 

glycoprotein called mucin, which plays a key role in drug absorption and 

bioavailability (Figure 2). 

 

Figure 2 Structure of Mucin Molecule (Adapted from Bassi da Silva et al., 2017) 
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1.2 Thin Film Drug Delivery System 

The European Pharmacopoeia includes a general chapter (1087) on oromucosal 

preparations. Within this chapter, a thin film (TF) is defined as solid oromucosal 

preparation intended for administration in the mouth, where it disperses rapidly 

to deliver active substances. It consists of single- or multi-layer sheets of suitable 

materials (European Pharmacopoeia, 10th Edition). 

 

1.2.1 Advantages and Limitations 

Among the oral mucosal drug delivery platforms, a TF is more preferred by 

patients, due to its advantages, such as acceptability, flexibility, invisibility, and 

non-invasiveness. When placed on the patient's tongue or any other oral mucosal 

tissue, TF is a very thin strip that rapidly disintegrates and dissolves the drug. It 

offers prompt onset of action, convenient administration without the need for 

water, and rapid bioavailability due to the high blood flow and permeability of 

the oral mucosal cavity. Furthermore, it is well suited for pediatric and geriatric 

patients (Krampe et al., 2016). Another advantage is that TF and orally 

disintegrating tablet (ODT) have been shown to have similar efficacy and 

pharmacokinetic properties. Three studies comparing the bioequivalence of 

ondansetron TF and ondansetron ODT were published by Dadey. Bioequivalence 

was determined after comparing all conditions and dosage forms. The time to 

maximum concentration (tmax) and maximum concentration (Cmax) achieved 

by the TF and ODT were found to be similar enough to be considered 

bioequivalent (Dadey, 2015). Furthermore, because TF is less friable than an 

ODT, it is better and easier to handle. (Bhyan et al., 2011). 

 

TFs have its own set of limitations. The main limitation of a TF is low drug 

loading capacity for a drug which prohibits its applications to drugs that should 

be administered at a high dose. Furthermore, a TF is sensitive to humidity and 

temperature, yet proper and special packaging should be considered (Irfan et al., 

2016; Karki et al., 2016). 
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1.2.2 Clinical and Research Applications 

The TF market started with oral care, over-the-counter, and dietary products. The 

first popular TF product, Listerine PocketPaks® Breath Strips, was introduced to 

the market by Pfizer in 2001. This was followed by the introduction of 

Chloraseptic® Sore Throat Relief Strips and Chloraseptic® Defense Daily Health 

Strips to the market by Prestige Brands in 2004. However, Chloraseptic® in the 

form of TFs are no longer available on the shelves since 2007 (Prestige Brands, 

2007). There was a slow ride from the TF market until the first prescription TF 

product containing ondansetron, Zuplenz®, was introduced to the market in 2010 

as a go-to for the prevention of chemotherapy-induced nausea and vomiting 

(Wasilweska and Winnicka, 2019). 

 

Over time, there has been growing interest in the development of TFs as an 

innovative drug delivery system. Aquestive Therapeutics is one of the leading 

key players in the TF market. This company engages in research and 

development to develop and commercialize differentiated TF products aimed at 

solving critical therapeutic problems (Biospace, 2021; Aquestive Therapeutics, 

2021).  

 

To date, there are 5 approved TFs available in the U.S. market by the Food and 

Drug Administration (FDA), and most of them are produced by using specific 

patented technologies for the manufacturing of TFs (Figure 3). Consequently, the 

TF market is constantly evolving due to increased benefits over traditional drug 

delivery systems. 

 

Figure 3 Current FDA Marketed TF Products (Retrieved from Google Images) 
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Age-related changes in the swallowing physiology and disease-related conditions 

are predisposing factors for dysphagia in geriatric patients. Dysphagia affects up 

to 80% of patients with Parkinson's disease in the early stages of the disease. In 

advanced stages of the disease, the incidence of dysphagia can rise by up to 95%, 

lowering patients' quality of life (Drumond and Stegemann, 2021; Suttrup and 

Warnecke, 2016; Yir-Erong et al, 2019).  

 

In May 2020, the FDA approved Kynmobi®, a sublingual thin film containing 

apomorphine as a dopamine agonist for Parkinson’s disease patients. Kynmobi® 

is designed to provide Parkinson's disease patients with a convenient way to 

better control motor symptoms and improve impaired movements as needed up 

to five times per day and as an add-on to their daily scheduled Parkinson’s 

disease medications (Biospace. 2020). 

 

Many pharmaceutical and nutraceutical agents have been tried to be incorporated 

in TFs. For example, curcumin has low systemic bioavailability following oral 

dosing and cannot be given intravenously. To address the bioavailability further, 

efforts have been made recently to more efficiently deliver curcumin through the 

TF. Anil et al. (2019) developed a mucoadhesive TF containing curcumin that 

adheres to the gingival mucosa and evaluated its efficacy for periodontal 

postsurgical pain control. Results showed that the test group reported 

significantly lower pain scores than the control group (Figure 4).  

 

Similarly, Mazzarino et al. (2014) developed a mucoadhesive TF containing 

chitosan-coated nanoparticles as a new approach for buccal delivery of curcumin, 

which is particularly useful for increasing curcumin absorption through the 

buccal mucosa and prolonging the residence time of the TF in the oral cavity. 
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Figure 4 Gingival TF of Curcumin and its Effect on Pain Control (Adapted from 

Anil et al., 2019) 

 
  

As another example, a mucoadhesive TF containing montelukast can be useful 

for the maintenance treatment of asthma in pediatric patients. Lately, it was 

shown to have significantly improved bioavailability when compared to the 

Singulair® tablet in Phase 1 clinical study (Figure 5). Furthermore, it has been 

demonstrated that it can penetrate the blood-brain barrier in a clinical study and a 

transgenic Fx5AD mouse model for Alzheimer’s disease. This paves the way for 

the potential repurposing of a mucoadhesive TF containing montelukast as a 

means to target neuroinflammation and for the treatment of acute and chronic 

neurodegenerative diseases, such as Alzheimer’s disease, dementia with Lewy 

bodies, stroke, or spinal cord injuries (Michael et al., 2021a; Michael et al., 

2021b). 

 

Figure 5 Pharmacokinetic Profiles of Montelukast TF and Tablet (Adapted from 

Michael et al., 2021a) 
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With the growing advances in biotechnology, TFs are being explored for the 

delivery of biologics, particularly peptides and proteins. Various approaches 

have been successfully employed to improve the oral mucosal delivery of 

biologics. The addition of chemical penetration enhancers, chemical 

modification, and incorporation of particulate systems are the most common 

approaches (Morales and Brayden, 2017; Caon et al., 2015; Tian et al., 2020). 

  

One of the common misconceptions about TF is that it can only carry the highly 

water-soluble drug. While the solubility of a drug drives the performance of the 

TF, it has been proven that poorly water-soluble drug that belongs to 

Biopharmaceutics Classification System Class II or Class IV can be incorporated 

into a TF (Lee et al., 2017). 

  

1.3 Mucoadhesive Drug Delivery System 

Mucoadhesion refers to the degree to which the formulation adheres to the 

mucosa, which is important for effective drug delivery. For a drug that is 

intended to be administered through the oral mucosal route, increasing the 

contact time between the mucosal membrane and the formulation could increase 

its absorption. A TF is no exception and increasing the contact time of the TF in 

the oral mucosal cavity can potentially enhance drug absorption and 

bioavailability (Alaei and Omidian, 2021). 

 

1.3.1 Mechanism of Mucoadhesion 

The contact stage and the consolidation stage are two stages in the mechanism of 

mucoadhesion (Figure 6). The formulation comes into contact with the oral 

mucosal region during the contact stage, which is followed by wetting and 

eventually adhesion. Various physicochemical interactions between the 

formulation and the mucus would occur during the consolidation stage, thereby 

prolonging the adhesion (Alaei and Omidian, 2021). 
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Figure 6 Stages of Mucoadhesion (Adapted from Morales and McConville, 

2011) 

 
 

To better understand the mechanism of mucoadhesion in general, some theories 

have been proposed (Figure 7). Electronic, adsorption, and dehydration theory 

are examples of proposed electrical-based theories. Wetting, fracture, and 

diffusion-interlocking theory are examples of proposed mechanical-based 

theories (Alaei and Omidian, 2021). 

