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1. INTRODUCTION

Buccal polymer films offer an alternative and innovative way to deliver an active
pharmaceutical ingredient (API) to the systemic circulation without swallowing the dosage
form [1, 2]. The characteristics of this dosage form can be exploited in many diseases, for
example, in allergy, hypertensive crisis, Parkinson’s disease, coma, treatment of children.
The pharmaceutical industry has already started to focus on buccal films and recognized
them as a potential drug delivery system [3], as evidenced by the availability on the market

of a buccal film called Breakyl®, containing fentanyl [4].

Nowadays, the buccal drug delivery system is becoming an important alternative
route in drug administration. This possibility of drug application has been untapped and
poorly investigated. Buccal drug delivery systems have some bioadhesive solid dosage
forms, such as bioadhesive tablets, gels, patches, and mucosal bioadhesive films [5,6].
Patients do not have to swallow this dosage form, they should place the bioadhesive system
onto the buccal mucosa of the mouth, and the API can be absorbed into the systemic
circulation. Many research groups have already tried to formulate buccal polymers films
with different APIs, such as omeprazole, miconazole, ondansetron and prednisolone [7-10],
but they did not investigate the prepared films widely because it is not an official dosage

form in the Pharmacopeia, so official rules and guidelines for polymer films cannot be found.

In my research work, drug-loaded buccal polymer films were formulated and for the
preparation of films SA was applied as a polymer film-forming agent as a novel substance
in buccal films. SA was combined with HPMC to create the polymer matrix. In the polymer
films, CTZ was used as an APIl. The mechanical properties of the prepared films were
evaluated because these can determine the possibility of the application (the film resists
finger pressure and binds to the mucin of the buccal mucosa appropriately). The chemical
interactions between the components of the films were also analyzed. In addition, the release
of the APl was tested and accelerated stability test was carried out. Moreover, the
cytotoxicity and permeability of the prepared films were also investigated. My main aim was
to find the optimal composition of a buccal film to be used on the buccal mucosa as a

potential dosage form.



2. LITERATURE BACKGROUND
2.1. Anatomical structure of the buccal mucosa and characterization of
mucin

Patients have to put the polymer film on the buccal area of the mouth (Figure 1.).
The buccal area is the part of the oral cavity located on the outer side of the teeth. The area
of the entire oral cavity is around 170 cm?, but the medicinally useful area is less than 50
cm? because the API can be absorbed into the systemic circulation only from the
nonkeratinized epithelium [11-13]. The buccal mucosa has three main parts and several
smaller parts. The main parts are the epithelium, the basement membrane and the underlying
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Figure 1. Location of the buccal mucosa in the oral cavity [15]

The cells of the buccal mucosa are covered with a mucus layer, which is made up of
95% water and 5% mucin [13, 16]. Mucin is a glycoprotein-type molecule, which is
composed of 80% carbohydrates, 12-25% proteins and 5% sulfate esters [16]. Mucin is a
large molecule, its molecular size can reach 50 Mda [17]. It forms a gel layer at buccal pH
and can bind to epithelial cells. This bond is made up of several factors. The entanglement
of the mucin chains, electrostatic and hydrophobic interactions, and hydrogen bonds result
in the gel structure. Mucin can occur on the surface of the mucous membrane in both
dissolved and suspended form. The thickness of the mucin layer is different on the individual

mucous membranes, in the oral cavity it is 1 pm thick [16,18].

The general structure of mucin is characterized by the fact that it consists of two
parts. One part is always from a single-stranded glycoprotein, while the other part can vary.
Either large carbohydrate side chains are connected by O-glycosidic bonds, or it is composed

of one or two low glycosylated protein parts [19].



There are several types of mucin, two types were distinguished in saliva, type one (MG1)
and type two (MG2). Both types are characterized by low solubilization, high elasticity and
high viscosity [13,17].

2.2  Definition, theories and mechanism of mucoadhesion

Mucoadhesion is the process when the materials and the mucin of the mucous
membrane are held together for a long time by attractive bonding. It is defined as bioadhesion
when both connecting materials are biological. Mucin is a hydrophilic macromolecule and
possesses a great number of hydrogen atoms and hydroxyl groups and can therefore create
primary (covalent, ionic, ester bonding) and secondary (hydrogen bonding, van der Waals
forces) bonding with biological structures [20, 21].

Mucoadhesion includes several types of theories, the major categories are [22]:

e mechanical theory considers adhesion to be due to the filling of the irregularities on a
rough surface by a mucoadhesive liquid. Roughness increases the interfacial area
available for interactions, thereby aiding dissipating energy, and it is the most important

phenomenon of the process [23].

e diffusion theory assumes interdiffusion between the chain of the polymer films and
mucin. The phenomenon is determined by concentration gradient at the same time can
be limited by the length and mobiliy of molecular chain. The interpenetration depth of
polymer and mucin chains can be estimated by the contact time and the diffusion
coefficient [23, 24].

e adsorption theory supposes that the mucadhesive material adheres to mucin with
secondary chemical interactions such as hydrogen bonds, van der Waals, electrostatic

and hydrophobic interactions [23, 24].

e wetting theory assumes interfacial energy between the solid and the liquid system. The
liquid should spread on the solid surface to create bioadhesion. The gas, solid and liquid
forms are in equilibrium. It can be characzerized by the wetting degree. We can speak
of wetting if ® < 90° and the surface is poorly wetted if ® > 90°. If ® = 0°, wetting is
complete, and if ® = 180°, the liquid does not wet the solid at all. The wetting degree

should be close to 0 degree to achieve the best condition in terms of bioadhesion [23].



e electronic theory is based on the premise that mucoadhesive and biological materials
have opposing electrical charges. When both materials come into contact, they transfer
electrons, leading to the building of a double electronic layer at the interface, where the
attractive forces within this electronic double layer determine mucoadhesive strength
[24].

e fracture theory assumes fraction after adhesion. Generally, the weakest components
show this phenomenon. This theory is different from the previous five theories, but it is
the most commonly used theory in studies on the mechanical measurement of

mucoadhesion [24].

The mechanism of mucoadhesion can be divided into two stages (Figure 2.), the
contact stage and the consolidation stage. In the contact stage, a direct connection develops
between the dehydrated polymer film and the hydrated mucus layer. The polymer film
dehydrates the mucus layer, thus the polymer film becomes hydrated. In the stabilization
phase, the polymer chains create a permanent chemical bond in the deeper layers of the

mucous layer, and a strong mucoadhesion force is formed [24].
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Figure 2. Interaction process between the mucoadhesive film and mucin [18]

The termination of mucoadhesion depends on several parameters. It is mostly
determined by the hydration of the polymer film because if it becomes overhydrated, it easily
slides off the surface, so the degree of hydration must be controlled. The molecular weight
of the polymer also determines the length of mucoadhesion. If the polymer has a low
molecular weight, it hydrates quickly and detaches from the surface early. In the case of a
high molecular weight, the opposite happens. Another influencing factor is the mobility,
charge and concentration of the polymer chains, as well as the lifetime of saliva and mucin,

or the movement of buccal tissues [24].



2.3. Advantages and disadvantages of buccal drug administration

According to Macedo and Patel, this drug delivery system possesses great
advantages. A lower dose of API can be applied compared with other delivery systems. Since
the first-pass effect of the liver is avoided, the API can enter the systemic circulation after
absorption from the buccal mucosa. Secondly, it can be used in the case of swallowing
problems, such as Parkinson’s disease, stroke, multiple sclerosis, esophagitis, and allergies
[25 ,26]. In geriatrics and pediatrics, it can play a huge role due to its easy and unnoticed
application, so in general patients prefer this dosage form to per os tablets [27, 28]. It is a
useful form of drug administration from the chemical perspective because the API and
gastric acid do not contact each other, so the stomach can be protected from the API and vice
versa [29, 30].

Furthermore, local and fast systemic effects can be achieved with these systems,
therefore they can be used in emergencies such as hypertensive crisis or anaphylactic shock,
and also in chronic illnesses like asthma, allergy, hypertension or other chronic diseases [31—
34].

Transcellular and paracellular drug delivery across the lipid membrane of the buccal
mucosa is equally good, which can result in good transport for hydrophilic and lipophilic
APIs [35]. Buccal polymer films might be preferred to buccal tablets. They are more flexible
and comfortable as they can be washed from the buccal mucosa by the saliva and thus be

removed easily [25].

However, this dosage form also has difficulties. In the polymer film, a dose of less
than 50 mg of API can be used successfully due to the fact that the surface of the buccal
mucosa is small, so a small dose of API can be absorbed from the small absorption surface

[36]. Buccal films as a dosage form are not official in the Pharmacopoeias [37].

2.4. Polymers in terms of mucoadhesion

Mucoadhesion force and the time of mucoadhesion are also important for the
application because if one of these two parameters is not sufficient, the absorption of the
active pharmaceutical ingredient (API) cannot occur. The first step in the development is the
selection of the polymer material with mucoadhesive properties. Many polymers are
available with different parameters [38]. Polymers can be from natural sources, semi-

synthetic, and synthetic. The most commonly used polymers are cellulose derivatives such



as hydroxypropyl cellulose (HPC), hydroxypropyl-methylcellulose (HPMC), but chitosan,
sodium alginate (SA), polyacrylic acid (PAA) and polyethylene glycol (PEG) are also
common [9, 39-41]. Plasticizers are also important additives in the formulation. They can
increase the elasticity of the films and make the application easier, such are, for example,
glycerol and mannitol [42]. In addition, many additives can be applied in polymer films,
such as solvents, taste-masking agents, permeation enhancers, saliva-stimulating agents, etc.
[43-45]. In the literature, there are some studies that investigated the effect of the polymer
material and the plasticizer or any other ingredient in films, but in these studies the authors
did not apply an API despite the fact that the API can remarkably change the properties of
films and in terms of use, it would be important to investigate them together [40, 46-48].
The selected API has to meet some criteria. The applied amount of the API should not exceed
40-50 mg per one dose, it should be soluble in water or in other solvent, and without these
criteria formulation is not possible [37, 48].

Oral and buccal controlled drug delivery systems are used widely with hydrophilic
polymers [34, 49]. Oral buccal polymer films must have at least medium mucoadhesive
strength; therefore, one or more polymer film-forming excipients, such as sodium alginate
(SA) and hydroxypropyl methylcellulose (HPMC), can be chosen [30].

2.5. Characterization of sodium alginate and other components

SA is a natural water-soluble, nontoxic, biodegradable, anionic, biocompatible
polymer with appropriate mucoadhesive properties [50-52]. It can be extracted from
brownseeds (Phaeophyceae), Macrocystis Pyriferal and Ascophyllum Nodosum [53, 54]. It
is @ member of the polysaccharides (linear) chemical family. It is built by two types of
monomers, B-D mannuronic acid (1-4) (M) and a-L guluronic acid (1-6) (G) as it can be
seen in Figure 3. G and M can be arranged as homopolymer G blocks and M blocks, or as
heteropolymer mixed blocks (MG) [54]. The sequence of the G and M blocks can be
different (GG, MM, GM, MG). The different sequence can affect the molecular weight and
physical properties of SA [55]. The molecular weight of SA can vary within a wide range,
from 10 to 1000 kDa [55]. Sodium, potassium, and ammonium salts with a molecular weight
of 60-70 kDa can be found on the market [56]. SA can also form a salt with divalent ions,
especially with calcium [57, 58]. A strong interaction can occur between the carboxylic
group of SA and calcium ions, and it can be determined as an egg-box structure [59]. The

GG blocks are responsible for the crosslinking between SA and calcium, MM and MG



blocks for gel flexibility. It can be said that the SA gel structure depends on the percentage
of G and M blocks [56, 60].

SA has a hydroxyl group too, which can bind to the mucin of the buccal mucosa
(carboxyl group as well) [7]. SA is used in the pharmaceutical and the food and beverage
industries. In the pharmaceutical industry, it is often used as a coating component, gel and
emulsion stabilizer, and a polymer film-forming excipient for drug delivery in hydrogels,
micro-, nanoparticles. The listed properties make SA suitable to be applied in buccal
mucoadhesive films [7, 54, 61, 62].
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Figure 3. Chemical structure of sodium alginate (SA) [63]

In our previous work, the film-forming properties of HPMC were studied [40].
HPMC is a popular, water-soluble, semisynthetic polymer. It is a white, solid, nontoxic
polysaccharide (cellulose ether) molecule. In the literature, many researchers have reported
that HPMC has good mucoadhesive properties [64—67]. Due to its large number of methoxy,
carboxyl, and hydroxyl groups, it can create stable hydrogen bonds with the mucin of the
buccal mucosa. Kumria et al. concluded that the larger HPMC content can raise the
mucoadhesion time and mucoadhesion force of films [68]. According to Peh and Wong,
HPMC films swelled to a greater extent in simulated saliva solution [69]. This fact proves
the great mucoadhesivity of HPMC. HPMC is a polymer with high hydrophilicity for an
oral-controlled drug delivery system [65, 66, 70]. It is used as a film-forming agent, thickener
agent, coating agent, and alternative to gelatin, and it is a polymer matrix system in tablets,
capsules, gels, and eye drops. In addition, it is applied in agriculture, food, and cosmetics
[71].

2.6. Allergy and cetirizine

Allergy is a condition caused by the hypersensitivity of the immune system, an
increased sensitivity that results from a harmful substance triggering an immunological
response [72]; it is also known as allergic disease. Allergies affect more and more people all
around the world [73]. Allergic reactions can be classified into four different groups, Types

[, I, I, IV [74]. Types I, II, Il are immediate reactions, appearing within 24 hours of



exposure to the allergen [74]. Type 1V is a delayed allergic reaction that usually occurs after
24 hours of exposure [74]. In my work, | focused on Type I allergy. The symptoms of Type
| allergic diseases may include red skin, red eyes, a runny nose, sneezing, shortness of breath
or swallowing problems. Medications can be used to improve the symptoms of allergy [72,
75, 76]. The most commonly applied medications in the treatment of allergies are
antihistamines, which can block the H1 receptor [76].

Cetirizine dihydrochloride (CTZ) is a second-generation, non-sedative antihistamine
[77, 78]; it is the active metabolite of the first-generation H1 receptor blocker, hydroxyzine
(Figure 4.) [79]. It is a member of BCS | classification. CTZ has three ionizable groups, a
strong basic amino group, a strong carboxylic acid group, and a weak basic amino group,
and it is a zwitterion structure between pH 3.0 and 8.0 [80]. CTZ has two remarkable forms
(conformers), a folded and an extended one. The folded conformer has notable lipophobicity,
low polarity, and a very low energy form due to the resulting intramolecular ionic bond
between the positive and the negative charges. However, the extended form is characterized
by high polarity, good lipophilicity, and it can form intramolecular hydrogen bondings, Van
der Waals forces, and ionic bonds [81].

Due to its antihistamine properties, it can be used effectively in the treatment of
seasonal or chronic allergic rhinitis, urticaria and bronchial asthma [79, 83]. Some studies
reported that it can reduce bronchoconstriction and swallowing problems. CTZ is available

on the market in tablets and solution dosage forms [84].
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In addition, it is used intravenously in emergencies (anaphylaxis) by paramedics after
the administration of adrenaline and intravenous steroids. In normal application the patients
have to swallow the dosage form with CTZ, but in the case of an anaphylactic reaction, it is
impossible because there is a swallowing problem due to laryngeal oedema. In this case, the
patient has to apply an injection or wait for medical help.

In our case, CTZ can act immediately after permeation, so it can quickly reduce
serious symptoms without medical help.

Bioadhesive drug delivery systems are becoming increasingly frequent on the
market. One such system is buccal tablets, films and gels. This administration route is easy
to use, so patient compliance is better than in the case of the intravenous or per os route, etc.
[30]. Children, elderly people and people who suffer from swallowing problems can also use
it [85]. A further advantage of this alternative route is that the active pharmaceutical
ingredient can enter the systemic circulation without transformation because it avoids the

first-pass effect of the liver [86].

Summarizing all facts, buccal films containing CTZ are able to reduce and moderate
allergic symptoms in a short time, and depending on the formulation, they are also capable

of protecting allergic patients from a life-threatening condition.

3. AIM OF THE EXPERIMENTAL WORK

In my research work, | prepared buccal mucoadhesive polymer films with SA and
CTZ as a potential buccal drug delivery system.

In the first part of my work, my main goal was to prepare and investigate polymer
films of different compositions without API. The aim of my work was to:

e evaluate the film-forming ability of SA
e optimize the prepared films with preformulation
e study the mechanical properties of films
(thickness, breaking hardness, in vitro mucoadhesivity)
e investigate the effect of different amounts of GLY on the polymer system
e evaluate the chemical interactions between the components of films
(FT-IR spectroscopy, TGA, DSC)

e develop a drug delivery polymer matrix based on SA for buccal application



evaluate the data of the films with statistical analysis (factorial design) by mixed two-
level and three-level factorial designs. With this analysis, we are able to predict the
properties of certain compositions without measurement, so efficiency can increase.

In the second part of my research work, my main aim was to choose the API to be

incorporated in the polymer film system. | chose CTZ as the drug for the films. The API can

influence the bonds and interactions between the components of the films, as a result of

which the properties of the films can be changed. Therefore, my further goals were as

follows:

investigate the mechanical properties of films

(thickness, breaking hardness, in vitro mucoadhesivity, contact angle (CA)
measurement and surface free energy (SFE) calculation)

study the effect of the GLY and CTZ on the polymer system

evaluate the interactions between the API and the components of films

(FT-IR and RAMAN spectroscopy, TGA, DSC)

study the release of the API from the different compositions of films (dissolution
test)

evaluate the data of the films with statistical analysis (factorial design) by mixed two-
level and three-level factorial designs

In the last part of my scientific work, my main goal was to investigate the stability of

the prepared films, as well as the relation of the promising compositions based on my earlier

research work with the living cells. The knowledge of these properties is very important

from the point of view of storage and application. The aims were the following:

study the stability of the prepared film
o mechanical stability (thickness, breaking hardness, in vitro mucoadhesivity)
o physicochemical stability (FT-IR spectroscopy)
o API content
based on data from the literature, citric acid (CA) enhances permeation, therefore, it
was incorporated into the films to improve permeation [43, 82].
investigate the cytotoxicity of the polymer films
examine the permeation of CTZ from buccal films across an artificial membrane

evaluate the permeation of CTZ from the films on the TR 146 buccal cell line

My final aim was to select the best composition with suitable mechanical and

chemical properties, good stability, appropriate cytotoxicity and high permeability.
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4. MATERIALS AND METHODS

4.1. Materials

Sodium alginate (SA) (Biochemica GmbH, Darmstadt, Germany) (10,000—600,000
g/mol) and hydroxy methylcellulose (HPMC) (Pharmacoat® 603, Shin Etsu Chemical Co.,
Ltd., Tokyo, Japan) were used as film-forming agents in the polymer film. Glycerol (GLY)
85% (w/w %) was added to the film as a plasticizer (Ph. Eur. 8.). Citric acid (CA) (Ph. Eur.
8.) was incorporated in the polymer film system as a permeation enhancer. Cetirizine
dihydrochloride (CTZ) (Ph. Eur. 8.) was the API, which was a gift from ExtractumPharma
Pharmaceutical Manufacturing, Marketing and Consulting Inc., Kunfehért6, Hungary.
Mucin (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) (10 w/w %) dispersion was used

in the in vitro mucoadhesion test.

4.2. Preparation of buccal films

The films were prepared at room temperature with the solvent casting method. As
the first step of preparation, SA (1, 1.33, 1.5, 2, 3, 4 w/w %) was dissolved in distilled water
and mixed (900 rpm) at room temperature. The solution was heated to 70 °C and mixed (900
rpm), and CTZ was then incorporated in the warm solution (70 °C, 0.5523 g/100 g solution),
and the mixing was continued for 5 h. In certain cases, as the third step, HPMC (0, 0.66, 1,
1.5 w/w %) and CA were added to the solution with mixing without heating. In the fourth
step, GLY (0, 1, 3, 5 w/w %) was added to the solution the following day. Mixing was

decreased to 100 rpm for 3 h to help the air bubbles disappear from the solution.