 

Figure 7 Theories of Mucoadhesion (Adapted from Cook et al., 2017) 

 

 

1.3.2 Mucoadhesive Polymers 

The backbone of the TF preparation is mucoadhesive polymers, which are used 

to create a mucoadhesive oral mucosal delivery platform for small and 

macromolecular drugs. They are the most common excipients used to increase 

the contact of the TF with the oral mucosal region. Mucoadhesion can be 

affected by a variety of factors, including concentration, hydrophilicity, and 

molecular weight of the mucoadhesive polymer used. (Bruschi et al., 2020). 
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The literature classifies mucoadhesive polymers into two groups based on how 

they are used in drug delivery systems and their ability to adhere to the oral 

mucosal membrane. (Table 1): 

• traditional mucoadhesive polymers that adhere through non-specific and 

non-covalent interactions, mainly electrostatic ones; and 

• new mucoadhesive polymers that bind to specific receptors or cell 

surfaces.  

 

Table 1 Classification of Mucoadhesive Polymers (Adapted from Alaei and 

Omidian, 2021; Bruschi et al., 2020; Iqbal et al., 2012) 

Class Polymer Origin*** 

First Generation 

Traditional 

Mucoadhesive Polymers 

with Non-Specific 

Mucoadhesion 

Acrylic Polymers 

(e.g., Carbopol) 
Synthetic 

Alginate Natural 

Carrageenan Natural 

Chitosan Natural 

Cellulose Derivatives 

(e.g., Methylcellulose) 
Semi-Synthetic 

Dextran Natural 

Gelatin Natural 

Gellan Gum Natural 

Guar Gum Natural 

Hyaluronic Acid Natural 

Pectin Natural 

Polyacrylic Acid Synthetic 

Polyethylene Glycol Synthetic 

Polyvinyl Alcohol Synthetic 

Polyvinylpyrrolidone Synthetic 

Pullulan Natural 

Starch Natural 

Xanthan Gum Natural 

continued on page 10 
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Table 1 Classification of Mucoadhesive Polymers (Adapted from Alaei and 

Omidian, 2021; Bruschi et al., 2020; Iqbal et al., 2012) – continued 

Class Polymer Origin*** 

Second Generation 

New Mucoadhesive 

Polymers, with More 

Specific Mucoadhesion 

Bacterial Invasins* Natural 

Lectins* Natural 

Preactivated Thiomers** 

(e.g., polyacrylic acid-

cysteine-2-

mercaptonicotinic acid) 

Semi-Synthetic and 

Synthetic 

Thiomers** 

(e.g., polyacrylic acid-

cysteine) 

Semi-Synthetic and 

Synthetic 

* Bacterial invasins and lectins are not polymers as such; however, they have been employed and 

identified as new mucoadhesive biomaterials for potential application in dosage forms. 

** Thiomer is an experimental polymer that can be prepared by modifying the structure of 

traditional polymer, which can result in superior mucoadhesive and permeability properties. This 

advantage is due to a covalent interaction between a thiol group and cysteine-rich subdomains of 

mucus glycoprotein via thiol-disulfide bonds. Thiolated chitosan, for example, has been reported 

to have a retention time of up to 50 hours. Pre-activated thiomer can enhance its stability towards 

oxidation. To date, no commercial thiomer product is available and has been approved for use in 

humans by regulatory agencies. 

*** Generally, synthetic polymers are cheaper than natural polymers. Costs vary according to the 

supplier. 

  

To achieve the desired TF properties, mucoadhesive polymers can be used alone 

or in combination with other polymers. For example (Bruschi et al., 2020; Alaei 

and Omidian, 2021; Sogias et al, 2008; M Ways et al., 2008; Nair et al, 2013; 

Karki et al., 2013): 

• Chitosan is a widely used natural polymer with excellent mucoadhesive 

properties and permeation-enhancing effects, as it has been found to open 

tight junctions, allowing for increased paracellular transport of the drug. 

• Hydroxypropyl methylcellulose (HPMC) is an extensively used synthetic 

polymer for preparing a TF, yet it exhibits moderate mucoadhesive 

properties. The addition of carbopol to HPMC TF showed a two-fold 

increase in residence time due to carbopol high mucoadhesive properties. 

• Polyvinyl alcohol (PVA) and polyethylene glycol are other examples of 

synthetic polymers that can be incorporated into a TF. The former 

exhibits moderate mucoadhesive properties, while the latter has been 

described as a mucoadhesion promoter and flexibility enhancer. 
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• Polyvinylpyrrolidone (PVP) is a synthetic polymer and can be used as a 

co-adjuvant with HPMC or PVA to increase mucoadhesion and to 

improve film-forming ability. 

 

1.4 Drug Profile of Carbinoxamine Maleate 

1.4.1 Indications of Carbinoxamine Maleate 

Carbinoxamine maleate (CM) is indicated for the symptomatic treatment of 

allergies – specifically seasonal and perennial allergic rhinitis, vasomotor 

rhinitis, allergic conjunctivitis caused by inhalant allergens and foods, mild and 

uncomplicated skin manifestations of urticaria and angioedema, 

dermatographism, as therapy for anaphylactic reactions adjunctive to epinephrine 

and other standard measures after the acute manifestations have been controlled, 

and amelioration of the severity of allergic reactions to blood or plasma 

(Lexicomp, 2021). Briefly, it is a first-generation, sedating histamine H1 

antagonist of the ethanolamine class. It has a structure and action comparable to 

diphenhydramine that is indicated to relieve a variety of allergic conditions and 

symptoms. 

 

1.4.2 Dosage Forms of Carbinoxamine Maleate 

CM is available in oral 4 mg and 6 mg tablets, 4 mg per 5 mL solution, and 4 mg 

per 5 mL suspension formulations. CM should be protected from light during 

storage and should be taken by mouth on an empty stomach with water. The oral 

solution and suspension should be shaken before use, and doses should be 

measured with an accurate measuring device rather than a teaspoon or 

tablespoon. CM can be given to children older than 2 years old and adults. 

Typically, the lowest effective dose for 6-year-old child is 2 mg, and the 

maximum effective dose for adults is 8 mg (Lexicomp, 2021). 

 

In the past 3 years to date, efforts have been made to develop alternative 

formulations of CM using new formulations. Liu et al. successfully developed 

orally disintegrating tablets of CM using ion-exchange resins as taste masking 
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agent. The results revealed a good palatability and in vitro/in vivo correlation in 

terms of fast disintegration time making it reasonable to suggest that it can 

potentially be commercialized and improve compliance in pediatric patients (Liu 

et al., 2018).  

 

Alternatively, microencapsulated CM-resin complexes prepared by ion exchange 

and coated with Kollicoat SR 30D has been proposed for the delivery of CM to 

resolve the problem of bitter taste and short half-life of CM. In comparison to the 

high drug loading preparation, the low drug loading preparation had a higher 

relative in vivo bioavailability of 109% due to its better dispersibility and faster 

release. The prepared suspensions of microencapsulated CM-resin complexes 

could be potentially useful for the development of pediatric formulation and 

treatment of allergies (Deng et al., 2020). 

 

1.4.3 Repurposing of Carbinoxamine Maleate 

Xu et al. (2018) evaluated the antiviral efficacy of CM in vitro and in vivo 

against divergent influenza A and B viruses. It was suggested that CM could be 

used in the treatment or prevention of influenza virus infection in humans. The 

antiviral activity of CM was found to be broad, inhibiting infection by several 

influenza A viruses including the A/Shanghai/37T/2009(H1N1), A/Puerto 

Rico/8/1934(H1N1), and A/Guizhou/54/1989(H3N2), as well as one influenza B 

virus B/Shanghai/2017(BY). This indicates that CM has broad antiviral activity 

against influenza A and B strains.  After receiving an intraperitoneal injection of 

CM, mice were found to be protected against a lethal dose of 

A/Shanghai/4664T/2013(H7N9) influenza virus infection at a dose of 10 

mg/kg/day. This indicates that CM exhibits potent antiviral activity against 

A/Shanghai/4664T/2013(H7N9) infection. 
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Chapter 2 

Objectives and Aims 

 

This thesis was designed to develop and characterize TF containing carbinoxamine 

maleate (CM) for the symptomatic treatment of seasonal and perennial allergies and 

other allergic conditions. The work consists of three main objectives that address the 

following aims: 

 

Objective 1. Development and Optimization of a Mucoadhesive Thin Film 

• To prepare different formulations by varying the percentages of polymer to 

determine the optimal amount of polymer for obtaining non-sticky and proper 

TF. 

• To incorporate plasticizer at a suitable concentration to obtain an elastic and 

flexible TF. 