The solution was cast on a glass surface in Petri dishes, with 10 g of solution/dish;
then, it was dried at room temperature (24.4 £ 0.5 °C). The dried polymer films were
removed from the surface and were placed in closed containers (24.4 = 1 °C, 60 =2 % RH),
and the other part of the prepared films was also placed in closed containers, but at 40 °C +
2°C, 75 % RH £ 5 % RH. The prepared films contained 10 mg of CTZ on an area of 4 cm?,
which is the therapeutic dose of this API. Table 1. shows the different compositions of the

prepared polymer films.

| studied how the parameters changed in the case of purely SA-based films without
HPMC (Samples 1-18). | also investigated the parameters of films with different
combinations of SA and HPMC (Samples 19-42). Finally, | incorporated CA into the

promising compositions (Samples 43-48).
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Table 1. Composition of different SA- and HPMC-based films

Samples SA HPMC GLY CA CTz ,
(W/w %) (W/w %) (W/w %) (W/w %) | (10 mg/4 cm®)
1 2 0 0 - -
2 3 0 0 - -
3 4 0 0 - -
4 2 0 1 - -
5 2 0 3 - -
6 2 0 5 - -
7 3 0 1 - -
8 3 0 3 - -
9 3 0 5 - -
10 2 0 1 - +
11 2 0 3 - +
12 2 0 5 - +
13 3 0 1 - +
14 3 0 3 - +
15 3 0 5 - +
16 4 0 1 - -
17 4 0 3 - -
18 4 0 5 - -
19 1 1 1 - -
20 1 1 1 - +
21 1 1 3 - -
22 1 1 3 - +
23 1 1 5 - -
24 1 1 5 - +
25 1.33 0.66 1 - -
26 1.33 0.66 1 - +
27 1.33 0.66 3 - -
28 1.33 0.66 3 - +
29 1.33 0.66 5 - -
30 1.33 0.66 5 - +
31 15 1.5 1 - -
32 1.5 1.5 1 - +
33 1.5 1.5 3 - -
34 1.5 1.5 3 - +
35 1.5 1.5 5 - -
36 1.5 1.5 5 - +
37 2 1 1 - -
38 2 1 1 - +
39 2 1 3 - -
40 2 1 3 - +
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samples SA HPMC GLY CA CTz ,
(W/w %) (W/w %) (W/w %) (W/w %) | (10 mg/4 cm")

41 2 1 5 - -

42 2 1 5 - +

43 3 0 1 + +

44 3 0 3 + +

45 1.5 1.5 1 + +

46 1.5 1.5 3 + +

47 2 1 + +

48 2 3 + +

4.3. Methods

4.3.1. Thickness

The thickness of the polymer films was measured with a screw micrometre (Mitutoyo
Co. Ltd, Japan), sensitivity was 0.001 mm. Six points were selected randomly from all films
(n =6). The means and standard deviations (SD) were evaluated from these data.

4.3.2. Breaking hardness

Breaking hardness was tested with a self-developed device and software. The device
and the software were developed at our institute [47, 88]. The device has two different types
of sample holder as probes (needle-like probe, rod-like probe). The equipment has a fix disc
and a vertically moving jowl. Force, force-displacement and time can be registered. A
different sample holder can be applied depending on the test. The breaking hardness of the
films can be examined with the needle-like probe (its area was 201 mm?). At the beginning
of the test, the sample was fixed on the bottom part of the equipment and the probe was
lowered at constant speed (20 mm/min). The probe moved towards the film and finally it
broke the film. The equipment detected the time, force and deformation during the test. The
test was finished when the film was broken. The measuring range was 0—-200 N, the sampling
rate was 50 Hz, the output was 0-5 V and the sensitivity was 0.1 N [40]. The test was
repeated six times (n = 6) for each film. Tablets, pellets, films can also be investigated with

this equipment. The means and standard deviations were calculated.
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4.3.3. In vitro mucoadhesivity measurement

Mucoadhesion was investigated with the same texture analyser with different settings
and parameter modifications [47, 51, 89, 90]. In this study, a rod-like sample holder with a
diameter of 5 mm was used. A double-faced adhesive tape was fixed on the surface of the
sample holder, and the polymer film was fixed to the other face of the adhesive tape. On the
bottom part of the tester, a fixed disc with a diameter of 35 mm was applied, and 40 pL of
freshly prepared mucin dispersion (10 w/w %) was spread on it. The rod-like sample holder
went to the fixed, bottom disc and pressed the polymer film to the mucin-covered bottom
disc with 30 + 0.1 N for 30 s. This steady-state part can be found in the force—time curve.
Thereafter, the sample holder went back to the original place, and the force was decreased
until the sample started to separate from the mucin, which can be seen as a well-defined,
sharp peak in the force—time curve, indicating the in vitro mucoadhesion force of the films.

The test was done six times (n = 6), and the means and standard deviations were calculated.

4.3.4. Contact angle measurement and surface free energy (SFE)
calculation

Polymer films were placed on the microscope glass slides. One drop of distilled water
and diiodomethane was used to measure the contact angle (®) of polymer films for 15 s,
with the circle fitting method, by using a contact angle apparatus (OCA20-DataPhysics
Instrument GmbH, Filderstadt, Germany). One drop of different liquids was applied, the
volume of which was 10 pL and 2 pL in the case of distilled water and diiodomethane,

respectively.

The means and standard deviations (SD) were calculated from 6 identical samples of
each combination of films (n = 6). The means and standard deviations were used to calculate
the SFE of films. SFE was calculated with Wu’s method. This method defines the amounts
of the polar (y°) and the dispersive (y¥) components of solids. The SFE of solids can be
calculated by using the following connection if the two parameters and the contact angle of

the solid are known (Equation 1):

i), b ) (1)
Yo ¥% Ko *F

/s 71

(I+cos®)-y =

where © is the contact angle of the solid—liquid surface, y is the liquid surface tension, ysis

the solid surface energy, which is the sum of their polar and dispersive components.
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According to Wu, the SFE of distilled water is 72.8 mN/m (polar part (y?) = 50.2 mN/m;
dispersive part (%) = 22.6 mN/m), while the SFE of diiodomethane is 50.8 mN/m (polar part
(*) = 1.8 mN/m; dispersive part (y%) = 49.0 mN/m) [47]. Knowing the polar and the
dispersive parts of polymer films, the polarity of films can be established by using the

following formula [where y° (mN/m) = y* (mN/m) + y (mN/m)] (Equation 2):

Polarity (%) = (y* (mMN/m)/y*°* (mN/m)) x 100 (2)

4.3.5. FT-IR spectroscopy

An Avatar 330 FT-IR apparatus (Thermo-Scientific, Waltham, MA, USA) was used
to analyse the Fourier-Transform Infrared Spectra of the raw materials and the prepared
polymer films. The apparatus was equipped with a coupled Zn/Se horizontal attenuated total
reflectance (HATR) unit. The films were put on a clean crystal of the apparatus. The range
of wavelength was 600 to 4000 cm™ during the investigation. The spectra were collected
from 128 scans at the spectral resolution of 4 cm™* with CO, and H.O for correction.

4.3.6. Raman spectroscopy

Transmission Raman Spectroscopy is used for the noninvasive and fast qualitative
investigation of pharmaceutical dosage forms and intermediate products. In our method, the
distribution of CTZ was analyzed by Raman surface mapping in CTZ-containing free buccal

films.

To investigate the distribution of API, Raman spectra were acquired with a Thermo
Fisher DXR Dispersive Raman (Thermo Fisher Sco. Inc., Waltham, MA., USA) equipped
with a CCD camera and a diode laser operating at a wavelength of 780 nm. Raman
measurements were carried out with a laser power of 24 mW at a 25-um slit aperture size on
a 2-um spot size. The discrete spectra of the individual substances such as CTZ, HPMC, and
SA, and different compositions of polymer films were collected using an exposure time of 6
s, the number of exposures was 20, and the number of background exposures was 512. Smart
background was used during the whole investigation. The applied spectral range was 3200

200 cm™! with cosmic ray and fluorescence corrections.
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4.3.7. Thermoanalytical measurement (thermogravimetric analyses
(TGA), differential scanning calorimetry (DSC))

The thermoanalytical measurement of the prepared films was carried out with a
Mettler-Toledo TGA/DSCL1 instrument (Mettler Toledo, Switzerland). Small pieces of films
(approximately 10 mg) were placed in aluminium pans (40 uL), and were inserted into the
instrument. During the measurement, the start temperature was 25 °C and the end
temperature was 500 °C. The heating rate was 10 °C/min. The samples were investigated in
flowing nitrogen atmosphere, the flow rate was 50 ml/min. The curves were evaluated from

the average of two parallel measurements with STARe software [91, 92].

4.3.8. Dissolution test

Polymer films of a size of 2 cm x 2 cm (containing 10 mg of CTZ) were investigated
in the dissolution test. The dissolution test was made by an Erweka DT700 dissolution basket
tester at a mixing speed of 100 rpm. 900 milliliters of phosphate buffer (pH = 6.8) was used
as the dissolution medium, and its temperature was 37 °C [8, 93, 94]. Aliquots of 5 mL were
analyzed in 5, 10, 15, 20, 30, 40, 50, 60, 90, and 120 min with Genesys 10S UV-VIS (Thermo
Fisher Scientific, USA) UV-spectrophotometry at A = 207 nm.

4.3.9. Stability test

During product development, it is essential and unavoidable to assess the stability of
the drug and the drug delivery system. In my research work, stability studies were done
according to ICH guidelines. The prepared films were placed in closed containers and stored
at 40 °C £ 2 °C, 75 % RH + 5 % RH for a period of 6 months [95].

Different methods were applied to obtain information about the changes in the
properties of the films. During the stability test, breaking hardness, in vitro mucoadhesivity
and active agent content were analysed to determine changes in the physical properties of
the films.

Furthermore, the interactions | also examined with FT-IR spectroscopy, and the drug
content was also detected during the 6-month period. The methods of thickness, breaking
hardness, in vitro mucoadhesivity, FT-IR spectroscopy and drug content were the same as
described above. | investigated the promising film composition in its freshly prepared state,

3 months later and 6 months later.
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4.3.10. Cell viability test

In order to study the cell viability of CTZ films, a Guava® easyCyte™ S5HT
(Luminex, Austin, TX, USA) flow cytometer was used for our experiments. TR-146 cells
were collected from cell culture flasks with a trypsin-EDTA solution and redistributed into
separate tubes, and 1 million cells were treated with 1 mL of CTZ solution (CTZ films
dissolved in HBSS in equal concentration as in the case of the permeation tests). After 30
min of incubation, the cells were centrifuged, the test solutions were removed, and the cells

were gently washed with cold HBSS and centrifuged again.

The supernatant was removed, and a 1 million cells/mL cell suspension was prepared
with HBSS and then stained with 1 pL of 100 ug/mL propidium iodide solution. After 15
min, the suspensions were distributed on 96-well microplates in a volume of 200 puL (3
wells/group) and analysed. Propidium iodide was excited with a 488-nm laser and detected
at the 525/30 nm channel (green parameter).

On the Forward and Side Scatter Patterns (FSC-SSC) scatterplot, the non-cellular
events were excluded. The remaining events (8,000-10,000) were analysed on a scatterplot,
and gates were created to determine stained (necrotic) and non-stained (living) cells [96].
The experiment was carried out in triplicate. As negative control, HBSS was used, and cells
treated with HBSS instead of the dissolved films were considered 100%, to which all treated

groups were compared. As positive control, cells were treated with 1% Triton-X 100.

4.3.11. Permeation test

The permeation property of CTZ was investigated with two different permeation
methods. As the first step, in the Enhancer Cell, the permeation of the APl was examined
from the polymer films across an artificial cellulose acetate membrane. In the next step, the
permeation of the API was measured on the TR146 buccal cell line under in vitro conditions
[97-99].

4.3.11.1.  Permeation test across artificial membrane

The permeation of CTZ was studied in the Enhancer Cell across an artificial cellulose
acetate membrane (Whatman®, SN:WHA10404106, pore size 0.2 um, surface 2.54 cm?)
[100]. The size of the measured films was 1 x 1 cm. The films were put on the surface of the
membrane and placed into the donor phase, which was 2 mL phosphate buffer (pH = 6.8),

modelling saliva. The acceptor phase was also phosphate buffer (pH = 7.4, 300 mL), which
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simulated the pH of blood. The test was run in an Erweka DT700 dissolution basket tester
at a mixing speed of 100 rpm. Aliquots of 5 mL were analysed at 15, 30, 60, 90, 120, 180
and 240 min with Genesys 10S UV-VIS (Thermo Fisher Scientific, Waltham, MA, USA)
UV-spectrophotometry at A = 207 nm wavelength.

4.3.11.2.  Cell culturing

TR-146 cells (European Collection of Authenticated Cell Cultures Catalogue No:
10032305) were cultured in Dulbecco’s modified Eagle’s medium with L-glutamine and D-
glucose supplemented with 10 v/v % FBS, 3.7 g/L sodium hydrogen carbonate, 1 v/v % non-
essential amino acid solution and 100 IU/mL penicillin K, with 100 pg/mL streptomycin
sulfate at 37 °C in an atmosphere of 5% COz in plastic cell culture flasks. The cells were
routinely maintained by regular passaging. Cells used for our experiments were between

passage numbers 20 and 28.

4.3.11.3.  Invitro permeation test

For the permeation test, 1 x 10° cells were seeded on ThinCert® PET cell culture
inserts with a pore size of 0.4 um, a pore density of 2 x 108/cm? and a culturing surface of
33.6 mm? (Greiner BioOne, Mosonmagyardvar, Hungary). The culture medium was
changed twice per week on the inserts, and the cells were grown for 2 weeks in 24-well
plates. A Millicell ERS 1 device was used to measure transepithelial electrical resistance
(Merck, Budapest, Hungary). After 2 weeks, only inserts with a resistance value over 130
Q-cm? were used, which correlates well with previous reports [101]. The films were cut to

equal weight with an overall CTZ content of 0.35 mg.

Each film was dissolved in Hank’s balanced salt solution (HBSS) with pH = 7.2
before the experiment. The cell culture medium was removed from the inserts, and 400 uL
of the dissolved films was added to the apical compartment (AC) and 1000 pL to the
basolateral compartment (BC). After 30, 60 and 90 min, 2 x 100 pL of solution was removed
from the wells after gentle mixing. The removed volume was replaced with HBSS. The
samples were placed into UV-Star 96-well plates (Greiner BioOne, Mosonmagyardvar,
Hungary), and their absorbance was measured at 248 nm with a Multiskan Go microplate
reader (Thermo-Fisher, Waltham, MA, USA). Apparent permeability (Papp) Was calculated
as: (AQ/AY) x (1/(0.336 cm? x Co)), where Co is the concentration of the tested compound
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(mg/mL); AQ/At is the rate of permeability of the tested compound ((mg/mL)-s 1) between
60 and 90 min.

4.3.12. Statistical analysis

The collected data were analyzed with the factorial ANOVA method by Tibco
Statistica v13.4.0.14 (Statsoft, Tulsa, OK, USA) software. The results were evaluated by
mixed two-level and three-level factorial designs. The equations describe the relationship
between the two factors (xi—concentration of SA and x>—concentration of GLY) and the five
optimalization parameters (y:1—thickness; y>—breaking hardness, ys—mucoadhesion force, ys—
surface free energy, and ys—dissolution). The low, zero and high levels of the factors are
shown in Table 2.

Table 2. The values of factors for mixed two-level and three-level factorial designs

Total Polymer )
] Factors Low Level Zero Level High Level
Concentration (%0)
Concentration of SA (x1) 1 - 1.33
2%
Concentration of GLY (x2) 1 3 5
Concentration of SA (x1) 15 - 2
3%
Concentration of GLY (X2) 1 3 5

The significance test of breaking hardness and in vitro mucoadhesivity was evaluated
with Microsoft Excel (version 15, Redmond, Washington, USA) as software. A Two-Sample
T-Test was applied. In all cases, the samples were compared to the composition without
CTZ. In each case, we used a significance level p < 0.05. Significance is labelled as ns = ns
=p>0.05; *=p<0.05.

In the stability study (breaking hardness, in vitro mucoadhesivity) the samples were
compared to the freshly prepared sample (0 month). The apparent permeability values of the
films were analysed with the Kruskal-Wallis test with Dunn’s test as post hoc test. In each
case, we used a significance level of p < 0.05. Significance is labelled as ns = p > 0.05; * =

p < 0.05; ** =p <0.01,
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5. RESULTS AND DISCUSSION
5.1. Thickness and breaking hardness measurement

Figure 5. shows that the thickness (y1) of different compositions of films rises
depending on the polymer and GLY concentration. The 3% polymer films are thicker than
the 2% ones; therefore, the polymer concentration can increase the thickness of the films due
to the higher amount of polymer (Equations 3-6). The type of polymer does not influence
thickness notably; films with a higher amount of SA (without HPMC) are thicker than the
2:1 SA and HPMC films. The 2:1 SA and HPMC films are thicker than the 1:1 SA and
HPMC films, but there is no significant difference between the SA films without HPMC
(Samples 4-6, 10-12 and 7-9, 13-15), 1:1 SA and HPMC (Samples 19-24 and 31-36) and
2:1 SA and HPMC films (Samples 25-30 and 37-42). It can be seen that the Csa (X1)
coefficients were very low in all cases, and they were not significant. CeLy (X2) can also
influence thickness, and this was statistically significant (p < 0.05) in all cases. According
to Gao and et al., GLY possesses a water retention effect, so GLY can enhance the distance
of bonding; therefore, the thickness of the films can be increased [102]. CTZ can also
enhance thickness, which can be explained by the fact that CTZ increases the dry matter

content of the films. In the Table 3. it can be found the thickness and breaking hardness of

films.
Thickness of the films:

y1=138.9 + 40.53 X2+ 3.94-x,%+ 5.69-x1 X2 (2% polymer films containing CTZ) 3)
R?=0.9218

y1=168.02 + 4.59-x1 + 54.89-x,+ 17.43-x1 X2° (3% polymer films containing CTZ) 4)
R?=0.9784

y1=116.12 + 1.66-x1+ 46.98-x2— 4.47-X1'X2 (2% polymer films without CTZ) (5)
R?=0.9461

y1=145.45 + 2.85-x1+ 54.95-x2+ 7.7-X1°X2 (3% polymer films without CTZ) (6)
R?=0.9972

According to Paolicelli et al., GLY can make the film elastic, soft, and flexible. In
my work, GLY was found to decrease the breaking hardness (y2) of films [103]. This
observation is due to the fact that GLY can interact with other components of films (CTZ,
SA, and HPMC), typically in the form of hydrogen bonds, and retains water. In addition,
GLY can enhance the bonding distance, so films with a high GLY concentration can break
more easily.
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Table 3. Mechanical properties of the polymer films

. Breakin Thickness Breakin
Samples | Thickness (um) hardness (gN) Samples ) hardness (gN)

1 67.45 + 8.53 116.95+2.11 25 81.50 + 6.66 18.15+ 1.45
2 99.34 +10.38 161.33+2.34 26 86.74 + 6.34 27.37+£0.28
3 212.43+4.92 180.18 = 1.51 27 105.31+8.18 12.85+2.37
4 98.29 + 6.38 142.34+£3.32 28 146.00 £ 6.06 1456 +2.18
5 135.66 +9.86 110.52 +1.31 29 166.52 + 3.87 9.10+1.91

6 199.33 +7.53 66.78+1.16 30 179.19+4.99 16.92 + 1.46
7 106.63 £+ 8.42 178.00 £3.78 31 93.53+£6.35 8.53+0.57

8 123.12+3.36 126.43 +2.56 32 125.29 +5.56 28.06 + 3.76
9 177.38£6.92 107.61+2.24 33 146.22 +£5.91 11.39+0.91
10 105.23+£5.18 158.54 +1.91 34 164.79 +5.88 26.47 +1.42
11 148.03 +13.88 144.56 +2.06 35 188.03+2.71 458+0.37

12 212.32+3.43 113.45+1.44 36 200.22 +8.14 16.28 +2.92
13 158.05 +4.34 195.45+2.72 37 87.23+1.26 17.96 +1.52
14 194.14 £2.97 153.62 +2.56 38 102.00+2.71 32.68 £3.03
15 253.17+11.30 142.34+2.79 39 145.12+3.46 23.47+2.49
16 not measured 164.74 + 2.15 40 169.20 + 2.49 27.68 + 3.65
17 not measured 166.33 + 2.01 41 212.55+9.98 16.96 +1.95
18 not measured 168.28 + 2.26 42 246.65 £5.51 20.75+0.22
19 56.25 + 8.54 5.61+0.01 43 not measured 33.19+ 3.49
20 104.75+7.27 13.89+0.92 44 not measured 41.80 +5.05
21 128.00 + 7.7 6.07 +1.07 45 not measured 31.39+1.16
22 142.32 £ 8.52 9.90+1.19 46 not measured 13.17+0.18
23 159.14 £ 6.32 5.50+1.95 47 not measured 38.17+1.70
24 174.43 £ 6.02 6.33+0.75 48 not measured 24.61 + 2.86

The average values of breaking hardness of films (14.82 N and 9.55 N) were found
to be lower in the case of 2% polymer concentration than in the case of 3% (25.32 N and
13.81 N). The total polymer increases breaking hardness because it can form a cohesive,
strong, stable structure in the films due to the bonding of polymer chains. Moreover, the
results show that a higher amount of SA (x1) (Samples 25-30 and Samples 37—42) can result
in a stronger structure compared to an equal amount of the polymer. This is shown by the
value of the coefficients x1 shown in (Equations 7-10), which is positive in all cases and
statistically significant in two cases (Equations 9 and 10). It is possible that SA can create
stronger and a larger number of bonds with CTZ than HPMC can with CTZ and itself.
Another finding is that 3% polymer films have larger strengths than 2% polymer films.

Finally, it can be said that 2% polymer films with lower csa (Samples 19-24) have
low breaking hardness (less than 10 N), and these films break easily. This property is not
acceptable from the aspect of application. The other film compositions have high breaking
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hardness and can be used properly for buccal application because they do not break from the
force of the finger.
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Figure 5. Response surfaces of polymer films containing CTZ (left - 2%; right - 3%
polymer)

(a, b): Film thickness; (c, d): Breaking hardness; (e, f): Mucoadhesion force; (g, h): Surface
free energy; (i, j): Dissolution
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The data and Figure 5. show that, in the 2% polymer films, SA and GLY have a
significant effect. The SA concentration can increase breaking hardness, but GLY has a
reverse effect on breaking hardness; it can decrease the breaking hardness of the films. A
similar effect can be observed in the 3% polymer films, but the effect of GLY is not
significant. Equations 7-10 are given below for the different compositions. The significant
parameters are marked with red letters.

Breaking hardness:

y2=14.82 + 4.79-x1— 4.50-x2— 1.95-x,° (2% polymer films containing CTZ)  (7)
R?=0.9218

y2=25.32 + 1.72-x1— 5.93x2+ 1.32:x5% (3% polymer films containing CTZ) (8)
R*=0.9784

Y2=9.55+3.81-x1—2.29-x2— 2.24"x1'X2 (2% polymer films without CTZ) 9)
R?=0.9955

y2=13.81 + 5.66-x1— 1.24X2+ 2.70-x22+ 0.73X1°X2 (3% polymer films without CTZ) (10)
R?=0.9979

5.2.  Invitro mucoadhesivity measurement

The mucoadhesion of the prepared films is presented in Figure 6. The CTZ-free
films had high mucoadhesion force values, most of them more than 10 N and some samples
above 15 N (Samples 3, 4, 7, 19, 21, 31, 33, 37, 39). The CTZ-containing samples had
significantly lower mucoadhesion force, so CTZ decreases the mucoadhesion of polymer
films, possibly due to the interaction between the carboxylic groups of SA, HPMC and CTZ
molecules, thus fewer groups are able to bind to the mucin. These samples have moderate
mucoadhesion, but they can be used for a buccal drug delivery system because this lower
force is enough for buccal mucoadhesion. The increasing amount of polymers increased
mucoadhesion due to the higher number of free binding groups in the system, which can

bind to the mucin of the buccal mucous.

GLY can influence mucoadhesion force. The increasing amount of GLY decreased
mucoadhesion force, probably because of the hydrogen bond which can be formed between
GLY and the film-forming polymers, and also due to the fact that no binding is formed with

the chains of mucin because of the lower number of free chains in the polymer.
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Figure 6. Mucoadhesion force of the prepared films

During statistical analysis, the mucoadhesion force of films of all compositions
(CTZ-free and CTZ-containing) was found to be decreased significantly by GLY. Similarly,
SA also decreased it in the CTZ-free films because SA has moderate mucoadhesion force,
while HPMC has higher one, so a greater HPMC concentration can cause higher
mucoadhesion in the films. The reason for this effect can probably be the interaction between
the functional groups of SA and CTZ, thus SA will have fewer groups left capable of binding
to the mucin (Figure 5.) as it can be stated in the FT-IR and in the Raman measurements as

well. Equations 11-14 can be found below.

Mucoadhesion force:

y3=8.41-2.09-x2-1.01-x1°X2 (2% polymer films containing CTZ) (11)
R?=0.6133

¥5=9.10+0.92-x1-1.53-x,+0.58 X2*+0.39-x1°X2 (3% polymer films containing CTZ) (12)
R?=0.9981

y3=18.96-1.21-x1-4.47-x210.44-X1°X2 (2% polymer films without CTZ) (13)
R?=0.8408

y3=23.82-1.53-X1-2.96-x2 (3% polymer films without CTZ) (14)
R?=0.9120

5.3. Contact angle measurement and surface free energy (SFE)
calculation

The SFEs (y4) of the polymer films are presented in Table 4. This measurement is

very important and critical from the aspect of applying this pharmaceutical dosage form
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because the saliva has to spread on the surface of the films extensively in order for
mucoadhesion to develop.

The CTZ-free films exhibited medium SFE 51.99 mN/m and 57.81 mN/m average
values (Equations (15) and (16)), while the CTZ-containing films have significantly higher
SFE, the average value was 69 and 76.11 (Equations 15 and 16), so CTZ raises the SFE of
films, particularly the polar part of SFE. CTZ-containing films also show significantly higher
polarity, which may be caused by the carboxylic group of the CTZ molecule. From these
results, it can be concluded that an extended conformer of CTZ can be found in the prepared
films [80]. Contact angle showed lower values in the CTZ-containing films. The SFE of
CTZz-free films changed particularly as a function of increasing GLY concentration (x2) and
only slightly as a function of the SA concentration (x1). This observation was not true for
the CTZ films because in those films, the SFEs had roughly constant values independently
of the concentration of GLY and polymer concentration (Figure 5.).

Table 4. SFE (y™) values of polymer films

Samples | ™ (mN/m) | »* (mN/m) | »"(mN/m) | Polarity (%)
19 49.59 32.54 17.05 34.38
20 74.88 38.85 36.03 48.12
21 51.65 36.34 15.31 29.64
22 76.33 37.44 38.89 50.95
23 62.60 36.35 26.25 41.93
24 75.72 35.60 40.12 52.98
25 53.56 32.28 21.29 39.75
26 76.86 39.17 37.69 49.04
27 66.21 31.85 34.36 51.90
28 76.89 40.57 36.32 47.24
29 63.23 28.15 35.08 55.48
30 75.98 38.26 37.73 49.66
31 54.32 33.12 21.20 39.03
32 68.61 38.80 29.87 43.54
33 57.36 36.21 21.15 36.87
34 73.78 35.14 38.65 52.39
35 50.84 33.59 17.25 33.93
36 73.72 36.07 37.65 51.07
37 47.99 33.56 14.43 30.07
38 61.05 35.11 25.93 42.47
39 48.72 31.61 17.11 35.12
40 71.73 37.12 34.61 48.25
41 52.68 36.01 16.67 31.64
42 65.12 38.40 26.72 41.03
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During the next step of the statistical analysis, SFE was determined in the different
compositions of films. In 2% polymer films with and without CTZ, SFE is increased by SA
and GLY, while in films with 3% polymer API and without API, SFE is reduced by SA. See
Equations 15-18 below.

Surface free energy:

y5= 76.11 + 0.46-x1+ 0.375-x2°— 0.43-X1°X2 (2% polymer films containing CTZ) (15)
R?=0.9638

ys= 69.00 — 3.04-x1+ 2.30-x2+ 2.82-x7° (3% polymer films containing CTZ) (16)
R?= 0.9054

ys= 57.81 + 3.19-x1 + 5.67-x2+ 0.84-x,° (2% polymer films without CTZ) (17)
R*=0.7854

ys= 51.99 — 2.19-x1 + 2.04x1'X2 (3% polymer films without CTZ) (18)
R?=0.7237

5.4. FT-IR spectroscopy

The polymer films were examined with FT-IR spectroscopy to identify the
interactions between the components of the films. According to Paczkowsa et al., the
carboxyl group of CTZ can be explored at 1739 cm™! in FT-IR spectra (Figure 6.) [104]. In
the spectra of the API, this peak can be separated sharply. However, in the spectra of the
films, this peak is shifted and disappears, depending on the concentration of the polymer. In
the 2% polymer films, the CTZ peak is shifted towards the larger wavenumber, but the
intensity of the peak is smaller than in the case of the raw material. In case of the 3% polymer
films, the peak disappears completely, which means that interactions can develop between
CTZ and the SA and HPMC in the films. The carboxyl group of CTZ can be found at 1739
cm!, so it can be asserted that hydrogen bondings are created between SA, HPMC, and the
carboxylic group of CTZ. Due to the low polymer concentration, the films have fewer OH
groups of SA and HPMC, which can create hydrogen bonds, so, in this case, the peak is only
slightly shifted. However, the 3% polymer films have more OH groups, thus more hydrogen
bonds can be created, which can cause a more remarkable structure change, so the peak can

disappear completely.
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Figure 6. Individual FT-IR spectra of SA, HPMC, CTZ, and prepared films (a): 2% polymer
films and (b): 3% polymer films

Moreover, a spectral peak can be found at 2384 cm™'; this is the stretching vibration
of the N-H group of CTZ [105]. In both 2% and 3% concentration polymer films, this peak
disappears regardless of the GLY concentration. This observation can suggest that in the
films interaction may develop between the N-H-group of CTZ and the other excipients of
films. A peak of SA appears at 2937 cm™! [106]. This peak belongs to the C-H stretching
vibration. In the polymer films, this peak is shifted to a larger wavenumber and merges with
the GLY peak. With these findings, the FT-IR results sufficiently demonstrated the
interactions that can occur in the films. The results of Raman spectroscopy also confirm

these interactions.

5.5. RAMAN spectroscopy

The Raman spectra of raw materials can be seen in Figure 7. Based on the
comparison of the spectra of the components, a CTZ peak was chosen at 1598.15 cm™. It is
assigned to the C-C stretchings in the phenyl and chlorophenyl groups in the chemical
structure of CTZ [103]. This sharp peak was chosen for the chemical mapping profile

because it characterizes the API individually.
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Figure 7. Individual Raman spectra of SA, HPMC and CTZ

Chemical maps are shown in Figure 8. The distribution of CTZ was homogeneous
in the polymer films with different GLY contents. The warm (red and orange) colors indicate
a greater API content in the samples. In the film with 1% GLY content, the API can be in
crystalline agglomerates (yellow, orange spots) in the samples. In the other two cases,
especially in the case of the sample containing 3% GLY, the color distribution of the maps
is very smooth. It means a possible molecular disperse distribution of the API in the film.
As a conclusion, the water-soluble API is in a dissolved form in the films because a higher
GLY concentration also means higher water content due to the moisturizing property of
GLY. This property of the films can be disadvantageous because it can cause the physical
instability of the samples. Besides, higher GLY concentrations can be harmful during the
mucoadhesion of buccal films because GLY reduces the amount of mucoadhesive polymer

chains which are able to bind.
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Figure 8. Chemical mapping of films with different GLY contents
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5.6. Thermoanalytical measurement (thermogravimetric analyses
(TGA), differential scanning calorimetry (DSC))

In Figure 9. the TGA and DSC curves of the raw materials can be seen. The TGA
curves in Figure 9. show that the mass loss of the film-forming agent is 11.84% until 180
°C, and 47.56% until 500 °C. The decomposition process starts from 75 °C. For GLY, the
mass loss is almost similar until 180 °C, but it is more than 86% until 500 °C. The mass loss
curve of CTZ reveals that decomposition starts above 200 °C, so CTZ can be said to be a

thermostable API.
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Figure 9. Thermal properties of raw materials as shown by TGA and DSC curves

The DSC curve of SA shows an endothermic peak from 40 °C to 150 °C and an
exothermic peak is visible from 200 °C to 280 °C. For GLY, 2 peaks can also be detected.
The first peak appears at 118.23 °C, it is an endothermic peak. The second peak starts from
215 °C and ends at 320 °C. This peak indicates the decomposition of GLY. The
decomposition of CTZ starts after the melting point, which can be seen at 223.32 °C,

followed by the general decomposition of CTZ.

After the examination of the excipients, we wished to investigate the behaviour of
the prepared films and explore the interaction between the excipients. The results of the
thermal behaviour of films can be found in Figure 10., which shows the thermoanalytical
curves of 3% polymer films. The decomposition of buccal films can take place in two steps.
In the first step (until 180 °C), it is visible that films with the lowest GLY concentration

(Sample 10) (it is not visible in Figure 10.) have the lowest mass loss, which can be
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explained by the lower water content of films with low GLY concentration. In the case of
larger GLY and SA concentrations, which result in a higher water content, there is no
significant difference in the mass loss of Samples 11-15. In Figure 10., the same
observations can be made in the case of the second step of the decomposition process, but
the mass loss values of the films with different compositions were higher, ranging from 62%
to 70%.

Two characteristic peaks of SA can be seen in the DSC curves of films with different
compositions (Figure 10.). The first peak shifted towards the higher temperature with
increasing GLY concentration. This observation revealed a moderate interaction between
the components of the films, which could indicate the presence of hydrogen bonds, which
was also confirmed by the results of the FT-IR spectroscopy measurements. The exothermic
peak of the DSC curves also showed a shift with increasing GLY concentration, the peak
moved towards the lower temperature. This relationship was also observed in the case of

films with 2 and 3% SA concentration.

In summary, it can be said that the decomposition processes usually started at 70 °C,

so the polymer films can be considered thermally stable up to this temperature.
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Figure 10. Thermal properties of the 3% polymer films as shown by TGA and DSC curves
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5.7. Dissolution test

The dissolution study is one of the most important dosage form tests. The results of
the dissolution study of the films with 2% and 3% polymer concentrations are shown in
Figure 10. During the whole test (120 min), the total amount of CTZ dissolved from the
different compositions of the films.

In the first 20 min, almost 100% of the API can dissolve from the films with 2%
polymer concentration (Figure 10/a). CTZ can dissolve from the thinner polymer layer
faster than from thicker films, and on the other hand, in the case of thinner films, HPMC is
able to dissolve more easily. Films with a lower SA concentration have faster API
dissolution, which can be slowed down by GLY. When the SA and GLY concentrations
were increased, dissolution became slower in the case of 3% polymer concentration in the
first 20 min (Equation 20), the API cannot be released fully; 65% to 96% of the API
dissolved from the different film compositions. It is noteworthy in the figure that, at the
beginning of the test (first 5 min), the API dissolved faster from the films with equal polymer
concentration. The reason for this is that in the case of 3% polymer concentration a stable,
cohesive structure is formed between the chains of the polymers, GLY and API, as visible
from the thickness and hardness tests and also supported by FT-IR spectroscopy
measurement, therefore, GLY cannot affect dissolution significantly. Compared to 2% films,
the effect of GLY is less than expected in 3% films.

When the dissolved drug was investigated after 20 min with a statistical analysis, it
can be seen that in the 2% polymer films cSA (x1) can decrease it, while in the 3% films
cSA can enhance it. GLY concentration (x2) can increase the dissolution rate when a high
SA concentration is applied (Equation 20) (Figure 10.). Equations (19) and (20) can be

observed below.

Dissolution:
5= 95.66-3.1-x1-2.89-x2+0.97-x2%-1.55-x1' X2 (2% polymer films containing CTZ) (19)
R?=0.9671
y5= 89.85+2.54-x1+2.40-x,+0.12:X2%-2.29-x1-X> (3% polymer films containing CTZ) (20)
R?=0.9996
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Figure 10. Dissolution curves of the prepared films in the first 20 minutes

(a: 2% polymer films, b: 3% polymer films)

5.8. Stability test

5.8.1. Breaking hardness measurement

The results of the breaking hardness measurements are presented in Figure 11. The
changes in the extent of the breaking hardness of the films during the 6-month period are
marked in different colours. Breaking hardness decreased for every composition during the
period. At the beginning of the investigation, the breaking hardness of the films containing
CA was higher than that of the films without CA. At the same time, in the case of CA-
containing films (Samples 43, 44, 45, 46, 47, 48,) the decrease in breaking hardness was
higher than without CA (Samples 13, 14, 32, 34, 38, 40). As the GLY concentration
increased, the breaking hardness of the films decreased. During storage, GLY can
decompose, which can cause the decrease in the breaking hardness of the films, and due to
this fact, the water content of the films also decreases. This assumption is also supported by
the results of the FT-IR measurements. Because of these facts, it can be said that the films
that do not contain CA and contain a low GLY amount have adequate stability in terms of
breaking hardness (Samples 13, 32, 38).
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Figure 11. Breaking hardness of the prepared films (Samples 43, 44, 45, 46, 47, 48 contain
CA) (* p < 0.05; n = 6). The samples were compared to the freshly prepared sample (0

month).

5.8.2. In vitro mucoadhesivity measurement

Figure 12. shows the mucoadhesivity of the films with different colours at different
times. As can be seen, mucoadhesion force increased for almost every sample during the 6-
month period. This is a positive fact because it means that the films can connect to the buccal
mucosa in a stronger way after storage time. This phenomenon can probably be explained
by the fact that more free chains are formed during storage, so carboxyl and hydroxyl groups

can connect to the oligosaccharide chain of mucin on the buccal mucosa.

Films without HPMC showed a higher rise in mucoadhesion force compared with
the films without HPMC (Samples 13, 14, 43, 44), so it can be said that HPMC can enhance
the stability of the films. Moreover, these results suggest that the films containing CA have
higher in vitro mucoadhesion force, especially in the case of the six-month samples, than the
films without CA. The GLY concentration can also influence the mucoadhesivity of films.
Films with a higher GLY concentration may cause lower growth and growth rate in
mucoadhesivity. This observation may be due to the fact that high amounts of GLY can build
in the polymer film structure better, therefore during storage fewer chains are free which are

able to bind to the mucin of the buccal mucosa.
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Figure 12. Mucoadhesivity of the prepared films (Samples 43, 44, 45, 46, 47, 48 contain
CA)

(* p <0.05; n=6). The samples were compared to the freshly prepared sample (O months).

5.8.3. Active agent content

Figure 13. shows the results of the change in content during 6 months of storage. As
expected, a decrease can be observed for each sample under the forced condition during
storage. The reductions in the amount of the APl were higher at the beginning of the
investigation (between 0 month and 3 months), while later (between 3 months and 6 months),
the changes were smaller. The changes were larger for films containing CA, so it can be
concluded that CA can decrease the stability of films. GLY can also enhance the
decomposition of the API. It was found that films with a larger amount of GLY had a lower
amount of API after 6 months than films with a low amount of GLY, so higher GLY
concentrations in the films can also reduce film stability. The reason for this is that films
with a high GLY concentration have a higher water content because of the water retention
effect of GLY, and a higher water content can increase decomposition. As can be seen,
Sample 13 and Sample 32 can preserve the required amount of the API (higher than 85%)

after 6 months, while Sample 38, 45, 47 can preserve it after 3 months.
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Figure 13. API content for different films during accelerated stability study

(Samples 43, 44, 45, 46, 47, 48 contain CA) (n = 6).

5.8.4. FT-IR spectroscopy

In Figure 14., the FT-IR spectra of the films can be seen. Part ,,A” of Figure 14.
shows the film composition with the largest amount of API (Sample 13) after six months,
while in the bottom figure the film composition with the least amount of API is presented
(Sample 46). As can be seen, the carboxyl group of CTZ can be detected at 1739 cm™! in the
FT-IR spectrum. In the spectrum of CTZ as a raw material, this peak can be sharply
distinguished. However, in the films, this peak is shifted to the higher wavenumbers. In case
of Sample 13 (Part ,,A” of Figure 14.), the CTZ peak is shifted towards a higher
wavenumber, but the intensity of the peak is smaller than in the case of the raw material. In
Part ,,B” of Figure 14., for Sample 46, the peak disappears completely after sixth months,
which shows that the amount of the API decreased because of the forced condition during
storage, and hydrogen bonds are formed between SA, HPMC and the carboxylic group of

CTZ, which can cause more remarkable structural changes.

A spectral peak can be found at 2384 cm™!, it shows the stretching vibration of the
N-H group of CTZ. This peak disappears in every sample, regardless of the GLY
concentration. This observation may suggest that interactions develop in the films between
the N-H-group of CTZ and the other components of the films. Overall, it can be stated that
the decomposition of the API is greater in CA-containing films than in the ones without CA.

Moreover, interactions can occur between the components of the films.
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Figure 14. Results of the FT-IR spectra of the prepared films (Part ,,A” Sample 13, Part
,B” Sample 46)

5.9. Cell viability test

The TR-146 cells were treated with the dissolved films, in the concentration of 0.35
mg/mL CTZ in HBSS as a solvent. Table 5. shows the results of the cell viability test
according to flow cytometry stained with propidium iodide. It can be seen that some
formulations had a high impact on cell viability. Samples 34 and 47 were below 40%.
However, Samples 14, 32 and 48 had almost no cytotoxic effect. The other samples had a

cell viability value between 55 and 87%.

Table 5. Cell viability of the prepared films according to flow cytometry. The experiment
was carried out in triplicate. (Samples 43, 44, 45, 46, 47, 48 contain CA)

Samples Cell viability compared to control (%)
13 67.1+2.7
14 92.8+0.4
32 99.3+0.8
34 33.6+0.7
38 87.2+0.5
40 56.4+4.6
43 78.7+0.6
44 56.3+1.0
45 55.9+0.2
46 87.7+0.1
47 17.4+0.3
48 91.3+1.5

Triton X 02+0.1
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Cellular transport experiments were performed only with Samples 13, 14, 32, 38, 43,
46 and 48, which had cell viability values over 60%. The direct cytotoxicity of CTZ is not
well-published. Majumder et al. have identified that, in a concentration of 400 M, mouse
macrophage RAW 264.7 and mouse myoblast C2C12 cell lines showed only ~50% and
~60% cell viability, respectively [107]. For human lymphocytes, it was described that a
concentration of 200 pg/mL reduced cell viability to 50% [108]. In our cytotoxicity and cell
viability experiments, the concentration of CTZ was higher, 744 uM actually.