 

Objective 2. Characterization of Physicochemical Properties of a Mucoadhesive 

Thin Film 

• To ascertain content uniformity by examining the degree of drug loading and 

weight and thickness variation. 

• To compare drug release profiles of the optimized formulations by employing 

artificial saliva as a simulated dissolution media. 

  

Objective 3. Characterization of Mechanical Properties of a Mucoadhesive Thin 

Film 

• To examine integrity of the TF by assessing its folding endurance, tensile 

strength, elongation at break, and Young’s modulus. 

• To check for moisture content that can affect the mechanical strength of the TF. 
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Chapter 3 

Methodology 

 

3.1 Materials 

Carbinoxamine maleate, USP (Lot No. CX0040620) was kindly provided by 

Algorithm Pharmaceutical Manufacturers (Zouk Mosbeh, Lebanon). Methocel™ 

E50 Premium LV hydroxypropyl methylcellulose (Batch No. D180IBU021) was 

kindly provided by Dow Chemical Company (Midland, Michigan). 

Polyvinylpyrrolidone K12 (Lot No. A0390520) and polyvinylpyrrolidone K85-

95 (Lot No. A0396833) were purchased from Acros Organics (Thermo Fisher 

Scientific, New Jersey). Sorbitol (Batch No. E458R) was purchased from 

Rainbow Scientific Equipment and Reagents (Moussaitbeh, Lebanon). Sodium 

phosphate dibasic (Lot No. STBH7121) and phosphoric acid (Lot No. 

STBH2828) were purchased from Sigma Aldrich (Saint Louis, Missouri). 

Potassium dihydrogen orthophosphate (Lot No. 0000270630) was purchased 

from HiMedia Laboratories (Mumbai, India). Sodium chloride (Batch No. 

15K200015) was purchased from VWR Chemicals (Belgium, Germany). 

Distilled water was prepared in-house with a water filtration unit from Millipore 

(Bedford, Massachusetts) and used throughout all the experiments.  

 

All the materials used were of analytical and research grade. For rinsing quartz 

cuvettes between and after measurements, acetone and ethanol were used of 

technical grade. 

 

3.2 Development and Validation of UV-Vis Spectrophotometric 

Assay Method for the Determination of Carbinoxamine Maleate 

A developed and validated ultraviolet visible (UV-Vis) spectrophotometric assay 

method was used to determine how much CM was loaded into or released from 

the TFs. First, 10 mg of CM was accurately weighed and transferred into a 50 

mL graduated, conical, and sterile polypropylene tube with a screw cap to which 
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45 mL of distilled water was added. The mixture was vortexed for 1 minute at 

1500 rpm until CM completely dissolved. To obtain a stock solution with a 

concentration of 0.2 mg/mL, the final volume was adjusted to 50 mL with 

distilled water. Quantitative dilutions were made from the stock solution to 

prepare standard solutions at concentrations of 0 µg/mL, 20 µg/mL, 40 µg/mL, 

and 60 µg/mL (Table 2). Using standard quartz cuvettes, a spectrum from 200 

nm to 400 nm was acquired for each of the standard solutions to determine the 

maximum wavelength of CM. Distilled water was used as a blank reference 

solution. 

 

Table 2 Aliquots from Stock Solution for Further Dilutions 

Standard Solution* Aliquot Volume Dilution Factor 

0 µg/mL 0 mL - 

20 µg/mL 5 mL 10-fold 

40 µg/mL 10 mL 5-fold 

60 µg/mL 15 mL 3.33-fold 
*All standard solutions were diluted with distilled water to a final volume of 50 mL. 

 

The experiment was carried out in triplicate and repeated three times on 

consecutive days. The detection was carried out on Specord® S600 simultaneous 

spectrophotometer with polychromator setup coupled with WinASPECT® 

spectroanalytical software (Analytik Jena, Germany). 

 

A calibration curve for CM was plot based on average absorbance values 

measured for each standard solution concentration at the maximum wavelength. 

Linearity, precision, detection limit, quantitation limit, and specificity were 

evaluated to validate the UV-Vis spectrophotometric assay method for the 

determination of CM. 

  

Visual inspection of the calibration curve across the specified range was used to 

assess linearity. Investigation of precision was completed by repeatedly 

analyzing six samples of CM at a concentration of 50 µg/mL on the same day 
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and under the same conditions. Precision was also completed to investigate intra-

day and inter-day variations by analyzing samples of CM at concentrations of 20 

µg/mL, 40 µg/mL, and 60 µg/mL. By regression analysis, detection limit and 

quantitation limit were calculated according to the following equations: 

Detection Limit = 
3.3 × σ

S
          Quantitation Limit = 

10 × σ

S
 

where: σ = standard deviation of y-intercept of the regression line 

                        S = slope of the calibration curve 

 

For specificity, CM was measured in the presence of excipients in a formulation 

to ensure the identity of an analyte. 

 

3.3 Development and Optimization of Thin Films 

Different techniques have been employed to develop TFs, including solvent-

casting method, hot-melt extrusion, 3D printing method, 2D or inkjet printing 

method, flexographic printing method, and rolling method (Musazzi et al., 2020). 

 

The solvent-casting method was selected as the method of choice in this work. It 

is the most commonly used, feasible, and has no special equipment requirements. 

A typical TF consists of an active pharmaceutical ingredient (API), water-soluble 

polymer, plasticizer, saliva-stimulating agent, surfactant, and other fillers, such 

as colors, sweetening agents, and flavors in case of bitter taste drugs. Ideally, a 

TF should be flexible, clear, smooth, and possess good mucoadhesive 

performance, so that it can stay in the oral mucosal cavity for the required 

amount of time (Alayoubi et al., 2013; Karki et al. 2016). 

 

Briefly, the water-soluble polymer is firstly dissolved in water to form uniform, 

clear, and viscous solution. Drugs and other excipients are then added to form a 

homogenous solution. The resulting solution is cast on a surface and allowed to 

dry before being cut into films of the desired size. Lengthy processing time could 

be a drawback of this method (Karki et al. 2016; Lee et al., 2017). 
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The casting solution must be free of air bubbles, contain no polymer lumps or 

aggregates of API or excipients, and have a viscosity suitable for casting. To 

overcome this challenge, a sonicator can be used to mix solutions, speed the 

dissolution of solid into a liquid, and remove air bubbles. The solution can be 

cast on a surface by using an automatic film applicator, manual film applicator, 

petri dish, stainless steel tray, spin-coating machine, or glass, polypropylene, or 

teflon plate (Lee at al., 2017; Musazzi et al., 2020).  

 

A TF can have a single layer or be made up of several drug or non-drug layers. 

It can be designed to have bi-directional or unidirectional drug release by adding 

a backing layer. Bunavail®, for example, is a bi-layered TF that adheres to the 

buccal mucosa. Its backing  layer promotes unidirectional flow of 

buprenorphine/naloxone across the buccal mucosa and increasesthe  contact time 

between the buccal mucosa and the TF to optimize drug delivery for the 

maintenance treatment of opioid dependence (Alaei and Omidian, 2021; Sullivan 

and Webster, 2015). 

 

Concerning the fact that only a small dose of the drug can be incorporated into 

the TF, a new technique can be employed to improve drug loading capacity. The 

film-forming solution can be cast and allowed to dry before adding a second 

layer on top, drying it, and then adding a third layer on top of the two dried 

layers. A coloring agent can be added to the first and third layers to enable the 

identification of the three layers. It is expected to have sustained drug release 

with bi-layered or multi-layered TFs (Ouda et al., 2020). 

 

TFs are polymer films with a surface area ranging from 2 cm2 to 8 cm2 that are 

the size of a postage stamp. Dimensions commonly given in the literature are 3 

cm × 2 cm and 2 cm × 2 cm. Generally, TFs can contain a drug load up to 30 mg. 

A slightly higher drug load with a maximum of around 50 mg can be achieved by 

increasing surface area and/or thickness of the TFs, although the acceptability 
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and patient convenience must be considered (Krampe et al., 2015; Wasilewska 

and Winnicka, 2019). 

 

Prior to drug loading with CM, preliminary trials of blank TFs were prepared by 

investigating various concentrations and types of film-forming polymer and 

plasticizer to develop appropriate and flexible TFs. Further, initial attempts were 

made to incorporate CM to produce TFs with desirable characteristics. After 

cutting, TFs were pre-screened for percent yield and inspected visually for any 

imperfections. By assessing the quality of the produced TFs based on different 

criteria (Table 3), eight batches were rejected and excluded from further analysis. 