5.10. Permeation test
5.10.1. Permeation test across artificial membrane

Figure 15. shows the results of the permeation test across an artificial cellulose
membrane. From most compositions, more than 40% of the API can permeate to the acceptor
compartment. The SA concentration can influence the amount of the permeated API. A
higher amount of the API can permeate to the acceptor compartment from the films with a
higher SA concentration than from the ones with a lower SA concentration. This correlation
is shown in Figure 15., where Sample 13 (black curve) has a higher permeation rate than
the comparable samples (Sample 32—green curve, Sample 38—brown curve). The same
correlation can be observed for Sample 14 (red curve) and Sample 40 (blue curve).
Furthermore, it can also be stated that the GLY concentration did not influence the
permeation rate and speed of the API. These results can be considered good because the
entire amount of the permeated API can have an effect compared to per os tablets because

of the first-pass effect of the liver.
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Figure 15. Permeation curves of polymer films on artificial membrane (n = 6)
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5.10.2. In vitro permeation test

TR-146 cells are an accepted model for the in vitro testing of buccal absorption. The prepared
films were dissolved in HBSS, and their cellular transports were observed for 90 minutes.
As shown in Figure 16., Sample 43 had exceptionally high permeation, while Sample 48
had the lowest value. The presence of CA had no direct effect on cellular transport.
Moreover, films with HPMC content had smaller permeability. A significant difference was
found only between Sample 43 and Sample 48. (*= p < 0.05)
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Figure 16. Apparent permeability values of prepared films calculated from the permeability
rate of CTZ between 60 and 90 min. Each film was investigated in three separate parallel
cell culture inserts (n=3).

As can be seen in Figure 17., most films had a linear transport rate through the cells
between 30 and 90 minutes. With the exception of Sample 43, all films had a faster transport
rate in the first 30 minutes, after which the transport slowed. The dissolution and the

transport of CTZ from all films were stable, with no observed dose dumping.
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Figure 17. Transported CTZ-time curves of buccal films on the TR-146 cell line. Each film
was investigated in three separate, parallel cell culture inserts. (n=3)
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6. SUMMARY

In my research work, | focused on the development of buccal film as a potential drug
delivery system in allergy. | used SA as a novel film-forming agent to prepare buccal films.
First, | studied the film-forming ability of SA without API. To learn about the properties of
SA-based films, | incorporated CTZ as an API in the polymer film matrix with other
excipients. | characterized the prepared films with several methods to get to know the films
in depth. | investigated the physical properties of the films, such as thickness, breaking
hardness, in vitro mucoadhesivity, contact angle and surface free energy. | also studied the
chemical behavior of the films with FT-IR, RAMAN spectroscopy and thermoanalytical
measurements (TGA, DSC). | tested the release of APl from the films and the permeation of
API both across artificial membrane and on buccal cell line (TR146). | also obtained
information about the cell viability of the films with a cytotoxicity test. Finally, | learned
information about the stability of my films, which is important from the point of view of
transport, storage and application. Based on the results, it can be said that I formulated buccal
polymer films with CTZ successfully. The mechanical properties of the films can be changed
within a wide range. SA, GLY and CTZ can increase the breaking hardness of films. SA
enhances the mucoadhesivity of films, while GLY and CTZ decrease it. A chemical
interaction can be found between SA, HPMC, GLY and CTZ, which can be manifested
mainly in the form of hydrogen bonds. The API is distributed in the films completely
homogeneously and, depending on the GLY concentration, it can be found in the form of
crystalline and molecular disperse distribution. The films are stable up to 70 °C, therefore
heating is possible during preparation and drying, so the process can be faster. In the first 20
minutes, more than 80% of the API can dissolve from most compositions. More than 40%
of the API can permeate from the donor compartment examined through the artificial
membrane. The speed of CTZ transport was nearly constant from all compositions, and none
of the components influenced it significantly on the buccal cell line. Samples 14, 32, 8, 38,
46 and 48 have appropriate and acceptable cytocompatibility. The stability test revealed that
CA, GLY can enhance the reduction of the API significantly. | found some formulations
which can preserve the API content according to pharmacopeia expectations (Samples 13,
32, 38, 45, 47) after 3 or 6 months.

Finally, | developed a fast-dissolving polymer film from SA and found a promising
(optimal) composition, Sample 32, which is suitable and possible to apply as a buccal drug

delivery system.
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7.

CONCLUSION, NOVELTY AND PRACTICAL USEFULNESS

Buccal mucoadhesive polymer films can allow systemic and local drug application.

In addition, they can also be used advantageously in case of swallowing difficulties (allergic

reaction or fear of swallowing tablets). They have not played a significant role among our

medicines yet, but they will surely do so later. They are not official in the Pharmacopeia, so

it is important to study them widely.

Based on the preformulation study, I focused on the film-forming ability of SA and

on formulating buccal films with SA, and it can be concluded that:

SA can create a strong, cohesive structure, and due to these properties, all
compositions had very large breaking hardness. The amount of SA can increase the
breaking hardness of the films, but GLY reduces it.

SA has good mucoadhesive properties, while GLY reduces the mucoadhesion force

of films.

By the FT-IR measurement, weak and strong interactions between the different
excipients can also be detected. These interactions can typically be identified as
hydrogen bondings.

Thermal analysis can also detect interactions between the different materials in the
films. This interaction determines that hydrogen bondings can be created in the

films.

The observation of interaction between the excipients was proved with two different

measurements.

The films are thermally stable up to 70 °C, so it is possible to increase the

temperature of preparation to speed up the production.

In the next step of the development, | formulated mucoadhesive polymer films,

which contained CTZ as an API. Moreover, | used HPMC to influence the mucoadhesivity

of my polymer system. | used several methods to characterize the properties of the films

widely.

The main findings from studying the API-containing films are as follows:

GLY was a statistically significant factor for film thickness and breaking hardness
for the 3% total polymer film, but the coefficient also had a high value in the case
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of 2% total polymer. CTZ and GLY can increase the thickness and the breaking
hardness of the films.

e In the mucoadhesion test, GLY concentration was found to be a significant factor
with an inverse relationship. It can decrease mucoadhesion force; therefore, only
1% GLY concentration is recommended. CTZ and GLY can decrease
mucoadhesion force, but most of the polymer film samples have sufficient

mucoadhesion force.

e CZT-containing films had lower contact angle values, the fluid could spread on the
surface of the film. It proves that CTZ-containing films have a hydrophilic surface.
CTZ can also increase SFEs because it has hydrophilic molecule groups and can
increase the hydrophilicity of the polymer film system. In these cases, no
statistically significant factor was found.

e Interactions can be found between the polymer components and the CTZ molecules,
which depend on the polymer concentration. In the 3% polymer films, the
development of hydrogen bonds is remarkable.

e The distribution of CTZ is homogeneous in the films.

e GLY can influence the form of CTZ in the films. In the films with 1% GLY
concentration, CTZ is crystalline, while in the films with 3% and 5% GLY

concentration the API is in molecular disperse distribution.

e In 20 min, a higher amount of API can dissolve from the thicker and lower polymer
concentration polymer film samples because they are not able to form a stable,

strong structure.

e In the film samples with a higher polymer concentration, the polymer molecules
and GLY and CTZ can create strong bonds, so CTZ can dissolve more slowly. GLY

can decrease the dissolution rate of CTZ.

e Samples with 1% and 3% of GLY proved to be appropriate for application on the
buccal mucosa. Samples 13, 14, 32, 34, 38, 40 were found to be promising

compositions.

In the last stage of my work, | further investigated the promising compositions and
formulated new compositions with CA. Based on the stability test, cytotoxicity and

permeation test, the following main findings can be established:
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The breaking hardness of all films decreased during storage. The decrease was
higher for CA-containing films.

During storage, the mucoadhesivity of the films can increase to a great extent,
which is a positive fact.

CA was able to enhance the mucoadhesion force of the films, and the low GLY
concentration may also result in beneficial mucoadhesion properties in the films.

The CA-containing films have smaller drug content, CA enhanced the reduction in
the API, and the high GLY concentration can also reduce the amount of the API
during storage.

There are compositions that can preserve the API content according to
pharmacopeia expectations (Samples 13, 32, 38, 45, 47) after 3 or 6 months.

Through the FT-IR investigation, chemical interactions were found in the buccal
films between the N-H-group of CTZ and the other components of films, mainly in
the form of hydrogen bonds.

The decomposition of CTZ is greater in CA-containing films than in the ones
without CA.

Interactions can occur between the components of the films, mostly in the form of
hydrogen bonds, which can greatly affect the breaking hardness and

mucoadhesivity of the films.

No direct correlation was found between cell viability and the presence of citric
acid. Samples 14, 32, 8, 38, 46 and 48 have appropriate and acceptable
cytocompatibility.

More than 40% of CTZ was able to permeate to the acceptor compartment from
almost all compositions. The SA concentration can influence the amount of the
permeated API. A higher amount of the API was able to permeate to the acceptor
compartment from the films with a higher SA concentration than from the ones with

a lower SA concentration.

The speed of transport of CTZ was nearly constant from all compositions; no
excipient caused significantly faster or slower permeation. Apparent permeability
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was the highest for Sample 43, which was transported across the buccal cell line in
a large quantity.

e CA did not enhance the permeation rate of CTZ in the films, but high alginate
content resulted in relatively high permeability.

e HPMC seemed to decrease apparent permeability.

e Sample 32 (1.5% SA + 1.5% HPMC + 1% GLY) demonstrated the best stability,
cell viability and permeability properties, so this composition is recommended for
application on the buccal mucosa.

The novelties of my research work are the following:

e Films were investigated extensively, which, in addition to the examination of the
usual physical parameters, also focused on chemical analyses, as well as the
dissolution and passage of the API through cells, biocompatibility examination
and stability study.

e Chemical interactions can be found between the components of films, which are
mostly hydrogen bonds, and it was demonstrated that these interactions can
determine and influence the physical properties of the films as well as the release
of the API, so the use of analytical methods during development is unavoidable

and indispensable.

e The amount of GLY does not only affect the physical properties and stability of
the films (among many parameters), but can also influence the chemical form of
the API in the films.

e Although CA can increase the permeation of the API, its application in films is
not recommended as it greatly reduces the stability of the films.

e The investigation of polymer films was successfully performed on the TR146
buccal cell line in order to model, under in vitro conditions, the amount of the API
that passed through the cells, which is able to exert an effect immediately after
entering the systemic circulation. The transport of the API from the buccal films
through the cells was linear and a sufficient amount passed through, more than

60% in 30 minutes.
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Abstract: Currently, pharmaceutical companies are working on innovative methods, processes
and products. Oral mucoadhesive systems, such as tablets, gels, and polymer films, are among
these possible products. Oral mucoadhesive systems possess many advantages, including the
possibility to be applied in swallowing problems. The present study focused on formulating buccal
mucoadhesive polymer films and investigating the physical and physical-chemical properties of
films. Sodium alginate (SA) and hydroxypropyl methylcellulose (HPMC) were used as film-forming
agents, glycerol (GLY) was added as a plasticizer, and cetirizine dihydrochloride (CTZ) was used as
an active pharmaceutical ingredient (API). The polymer films were prepared at room temperature
with the solvent casting method by mixed two-level and three-level factorial designs. The thickness,
tensile strength (hardness), mucoadhesivity, surface free energy (SFE), FTIR, and Raman spectra,
as well as the dissolution of the prepared films, were investigated. The investigations showed that
GLY can reduce the mucoadhesivity of films, and CTZ can increase the tensile strength of films. The
distribution of CTZ proved to be homogeneous in the films. The API could dissolve completely
from all the films. We can conclude that polymer films with 1% and 3% GLY concentrations are
appropriate to be formulated for application on the buccal mucosa as a drug delivery system.

Keywords: buccal; mucoadhesive; drug delivery system; polymer film; alginate; cetirizine; FTIR;
RAMAN mapping; statistical analysis

1. Introduction

Nowadays, the buccal drug delivery system is becoming an important alternative
route in drug administration. This possibility of drug application has been untapped and
poorly investigated. A buccal drug delivery system has some bioadhesive solid dosage
forms, such as bioadhesive tablets, gels, patches, and mucosal bioadhesive films [1-3].
The patients have to place the bioadhesive system onto the buccal mucosa of the mouth.
According to Macedo and Patel, this drug delivery system possesses great advantages. A
lower dose of API can be applied compared with other delivery systems. Since the first-pass
effect of the liver is avoided, the API can enter the systemic circulation after absorption from
the buccal mucosa. Secondly, it can be used in the case of swallowing problems, such as
Parkinson’s disease, stroke, multiple sclerosis, esophagitis, and allergies [4,5]. In geriatrics
and pediatrics, it can play a huge role due to its easy and unnoticed application, so patients
prefer this dosage form to per os tablets [6,7]. It is a useful form of drug administration from
the chemical perspective, because the API and gastric acid do not contact each other, so the
stomach can be protected from the API and vice versa [8,9]. However, this dosage form
also has difficulties. In the polymer film, a dose of less than 20 mg of the API can be used
successfully [10] due to the fact that the surface of the buccal mucosa is small, so a small
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dose of API can be absorbed from the small absorption surface. Buccal polymer films might
be preferred to buccal tablets. They are more flexible and comfortable as they can be washed
from the buccal mucosa by the saliva and, thus, be removed easily [5]. Oral and buccal
controlled drug delivery systems are used widely with hydrophilic polymers [11,12]. Oral
buccal polymer films must have at least medium mucoadhesive strength; therefore, one or
more polymer film-forming excipients, such as sodium alginate (SA) and hydroxypropyl
methylcellulose (HPMC), can be chosen [8].

SA is a natural water-soluble, nontoxic, biodegradable anionic polymer extracted
from brownseeds (Phaeophyceae), Macrocystis Pyriferal and Ascophyllum Nodosum [13,14].
It is a member of the polysaccharides (linear) chemical family. It is built by two types of
monomers, $-D mannuronic acid (1-4) (M) and a-L guluronic acid (1-6) (G). G and M can
be arranged as homopolymer G blocks and M blocks or as heteropolymer mixed blocks
(MG) [14]. SA has hydroxyl and carboxyl groups, which can bind to the mucin of the
buccal mucosa [15]. The G blocks of SA can form a gel with divalent ions. SA is used in the
pharmaceutical and the food and beverage industry. In the pharmaceutical industry, it is
often used as a coating component, gel and emulsion stabilizing, and polymer film-forming
excipient. The listed properties make SA suitable to be applied in buccal mucoadhesive
films [14-17].

In our previous work, the film-forming properties of HPMC were studied [18]. HPMC
is a popular, water-soluble, semisynthetic polymer. It is a white, solid, nontoxic polysac-
charide (cellulose ether) molecule. In the literature, many researchers have reported that
HPMC has good mucoadhesive properties [19-22]. Due to its large number of methoxy,
carboxyl, and hydroxyl groups, it can create stable H-bondings with the mucin of the buccal
mucosa. Kumria et al. concluded that the larger HPMC content can raise the mucoadhesion
time and mucoadhesion force of films [23]. According to Peh and Wong, HPMC films
swelled to a greater extent in simulated saliva solution [24]. This fact proves the great mu-
coadhesivity of HPMC. HPMC is a polymer with high hydrophilicity for an oral-controlled
drug delivery system [20,21,25]. It is used as a film-forming agent, thickener agent, coating
agent, and alternative to gelatin, and it is a polymer matrix system in tablets, capsules, gels,
and eye drops. In addition, it is applied in agriculture, food, and cosmetics [26].

Glycerol (GLY) is an often-used liquid, which has colorless, viscous, nontoxic (dose-
dependent), and sweet-tasting properties. GLY belongs to the family of polysaccharides. In
polymer chemistry, GLY is used as a plasticizer, because it can make the film soft, flexible,
and elastic [27-30].

Cetirizinedihydrochloride (CTZ), which is a second-generation, nonsedative drug,
is a generally used antihistamine [31-33]. It is a member of BCS I classification. CTZ has
three ionizable groups, a strong basic amino group, a strong carboxylic acid group, and
a weak basic amino group, and it is a zwitterion structure between pH 3.0 and 8.0 [34].
CTZ has two remarkable forms (conformers), a folded and an extended one. The folded
conformer has notable lipophobicity, low polarity, and a very low energy form due to
the resulting intramolecular ionic bond between the positive and the negative charges.
However, the extended form is characterized by high polarity, good lipophilicity, and it
can form intramolecular hydrogen bindings, Van der Waals forces, and ionic bonds [35].
CTZ is applied in the case of allergic reactions (urticaria or rhinitis) and asthma bronchial.
In addition, it is used intravenously in emergencies (anaphylaxia) by paramedics after the
administration of adrenalin and intravenous steroids [36,37].

Our work was focused on preparing buccal mucoadhesive polymer films, which
contained SA and CTZ. Many research groups used SA as a polymer film-forming agent
to formulate buccal films, but it is not a commonly applied polymer material, unlike
cellulose derivatives [15-17]. CTZ is an often-used API. It is available as oral tablets and
in liquid forms in the case of an allergic reaction. Patients are able to use it easily, and it
can have a fast effect without paramedic assistance; therefore, it is worth formulating and
investigating in buccal films. Phalguna et al. and Baniya et al. formulated similar buccal
films, but the mechanical properties of the films were not investigated as thoroughly as this
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dosage form requires. On the other hand, they did not examine the chemical interactions
between the excipients in the film at all, although it is important to investigate them,
because interactions may arise between the excipients of the films or the structure of the
API may change. The mucoadhesivity of the films was not studied either, despite the fact
that it is the criterion of the application. This phenomenon can fundamentally influence
the mechanical, chemical, and drug release properties of films [38,39].

Our main aim was to prepare films with different compositions and evaluate the
physicochemical investigation of buccal mucoadhesive films containing CTZ and SA by
mixed two-level and three-level factorial designs. The interactions between the excipients
and the API of the films, which can influence the mechanical and drug release properties
of films, were investigated with several methods, and our further aim was to investigate
the effect of the GLY content on the API distribution. Statistical analysis (factorial design)
was also used to evaluate the data of the films. With this analysis, we are able to predict
the properties of certain compositions without measurement, so the efficiency can increase.
Moreover, we also aimed to investigate, by using several methods, the possible interactions
between the excipients and the API of the films, which can influence the mechanical and
drug release properties of the films. Based on these results and our opinion, depending
on the composition, CTZ-containing buccal films can be applied in the case of allergic
reactions. On the one hand, our goal was to find the optimal structure of the mucoadhesive
film; on the other hand, CTZ-containing buccal films, depending on the composition, are
well-applicable in the case of allergic reactions.

Therefore, our goal was to prepare films that can have their effect under 2 to 3 min. In
the case of our present formulations, the prepared films can be used for the treatment of
rhinitis, conjunctivitis, or other general symptoms of allergies.

2. Materials and Methods
2.1. Materials

SA (AppliChem GmbH, Darmstadt, Germany) (10,000-600,000 g/mol) and HPMC
(Pharmacoat® 603, Shin Etsu Chemical Co., Ltd., Tokyo, Japan) were used as a film-forming
agent in the polymer film. GLY 85% (w/w %) was added to the film as a plasticizer [Ph.
Eur. 8.], CTZ [Ph. Eur. 8.], which was a gift from ExtractumPharma Pharmaceutical
Manufacturing, Marketing and Consulting Inc, Kunfehért6, Hungary was the API in
the polymer film. Mucin (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) (10 w/w %)
dispersion was used in the in vitro mucoadhesion test. Diiodomethane was used in the
surface free energy measurement.

2.2. Preparation of Films

The films were prepared at room temperature with the solvent casting method. As the
first step of preparation, SA (1, 1.33, 1.5, and 2 w/w %) was solved in distilled water and
mixed (900x g rpm) at room temperature. The solution was heated to 70 °C and mixed
(900x g rpm), and CTZ was solved in the warm solution (0.5523 g/100 g solution) for 5 h.
As the third step, HPMC (0.66:1:1.5 w/w %) was added to the solution with mixing without
heating. In the fourth step, GLY was added to the solution the following day. Mixing was
decreased to 100 x g rpm for 3 h to make the air bubbles disappear from the solution. The
solution was cast on a circular Teflon surface (diameter: 7.6 cm, area: 45.34 cm?) in rubber
rings, with 10 g of solution/ring; then, it was dried at room temperature (24.4 &= 0.5 °C).
The dried polymer films were removed from the surface and the ring and were placed in
closed containers (24.4 = 1 °C, 60 £ 2% RH).