After excipients and quantities were changed, three optimized batches were 

selected for further characterization. The composition and method of preparation 

for the optimized batches, Batch 1 (B1), Batch 2 (B2), and Batch 3 (B3) are 

shown in Chapter 4. 

 

Table 3 Criteria for Accepting or Rejecting a Batch 

Criteria Accepted Rejected 

Appearance 
Homogenous and 

smooth surface 

Brittle or non-

homogenous with 

irregularities 

Cuttability Good cuts 
Bad cuts with cracks 

and tears 

Peelability 
Easily peeled off the 

casting surface 

Could not be peeled off 

the casting surface  

Percent Yield Uniform in weight Non-uniform in weight 

Spreadability 

Spreads easily upon 

pouring onto casting 

surface 

Does not spread upon 

pouring onto casting 

surface 

  

3.4 Characterization of Physicochemical Properties 

3.4.1 Drug-Excipient Compatibility 

The compatibility of CM with selected excipients was investigated using Alpha 

II Fourier-transform infrared spectrophotometer (Bruker Corporation, 

Massachusetts) and coupled with OPUS software (Version 8.0). For this purpose, 

the setup was set to attenuated total reflection (ATR) sampling module. To 
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format prior entries that might interfere with the determination, the system was 

set to baseline with background measurement.  

 

0.1 g of CM was loaded onto the crystal plate and compressed with the anvil. 

Further, the spectrum was generated while transmittance was selected as the data 

type of the resulting spectrum. Infrared spectra of HPMC, PVP, sorbitol, and TF 

were also generated to check for any characteristic changes in peaks over the 

range of 4000 cm-1 to 400 cm-1. For each acquired spectrum, a total of 24 scans 

were obtained. 

  

3.4.2 Weight and Thickness Uniformity 

Three TFs per batch were taken randomly and weighed individually using 

Radwag® AS 220.R2 calibrated analytical balance with an accuracy of ± 0.1 mg 

(Radwag Balances and Scales, Poland). Afterward, the thickness was measured 

using Pittsburgh® calibrated digital micrometer with a measuring range of up to 

25 mm ± 0.001 mm (Harbor Freight Tools, California). The average thickness 

was determined from the measurement at five different positions on each TF. 

 

3.4.3 Drug Content Uniformity 

Three TFs per batch were taken randomly and dissolved individually in 50 mL of 

distilled water for 1 hour at 500 rpm. Samples of 10 mL were then withdrawn 

and filtered using 0.45-µm disposable nylon syringe filters (Kinesis, United 

Kingdom).  The filtrates were briefly degassed in Branson 2510 ultrasonic bath 

for 15 minutes (Emerson Electric, Connecticut). After degassing, drug content 

measurement was carried out on Specord® S600 simultaneous spectrophotometer 

with polychromator setup coupled with WinASPECT® spectroanalytical software 

(Analytik Jena, Germany). The absorbance values were detected in triplicate at a 

wavelength of 261 nm against distilled water as a blank reference solution. The 

amount of CM loaded in each TF was determined using a validated calibration 

curve. 
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3.4.4 Drug Release 

A non-USP dissolution apparatus was constructed to carry out a drug release 

study and was improved to yield acceptable and reproducible results. The 

apparatus was assembled using a 40-mesh stainless steel wire basket attached to 

the rotating shaft of OS40-Pro overhead stirrer (Biobase, China).  

 

A randomly selected TF was placed inside the basket prior to the start of each 

run. A run was initiated by immersing the rotating basket at a constant speed of 

50 rpm into a small hemispheric shaped vessel filled with 100 mL of warmed 

simulated saliva to 37 oC ± 2 oC (Table 4) (Marques et al., 2011). 

 

Table 4 Composition of Simulated Saliva as a Dissolution Medium 

Composition Amount (g/L) 

NaCl 8.00 

Na2HPO4 2.38 

K2HPO4 0.19 
* The solution was adjusted to pH 6.80 with H3PO4. 

 

At 1-, 5-, 10-, and 15-minute intervals, 1 mL samples were withdrawn, and the 

same volume was immediately replenished with pre-warmed simulated saliva. 

After sampling, drug release measurement was carried out on Specord® S600 

simultaneous spectrophotometer with polychromator setup coupled with 

WinASPECT® spectroanalytical software (Analytik Jena, Germany).  The 

absorbance values were detected in triplicate at a wavelength of 261 nm against 

simulated saliva as a blank reference solution. The amount of CM released from 

each TF and at each time interval was determined using a validated calibration 

curve. 

  

3.4.5 Disintegration Time 

The disintegration time of the TFs was investigated using the drop method. On 

the upper surface of the TF, a drop of 200 L of pre-warmed simulated saliva was 
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deposited. The disintegration time was recorded using a stopwatch as the time it 

took for a drop of simulated saliva to fall through the TF and form a hole 

(Scarpa, 2019; Foo et al., 2019). 

  

3.4.6 Surface pH 

Three TFs per batch were taken randomly and were folded four times prior to 

placement into a small vial containing 1 mL of distilled water. The TFs were 

kept aside to swell and hydrate for 30 minutes. Afterward, the surface pH was 

measured using the electrode of a calibrated HI 2211 pH/ORP meter (Hanna 

Instruments, Rhode Island).  

 

3.4.7 Moisture Content 

The moisture content was examined by storing pre-weighed TF in a Petri dish at 

room temperature. After 1 day of exposure, the TF was reweighed, and the 

percentage of how much it absorbed moisture was calculated according to the 

following equation: 

Moisture Content = 
Final Weight – Initial Weight

Initial Weight
 × 100 

 

The moisture content was also examined by heating pre-weighed TF to 100 oC 

for 1 hour in a forced convection oven ED 115 (Binder, Germany) after 1 week 

of exposure at room temperature. The dried samples were weighed, and the 

percentage of how much the TF lost moisture was calculated according to the 

following equation:  

Moisture Content = 
Initial Weight – Final Weight

Initial Weight
 × 100 

 

3.5 Characterization of Physicochemical Properties  

3.5.1 Tensile Strength, Elongation at Break, and Young’s Modulus 

According to ASTM D882-18 standard method for tensile properties of thin 

plastic sheeting, mechanical testing of the TFs was performed with a Lloyd 

universal testing machine equipped with 1kN load cell (Ametek, Pennsylvania). 
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It comprises a stationary member carrying a lower grip and a movable member 

carrying an upper grip which extends to induce a strain on the TF. 

 

Samples of TF were cut 45 mm in length and 25 mm in width, with 10 mm of 

each end of the TF attached to a paper 80 mm in length and 25 mm in width and 

loaded securely into the grips, so that 25 mm were exposed between the two 

grips. The preload force was set at 0.5 N, and the TF was pulled by the upper 

grip at a crosshead speed of 250 mm/min to induce a strain on the TF until it 

breaks for determination of tensile strength, elongation at break, and elastic 

modulus. The experiment was performed in triplicate for each batch. 

 

The maximum force that can be applied to the TF before it breaks can be 

calculated using the equation below: 

Tensile Strength = 
Force at Failure

Film Thickness × Film Width
 

 

The maximum deformation a TF can withstand before it breaks can be calculated 

using the equation below: 

Elongation at Break = 
Increase in Length at Break

Initial Length
 × 100 

 

The degree of stiffness for a TF in the elastic region can be calculated using the 

equation below: 

Young's Modulus = 
Stress

Strain
 = 

Slope of Stress-Strain Curve

Film Thickness × Crosshead Spead
 

 

3.5.2 Folding Endurance 

Folding endurance was performed by folding the TF repeatedly at the same place 

until it breaks. The folding endurance value was recorded by counting how many 

times the TF could be folded without breaking (Salehi and Boddohi, 2017). 
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3.6 Statistical Analysis 

For further analysis and display, the results were exported to Microsoft® Excel 

for Mac (Version No. 16.49) and IBM® SPSS® Statistics (Trial Version No. 

28.0). Data obtained through the results were analyzed using analysis of variance 

(ANOVA) followed by the Brown-Forsythe test. Tukey's Honestly Significant 

Difference (HSD) post-hoc test was used to identify the individual differences 

between means. To investigate the association between and the impact of two 

variables, Pearson’s correlation coefficients were computed. Results are 

expressed in terms of means ± standard deviation (SD) unless otherwise stated 

for relative standard deviation (RSD). In the figures, SD was designated as error 

bars. A p-value of less than 0.05 was used to identify a statistically significant 

difference. 
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Chapter 4 

Results 

 

4.1 Development and Validation of UV-Vis Spectrophotometric 

Assay Method for the Determination of Carbinoxamine Maleate 

The absorption spectrum of CM from 200 nm to 400 nm increases with an 

increase in the concentration of standard solution (Figure 8). The wavelength at 

which absorption of CM reaches its peak was identified at 261 nm. At the same 

time, absorption peaks were detected in the region of 200 nm to 240 nm. This 

corresponds to the fact that maleate, which is a highly water-soluble ester of 

maleic acid, produces maleic acid that can be further converted into malic acid 

by hydration (Amoa, 2007). 