The films were prepared according to mixed two-level and three-level factorial designs.
The factors were the SA and the GLY concentrations, in both cases, with 2% and 3% total
polymer concentration.

The prepared polymer films of different compositions can be seen in Table 1. Every
second film composition contains CTZ.



Pharmaceutics 2021, 13, 619

40f18

Table 1. Composition of the prepared SA-based films.

Total Samples SA HPMC GLY CTZ
Polymer (%) P (wlw %) (wlw %) (wlw %) (10 mg)
1 1 1 1 —
2 1 1 1 +
3 1 1 3 —
4 1 1 3 +
5 1 1 5 —
6 1 1 5 +
2 7 133 0.66 1 —
8 1.33 0.66 1 +
9 1.33 0.66 3 —
10 1.33 0.66 3 +
11 1.33 0.66 5 —
12 1.33 0.66 5 +
13 1.5 1.5 1 —
14 1.5 1.5 1 +
15 1.5 1.5 3 —
16 1.5 1.5 3 +
17 1.5 1.5 5 —
18 1.5 1.5 5 +
3 19 2 1 1 _
20 2 1 1 +
21 2 1 3 —
22 2 1 3 +
23 2 1 5 —
24 2 1 5 +

2.3. Thickness of Films

The thickness of the films was investigated from 10 randomly selected points of
all films (n = 10) with a screw micrometer (Mitutoyo Co. Ltd., Kawasaki, Japan), and
the sensibility was 0.001 mm. The means and standard deviations were calculated from
these data.

2.4. Tensile Strength (Hardness) of Films

Tensile strength was investigated with a self-developed texture analyzer. The equip-
ment and the software were developed at our institute. It has different sample holders
and different probes (needle-like probe and rod-like probe). The equipment has a fixed
disc (20 mm in diameter) and a moving sample holder. Depending on the investigation, a
different sample holder can be used, and the force (the range was 0-200 N), moving speed
(20 mm/min), and time can be registered. The needle-like probe (201 mm?) was used in
the hardness test. The probe was moved downward at constant speed, and the sample was
fixed on the bottom part of the equipment. The sampling rate was 50 Hz, and the output
was 0-5 V. The probe was passed through the film. The equipment presented in Figure 1
detected the time and force during the investigation. The test was finished when the film
was broken. The test was performed ten times (n = 10) for each combination of films. The
means and standard deviations were calculated [40,41].
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Figure 1. Schematic diagram of the tensile strength and mucoadhesion texture analyzer (1—interface,
2—force display, 3—rod-like or needle-like probe (jowl), 4—sample holder, 5—force measurement

unit, and 6—motor).

2.5. In Vitro Mucoadhesion Test

Mucoadhesion was measured with the same texture analyzer with different settings
and assembling modifications. The sample holder was rod-like with a diameter of 5 mm.
A double-faced adhesive tape was fixed on the surface of the sample holder, and the
polymer film was fixed on the other face of the adhesive tape. A disc with a 35-mm
diameter was fixed on the bottom part of the tester, and 40 uL of freshly prepared mucin
dispersion (10 w/w %) was spread on it. The rod-like sample holder was moved downward
and pressed to the mucin-covered, bottom disc with 30 &= 0.1 N for 30 s. This steady-state
part can be followed in the force-time curve. After that, the sample holder was moved
upwards, and the force was decreased until the sample started to separate from mucin,
which can be seen as a well-defined peak in the force-time curve. The peak maximum
illustrates the mucoadhesion force. The test was repeated six times (1 = 6), and the means
and standard deviations were calculated [40,41].

2.6. Contact Angle and Surface Free Energy (SFE) Measurement

Polymer films were placed on the microscope glass slides. One drop of distilled water
and diiodomethane was used to measure the contact angle (®) of polymer films for 15s,
with the circle fitting method, by using a contact angle apparatus (OCA20-DataPhysics
Instrument GmbH, Filderstadt, Germany). One drop of different liquids was applied, the
volume of which was 10 uLL and 5 pL in the cases of distilled water and diiodomethane,
respectively.

The means and standard deviations (SD) were calculated from 6 identical samples of
each combination of films (n = 6). The means and standard deviations were used to calculate
the surface free energy of films. Surface free energy was calculated with Wu’s method. This
method defines the amounts of the polar (yP) and the dispersive (% components of the
solids. The SFE of solids can be calculated by using the following connection if the two
parameters and the contact angle of the solid are known:

4(rdaf) ()

(14 cos®)-y =
vi+yd o A+
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where @ is the contact angle of the solid-liquid surface, 7 is the liquid surface tension,
s is the solid surface energy, which is the sum of their polar and dispersive components.
According to Wu, the SFE of distilled water is 72.8 mN/m (polar part (yP) = 50.2 mN/m;
dispersive part (7%) = 22.6 mN/m), while the SFE of diiodomethane is 50.8 mN/m (polar
part (vP) = 1.8 mN/m; dispersive part (79) = 49.0 mN/m) [42].

Knowing the polar and the dispersive parts of the polymer films, the polarity of films
can be established by using the following formula:

Polarity (%) = (7P (mN/m) /%! (mN/m)) x 100
where 7t (mN/m) = 9P (mN/m) + 94 (mN/m).

2.7. FTIR Spectroscopy Measurement

The Fourier-Transform Infrared Spectra of the excipients and the polymer films were
investigated by using an Avatar 330 FTIR apparatus (Thermo Fisher Scientific Inc., Waltham,
MA, USA) with coupled Zn/Se horizontal attenuated total reflectance (HATR) equipment.
Films were laid on a clean crystal of the apparatus. The range of the wavelength was 600
to 4000 cm ! during the investigation. The spectra were obtained from 128 scans, at the
spectral resolution of 4 cm~!. CO, and H,O were applied for correction.

2.8. Raman Spectroscopy Measurement

Raman spectroscopy is a promising analytical method to monitor the preparation
process and to implement the Process Analytical Technology requirements. In this article,
a Dispersive Raman spectrometer was used to confirm the relatively uniform distribution
of APl in the polymer films. Transmission Raman Spectroscopy is used for noninvasive and
fast qualitative investigation of pharmaceutical dosage forms and intermediate products.
In our method, the distribution of CTZ was analyzed by Raman surface mapping in
CTZ-containing free buccal films.

To investigate the distribution of API, Raman spectra were acquired with a Thermo
Fisher DXR Dispersive Raman (Thermo Fisher Scientific Inc., Waltham, MA, USA) equipped
with a CCD camera and a diode laser operating at a wavelength of 780 nm. Raman
measurements were carried out with a laser power of 24 mW at a 25-um slit aperture size
on a 2-um spot size. The discrete spectra of the individual substances such as CTZ, HPMC,
and SA, and different compositions of polymer films were collected using an exposure time
of 6 s, the number of exposures was 20, and the number of background exposures was 512.
Smart background was used during the whole investigation. The applied spectral range
was 3200-200 cm ! with cosmic ray and fluorescence corrections.

2.9. Dissolution Test

Polymer films of a size of 2 cm X 2 cm (containing 10 mg of CTZ) were investigated
in the dissolution test. The dissolution test was made by an Erweka DT700 dissolution
basket tester at a mixing speed of 100x g rpm. Nine hundred milliliters of phosphate
buffer (pH = 6.8) was used as the dissolution medium, and its temperature was 37 °C [43].
Aliquots of 5 mL were analyzed in 5, 10, 15, 20, 30, 40, 50, 60, 90, and 120 min with Genesys
10S UV-VIS (Thermo Fisher Scientific Inc., Waltham, MA, USA) UV-spectrophotometry at
A =207 nm.

2.10. Statistical Analysis

The collected data were analyzed with the factorial ANOVA method by Tibco Statistica
v13.4.0.14 (Statsoft Inc., Tulsa, OK, USA) software. The results were evaluated by being
mixed two-level and three-level factorial designs. The equations describe the relationship
between the two factors (xq-concentration of SA and x,-concentration of GLY) and the
four optimalization parameters (y;tensile strength, y,_mucoadhesion force, y3—surface
free energy, and ys—dissolution). The low, zero and high levels of the factors are shown in
Table 2.



Pharmaceutics 2021, 13, 619 7 of 18
Table 2. The values of factors for mixed two-level and three-level factorial designs.
Total Polymer Factors Low Level ZeroLevel High Level
Concentration (%)
29, Concentration of SA (x7) 1 - 1.33
¢ Concentration of GLY (xp) 1 3 5
39 Concentration of SA (x1) 1.5 - 2
© Concentration of GLY (xy) 1 3 5
3. Results

3.1. Thickness and Tensile Strength of the Films

In Figure 2, it can be seen that the thickness (y;) of different compositions of film
increases depends on the polymer and GLY concentration. The 3% polymer films are
thicker than the 2% ones; therefore, the polymer concentration can increase the thickness of
the films due to the higher amount of polymer (Equations (1)—(4)). The type of polymer
does not influence the thickness notably; there is no difference between the 1:1 SA and
HPMC (samples 1-6 and 13-18) and 2:1 SA and HPMC films (samples 7-12 and 19-24). It
can be seen the Cgp (1) coefficients were very low in all cases, and they were not significant.
Ccry (x2) can also influence thickness, and these were statistically significant (p < 0.05) in
all cases. According to Gao and et al., GLY has a water retention effect, so GLY can increase
the distance of bonding; therefore, the thickness of the films can be increased [30]. CTZ
can also enhance the thickness, which can be explained by the fact that CTZ raises the dry
matter content of the films.

y1 =138.9 + 40.53-x; + 3.94-%52 + 5.69-x1-Xp (2% polymer films containing CTZ)
R? =0.9218 M)

y1 = 168.02 + 4.59-x1 + 54.89-x, + 17.43-x1 %22 (3% polymer films containing CTZ)
R? =0.9784 @

y1 =116.12 + 1.66-x1 + 46.98-xp — 4.47-x1-X2 (2% polymer films without CTZ)
R? = 0.9461 ®)

y1 = 145.45 + 2.85-x1 + 54.95-x3 + 7.7-X1-X2 (3% polymer films without CTZ)
R? =0.9972 @)

The mechanical properties of the different polymer films, such as film thickness, tensile
strength, mucoadhesion, are summarized numerically in Table 3.

According to Paolicelli et al., GLY can make the film soft, elastic, and flexible. In
our research, it can be seen that GLY decreases the tensile strength (y;) of films [28]. This
observation is due to the fact that GLY interacts with other components (CTZ, SA, and
HPMC); typically forms H-bonds; and retains water. In addition, GLY can increase the
bonding distance, so films with a high GLY concentration can break more easily.

It can be seen that the average values (14.82 and 9.55) were lower in the case of 2%
polymer concentration than in the case of 3% (25.32 and 13.81). The total polymer increases
the tensile strength, because it can form a cohesive, strong, stable structure in the films
due to the bonding of polymer chains. On the other hand, our results show that a higher
amount of SA (x7) (samples 7-12 and 19-24) can result in a stronger structure compared to
an equal amount of the polymer. This is shown by the value of the coefficients x; shown in
(Equations (5)—(8)), which is positive in all cases and statistically significant in two cases
(Equations (7) and (8)). It is possible that SA can create stronger and a larger number of
bonds with CTZ than HPMC can with CTZ and itself. Another finding is that 3% polymer
films have larger strengths than 2% polymer films.

Finally, it can be concluded that 2% polymer films with lower cgs (samples 1-6) have
low tensile strengths (less than 10 N), and these films are very breakable. This property
is not appropriate from the aspect of application. The other film compositions have high
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tensile strength and can be used properly for buccal application, because they do not break
from the force of the finger.
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Figure 2. Response surface of polymer films containing CTZ (left side—2% polymer films; right
side—3% polymer films; (a,b): Film thickness (2%: F (xp): 259.43; F (x22): 3.27; F (x1Xp): 5.12; 3%: F
(x1): 12.48; F (xp): 1189.26; F (x1x2): 119.9) (¢,d): Tensile strength (2%: F (x1): 13.61; F (x2): 8.0; F (xp2):
2.0; 3%: F (x1): 9.52; F (x): 75.7; F (x22): 4.97); (e,f): Mucoadhesion force (2%: F (xp): 3.03; F (x1xp): 0.7;
3%: F (x1): 153.54; F (x): 280.33; F (xp2): 54.94; F (x1x2): 18.63); (g/h): Surface free energy (2%: F (xp):
0.008; F (x22): 14.35; 3%: F (x1): 8.92; F(xp): 3.4; F (x22): 6.82); (i,j): Dissolution (2%: F (x;): 15.98; F
(x2): 9.3; F (xp2): 1.38; F(x1x7): 2.68; 3%: F (x1): 12.9; F (xp): 764.8; F (x52): 2.68; F(x1x2): 699.21).
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Table 3. Mechanical properties of the various polymer films.
Samples Thickness Tensile Strength Mucoadhesion
(um) N) (N)
1 56.25 + 8.54 5.61 4+ 0.01 16.94 +1.20
2 104.75 + 7.27 13.89 + 0.92 8.56 + 1.52
3 128.00 + 7.7 6.07 + 1.07 15.70 +1.32
4 142.32 4 8.52 9.90 +1.19 11.94 £ 1.31
5 159.14 + 6.32 5.50 + 1.95 7.13 +2.04
6 174.43 + 6.02 6.33 + 0.75 6.38 + 1.59
7 81.50 + 6.66 18.15 + 1.45 16.02 £ 2.20
8 86.74 + 6.34 27.37 £0.28 11.57 +1.45
9 105.31 + 8.18 12.85 +2.37 8.54 + 1.10
10 146.00 + 6.06 14.56 + 2.18 6.63 = 1.25
11 166.52 + 3.87 9.10 £1.91 7.97 +2.23
12 179.19 4+ 4.99 16.92 + 1.46 5.37 + 1.64
13 93.53 + 6.35 8.53 = 0.57 2212 +£2.11
14 125.29 + 5.56 28.06 £ 3.76 9.66 £+ 0.70
15 146.22 + 5.91 11.39 £ 0.91 17.59 £+ 0.63
16 164.79 4 5.88 26.47 + 1.42 9.07 = 1.95
17 188.03 + 2.71 4.58 + 0.37 15.64 +1.41
18 200.22 £+ 8.14 16.28 +2.92 5.83 + 2.11
19 87.23 +1.26 17.96 4+ 1.52 17.32 £ 2.74
20 102.00 + 2.71 32.68 £ 3.03 10.82 +1.99
21 145.12 4+ 3.46 23.47 +2.49 16.87 = 1.51
22 169.20 + 2.49 27.68 + 3.65 10,7 £2.33
23 212.55 +9.98 16.96 + 1.95 11.95 £+ 0.30
24 246.65 £+ 5.51 20.75 + 0.22 8.56 +1.87

The different optimalization parameters were determined by a statistical analysis. In
the first step, the tensile strength was investigated. The data and Figure 2 reveal that, in the
2% polymer films, SA and GLY have a significant effect. The SA concentration can increase
the tensile strength, but GLY has a reverse effect on the tensile strength; it can decrease the
tensile strength of the films. In the 3% polymer films, we can see a similar effect, but the
effect of GLY is not significant. Equations (Equations (5)—(8)) can be seen below in the case
of the different compositions. The significant parameters are marked with red letters.

Tensile strength:

yo = 14.82 + 4.79-x1 — 4.50-x3 — 1.95-x,2
(2% polymer films containing CTZ) ®)
R?* =0.9218

y2 =25.32 + 1.72-x; — 5.93:x3 + 1.32-x,2
(3% polymer films containing CTZ) (6)
R? =0.9784

Y2 = 9.55 + 3.81-x1 — 2.29-xp — 2.24-X1-X»
(2% polymer films without CTZ) (7)
R? = 0.9955

y2 = 13.81 +5.66-x1 — 1.24-x3 + 2.70-x% + 0.73:x1 X2
(3% polymer films without CTZ) (8)
R? =0.9979

3.2. In Vitro Mucoadhesion Test

The results of the mucoadhesion of the prepared films are presented in Figure 2. The
CTZ-free films had high mucoadhesion force (y3) values, and the average values were 18.96
(Equation (11)) and 23.82 (Equation (12)). The CTZ-containing samples had significantly
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lower mucoadhesion force (average value: 8.41 and 9.1 (Equations (9) and (10)), so CTZ
decreases the mucoadhesion of polymer films, possibly due to the interaction between the
carboxylic groups of SA, HPMC, and CTZ molecules; thus, fewer groups are able to bind
to the mucin. In the case of these samples, mucoadhesion is moderate, but they can be
used for the buccal drug delivery system, because this lower force is enough for buccal
mucoadhesion. The increasing total amount of polymers increased the mucoadhesion due
to the higher number of free binding groups in the system, which can bind to the mucin of
the buccal mucous.

GLY (x2) can influence the mucoadhesion force. The increasing amount of GLY
decreased the mucoadhesion force, probably because of the hydrogen bond, which can
be formed between GLY and the film-forming polymers and, also, due to the fact that no
binding is formed with the chains of mucin because of the lower number of free chains in
the polymer.

During the statistical analysis, the mucoadhesion force of the films of all compositions
(CTZ-free and CTZ containing) was found to be decreased by GLY (x;), and in the case
of films prepared with 3% polymer concentrations, it is statistically significant. The cgp
(x1) slightly decreased or did not affect it, because SA has a moderate mucoadhesion
force, while HPMC has a higher one, so a greater HPMC concentration can cause higher
mucoadhesion in the films, but this effect was not statistically significant.

Mucoadhesion force:

y3 = 8.41 — 2.09'X2 — 1.01'X1'X2
(2% polymer films containing CTZ) )
R?=0.6133

y3 =9.10 + 0.92:x1 — 1.53-x2 + 0.58-x22 + 0.39-x1 X7
(3% polymer films containing CTZ) (10)
R? = 0.9981

y3 = 18.96 — 1.21-xq1 — 4.47-X2 + 0.44~X1~X2
(2% polymer films without CTZ) (11
R? = 0.8408

y3 =23.82 — 1.53:x; — 2.96-x3
(8% polymer films without CTZ) (12)
R? = 0.9120

3.3. Contact Angle and Surface Free Energy (SFE) Measurement

The SFEs (y4) of the prepared films are shown in Table 4. This measurement is very
important from the aspect of applying this pharmaceutical form, because the saliva has
to spread on the surface of the films extensively in order for mucoadhesion to develop.
The CTZ-free films exhibited medium SFE 51.99 and 57.81 average values (Equations (15)
and (16)), while the CTZ-containing films have significantly higher SFE, the average value
was 69 and 76.11 (Equations (13) and (14)), so CTZ can increase the SFE of films, particularly
the polar part of SFE. CTZ films also demonstrated significantly higher polarity, which may
be caused by the carboxylic group of the CTZ molecule. From these results, it seems to be an
extended conformer of CTZ can be found in the prepared films [34]. Contact angle showed
lower values in the CTZ containing films. The SFE of CTZ-free films changed particularly
as a function of increasing GLY concentration (xz) and only slightly as a function of the
SA concentration (x1). This observation was not true for the CTZ films, because in those
films, the SFEs had roughly constant values independently of the concentration of GLY
and polymer concentration (Figure 2).
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Table 4. Surface free energy (y'°!), dispersive (79), and polar part (yP) of SFE and the polarity (%) of
prepared films.

Samples %t (mN/m) ¥4 (mN/m) 7P (mN/m) Polarity (%)
1 49.59 32.54 17.05 34.38
2 74.88 38.85 36.03 48.12
3 51.65 36.34 15.31 29.64
4 76.33 37.44 38.89 50.95
5 62.60 36.35 26.25 41.93
6 75.72 35.60 40.12 52.98
7 53.56 32.28 21.29 39.75
8 76.86 39.17 37.69 49.04
9 66.21 31.85 34.36 51.90
10 76.89 40.57 36.32 47.24
11 63.23 28.15 35.08 55.48
12 75.98 38.26 37.73 49.66
13 54.32 33.12 21.20 39.03
14 68.61 38.80 29.87 43.54
15 57.36 36.21 21.15 36.87
16 73.78 35.14 38.65 52.39
17 50.84 33.59 17.25 33.93
18 73.72 36.07 37.65 51.07
19 47.99 33.56 14.43 30.07
20 61.05 35.11 25.93 42.47
21 48.72 31.61 17.11 35.12
22 71.73 37.12 34.61 48.25
23 52.68 36.01 16.67 31.64
24 65.12 38.40 26.72 41.03

During the next step of the statistical analysis, SFE was determined in the different
compositions of films. In the films, containing CTZ, SA, and GLY can increase SFE in the
2% polymer films, while in the 3% CTZ-free films SA decreases SFE. See Equations (13)—(16)
below.