 

Figure 8 Overplay Plot of Standard Solutions of CM 

 
 

Because absorption bands are fairly broad in the region of 200 nm to 400 nm, the 

spectra may overlap when analyzing mixtures of compounds. In pharmaceutical 

formulations, it is possible that the spectra of the API may overlap with that of 

excipients (Hamad, 2013). In this work, the used excipients have relatively low 

absorbance in the UV-Vis region. The specificity of CM was identified and 

ensured in the presence of excipients in a formulation (Figure 9). 
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Figure 9 UV-Vis Spectrum of CM in Presence of Excipients 

 
   

Validation of the UV-Vis spectrophotometric assay based on calibration curve 

linearity and precision are illustrated. The calibration curve displayed good 

linearity in the range of 0 µg/mL to 60 µg/mL, with a correlation of 

determination (R2) of 0.9997 (Figure 10). 

 

Figure 10 Calibration Curve for CM 

 
  

The accuracy for the repeated measurements of 50 µg/mL solution was found to 

be 90.49 ± 0.72. The accuracy for the intra-day and inter-day measurements 

ranged from 84.55% ± 1.04 to 93.60% ± 0.70 and 85.36% ± 1.73 to 93.20% ± 

2.79, respectively (Table 5). Based on the results, it is sufficient to confirm that 
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the data precision was accurate and within the acceptable range of 80% to 120%, 

according to the guideline for the validation of analytical procedures 

(International Conference on Harmonization, 1996a). 

 

Table 5 Validation Based on Repeatability and Intermediate Data Precision 

Type of 

Precision 

Theoretical 

Concentration 

(µg/mL) 

Detected 

Concentration 

(µg/mL) 

Accuracy 

(%) 

Repeatability 

(n = 6) 
50 45.25 ± 0.26 90.49 ± 0.72 

Intermediate: 

Intra-day 

(n = 3) 

20 17.74 ± 0.19 88.68 ± 0.97 

40 33.82 ± 0.42 84.55 ± 1.04 

60 56.16 ± 0.42 93.60 ± 0.70 

Intermediate: 

Inter-day 

(n = 9) 

20 17.79 ± 0.90 88.93 ± 4.48 

40 34.14 ± 0.69 85.36 ± 1.73 

60 55.92 ± 1.67 93.20 ± 2.79 

* Results are expressed in terms of mean ± SD. 

  

Determined by regression analysis (Appendix) and calculated using equations 

shown in Chapter 3, the lowest concentrations of CM that can be detected and 

quantitated are 3.04 µg/mL and 9.22 µg/mL, respectively. These parameters are 

two important factors to determine the sensitivity and qualification for the 

determination of CM (International Conference on Harmonization, 1996a). 

 

4.2 Development and Optimization of Thin Films 

Accurately weighed blends of HPMC and PVP were agitated at 500 rpm in 20 

mL of distilled water at 90 oC using Hei-Tec magnetic stirrer (Heidolph, 

Germany) for 2 minutes. 20 mL of distilled water kept at room temperature was 

then added while the stirring rate is minimized to 250 rpm to avoid excess 

formation of air bubbles. The mixture was continuously stirred for 2 hours to 3 

hours to form a clear homogenous solution. Then, sorbitol was added to the 

polymer mixture and stirred at 250 rpm for 1 hour. Finally, CM was vortexed in 
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5 mL of distilled water for 1 minute at 1500 rpm and then added into the polymer 

and plasticizer mixture. The final mixture was diluted to a final volume of 50 mL 

with continuous stirring for another 1 hour to form a clear homogenous solution. 

To ensure the removal of all entrapped air bubbles and to ensure complete 

swelling and hydration, the casting solution was left overnight (Table 6). 

 

On the next day, 5 mL of the solution was cast into a triple vented polystyrene 

Petri dish with an inner diameter of 57.5 mm (Plasti Lab, Lebanon) and left to 

dry in a fume hood at an airflow rate of 1.67 m/sec for 24 hours. The resultant 

TFs were carefully cut into the desired size of 2 cm x 3 cm (6 cm2) and stored in 

a Petri dish wrapped with aluminum foil and in a dry place until further analysis.  

 

After cutting, TFs were pre-screened for percent yield and inspected visually for 

any imperfections. As part of our understanding during initial attempts, it is 

determined that yields above 80% for at least 16 out of 18 TFs would indicate a 

successfully prepared and optimized batch. 

 

Table 6 Composition of Thin Films Loaded with CM 

Composition* B1 B2 B3 

CM 0.21 0.21 0.21 

HPMC E50LV 3.00 3.00 3.00 

PVP K12 1.00 – – 

PVP K85-95 – 0.50 3.00 

Sorbitol** 0.36 0.36 0.36 
* The amounts are expressed in terms of percent weight per volume (% w/v). 
** 

The density of sorbitol is 1.2879 g/mL. 

 

Changes in appearance could be observed between batches. The difference in 

transparency is attributed to the type of PVP used. PVP K85-95, unlike PVP 

K12, is semi-crystalline powder and produces translucent TFs when used in 

small amounts. As the amount of PVP K85-95 increases, TFs becomes 

progressively less clear and opaque in appearance (Figure 11). 
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Figure 11 Appearance of TFs Loaded with CM 

 
  

4.3 Characterization of Physicochemical Properties 

4.3.1 Drug-Excipient Compatibility 

ATR-IR spectra of CM, HPMC E50LV, PVP K12, PVP K85-95, sorbitol, and 

TFs were generated (Figure 12). A major peak was detected at 1048.87 cm-1 in a 

spectrum that belongs to HPMC E50LV. This characteristic peak was still 

observed in TFs which inclined in intensity upon the addition of CM. Similarly, a 

key peak was detected at 3268.19 cm-1 in a spectrum that belongs to sorbitol. 

This characteristic peak was also observed in TFs which declined in intensity 

upon the addition of other excipients. The spectrum of PVP K12 or K85-95 

showed characteristic peak at 1650.31 cm-1.  

 

The spectrum of CM showed identifiable peaks. Some peaks for CM could not 

be identified in the spectrum of TFs due to a very low amount of CM loaded in a 

TF. The intensity of the peak is usually proportional to the concentration of API 

in each film (Ouda et al., 2020). Hence, other peaks can be more visible with 

increasing concentration of CM. However, the spectrum of the TFs showed all 

essential peaks with no evidence of significant peak shifts. 

 

The oral extended-release suspension, Karbinal ER®, contains PVP as one of its 

inactive ingredients. Arbinoxa®, an oral solution, contains sorbitol as one of its 

inactive ingredients (Drugs.com, 2021). An ocular in situ gel of CM was 

developed using HPMC as viscosity enhancing agent and its stability study over 

60 days passed with no considerable change (Arun and Abhiram, 2019). 
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Therefore, the selected excipients do not seem to have the potential to interact 

with CM and cause molecular transformation, which can have an impact on the 

stability of TFs. 

 

Figure 12 ATR-IR Spectra of CM, Excipients, and TFs 

 

  

The data type of the resulting spectrum of CM was converted from transmittance 

to absorbance to verify to the authencity of the result (Figure 13). The resulting 

converted spectrum is shown to be consistent with the spectrum generated by 

SpectraBase (PubChem, 2021). 
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Figure 13 Converted ATR-IR Spectrum of CM 

 
  

Drug-excipient compatibility can be further confirmed with differential scanning 

calorimetry (Abruzzo et al., 2012). Alternatively, it can be confirmed by 

incubating samples of blends of API and excipients at a temperature and 

humidity chamber followed by observing visually for any physical changes over 

a specified time interval (Gupta et al, 2019). 

  

4.3.2 Weight and Thickness Uniformity 

In this work, the amount of HPMC was kept constant while the amount and type 

of PVP was varied across all the batches. The reason was to investigate such 

variation on the properties of the TFs. This explains why there were significant 

differences in weight and thickness uniformity across all batches of TFs. Due to 

the drying effect, TFs were found to be thicker around the edges and borders of 

the Petri dish. However, TFs of all batches revealed good physical properties in 

terms of weight and thickness that ensure uniformity.  