Surface free energy:

ya =76.11 + 0.46-x1 + 0.375-x22 — 0.43-x1 %
(2% polymer films containing CTZ) (13)
R? = 0.9638

V4 = 69.00 — 3.04-x1 +2.30-x3 + 2.82-32
(3% polymer films containing CTZ) (14)
R? = 0.9054

y4 =57.81 +3.19-x1 + 5.67-x3 + 0.84-x2
(2% polymer films without CTZ) (15)
R? = 0.7854

Y4 = 51.99 — 2.19-x7 + 2.04-xq1 X2
(8% polymer films without CTZ) (16)
R? =0.7237

3.4. FTIR Measurement

The prepared films were investigated with FTIR spectroscopy to determine the inter-
actions between the components of the films. According to Paczkowsa et al., the carboxyl
group of CTZ can be explored at 1739 cm ™! in FTIR spectra (Figure 3) [44]. In the spectra
of CTZ, this peak can be separated sharply. However, in the films, this peak is shifted
and disappears, depending on the concentration of the polymer. In the 2% polymer films,
the CTZ peak is shifted towards the larger wavenumber, but the intensity of the peak is
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smaller than in the case of the raw material. As for 3% polymer films, the peak disappears
completely, which proves that interactions can develop between CTZ and the polymers in
the films. The carboxyl group of CTZ can be found at 1739 cm ™1, so it can be asserted that
hydrogen bondings are created between SA, HPMC, and the carboxylic group of CTZ. Due
to the small polymer concentration, the films have fewer OH groups of SA and HPMC,
which can create hydrogen bonding, so, in this case, the peak only just shifted. However,
the 3% polymer films have more OH groups, thus more hydrogen bonds can be created,
which can cause a more remarkable structure change, so the peak can disappear completely.

— CTZ ‘
— SA — Raw materials a
HPMC [
CTZ peak — Sample 8 ‘
Sample10 | SA:HPMC ratio 2:1
— Sample 12 ‘ Total polymer: 2%
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Figure 3. Individual FTIR spectra of SA, HPMC, CTZ, and prepared films (a): 2% polymer films and (b): 3% polymer films.

Indeed, there are important bands in the higher wavenumber region. A spectral peak
is manifested at 2384 cm~!; this is the stretching vibration of the N-H group of CTZ [45]. In
both 2% and 3% concentration polymer films, this peak disappears regardless of the GLY
concentration. This observation can suggest that, in the films interaction develop between
the N-H-group of CTZ and the other components of films. A peak of SA can be detected at
2937 cm~1! [46]. This peak is assigned to the C-H stretching vibration. In the polymer films,
this peak is shifted to a larger wavenumber and merges with the peak of GLY. The band at
3300 cm ™! shows the C-O stretching vibration. The intensity of this peak can increase as a
function of GLY concentration and is shifted to a smaller wavenumber. With these findings,
we believe we have sufficiently demonstrated the interactions that can occur in the films.

As it can be seen, the dissolution of the API is faster from the 2% polymer films, which
contain the two different polymer materials in equal amounts than from those films that
contain SA and HPMC in the ratio of 2:1 (it can be found in Figure 3 in Section 3.4, in the
dissolution test part of the article). This observation can be explained by the interaction
between SA and GLY and other components at 2937 ! cm~!. The dependence of the GLY
concentration of the drug release is related to the interaction at 3300 cm . The high GLY
concentration can result in a stronger interaction between the components of the films, as
can be seen in the region from 3000 cm ! to 2800 cm ! and in the region 1750 cm ! and
1550 cm~!. The results of Raman spectroscopy also confirm these interactions.
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3.5. Raman Spectroscopy Measurement

The individual Raman spectra of SA, HPMC, and CTZ are shown in Figure 4. Based on
the comparison of the spectra of the components, a CTZ peak was chosen at 1598.15 cm 1.
It belongs to the C-C stretchings in the phenyl and chlorophenyl groups in the chemical
structure of CTZ [44]. This distinct peak was chosen for the chemical mapping profile,
because it characterizes the API individually.
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Figure 4. Individual Raman spectra of SA, HPMC, and CTZ.

Chemical maps are presented in Figure 5. The CTZ distributions of samples with
different GLY content are homogenous. The warm (red and orange) colors mean a greater
API content in the samples. In the film with 1% GLY content the API can be in crystalline
agglomerates (yellow, orange spots) in the preparation. In the two other cases, especially in
the case of the sample containing 3% GLY, the color distribution of the maps is very smooth.
It suggests a possible molecular disperse distribution of the API in the film. It can be
concluded that the water-soluble APl is in a dissolved form in the films because the larger
GLY concentration also means larger water content because of the moisturizing property of
GLY. This property of the films can be disadvantageous, because it can cause the physical
instability of the samples. Besides, the larger GLY concentration can be harmful during the
mucoadhesion of buccal films because GLY reduces the amount of mucoadhesive polymer
chains, which are able to evolve binding.

5% glycerol
containing film

3% glycerol
containing film

1% glycerol
contammg film

0.20 0.30 040 0.50 0.60

0.10 0.30 050 0.70 0.60 0.70 0.80

Figure 5. Chemical mapping of films with different GLY contents.
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3.6. Dissolution Test

The entire amount of the API can be dissolved from the various films within 120 min.
In the first 20 min, almost 100% of the API can be dissolved from the films with 2% polymer
concentration (Figure 6). Centkowska et al. found that the thickness of the HPMC films can
influence the release of API from the film [47]. CTZ can dissolve from the thinner polymer
layer faster than from thicker films, and on the other hand, in the case of thinner films,
HPMC is able to dissolve more easily. Films with a lower SA concentration have faster
API dissolution, which can be slowed down by GLY. When the SA and GLY concentrations
were increased, dissolution became slower in the case of 2% polymer concentration.
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—
: 100 —ao— Sample 2
.-
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- 40
=
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Figure 6. Dissolution curves of prepared polymer films in the first 20 min (a): 2% polymer films, and
(b): 3% polymer films.

The dissolution curve of 3% polymer films is shown in Figure 6, which reveals a
connection between the SA concentration and dissolution rates. In about 120 min, the
entire amount of the API can be dissolved completely, but in the first 20 min, the API cannot
be released fully; 65% to 96% of the API was dissolved from the different composition films.
It is noteworthy in the figure that, at the beginning of the test (first 5 min), the API was
dissolved faster from the films with equal polymer concentration. The reason for this is
that in the case of 3% polymer concentration a stable, cohesive structure is formed between
the chains of the polymers, GLY and API, as visible from the thickness and hardness tests;
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therefore, GLY cannot affect the dissolution significantly. Compared to 2% films, the effect
of GLY is less than expected in 3% films.

When the dissolved drug was investigated after 20 min with a statistical analysis, it
can be seen that, in the 2% polymer films cga (X1) can decrease it, while in the 3% films
csa, can enhance it. cgry (x2) can raise the dissolution rate when high SA concentration is
applied (Figure 2). Equations (17) and (18) can be observed below.

Dissolution:

y5 =95.66 — 3.1-x1 — 2.89-x3 + 0.97-x22 — 1.55:x1 %2
(2% polymer films containing CTZ) (17)
R? =0.9671

y5 = 89.85 + 2.54-x1 +2.40-x3 + 0.12:33% — 2.29-x1 %7
(3% polymer films containing CTZ) (18)
R? = 0.9996

4. Conclusions

In this present study we successfully formulated mucoadhesive polymer films, which
contained CTZ as API. The physical properties of the films, which are of great importance
in the formulation of polymer films, were investigated. We can conclude that the physical
properties of the polymer films, such as thickness and tensile strength, change considerably
depending on the composition of films. These are critical parameters of the formulation
because buccal films have to be elastic, flexible, and able to exert satisfactory mucoadhesive
force at the same time. The gry was a statistically significant factor in the case of film
thickness and tensile strength for 3% total polymer film but the coefficient also had a
high value in the case of 2% total polymer. In the mucoadhesion test, cgry was found to
be a significant factor with the inverse relationship. It can decrease mucoadhesion force;
therefore, only 1% GLY concentration is recommended.

CZT-containing films had lower contact angle values, the fluid could spread on the
surface of the film. It proves that CTZ-containing films have a hydrophilic surface. CTZ
can also increase SFEs, because it has hydrophilic molecule groups, and it can increase the
hydrophilicity of the polymer film system. In these cases, no statistically significant factor
was found.

During the interaction study, interactions could be observed between the polymer
components and the CTZ molecules, which depended on the polymer concentration. In
the 3% polymer films, the development of hydrogen bonds is remarkable.

The distribution of CTZ is homogeneous in the films, so the preparation of the films
can be considered appropriate. GLY can influence the form of CTZ in the films. In the films
with 1% GLY concentration CTZ is crystalline, while in the films with 3% and 5% GLY
concentration the API is molecular disperse.

In 20 min, a higher amount of API can dissolve from the thicker and lower polymer
concentration polymer film samples, because they are not able to form a stable, strong
structure, so the dissolution of the API is faster and easier. In the film samples with a higher
polymer concentration, the polymer molecules and GLY and CTZ can create strong bonds,
so CTZ can be dissolved more slowly. GLY can decrease the dissolution rate of CTZ.

As a conclusion, samples with 1% of GLY were found to be appropriate for the
application on the buccal mucosa. Sample 8 was found as the optimal composition.

We are planning to continue to investigate the films with in vitro permeation tests on
buccal cell lines, with ex vivo permeation tests across porcine buccal mucosa in the future.
We would like to publish these results in another article together with the results of the
accelerated stability test.
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Abstract: Oral mucoadhesive systems, such as polymer films, are among innovative pharmaceutical
products. These systems can be applied in swallowing problems and can also be used in geriatrics
and paediatrics. In our earlier work, we successfully formulated buccal mucoadhesive polymer
films, which contained cetirizine-hydrochloride (CTZ) as the API. The present study focused on
investigating the stability and permeability of the prepared films. The stability of the films was
studied with an accelerated stability test. During the stability test, thickness, breaking hardness
and in vitro mucoadhesivity were analysed. Furthermore, the interactions were studied with FT-IR
spectroscopy, and the changes in the amount of the API were also monitored. Cytotoxicity and cell
line permeability studies were carried out on TR 146 buccal cells. Compositions that can preserve
more than 85% of the API after 6 months were found. Most of the compositions had a high cell
viability of more than 50%. Citric acid (CA) decreased the stability and reduced every physical
parameter of the films. However, cell line studies showed that the permeability of the films was
enhanced. In our work, we successfully formulated CTZ-containing buccal films with adequate
stability, high cell viability and appropriate absorption properties.

Keywords: mucoadhesive; buccal films; drug delivery; alginate; cetirizine; antihistamine; stability;
permeability; cytotoxicity

1. Introduction

An allergy is a condition caused by the hypersensitivity of the immune system, an
increased sensitivity that results from a harmful substance triggering an immunological
response [1]; it is also known as allergic disease. Allergies affect more and more people all
around the world [2]. The symptoms of allergic diseases may include red skin, red eyes,
a runny nose, sneezing, shortness of breath or swallowing problems. Medications can be
used to improve allergy symptoms [1,3,4].

The most commonly applied medications in the treatment of allergies are antihis-
tamines, which can block the H1 receptor [4]. Cetirizine dihydrochloride (CTZ) is a
second-generation, non-sedative antihistamine [5,6]; it is the active metabolite of the first-
generation H1 receptor blocker, hydroxyzine [7]. Due to its antihistamine properties, it can
be used effectively in the treatment of seasonal or chronic allergic rhinitis and urticaria [7,8].
Some studies reported that it can reduce bronchoconstriction and swallowing problems.
CTZ is available on the market in tablets and solution dosage forms [9]. The patient must
always swallow the dosage form, but it is impossible if there is a swallowing problem
due to laryngeal oedema. In this case, the patient has to apply an injection or wait for
medical help.

Buccal polymer films offer an alternative and innovative way to deliver an active
pharmaceutical ingredient (API) to the systemic circulation without swallowing the dosage
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form [10]. The application of buccal films is easy and not painful, and patients do not feel
a foreign body sensation. Therefore, in geriatrics and paediatrics, they could offer great
advantages over per os tablets and suppositories [11,12]. At the same time, a lower dose of
the API can be used compared with the listed dosage forms. The first-pass effect of the liver
is avoided, and the API can enter the systemic circulation directly from the buccal mucosa.
The API and gastric acid do not contact each other in the case of buccal drug administration,
so the stomach can be protected from the API and vice versa [13-15]. Buccal films as a
dosage form are not official in the Pharmacopoeias [16]. However, the pharmaceutical
industry has already started to focus on buccal films and recognized them as a potential
drug delivery system [17], as evidenced by the availability on the market of a buccal film
called Breakyl®, containing fentanyl [18]. Many research groups have tried to formulate
buccal polymers films with different APIs, such as omeprazole, miconazole, ondansetron
and prednisolone [19-22]. Transcellular and paracellular drug delivery across the lipid
membrane of the buccal mucosa is equally good, which can result in good transport for
hydrophilic and lipophilic APIs [23]. The bioavailability of the API can be enhanced with
films; the API bypasses the liver, so the first-pass effect of the liver does not influence the
pre-metabolization of the API [24]. At the same time, the API can be protected from the
degradation of the gastrointestinal tract [25]. Therefore, the entire amount of the permeated
API can have an effect. In our case, CTZ can act immediately after permeation, so it can
quickly reduce serious symptoms without medical help. Further advantages of buccal films
are that they are painless and easy to apply; patients can use them easily compared with an
injection [26]. Summarizing these facts, buccal films containing CTZ are able to reduce and
moderate allergic symptoms in a short time, and depending on the formulation, they are
also capable of protecting allergic patients from a life-threatening condition.

In our earlier work, we formulated buccal films with sodium alginate (SA), HPMC
and glycerol (GLY), partly with the composition that appears in this research [15]. In that
work, the physical properties of the prepared films were studied, such as thickness, tensile
strength and in vitro mucoadhesion. Statistical analysis was applied to predict the optimal
composition. In addition, the chemical interactions were studied, and the homogeneity of
the API was also investigated in the different compositions. Finally, the API content was
measured [15]. Most of the compositions were found to be promising, so we found them
worthwhile to investigate further.

Sodium alginate (SA) is a linear polysaccharide from a natural source, extracted from
brown seeds. SA has hydroxyl and carboxyl groups, which can bind to the mucin of the
buccal mucosa, so it is a mucoadhesive polymer [19]. In pharmaceutical technology, it
can be used as a polymer film-forming agent to develop buccal films [15,19]. In addition,
it is used as a coating agent as well [27]. HPMC is an old conventional material in the
pharmaceutical industry. It is a water-soluble polymer. It has a larger number of functional
groups (methoxy, carboxyl, hydroxyl), so it can form stable H-bonds with the mucin [28,29].
It is applied as a film-forming agent and a coating agent, and it is often the base of the
matrix system in tablets, gels and eye drops [30]. Glycerol (GLY) is a well-known, colourless,
viscous, cytocompatible liquid. GLY is widely used in various fields. In pharmaceutical
technology and polymer chemistry, it is applied as a plasticizer because it can increase the
flexibility and elasticity of film and the coating [31].

The aim of our current research is to investigate the physical and physicochemical
stability of the prepared films, which had a promising composition based on our earlier
research work [15]. The investigation of the stability of oral films is a less explored area of
buccal film research, so it can be stated that it is definitely the novelty of our article. During
this period, many processes may take place in the film, and we aimed to examine them.
Based on data from the literature, citric acid (CA) enhances permeation [32,33]; therefore, it
was incorporated into the films to enhance permeation. Moreover, we also examined the
permeation of CTZ from buccal films across an artificial membrane and the TR 146 buccal
cell line as well, which are also novelties in our work. The dissolution test is extremely
important, but the knowledge of cell permeation is essential for the effect to occur; therefore,
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we set a goal to investigate it. Cytotoxicity is also an important investigation because it may
influence the outcome of the further development of the dosage form. Finally, based on our
results, we aimed to select the best composition with good stability, high permeability and
appropriate cytotoxicity.

2. Materials and Methods
2.1. Materials

Sodium alginate (SA) (Biochemica GmbH, Darmstadt, Germany) (10,000-600,000 g/mol)
and hydroxy methylcellulose (HPMC) (Pharmacoat® 603, Shin Etsu Chemical Co., Ltd.,
Tokyo, Japan) were used as film-forming agents in the polymer film. Glycerol (GLY)
85% (w/w %) was added to the film as a plasticizer (Ph. Eur8.). Citric acid (CA)
(Ph. Eur. 8.) was incorporated in the polymer film system as a permeation enhancer.
Cetirizine dihydrochloride (CTZ) (Ph. Eur. 8.) was the API, which was a gift from Extrac-
tumPharma Pharmaceutical Manufacturing, Marketing and Consulting Inc., Kunfehérto,
Hungary. Mucin (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) (10 w/w %) dispersion
was used in the in vitro mucoadhesion test.

2.2. Preparation of Buccal Films

Samples 5, 7, 9 and 11 (Table 1) were prepared and tested for their physical and
physicochemical parameters in our previous work [15]. Based on this study, these samples
proved to be promising compositions during the optimization process; therefore, we
continued to work with these compositions in our present work. In this work, the CA-free
samples and CA-containing films were also reproduced so that the effect of CA could be
examined during the comparison. In addition, we studied how the parameters change in
the case of purely SA-based films without HPMC (Samples 1-4).

Table 1. Composition of different SA- and HPMC-based films.

Samples SA HPMC GLY CA CTZ
(wlw %) (wlw %) (wlw %) (wlw %) (10 mg)
1 3 0 1 — +
2 3 0 1 + +
3 3 0 3 — +
4 3 0 3 + +
5 15 15 1 — +
6 1.5 15 1 + +
7 1.5 15 3 - +
8 15 15 3 + +
9 2 1 1 — +
10 2 1 1 + +
11 2 1 3 — +
12 2 1 3 + +

The films were prepared at room temperature with the solvent casting method. As
the first step of preparation, SA (1.5, 2, 3 w/w %) was dissolved in distilled water and
mixed (900 rpm) at room temperature. The solution was heated to 70 °C and mixed
(900 rpm), and CTZ was then incorporated in the warm solution (70 °C, 0.5523 g/100 g
solution), and the mixing was continued for 5 h. As the third step, HPMC (0, 1, 1.5 w/w %)
and CA were added to the solution with mixing without heating. In the fourth step,
GLY was added to the solution the following day. Mixing was decreased to 100 rpm for
3 h to help the air bubbles disappear from the solution. The solution was cast on a glass
surface in Petri dishes, with 10 g of solution/dish; then, it was dried at room temperature
(244 £ 0.5 °C). The dried polymer films were removed from the surface and were placed in
closed containers (24.4 =1 °C, 60 & 2% RH), and the other part of the prepared films was
also placed in closed containers, but at 40 °C £ 2 °C, 75% RH = 5% RH. The prepared films
contained 10 mg of CTZ on an area of 4 cm?, which is the therapeutic dose of this APL
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Table 1 shows the different compositions of the prepared polymer films. Every film
composition contains CTZ, and every second film composition contains CA.

2.3. Stability Test

During product development, it is essential and unavoidable to assess the stability of
the drug and the drug delivery system. In our research work, stability studies were done
according to ICH guidelines. The prepared films were placed in closed containers and
stored at 40 °C £ 2 °C, 75% RH =+ 5% RH for a period of 6 months. Different methods were
applied to obtain information about the changes in the properties of the films. During the
stability test, thickness, breaking hardness, in vitro mucoadhesivity and permeability were
analysed to determine changes in the physical properties of the films. Furthermore, the
interactions were also examined with FT-IR spectroscopy, and the drug content was also
detected during the 6-month period.

2.3.1. Breaking Hardness of Films

Breaking hardness was measured with a texture analyser developed in our depart-
ment [34]. The equipment has different sample holders and two different probes (needle-
like probe, rod-like probe). The equipment has two parts, a fixed disc and a moving sample
holder. Depending on the measurement, a different sample holder can be applied, and
during the investigation, the force, moving speed and time can be registered and followed.
The needle-like probe was applied in the breaking hardness test. The probe went to the
sample, which was fixed on the bottom part of the equipment. The probe went through
the film, and the equipment detected the time and force during the investigation. The
test was finished when the film was broken. The test was done six times (1 = 6) for each
combination of films. The means and standard deviations were calculated. The equipment
was presented in our earlier research papers [15,33,34].

2.3.2. In Vitro Mucoadhesivity of Films

Mucoadhesion was investigated with the same texture analyser with different settings
and parameter modifications [15,35]. In this study, a rod-like sample holder with a diameter
of 5 mm was used. A double-faced adhesive tape was fixed on the surface of the sample
holder, and the polymer film was fixed to the other face of the adhesive tape. On the
bottom part of the tester, a fixed disc with a diameter of 35 mm was applied, and 40 uL of
freshly prepared mucin dispersion (10 w/w %) was spread on it. The rod-like sample holder
went to the fixed, bottom disc and pressed the polymer film to the mucin-covered bottom
disc with 30 &= 0.1 N for 30 s. This steady-state part can be found in the force-time curve.
Thereafter, the sample holder went back to the original place, and the force was decreased
until the sample started to separate from the mucin, which can be seen as a well-defined,
sharp peak in the force-time curve, indicating the in vitro mucoadhesion force of the films.
The test was done six times (n = 6), and the means and standard deviations were calculated.

2.3.3. Active Agent Content

In the determination of API content, 4 cm? polymer films (containing 10 mg of CTZ)
were studied. The test was carried out by an Erweka DT700 dissolution basket tester at a
mixing speed of 100 rpm. An amount of 900 mL of phosphate buffer (pH = 6.8) was used
as dissolution medium,; its temperature was 37 °C [36]. Six parallel measurements were
performed. Aliquots of 5 mL were analysed at 120 min with Genesys 10S UV-VIS (Thermo
Fisher Scientific, Waltham, MA, USA) UV-spectrophotometry at A = 207 nm wavelength.

2.3.4. FI-IR Spectroscopy

An Avatar 330 FI-IR apparatus (Thermo-Scientific, Waltham, MA, USA) was used
to analyse the Fourier-Transform Infrared Spectra of the raw materials and the prepared
polymer films. The apparatus was equipped with a coupled Zn/Se horizontal attenuated
total reflectance (HATR) unit. The films were put on a clean crystal of the apparatus.
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The range of wavelength was 600 to 4000 cm~! during the investigation. The spectra
were collected from 128 scans at the spectral resolution of 4 cm ! with CO, and H,O
for correction.

2.4. Permeation Test

The permeation property of CTZ was investigated with two different permeation
methods. As the first step, in the Enhancer Cell, the permeation of the API was examined
from the polymer films across an artificial cellulose acetate membrane. In the next step,
the permeation of the API was measured on the TR146 buccal cell line under in vitro
conditions [37-39].

2.4.1. Permeation Test across Artificial Membrane

The permeation of CTZ was studied in the Enhancer Cell across an artificial cellulose
acetate membrane (Whatman®, SN:-WHA10404106, pore size 0.2 um, surface 2.54 cm?) [40].
The size of the measured films was 1 x 1 cm. The films were put on the surface of the
membrane and placed into the donor phase, which was 2 mL phosphate buffer (pH = 6.8),
modelling saliva. The acceptor phase was also phosphate buffer (pH = 7.4, 300 mL), which
simulated the pH of blood. The test was run in an Erweka DT700 dissolution basket tester
at a mixing speed of 100 rpm. Aliquots of 5 mL were analysed at 15, 30, 60, 90, 120, 180
and 240 min with Genesys 10S UV-VIS (Thermo Fisher Scientific, Waltham, MA, USA)
UV-spectrophotometry at A = 207 nm wavelength.

2.4.2. Cell Culturing

TR-146 cells (European Collection of Authenticated Cell Cultures Catalogue No:
10032305) were cultured in Dulbecco’s modified Eagle’s medium with L-glutamine and
D-glucose supplemented with 10% (v/v) FBS, 3.7 g/L sodium hydrogen carbonate, 1%
(v/v) non-essential amino acid solution and 100 IU/mL penicillin K, with 100 pg/mL
streptomycin sulfate at 37 °C in an atmosphere of 5% COj in plastic cell culture flasks. The
cells were routinely maintained by regular passaging. Cells used for our experiments were
between passage numbers 20 and 28.

2.4.3. In Vitro Permeation Test

For the permeation test, 1 x 10° cells were seeded on ThinCert® PET cell culture
inserts with a pore size of 0.4 um, a pore density of 2 x 10°/cm? and a culturing surface
of 33.6 mm? (Greiner BioOne, Mosonmagyarévar, Hungary). The culture medium was
changed twice per week on the inserts, and the cells were grown for 2 weeks in 24-well
plates. A Millicell ERS 1 device was used to measure transepithelial electrical resistance
(Merck, Budapest, Hungary). After 2 weeks, only inserts with a resistance value over
130 O3-cm? were used, which correlates well with previous reports [41]. The films were
cut to equal weight with an overall CTZ content of 0.35 mg. Each film was dissolved
in Hank’s balanced salt solution (HBSS) with pH = 7.2 before the experiment. The cell
culture medium was removed from the inserts, and 400 uL of the dissolved films was
added to the apical compartment (AC) and 1000 pL to the basolateral compartment (BC).
After 30, 60 and 90 min, 2 x 100 pL of solution was removed from the wells after gentle mix-
ing. The removed volume was replaced with HBSS. The samples were placed into UV-Star
96-well plates (Greiner BioOne, Mosonmagyardévar, Hungary), and their absorbance was
measured at 248 nm with a Multiskan Go microplate reader (Thermo-Fisher, Waltham, MA,
USA). Apparent permeability (Papp) was calculated as: (AQ/At) x (1/(0.336 cm? x Cp)),
where Cj is the concentration of the tested compound (mg/mL); AQ/At is the rate of
permeability of the tested compound ((mg/mL)-s~!) between 60 and 90 min.

2.5. Cytotoxicity Test

In order to study the cytotoxicity of CTZ films, a Guava® easyCyte™ 5HT (Luminex,
Austin, TX, USA) flow cytometer was used for our experiments. TR-146 cells were collected
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from cell culture flasks with a trypsin-EDTA solution and redistributed into separate tubes,
and 1 million cells were treated with 1 mL of CTZ solution (CTZ films dissolved in HBSS
in equal concentration as in the case of the permeation tests). After 30 min of incubation,
the cells were centrifuged, the test solutions were removed, and the cells were gently
washed with cold HBSS and centrifuged again. The supernatant was removed, and a
1 million cells/mL cell suspension was prepared with HBSS and then stained with 1 uL of
100 pg/mL propidium iodide solution. After 15 min, the suspensions were distributed on
96-well microplates in a volume of 200 uL (3 wells/group) and analysed. Propidium iodide
was excited with a 488 nm laser and detected at the 525/30 nm channel (green parameter).
On the Forward and Side Scatter Patterns (FSC-SSC) scatterplot, the non-cellular events
were excluded. The remaining events (8000-10,000) were analysed on a scatterplot, and
gates were created to determine stained (necrotic) and non-stained (living) cells [42]. The
experiment was carried out in triplicate. As negative control, HBSS was used, and cells
treated with HBSS instead of the dissolved films were considered 100%, to which all treated
groups were compared. As positive control, cells were treated with 1% Triton-X 100.

2.6. Statistical Analyses

The significance tests for breaking hardness and in vitro mucoadhesivity were per-
formed with Microsoft Excel (version 15, Redmond, Washington, DC, USA) software. A
Two-Sample T-Test was applied. The test was done six times for each sample. In all cases,
the samples were compared to the freshly prepared sample (0 months). The apparent
permeability values of the films were analysed with the Kruskal-Wallis test with Dunn’s
test as post hoc test. In each case, we used a significance level of p < 0.05. Significance is
labelled asns =p > 0.05; * = p < 0.05 ** = p < 0.01.

3. Results
3.1. Stability Test
3.1.1. Breaking Hardness of Films

The results of the breaking hardness measurements are presented in Figure 1. The
significance results are marked with * (*: p < 0.05). The changes in the extent of the breaking
hardness of the films during the 6-month period are marked in different colours. Breaking
hardness decreased for every composition during the period. At the beginning of the
investigation, the breaking hardness of the films containing CA was higher than that of
the films without CA. This observation could be explained by the fact that CA can form
cross-linking and hydrogen bonds with the other components of the films; therefore, CA-
containing films have a stronger, cohesive structure [43]. On the other hand, Uranga et al.
found that CA can have a plasticizer effect in the polymer film, which can confirm the
higher force in the freshly prepared sample; therefore, these films are flexible [44]. At the
same time, in the case of CA-containing films (Samples 2, 4, 6, 8, 10, 12), the decrease in
breaking hardness was higher than without CA (Samples 1, 3, 5, 7, 9, 11). As the GLY
concentration increased, the tensile strength of the films decreased, which correlates with
data from the literature for films with a similar composition [27,45]. During storage, GLY
can decompose, which can cause the decrease in the breaking hardness of the films, and
due to this fact, the water content of the films also decreases. For films with a higher GLY
concentration, the decrease in breaking hardness is higher, so these films can become more
breakable over time. As we can see, the reduction in breaking hardness was outstanding
when comparing the freshly prepared samples and the 3-month samples. As for the
3-month and the 6-month samples, the changes in the breaking hardness values were very
low, presumably because most of the chemical decomposition process may take place by the
third month. This assumption is also supported by the results of the FT-IR measurements.
Because of these facts, it can be said that the films that do not contain CA and contain a low
GLY amount have adequate stability in terms of breaking hardness (Samples 1, 5, 9).
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Figure 1. Breaking hardness of the prepared films (Samples 2, 4, 6, 8, 10, 12 contain CA) (* p < 0.05;
n = 6). The samples were compared to the freshly prepared sample (0 months).

3.1.2. In Vitro Mucoadhesivity of Films

Figure 2 shows the mucoadhesivity of the films, with different colours at different
times. The significance results are marked with * (*: p < 0.05). As can be seen, mucoadhesion
force increased for almost every sample during the 6-month period. This is a positive fact
because it means that the films can connect to the buccal mucosa in a stronger way after
storage time. This phenomenon can probably be explained by the fact that more free
chains are formed during storage, so carboxyl and hydroxyl groups can connect to the
oligosaccharide chain of mucin on the buccal mucosa. This observation is also supported
by the results of the breaking hardness of the films because breaking hardness can decrease

in every sample during storage, which means the cohesive structure can be destroyed by
the forced condition.
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Figure 2. Mucoadhesivity of the prepared films (Samples 2, 4, 6, 8, 10, 12 contain CA) (* p < 0.05;
n = 6). The samples were compared to the freshly prepared sample (0 months).

Based on our results, SA showed excellent mucoadhesion properties, which corre-
lates with data from the literature [46,47]. Films without HPMC showed a higher rise in
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mucoadhesion force compared with the films without HPMC (Samples 1-4), so it can be
said that HPMC can enhance the stability of the structure formed during the investigated
period because the changes of mucoadhesion force in the films containing HPMC are
smaller than in the case of the films without HPMC. Moreover, these results suggest that
the films containing CA have higher in vitro mucoadhesion force, especially in the case of
the 6-month samples, than the films without CA. The GLY concentration can also influence
the mucoadhesivity of films. Films with a higher GLY concentration may cause lower
growth and growth rate in mucoadhesivity. This observation may be due to the fact that
high amounts of GLY can build better in the polymer film structure; therefore, during
storage, fewer chains are free that are able to bind to the mucin of the buccal mucosa.

3.1.3. Active Agent Content

Figure 3 shows the results of the change in content during 6 months of storage. The
results are marked in different colours for the different times of the investigation. In
Figure 3, the results appear numerically for the compositions that can preserve more than
85% of the API after 3 or 6 months, according to pharmacopeia expectations. As expected,
a decrease can be observed for each sample under the forced condition during storage.
The reductions in the amount of the API were higher at the beginning of the investigation,
while later, the changes were smaller. The changes were larger for films containing CA,
so it can be concluded that CA can decrease the stability of films. GLY can also enhance
the decomposition of the API. It was found that films with a larger amount of GLY had a
lower amount of API after 6 months than films with a low amount of GLY, so higher GLY
concentrations in the films can also reduce film stability. The reason for this is that films
with a high GLY concentration have a higher water content because of the water-retention
effect of GLY, and a higher water content can increase decomposition. As can be seen,
Sample 1 and Sample 5 can preserve the required amount of the API after 6 months, while
Sample 6, Sample 9 and Sample 10 can preserve it after 3 months.

-
(=4
o

90 B 0 month
30 B 3 month
70 Bl 6 month

Amount of dissolved API (%)
(41
o

N

«&Q @Q &Q &Q &Q &Q &Q S @Q@“”@ &
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Figure 3. API content for different films during accelerated stability study (Samples 2, 4, 6, 8, 10, 12
contain CA) (n = 6).

3.1.4. FT-IR Spectroscopy

The prepared films were investigated with FI-IR spectroscopy to determine the inter-
actions between the components of the films. In Figure 4, the FT-IR spectra of the films
can be seen. Part “A” of Figure 4 shows the film composition with the largest amount
of API (Sample 1) after 6 months, while in the bottom figure, the film composition with
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the least amount of API is presented (Sample 8). As can be seen, the carboxyl group of
CTZ can be detected at 1739 cm ! in the FT-IR spectrum. In the spectrum of CTZ as a
raw material, this peak can be sharply distinguished. However, in the films, this peak was
shifted to the higher wavenumbers. In Sample 1 (Part “A” of Figure 4), the CTZ peak was
shifted towards a higher wavenumber, but the intensity of the peak was smaller than in
the case of the raw material. In Part “B” of Figure 4, for Sample 8, the peak disappears
completely after 6 months, which shows that the amount of the API decreased because
of the forced condition during storage, and hydrogen bonds were formed between SA,
HPMC and the carboxylic group of CTZ, which can cause more remarkable structural
changes, as seen in the results of the breaking hardness measurement. In addition, there
are important bands in the higher wavenumber region. A spectral peak can be found
at 2384 cm~!, which shows the stretching vibration of the N-H group of CTZ. This peak
disappears in every sample, regardless of the GLY concentration. This observation may
suggest that interactions develop in the films between the N-H-group of CTZ and the other
components of the films. Overall, it can be stated that the decomposition of the API was
greater in CA-containing films than in the ones without CA. Moreover, interactions can
occur between the components of the films, mostly in the form of hydrogen bonds, which
can greatly affect the breaking hardness of the films.
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Figure 4. Results of the FT-IR spectra of the prepared films (Part “A” Sample 1, Part “B” Sample 8).

3.2. Cytotoxicity Test

The TR-146 cells were treated with the dissolved films in a concentration of
0.35 mg/mL CTZ in HBSS as a solvent. Table 2 shows the results of the cytotoxicity
test according to flow cytometry stained with propidium iodide. It can be seen that some
formulations had a high impact on cell viability. Samples 7 and 10 were below 40%. How-
ever, Samples 3, 5 and 12 had almost no cytotoxic effect. The other samples had a cell
viability value between 55 and 87%.
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Table 2. Cytotoxicity of the prepared films according to flow cytometry. The experiment was carried
out in triplicate (Samples 2, 4, 6, 8, 10, 12 contain CA).

Samples Cell Viability Compared to Control (% £SD)
1 67.1£27
2 787 £ 0.6
3 928 £04
4 56.3 £1.0
5 99.3 £0.8
6 55.9 £ 0.2
7 33.6 £0.7
8 87.7£0.1
9 872£05
10 174 £ 03
11 56.4 £ 4.6
12 913 £15

Triton X 02+01

Cellular transport experiments were performed only with Samples 1, 2, 3,5, 8,9 and 12,
which had cytotoxic values over 60%.

The direct cytotoxicity of cetirizine dihydrochloride is not well-published.
Majumder et al. have found that, in a concentration of 400 uM, mouse macrophage
RAW 264.7 and mouse myoblast C2C12 cell lines showed only ~50% and ~60% cell viability,
respectively [48]. For human lymphocytes, it was found that a concentration of 200 pg/mL
decreased cell viability to 50% [49]. In our cytotoxicity and cell viability experiments, the
concentration of cetirizine hydrochloride was higher, 744 pM actually.

3.3. Permeation Test
3.3.1. Permeation Test across Artificial Membrane

Figure 5 shows the results of the permeation test across an artificial cellulose mem-
brane. The permeation curves of films of different compositions are shown. From most
compositions, more than 40% of the API can permeate to the acceptor compartment. The SA
concentration can influence the amount of the permeated API. A higher amount of the API
can permeate to the acceptor compartment from the films with a higher SA concentration
than from the ones with a lower SA concentration. This correlation is shown in Figure 5,
where Sample 1 (brown curve) has a higher permeation rate than the comparable samples
(Sample 5—purple curve, Sample 9—green curve). The same correlation can be observed
for Sample 3 (yellow curve) and Sample 11 (red curve). Furthermore, it can also be stated
that the GLY concentration did not influence the permeation rate and speed of the APL

< 60+
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o —

< Sample 3
E Sample 5
o — Sample 7
% Sample 9
o — Sample 11
o

€

=}

5]

£

<
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Figure 5. Permeation curves of polymer films on artificial membrane (1 = 6).
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These results can be considered good because the entire amount of the permeated API
can have an effect compared to per os tablets because of the first-pass effect of the liver. At
the same time, our results can be improved by a greater volume of the donor phase.

3.3.2. In Vitro Permeation Test

TR-146 cells are an accepted model for the in vitro testing of buccal absorption. The
prepared films were dissolved in HBSS, and their cellular transports were observed for
90 minutes. As shown in Figure 6, Sample 2 had exceptionally high permeation, while
Sample 12 had the lowest value. The presence of citric acid had no direct effect on cellular
transport. Moreover, films with HPMC content had smaller permeability.
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Figure 6. Apparent permeability values of buccal films calculated from the permeability rate of CTZ
between 60 and 90 min. Each film was investigated in three separate, parallel cell culture inserts
(n = 3). * Significant difference was found only between Sample 2 and Sample 12.

As can be seen in Figure 7, most films had a linear transport rate through the cells
between 30 and 90 min. With the exception of Sample 4, all films had a faster transport rate
in the first 30 min, after which the transport slowed. The dissolution and the transport of
CTZ from all films was stable, with no observed dose dumping [41].
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Figure 7. Transported CTZ-time curves of buccal films on the TR-146 cell line. Each film was
investigated in three separate, parallel cell culture inserts (Samples 2, 8, 12 contain CA) (n = 3).
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4. Discussion

In our earlier work, we prepared buccal films with CTZ-containing films based on SA
and HPMC. We found promising results; therefore, we investigated these films further, and
we also formulated new compositions.

In our present research work, we focused on the investigation of the stability and
permeability of the previously formulated and CA-containing film compositions. However,
new compositions were also formulated and investigated. During the stability test, we
investigated the physical (mechanical) and chemical stability of the films.

The breaking hardness of all films decreased during storage. The decrease was higher
for CA-containing films.

However, during storage, the mucoadhesivity of the films can increase to a great
extent, which is a positive fact. CA was able to enhance the mucoadhesion force of the films,
and the low GLY concentration may also result in beneficial mucoadhesion properties in
the films.

Based on the results of the API content, it can be concluded that the CA-containing
films have smaller drug content, and the high GLY concentration can also reduce the
amount of the API during storage. Nevertheless, there are compositions that can preserve
the API content according to pharmacopeia expectations (Samples 1, 5, 6, 9, 10) after 3 or
6 months.

Through the FT-IR investigation, chemical interactions were found in the buccal films
between the N-H-group of CTZ and the other components of films. It can be concluded
that the decomposition of CTZ is greater in CA-containing films than in the ones without
CA. Furthermore, interactions can occur between the components of the films, mostly in
the form of hydrogen bonds, which can greatly affect the breaking hardness and mucoad-
hesivity of films.

Further research is needed to determine which component of the films exhibits cyto-
protective properties to decrease the cytotoxic effect of the API. No direct correlation was
found between cell viability and the presence of citric acid. The investigation of cytotox-
icity in the course of the development of a new pharmaceutical product is essential and
unavoidable in order to prove that the product is safe and non-toxic, so it can be used in
humans for further tests in clinical trials. In conclusion, it can be said that Samples 3, 5, §,
9 and 12 have appropriate and acceptable cytocompatibility because they have high cell
viability values, so these samples did not significantly impair the cell viability of the films.
However, further research is needed to properly evaluate the cytotoxicity of Samples 1, 2, 4,
6 and 11. Samples 7 and 10 proved to be cytotoxic, so further investigation is not justified.

More than 40% of CTZ was able to permeate to the acceptor compartment from almost
all compositions. The SA concentration can influence the amount of the permeated APIL.
A higher amount of the API was able to permeate to the acceptor compartment from the
films with a higher SA concentration than from the ones with a lower SA concentration.
At the same time, the bioavailability of the API is higher from buccal films than from
per os tablets.

The speed of transport of CTZ was nearly constant from all compositions; no excipient
caused significantly faster or slower permeation. Apparent permeability was the highest
for Sample 2, which was transported across the buccal cell line in a large quantity. CA did
not enhance the permeation rate of CTZ in the films, but high alginate content resulted in
relatively high permeability. HPMC seemed to decrease apparent permeability. As films
with similar compositions were not published before, further investigation is needed to
determine how the concentration of each excipient modifies cellular permeability.

Finally, it can be concluded that, from among these compositions, Sample 5
(1.5% SA + 1.5% HPMC + 1% GLY) demonstrated the best stability, cell viability and perme-
ability properties, so this composition is recommended for application on the buccal mucosa.
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5. Conclusions

Summarizing our results, it can be said that the breaking hardness of the films de-
creased during the 6-month period, and the CA reduced it to a greater extent. At the
same time, the mucoadhesivity of the films can be increased, especially in case of the
CA-containing films. Under storage, the API content decreased, and the CA enhanced
the reduction in the API. On the other hand, the high amount of GLY decreased the API
content of the films as well. Sample 1 and Sample 5 met the requirements of pharmacopeia
after 6 months of stability testing.