 

TFs containing 2 mg of CM per 6 cm2 were found to have a weight and thickness 

in the range of 40.47 mg ± 0.49 to 65.70 mg ± 1.51 and 50.80 µm ± 1.11 to 95.20 

µm ± 2.50, respectively (Table 7). An increase in weight, as expected, resulted in 

an increase in thickness, with significant differences between the TFs of all 

batches. It can be inferred that there is a strong positive correlation between 

weight and thickness. 
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Table 7 Weight and Thickness of TFs Loaded with CM 

 B1* B2* B3* 

Weight (mg) 40.47 ± 0.49 34.03 ± 1.07 65.70 ± 1.51 

Thickness (µm) 62.20 ± 0.53 50.80 ± 1.11 95.20 ± 2.50 

Results are expressed in terms of mean ± SD, n = 3. Asterisk denotes statistically significant 

difference between the two batches at p <0.05, as derived from ANOVA followed by post-hoc 

Tukey's HSD test for multiple comparisons. r(9) = 0.997, p  <0.001. 

 

4.3.3 Drug Content Uniformity 

Content uniformity can be defined as each TF containing 85% to 115% of CM, 

with an RSD of ≤6.0% (Kupiec et al., 2008; Wasilewska and Winnicka, 2019). 

The percent drug load of CM from different TFs was found to be in the range of 

89.99% ± 4.68 to 91.43% ± 1.65 (Table 8). That is, the drug content of CM was 

consistent in the range of 1.80 mg ± 5.20% to 1.83 mg ± 1.80% per 6 cm2 with 

no statistically significant differences between batches, given F(2, 6) = 0.156, p = 

0.859. The results of content uniformity showed that CM was uniformly 

dispersed in the casting solution and that changing the amount and type of film-

forming polymer had no effect on CM loading. 

 

Table 8 Percent Drug Content of TFs Loaded with CM 

  B1 B2 B3 

Percent Drug 

Content (%) 

91.43 ± 1.65 

(1.80) 

89.99 ± 4.68 

(5.20) 

90.90 ± 2.37 

(2.61) 
* Results are expressed in terms of mean ± SD, n = 3. Corresponding RSD are parenthesized. 

  

4.3.4 Drug Release 

While running a drug release study, TF may float over the simulated saliva 

medium making it difficult to execute the test properly. The paddle method is 

more prone to cause this problem, hence the basket method was chosen (Irfan et 

al., 2016). 

 

It was noted that there was an initial burst release within 1 to 5 minutes of 

exposure, and then the release rate was reduced in the remaining 15 minutes of 

the test. Initial burst release behavior was attributed to TF fast swelling and 
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liquid uptake. After 5 minutes, 90.02% ± 1.87 of CM was released from B1 

while 74% ± 1.00 was released from B2, and 62.62% ± 3.45 was released from 

B3. By 15 minutes, 97.06% ± 4.32, 92.25% ± 4.68, and 81.04% ± 1.91 of CM 

was released from B1, B2, and B3, respectively (Figure 14). These results 

indicated that PVP K85-95 significantly lowers the dissolution rate of CM in a 

concentration-dependent manner, and this may be attributed to the high viscosity 

of PVP K85-95 in comparison to PVP K12. 

 

Figure 14 Drug Release Profiles from the TFs in Simulated Saliva, pH 6.8 

 
   

Due to uncontrollable experimental factors associated with the constructed non-

calibrated apparatus and risk of results variability, the drug release profiles could 

be considered for correction based on the drug content uniformity test for each 

batch (Table 8). 

 

As a result of correction, 98.47% ± 2.04 of CM would be released from B1 while 

82.23% ± 1.11 would be released from B2, and 68.89% ± 3.79 would be released 

from B3 after 5 minutes. By 15 minutes, 106.16% ± 4.73, 102.51% ± 5.20, and 

89.16% ± 2.10 of CM would be released from B1, B2, and B3, respectively 

(Figure 15). It is possible to see that the percent drug release exceeds 100%, and 

this is due to the differences in drug loading between individual TFs. As long as 

it does not exceed 115%, it is still within the acceptable limit. 
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Figure 15 Corrected Drug Release Profiles from the TFs in Simulated Saliva, pH 

6.8 

 
 

4.3.5 Disintegration Time 

Briefly, the disintegration of all TFs was achieved in less than 180 seconds 

(Figure 16). TFs of B1 disintegrated faster than TFs of B2 and B3 that include 

PVP K85-95. As expected, there is a positive correlation between type of film-

forming polymer and disintegration time, given r(9) = 0.830, p = 0.006. The 

variations between the means of disintegration are statistically significant across 

all batches. 

 

Figure 16 Disintegration Time of TFs Loaded with CM 

 
Results are expressed in terms of mean ± SD, n = 3. Asterisk denotes statistically significant 

difference between the two batches at p  <0.05, as derived from ANOVA followed by post-hoc 

Tukey's HSD test. r(9) = 0.830, p = 0.006. 
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4.3.6 Surface pH 

The surface pH of the TFs was found to be between 5.02 ± 0.65 and 5.87 ± 0.05 

(Table 9). The result indicated that the mucosal lining of the oral cavity will not 

be irritated in any way. 

 

Table 9 Surface pH of TFs Loaded with CM 

  B1 B2 B3 

Surface pH 5.02 ± 0.65 5.79 ± 0.16 5.87 ± 0.05 

 Results are expressed in terms of mean ± SD, n = 3. 

  

4.3.7 Moisture Content 

A moisture content of less than 5% is required for an ideal TF (Nair et al., 2013). 

The moisture content was in the range of 1.66% ± 0.53 to 5.18% ± 0.98 after 1 

day of exposure and 9.09% ± 0.92 to 14.88% ± 0.55 after 1 week of exposure. 

After 1 day of exposure, TFs of B3 notably exhibited moisture content greater 

than 5% in comparison to TFs of B1 (p = 0.029) and B2 (p = 0.003). Similarly, 

after 1 week of exposure, TFs of B3 notably exhibited moisture content greater 

than 10% in comparison to TFs of B1 (p <0.001) and B2 (p = 0.001) (Figure 17). 

 

TFs of B3 are the ones with highest moisture content, and they were, to some 

extent, slightly tacky upon touch. The high hygroscopic nature and adhesive 

properties of PVP K85-95 could explain this observation. Moreover, TF is 

sensitive to humidity and temperature.  

 

Moisture absorption preventative packaging is required for clinical use to 

maintain the appearance of TFs for better acceptance and handling. (Vuddanda et 

al., 2018). Proper and special packaging in multidose containers or individually 

pouched with special types of protective foils should be considered (Irfan et al., 

2016; Karki et al., 2016). 
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 Figure 17 Moisture Content of TFs Loaded with CM after 1 Day of 

Exposure Compared to 1 Week of Exposure 

  
Results are expressed in terms of mean ± SD, n = 3. Asterisk denotes statistically significant 

difference between the two batches at p <0.05, as derived from ANOVA followed by post-hoc 

Tukey's HSD test. 

 

4.4 Characterization of Mechanical Properties 

4.4.1 Tensile Strength 

The tensile strength values of the TFs ranged from 45.32 MPa ± 4.36 to 68.51 

MPa ± 6.06 (Figure 18). The incorporation of blends of HPMC E50 LV and PVP 

K85-95 at a ratio of 1:1 notably decreased the tensile strength of the TFs in 

comparison to B1 (p = 0.004) and B2 (p = 0.022). There was no significant 

difference in tensile strength between TFs of B1 and B2 (p = 0.279). 

 

During the manufacturing of TFs, measures must be taken to ensure that they 

have sufficient mechanical strength to withstand handling without being 

damaged. Based on the tensile strength behavior of the TFs, it is possible to 

conclude that they possess enough integrity to withstand the manufacturing 

process and to allow for simple handling during administration (Chen et al., 

2014; Alaei and Omidian, 2021). 
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Figure 18 Tensile Strength of TFs Loaded with CM 

 
Results are expressed in terms of mean ± SD, n = 3. Asterisk denotes statistically significant 

difference between the two batches at p <0.05, as derived from ANOVA followed by post-hoc 

Tukey's HSD test for multiple comparisons. 

  

4.4.2 Elongation at Break 

The highest elongation at break were shown in TFs of B1 followed by B2 with 

values of 21.98% ± 1.91 and 20.47% ± 4.46, respectively. The lowest value of 

5.74% ± 0.61 belonged to TFs of B3 (Figure 19). The incorporation of blends of 

HPMC E50 LV and PVP K85-95 at a ratio of 1:1 notably decreased deformation 

of the TFs in comparison to B1 (p <0.001) and B2 (p = 0.002). The difference 

suggests that the increase in the amount of PVP K85-95 by 6-fold altered the 

deformation of the TFs and masked the plasticizing effect of sorbitol. There was 

no significant difference in elongation at break between TFs of B1 and B2 (p = 

0.795), yet their high values of elongation at break correspond to highly 

deforming TFs due to dominant impact of sorbitol as a plasticizer. 

 

Based on the elongation at break behavior of the TFs, it is possible to conclude 

that the plasticity after applying a stress on B3 can be further increased by adding 

sorbitol in a concentration-dependent manner. 
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Figure 19 Elongation at Break of TFs Loaded with CM 

 
Results are expressed in terms of mean ± SD, n = 3. Asterisk denotes statistically significant 

difference between the two batches at p <0.05, as derived from ANOVA followed by post-hoc 

Tukey's HSD test for multiple comparisons. 

  

4.4.3 Young’s Modulus 

The Young’s modulus values of the TFs ranged from 1551.20 MPa to 1812.51 

MPa with RSD ranging from 2.55% to 29.01% (Figure 20). There is no 

statistically significant difference in Young’s modulus between the batches. 

 

Based on the Young’s modulus behavior of the TFs, it is possible to conclude 

that TFs are stiff and poorly return to their original shape once a stress is applied. 

This parameter relies on the properties of the materials used and does not 

necessarily correlate with other mechanical parameters (Scarpa, 2019). It should 

be noted that mechanical testing was conducted during a hot day and transported 

to a distant local industrial facility. Loss of moisture that corresponds to increase 

in glass transition temperature seems to explain the Young’s modulus behavior 

of TFs. Moreover, the degree of crosslinking could be another factor that 

influence the Young’s modulus of TFs. The strain typically decreases as the 

polymer chains crosslink. Young's modulus increases as the strain decreases 

because it is calculated by dividing the stress by the strain. The interaction of 

polymer chains in TFs causes increased crosslinking and, consequently, an 

increased glass transition temperature, resulting in stiff TFs with poor elastic 

properties in terms of Young's modulus. If the amount of sorbitol is increased, it 
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is possible that sorbitol will enter the polymer chains and interact with them, 

allowing the free volume to increase and the glass transition temperature to 

decrease. (Kazemi et al., 2020).  

 

Interestingly, it has been visually observed that it is easier for TFs to regain 

elasticity when placed under cool and moist conditions due to very hygroscopic 

nature of polymers used. Investigation of the effect of moisture content on 

mechanical behaviors of TFs should be further explored. 

 

 Figure 20 Young's Modulus of TFs Loaded with CM 

 
 Results are expressed in terms of mean ± SD, n = 3. 

 

Desired mechanical properties will vary depending on the formulation goals and 

the technique used, but in general, the behavior of the TF can be extrapolated 

from the parameters of stress-strain curve through the use of universal testing 

machine (Morales and McConville, 2011). Ideally, TFs with moderate-to-high 

tensile strength, high elongation at break, and low Young’s modulus are 

mechanically more desirable (Alaei and Omidian, 2021; Ouda et al. 2020).  

 

No specific official limits have been set to ensure that TFs have appropriate 

mechanical properties. Borges et al. (2017) and Visser et al. (2015) both 

published acceptable limits for mechanical properties of TFs, the first was based 
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on measurements taken on commercial products (e.g., Listerine® Fresh Burst) 

while the second was based on a quality-by-design study.  

 

The dark green color indicates that the batch satisfied the acceptable limits 

proposed by Borges et al. (2017) and Visser et al. (2015). Otherwise, the light 

green color indicates that the batches would not be considered acceptable (Table 

10; Table 11). 

 

Table 10 Acceptable Limits Proposed by Visser et al. (2015) 

Visser et al. 

(2015) 
B1 B2 B3 

Tensile Strength 

>2 MPa  
   

Elongation at 

Break >10 % 
   

Young’s Modulus 

<550 MPa 
   

  

Table 11 Acceptable Limits Proposed by Borges et al. (2017) 

Borges et al. 

(2017) 
B1 B2 B3 

Tensile Strength 

5-45 MPa 
   

Elongation at 

Break 5-40%. 
   

Young’s Modulus 

100-1500 MPa 
   

  

4.4.4 Folding Endurance 

All TFs exhibited necessary flexibility which is an important feature for ease of 

handling and administration. (Table 12). It was observed that the use of sorbitol 

as a plasticizer was the driving factor for the flexibility of TFs. 

 

Table 12 Folding Endurance of TFs Loaded with CM 

  B1 B2 B3 

Folding 

Endurance 
>300 >300 >300 
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Chapter 5 

Discussion 

 

Overall, B1 showed the best properties particularly in terms of weight and thickness 

uniformity, high degree of transparency, and fast drug release. PVP K85-95 significantly 

influence physicochemical and mechanical parameters. For instance, the release rate for 

CM was notably lowered by increasing the amount of PVP K85-95. The results of 

mechanical parameters are indicative and used for comparative purposes. The effect of 

moisture content, plasticizer, polymer, and CM on mechanical values should be 

considered. When designing TFs loaded with CM, these variables should be optimized 

based on the desired physicochemical and mechanical properties of the TFs. 

 

In the development and optimization of TFs, three film-forming polymers were used, 

namely HPMC E50LV, PVP K12, and PVP K85-95. Preliminary trials of blank TFs 

were made to determine the suitable concentration of polymer for obtaining non-sticky 

and proper TF. Briefly, multiple formulations were developed using HPMC E50LV. A 

concentration of 3% w/v was selected as the ideal amount that yields proper and clear 

TFs. Lower concentrations were examined by going down to 0.5% w/v, which produced 

TFs that can be peeled but get easily crumpled. Higher concentrations of 5% w/v and 

7% w/v had viscous solutions that resulted in tough TFs. Blank TFs produced using PVP 

K12 or PVP K85-95 alone did not demonstrate good film-forming properties because 

they were unable to be peeled off the Petri dish and were very sticky upon touch. 

Therefore, PVP K12 or PVP K85-95 was used as a co-adjuvant with HPMC E50LV to 

improve film-forming ability and to increase mucoadhesion. 

  

The process of dissolving the polymer in water was challenging. HPMC E50LV is the 

designation for premium grade water-soluble cellulose ether product that has not been 

surface-treated for easy dispersion and yields a viscosity of 50 cP at 2% in water at room 

temperature of about 20 oC. At first, the polymer powder was simply poured directly 

into the desired volume of water. However, this method shows the formation of lumps 
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that require an ample amount of time to dissolve, typically within about a whole day at 

room temperature. Multiple pouring at small quantities was necessary at each time. 

Dispersion using an overhead stirrer equipped with a high-shear turbine-type impeller 

resulted in the excess formation of air bubbles that were unable to be removed by 

sonication. An alternative method was further employed to eliminate the problem of 

polymer lumping and the risk of incomplete viscosity development. This method, often 

known as the "hot/cold" technique, makes use of the insolubility of HPMC in hot water. 

Initially, the polymer powder was poured directly on 1/5 to 1/3 of the total required 

volume of water that has been heated to 90 oC and agitated until the particles are wetted 

and evenly distributed. Afterward, the remaining volume of water that was kept at room 

temperature was added while agitation continued. As a result, the temperature of the 

mixture started to drop. Agitation was continued for at least 1 hour until hydration and 

development of viscosity occurred at temperatures of 25°C or lower. (Adamidis and 

Madabhushi, 2015). 

  

After identifying the ideal polymer concentration, the addition of a plasticizer was 

explored. A plasticizer is typically used in the development of TFs to reduce brittleness 

by lowering intermolecular forces, increasing polymer chain mobility, and improving 

flexibility (Ouda et al, 2020). Glycerol was first selected as a plasticizer that produced 

flexible and gelatin-like TFs. However, TFs containing glycerol were non-transparent 

and cloudy upon touch. It has been macroscopically observed that an increase in 

cloudiness can be induced with an increase in glycerol concentration. Glycerol is a 

humectant, which means it retains and preserves moisture when coupled with 

hygroscopic polymers. Therefore, a suitable temperature and humidity environment 

should be controlled during the development of TFs. 

  

After blank films were developed, initial attempts were made to incorporate CM. CM is 

known to have a terrible bitter taste, and sorbitol was used as a taste-masking agent with 

a cooling effect that improves the palatability of the TFs (Karki et al., 2015; Liu et al. 

2018). It also has a plasticizing property that enhances the flexibility of the TFs. 

Discussed herein are the reasons why batches were rejected excluded from further 
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analysis. The addition of saliva-stimulating agent, such as citric acid or tartaric acid, at a 

range of 0.25% w/v to 0.5% w/v yielded highly acidic TFs. When the loaded dose is 

clinically relevant for pediatric use, acidic TFs could irritate the oral mucosa and make 

the pediatric patient feel uncomfortable. The chemical nature of CM and saliva-

stimulating agent seems to determine the pH of TFs. Hence, it was reasonable to omit 

saliva-stimulating agents to maintain the pH as close to the pH of the oral mucosal 

membrane as possible (Salatin et al., 2021; Karki et al., 2015). However, a saliva-

stimulating agent can boost the disintegration of TFs and improve the drug release 

pattern by increasing the saliva production rate. 

 

Pre-screening showed significant variations in percent yield, weight, and thickness 

between TFs. Such significant variations indicate the inadequacy of the batch and are 

expected to have non-uniform drug loading (Nair et al., 2013). This might be attributed 

to the poor powder flowability of CM, as noticed by visual inspection during weighing. 

To solve this, instead of pouring CM in its powder form, CM was dissolved using a 

vortex followed by addition into a solution containing a polymer-plasticizer mixture. To 

confirm this claim, it is recommended to verify the flowability profile of CM. The 

Hausner ratio is one of the most common methods for testing powder flow. The United 

States Pharmacopeia (USP) addresses a generally accepted scale of flowability, which 

can be used as a reference to determine the impact of Hausner ratio for CM on the 

flowability (United States Pharmacopeia, 2011). Powder flowability is influenced by a 

variety of factors, such as adhesiveness, electrostatic charges, moisture, particle size, 

particle shape, other particle surface characteristics (Kudo et al., 2020). In particular, the 

amount of water and its distribution determine the influence of moisture on powder 

flowability (Sandler et al., 2010). Furthermore, it has been demonstrated that the 

flowability of the powder and its dispersion performance were found to be highly 

correlated (Lu et al., 2017). Further studies should focus on the relationship between 

flowability and dispersion behavior of CM and their dependence on exposure to water. 

 

Furthermore, switching from a large Petri dish with an internal diameter of 91.5 mm to a 

small Petri dish with an inner diameter of 57.5 mm resulted in TFs with better 
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homogeneity in terms of weight and thickness. Inconsistencies in casting on Petri dishes 

was another reason that prompted batch rejection. It was observed that there was 

variability in the viscosity and degree of spreading while pouring at each time. The 

upper part of the casting solution was much less viscous than its lower part. This was 

solved by extending the stirring time after filling up to the mark with water and 

extending the duration of keeping the formulation on the bench to ensure complete 

hydration of the solution. Moreover, bad cuts and tears was another reason for batch 

rejection. Increasing the concentration of sorbitol resulted in better cuts.  

  

Due to the limited availability of CM, its concentration was deescalated from 0.32% w/v 

to 0.21% w/v after rejecting the second batch. The concentration of 0.32% w/v was 

intended for the preparation of TFs with a clinically relevant dose of 3 mg per 6 cm2. 

The solution of first two batches were cast on a large Petri dish with an inner diameter of 

91.5 mm. However, the batches were rejected due to the significant variability in percent 

yield of the individual TFs. Only, 7 out of 19 TFs were uniform in weight and yielded 

good experimental weight. However, this does not necessarily indicate that the 

concentration of CM has significantly influenced the variability. There are multiple 

experimental factors, and these can be indirect or direct. Such rejected batches may have 

been better prepared by extending stirring time, hydration, and swelling time, or addition 

of PVP K12 or PVP K85-95. 

 

Because of the aforementioned undesirable characteristics of the produced TFs, batches 

were improved and optimized by changing excipients and quantities. The optimized 

batches produced TFs with acceptable properties in terms of spreading ability, ease of 

peeling, and flexibility. 

 

Klingmann et al. (2020) incorporated Avicel® microcrystalline cellulose PH-105 

purposely as an opacifier into a TF due to its crystalline powder form. Therefore, the 

form of PVP K12 or PVP K85-95 powder can influence the change of appearance of 

TFs across all batches. 
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After all, an Ishikawa diagram that shows critical process parameters and material 

attributes that could have an impact on the properties of TFs are illustrated (Figure 21). 

These should be evaluated and controlled to ensure the good quality of TFs. 

 

Figure 21 Attributes and Parameters Affecting Final Properties of TFs 

 
 

5.1 Limitations 

It is important to keep in mind that the disintegration test was only used for 

comparison purposes because it does not mimic in vivo conditions, such as saliva 

composition and tongue movements. Like the slide frame method, the 

disintegration time was recorded when a drop of simulated saliva fell through the 

TF (Foo et al., 2018; Borges et al. 2017). Nonetheless, the findings are in line 

with the regulations set by European Pharmacopoeia in reference to the 

disintegrating time of ODTs (Ouda et al., 2020). 

 

The suitable appropriate volume of media for drug release study may need to be 

optimized. Application of drug release study that relies on using a biorelevant 

saliva-based dissolution medium developed and optimized by Ali et al. (2021), 

who also selected a volume of 100 mL that is neither too high nor too low, would 

be a useful approach that could potentially resembles human saliva in dissolution 

of TFs. 
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Since CM should be protected from light, photostability study could also be 

carried out according to the ICH guidelines to evaluate the integrity of TF over 

months (International Conference on Harmonization, 1996b). 

 

5.2 Perspectives and Implications 

This work has perspectives and implications, which could also serve as potential 

future research directions. To list a few, pH is a critical variable in drug delivery. 

It is crucial to think about pH and how it affects drug absorption, permeability, 

solubility, and stability (Allen, 2011). Incorporation of a pH-modifier with or 

without a permeation enhancer into TFs to modify the pH and boost the 

permeability of CM can be a useful approach to attain optimal absorption of CM. 

(Rawas-Qalaji et al., 2021). Evaluation of mucoadhesion, whether directly or 

indirectly, is an important consideration in determining the degree of TF binding 

to the oral mucosa, which plays a key role in effective drug delivery of CM 

(Alaei and Omidian, 2021). 

 

This work also revealed results of the basic initial steps taken towards the 

development of TFs as an innovative drug delivery system of CM. As stated in 

Chapter 1, it is evident that a TF drug delivery system can pave the way for the 

repurposing of existing drugs into a more efficacious dosage form and that CM 

possesses potent antiviral activity. It is also evident that a TF can potentially act 

as a carrier to deliver antiviral drugs (Gupta and Kumar, 2021). With further 

research and development, TFs loaded with CM may lead to potential new use in 

the treatment and prevention of influenza virus infection. 

 

Incorporation of CM or any other API in the form of nanoparticles can also be a 

useful approach to improve drug delivery and drug loading capacity in a TF. 

Future research would also involve incorporation of poorly water-soluble APIs 

into the TFs as it is evident that APIs with low solubility and bioavailability are 

suitable candidates for incorporation into TFs. 
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Chapter 6 

Conclusion 

 

This work demonstrates the successful development of TF as an adequate delivery 

system for the administration of CM. The type, grade, and ratio of film-forming polymer 

can impact the desired characteristics of the TF and modify the delivery of CM. 

Physicochemical and mechanical properties of TFs can be further tuned and adjusted 

using API and/or excipients. 
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Appendix 

 

Below is the regression analysis of the calibration curve that was carried out using 

Analysis ToolPak add-in of the Microsoft® Excel. 

SUMMARY OUTPUT 

  

Regression Statistics 

Multiple R 0.999848 

R Square 0.999697 

Adjusted R Square 0.999545 

Standard Error 0.008654 

Observations 4 

  

ANOVA  

 df SS MS F Significance F 

Regression 1 0.493608 0.493608 6590.23 0.000152 

Residual 2 0.00015 7.49E-05   

Total 3 0.493758    

      

 Coefficients Standard Error t Stat P-value Lower 95.0% Upper 95.0% 
 

Intercept -0.0043 0.007241 -0.59385 0.612833 -0.03545 0.026855 

X Variable 1 0.01571 0.000194 81.18023 0.000152 0.014877 0.016543 

 

 

σ = Standard Error ×√n = 0.0072×√4 = 0.0145 

Detection Limit = 
3.3 × σ

S
 = 

3.3 × 0.0145

0.01571
 = 3.04 µg/mL 

Quantitation Limit = 
10 × σ

S
 = 

10 × 0.0145

0.01571
 = 9.22 µg/mL 