Moreover, interactions can be found between the components of the prepared films,
mainly in the form of hydrogen bonds.

As a conclusion, it can be said that Samples 3, 5, 8, 9 and 12 have appropriate and
acceptable cytocompatibility because these samples have high cell viability values.

Apparent permeability was the highest for Sample 2. CA did not enhance the per-
meation rate of CTZ in the films, but high alginate concentration resulted in relatively
high permeability.

Finally, it can be concluded that Sample 5 (1.5% SA + 1.5% HPMC + 1% GLY) is
recommended for application in buccal drug administration because of its great properties.
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Buccal drug administration is a less explored area, therefore researchers and companies focus on its research
because of its innovative potential and opportunities. Buccal polymer films (patches) are considered to be an
innovative form and have a great number of advantageous properties. Firstly, patients who suffer from swallowing
problems and children can also apply them. The active pharmaceutical ingredient enters the systemic circulation
directly without degradation and transformation. The aim of this study was to formulate buccal films with sodium
alginate (SA) because it is a rarely used, innovative polymer for the formulation of buccal films. The mechanical,
chemical properties and dosage forms of the prepared films were investigated with different methods. To
formulate the films, cetirizine dihydrochloride (CTZ) was used as model drug, and glycerol (GLY) was added to
make the films more elastic. The samples were prepared and stored at room temperature. As a result, it can be
seen that the mechanical properties of all film compositions show good results, especially breaking hardness. The
films with high SA concentration containing CTZ had appropriate mucoadhesion forces, so these samples are
suitable for application on the buccal mucosa. The results of dissolution confirmed this finding. Finally, it can be
said we formulated fast dissolving films and it can be concluded that the films prepared with 3% SA concentration

containing 1% and 3% GLY can be recommended for buccal application.

1. Introduction

Bioadhesive drug delivery systems are becoming increasingly
frequent on the market. One such system is buccal tablets, films and gels.
This administration route is easy to use, so patient compliance is better
than in the case of the intravenous or per os route, etc. [1]. Children,
elderly people and people who suffer from swallowing problems can also
use it [2]. A further advantage of this alternative route is that the active
pharmaceutical ingredient can enter the systemic circulation without
transformation because it avoids the first-pass effect of the liver [3].
Furthermore, local and fast systemic effects can be achieved with these
systems, therefore they can be used in emergencies such as hypertensive
crisis or anaphylactic shock, and also in chronic illnesses like asthma,
allergy, hypertension or other chronic diseases [4, 5, 6, 7].

Mucoadhesion is the process when the materials and the mucin of the
mucous membrane are held together for a long time by attractive
bonding. It is defined as bioadhesion when both connecting materials are
biological. Mucin is a hydrophilic macromolecule and possesses a great
number of hydrogen atoms and hydroxyl groups and can therefore create
primary (covalent, ionic glycosides, ester bonding) and secondary

* Corresponding author. ,

(hydrogen bonding, van der Waals forces) bonding with biological
structures [8, 9]. Mucoadhesion includes several types of bonding, the
major categories are adsorption theory, diffusion theory, wetting theory,
fracture theory, and electrostatic theory [10]. Mucoadhesion force and
the time of mucoadhesion are also important for the application because
if one of these two parameters is not sufficient, the absorption of the
active pharmaceutical ingredient (API) cannot occur.

The first step in the development is the selection of the polymer
material with mucoadhesive properties. Many polymers are available
with different parameters [11]. Polymers can be from natural sources,
semi-synthetic, and synthetic. The most commonly used polymers are
cellulose derivatives such as hydroxypropyl cellulose (HPC),
hydroxypropyl-methylcellulose (HPMC), but chitosan, sodium alginate
(SA), polyacrylic acid (PAA) and polyethylene glycol (PEG) are also
common [12, 13, 14, 15, 16]. Plasticizers are also important additives in
the formulation. They can increase the elasticity of the films and make
the application easier, such are, for example, glycerol and mannitol [17].
In addition, many additives can be applied in polymer films, such as
solvents, taste-masking agents, permeation enhancers, saliva-stimulating
agents, etc. [18, 19, 20].
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In the literature, there are some studies that investigated the effect of
the polymer material and the plasticizer or any other ingredient in films,
but in these studies the authors did not apply an API despite the fact that
the API can remarkably change the properties of films and in terms of use,
it would be important to investigate them together [14, 21, 22, 23]. The
selected API has to meet some criteria. The applied amount of the API
should not exceed 40-50 mg per one dose, it should be soluble in water or
in other solvent, and without these criteria formulation is not possible
[23, 24].

SA is a rarely used polymer in the formulation of mucoadhesive sys-
tems, but it has many advantageous properties [25]. SA is an anionic,
natural, non-toxic, biodegradable, biocompatible polymer with appro-
priate mucoadhesive properties [26, 27]. It can be extracted from
brownseeds. SA has many hydroxyl and carboxyl groups, which allow it
to create bonding with the mucin of the buccal mucosa [28].

In our previous work, we formulated buccal films with HPMC and SA
[27]. HPMC is a conventional and much studied excipient in pharma-
ceutical technology, therefore we mixed it with SA in that work [27]. In
our current project, we used only SA as a polymer film-forming agent
without HPMC because the film-forming properties of SA seem to be
promising based on our previous work. The aim of the current project
was to investigate the film-forming ability of SA and to formulate poly-
mer films from SA which can be applied on the buccal mucosa. This
would be a novel additive from the aspect of administration. Our further
aim was to incorporate other components in the films, such as glycerol
(GLY) and cetirizine dihydrochloride (CTZ). GLY was used as a plasti-
cizer, while CTZ was the model drug. It is a second-generation (non--
sedative) antihistamine and a common drug in the oral treatment of
allergy [29]. Another purpose of our work was to investigate the me-
chanical, in vitro mucoadhesive and physical-chemical properties of
prepared films. In addition, we studied the effect of the plasticizer and
the API on the mechanical properties of these films.

2. Materials and methods
2.1. Materials

SA (Biochemica GmbH, Germany) (10,000-600,000 g/mol) was used
as a film-forming agent in the preparation of buccal films. GLY 85% (w/w
%) was added to the film as a plasticizer (Ph. Eur. 8.). CTZ (Ph. Eur. 8.)
was applied as an active ingredient in the polymer films. It was a gift from
Extractum Pharma Pharmaceutical Manufacturing, Marketing and
Consulting Inc. Distilled water was used as a solvent.

2.2. Preparation of the films

Buccal films were prepared at room temperature with the solvent
casting method. At the beginning of preparation, SA (2, 3 w/w%) was
dissolved in distilled water and mixed (900 rpm) at room temperature.
After solvation, CTZ was added to the polymer solution (0.5523 g/100 g
solution) for 8 h. In the third step, GLY (1, 3, 5 w/w%) was incorporated
into the solution the following day. Mixing was decreased to 100 rpm for
3 h to make the air bubbles disappear from the solution. The solution was
cast on Teflon surface in rubber rings with a diameter of 6.7 cm, with 10 g
of solution/ring, then the solvent was evaporated at room temperature
(25 £ 0.5 °C) for 72 h. The Teflon surface was selected because the films
can be removed easily from the surface and the films do not stick to it. At
the same time, Teflon is an inert material, no chemical interactions can
take place between the film components and the surface. The dried
polymer films were removed from the Teflon surface, were put in closed
containers and were stored at room temperature during the in-
vestigations. The preparation method was the same for all films to ensure
the same conditions.

As can be seen, Table 1 contains Samples 1-18. Four compositions
contained 4% SA (Sample 3, Samples 16-18). The preparation of these
samples was difficult because of their high viscosity due to the high

Heliyon 8 (2022) e10364

Table 1. Composition of prepared films.

Samples SA (W/w%) GLY (W/w%) CTZ (10 mg)
1 2

2 3

8 4

4 2 1

5 2 3

6 2 5

7 3 1

8 3 8

9 3 5

10 2 1 +
11 2 3 +
12 2 5 +
i13) 3 1 F
14 3 3 +
15 3 5 ar
16 4 1

17 4 3

18 4 5]

concentration of the polymer. Also, these samples had several disad-
vantages in terms of application, such as large thickness and breaking
hardness, low flexibility. Therefore no further investigations were done
with Sample 3, Samples 16-18.

Table 1 shows the prepared polymer films of different compositions.
Samples 10 to 15 are marked in grey because these films contain CTZ.

2.3. Thickness of the films

The thickness of the polymer films was measured with a screw
micrometre (Mitutoyo Co. Ltd, Japan), sensitivity was 0.001 mm. Six
points were selected randomly from all films (n = 6). The means and
standard deviations (SD) were evaluated from these data.

2.4. Breaking hardness of the films

Breaking hardness was tested with a self-developed device and soft-
ware. The device, seen in Figure 1, and the software were developed at
our institute [21, 30]. The device has two different types of sample holder
as probes (needle-like probe, rod-like probe). The equipment has a fix
disc and a vertically moving jowl. Force, force-displacement and time can
be registered. A different sample holder can be applied depending on the
test. The breaking hardness of the films can be examined with the
needle-like probe (its area was 201 mm?2). At the beginning of the test,
the sample was fixed on the bottom part of the equipment and the probe
was lowered at constant speed (20 mm/min). The probe moved towards
the film and finally it broke the film. The equipment detected the time,
force and deformation during the test. The test was finished when the
film was broken. The measuring range was 0-200 N, the sampling rate
was 50 Hz, the output was 0-5 V, and the sensitivity was +£0.1 N [14].
The test was repeated six times (n = 6) for each film. Tablets, pellets,
films can also be investigated with this equipment. The means and
standard deviations were calculated.

2.5. In vitro mucoadhesivity study

Mucoadhesion was tested with the same self-developed analyser with
different parameters and modifications. During the investigation, the
rod-like probe was used as sample holder with a diameter of 5 mm. A
double-sided adhesive tape was put on the surface of the sample holder,
and the polymer samples were fixed on the other side of the adhesive
tape. A 35-mm-diameter disc was fixed on the bottom part of the
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Figure 1. Schematic picture of the self-developed texture analyser. A measures the breaking hardness of films, while B measures the mucoadhesion force of films [31].

equipment. To this area, 40 pl of freshly prepared mucin dispersion was
injected from measurement to measurement. The mucin dispersion was
prepared in situ before the investigation, 1 g of mucin was mixed in 10 g
of distilled water (10 w/w%). The rod-like sample holder was moved
downward and squeezed to the bottom disc, which contained the mucin,
with 30 + 0.1N for 30 s. This constant state part, which can be seen in the
force-time curve, is the first phase of the study. During the second phase,
the sample holder went upwards, and the force was decreased until the
sample started to separate from mucin, which can be detected as a well-
defined peak in the force -time curve. The peak maximum indicates
mucoadhesion force. The test was repeated five times (n = 5) and the
means and standard deviations were calculated.

2.6. HATR FT-IR spectroscopy measurement

The FTIR spectra of the raw materials and the polymer films were
investigated with an Avatar 330 FT-IR apparatus (Thermo-Scientific,
USA). The equipment was coupled with a Zn/Se HATR (horizontal
attenuated total reflectance) plate. The films were put directly on a clean
crystal of the apparatus. The applied spectral range was 600-4000 em™!
during the investigation. The spectra were collected from 128 scans to
obtain smooth spectra, at the spectral resolution of 4 cm ™! with CO, and
HO correction. The aim of the FTIR measurement was to investigate and
determine the chemical interactions between the components of the
films. FTIR spectroscopy demonstrated the different interactions that
take place in the polymer film system, as can be seen in the results. The
explanation of physical phenomena usually derives from chemical pro-
cesses, therefore it is required to know the chemical background. We
tried to find a connection between the chemical interactions and the
other properties of the films.

2.7. Thermoanalytical measurement (thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC))

The thermoanalytical measurement of the prepared films was carried
out with a Mettler-Toledo TGA/DSC1 instrument (Mettler Toledo,
Switzerland). Small pieces of films (approximately 10 mg) were placed in
aluminum pans (100 pL), and were inserted into the instrument. During
the measurement, the start temperature was 25 °C and the end temper-
ature was 500 °C. The heating rate was 10 °C/min. The samples were
investigated in flowing nitrogen atmosphere, the flow rate was 50 ml/
min. The curves were evaluated from the average of two parallel mea-
surements with STARe software [32, 33].

2.8. Dissolution test

Pieces of film of the size of 2 x 2 cm (containing 10 mg of cetirizine
dihydrochloride) were used in the dissolution test. Erweka DT700

dissolution equipment with basket tester was used in the investigation.
The mixing speed was 100 rpm and the temperature was 37 °C. The
dissolution medium was 900 ml of phosphate buffer (pH = 6.8). Aliquots
were 5 ml and were analysed in 5, 10, 15, 20, 30, 40, 50, 60, 90, 120 min
with Genesys 10S UV-VIS (Thermo Fisher Scientific, USA) UV-
spectrophotometry at A = 207 nm, which was a sharp and character-
istic peak of the raw material CTZ. This peak was determined to create a
calibration solution from CTZ with distilled water. The UV spectra of the
raw materials were collected and the peak of the raw materials did not
interfere with the peak of CTZ at 207 nm.

2.9. Statistical analyses

The significance test of breaking hardness and in vitro mucoadhesivity
was evaluated with Microsoft Excel (version 15, Redmond, Washington
USA) as software. A Two-Sample T-Test was applied. The test was run six
times for each sample. In all cases, the samples were compared to the
composition without CTZ. In each case, we used a significance level p <
0.05. Significance is labelled as ns = p < 0.05; *

3. Results
3.1. Thickness of the films

Table 2 shows the thickness of the films prepared in different com-
positions. As we can see, the thinnest film is Sample 1 (67.45 pm), which
was formulated without GLY and CTZ, and it contained the least amount
of SA. The concentration of SA can increase thickness, and a similar effect
can be observed in the case of raising the GLY concentration. Sample 3 is
thicker (212.43 pm) than Sample 2 (99.34 pm), and Sample 9 (177.38
pm) is also thicker than Sample 7 (106.63 pm). CTZ can also increase
thickness, the films containing CTZ have greater thickness than their
CTZ-free counterparts (Sample 10-105.23 pm, Sample 4-98.29 pm).
However, it can be stated that GLY increased thickness to a greater extent
than CTZ due to the fact that GLY has a water retention effect [34]. At the
same time, SA can also increase the thickness of the films because SA and
CTZ can enhance the dry matter content of the films.

3.2. Breaking hardness of the films

The breaking hardness of films is an important investigation with
respect to application. The patient has to place the film on the buccal
mucosa. During application, the patient exerts force on the film, therefore
the film must have sufficient breaking hardness to resist the force and
have adequate flexibility. During the preformulation study, we tried to
simulate the application force to the mucosa with our fingers. The
moving part of our equipment was removed and the film was pressed
with fingers, with a force similar to that applied by the patients when
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Table 2. Thickness of the polymer films.

Samples Thickness (ym) Standard deviation of thickness (ym)
1 67.45 +8.53
2 99.34 +10.38
3 212.43 +4.92
4 98.29 +6.38
5 135.66 +9.86
6 199.33 +7.53
7 106.63 +8.42
8 123.12 +3.36
9 177.38 +6.92
10 105.23 +5.18
11 148.03 +13.88
12 212.32 +3.43
13 158.05 +4.34
14 194.14 +2.97
15 253.17 +11.30

pressing it to the mucosa. We concluded that a force of 120 N is sufficient
to create mucoadhesion to the buccal mucosa. So films must have
breaking hardness greater than 120 N to be appropriate for application.
Figure 2 shows the breaking hardness of films of different compositions.
The significance results are marked with * (*; p < 0.05). The breaking
hardness of SA-based films is high because the chains of SA can create a
strong cohesive structure [27]. This hardness was decreased by GLY,
probably GLY increases the bonding distance between the molecules,
therefore the film has a lower breaking point despite the higher amount
of plasticizer. Before the breaking point, these films were more elastic
due to the plasticizer. CTZ can also influence this parameter of films, it
can enhance the strength of films due to creating bindings with SA and
GLY. The investigation of Samples 16-18 reveals that in the films con-
taining 4% polymer concentration the effect of GLY cannot prevail,
presumably the large number of polymer chains can create a very strong
structure and GLY cannot degrade the structure. During preparation, this
great hardness was also experienced because of high viscosity. Overall, it
can be said that most of the compositions have appropriate breaking
hardness because all the films containing CTZ have greater breaking
hardness than 120 N, except for Sample 12.
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3.3. In vitro mucoadhesivity study

In vitro mucoadhesivity study is another important investigation in
terms of application because the films must adhere to the mucosa for the
absorption of the APL Figure 3 shows the results of this study. The sig-
nificance results are marked with * (*; p < 0.05).

As SA is a mucoadhesive polymer, it can noticeably increase the
mucoadhesion force of films due to the high number of free chains which
can bind to the mucin of the buccal mucosa. Sample 3 has the largest
mucoadhesion force from among the films of different compositions. The
2 and 3% films, which contain GLY but no CTZ, have similar mucoad-
hesive properties. The addition of a low amount of GLY to the film can
cause higher mucoadhesion force. This observation can be explained by
the plasticizer effect of GLY. As a result, the films become more elastic
and fit better with the probe and with the bucca than without plasticizer.
The higher GLY concentration causes less mucoadhesion force, so GLY
reduces the mucoadhesivity of the prepared films. The reason for this
conclusion may be that an interaction may occur between the carboxyl
group of GLY and CTZ and SA, leaving fewer free carboxyl groups which
can bind to the oligosaccharide units of mucin. This observation can be
confirmed by the results of FT-IR measurements.

From the mucoadhesivity data, we found that the films with 2% SA
concentration have 7.44 + 0.23 N. The films with 3% SA concentration
have a value close to 18 N with our equipment. It is known from the
literature that the SA has smaller mucoadhesivity (with our equipment
more than 7 N) than cellulose derivatives, but its mucoadhesivity is also
sufficient to bind to the buccal mucosa [35]. We drew the limit at 7 N. So
if the mucoadhesivity of the different compositions is larger than 7 N, it
means they have sufficient force for buccal mucoadhesion.

Films containing CTZ have less mucoadhesion force compared to
their counterparts without CTZ, as can be seen in Figure 3. It can be
concluded that CTZ decreases the mucoadhesion force of films. The 2%
polymer films containing CTZ have very low mucoadhesivity, their force
is less than 5 N. Because of the low forces, these compositions are not
suitable for application on the buccal mucosa. The 3% polymer films
containing CTZ have better mucoadhesivity properties, their force is
almost 10 N, except for Sample 15 containing 5% GLY.

3.4. FT-IR spectroscopy measurement

FT-IR spectroscopy as an interaction study was carried out to obtain
information about the interactions between the API and other excipients

2 % polymer films
- 3 % polymer films
. 4:4: polymer films

* % *
|*|||

*

Polymer films

Figure 2. Breaking hardness of the prepared films.
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Figure 3. Mucoadhesion force of the prepared films.

in the film. The results of the FT-IR investigation can be seen in Figure 4
and Figure 5. In both spectra, there is a peak at 3340 cm ™!, which cor-
responds to the O-H stretching vibration of GLY [36]. This peak shifts to
the lower frequency zone and its intensity increases with higher GLY
concentration. This observation can be attributed to weak interactions,
intermolecular hydrogen bonds between SA, GLY and CTZ.

The peak at 1739 cm ™! may appear, which determines the carboxyl
group of the API [37]. This peak disappears as the amount of the polymer
and the plasticizer increases. Figure 4 shows a peak shifted to the lower
wavenumber in the case of the 2% polymer films, and the shifted peak is

0.1
2 == CTZ (raw material)
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larger when increasing the GLY concentration. With 3% SA and high
concentrations of GLY, this peak totally disappears and becomes un-
identifiable (Figure 5). This phenomenon shows a strong interaction
(hydrogen bonding) between the carboxylic group of CTZ and the OH™
group of the polymer and the plasticizer.

In the spectra, there are two characteristic peaks at 1586 cm™ " and
1412 cm™L. These peaks represent the asymmetrical and symmetrical
stretching vibration of COO™ groups. As a function of GLY concentration,
the intensity of the peak may increase in the case of films with 3%
polymer concentration, as shown in Figure 4 and Figure 5. This
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Figure 4. Spectra of raw materials and 2% polymer films.
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Figure 5. Spectra of raw materials and 3% polymer films.

phenomenon is due to the interaction between CTZ, SA and GLY, as can
be seen at 1739 cm ™! also. The reason for this observation is that the 3%
polymer films contain more free COO™ groups than the 2 % polymer
films, therefore a higher peak can be detected in this area in Figure 5.
The results of the FT-IR measurement can be related to the mechan-
ical properties of the films and the dissolution test. As can be seen from

the FT-IR measurements, at 1739 cm ™! a strong interaction can occur in
the 3% polymer films, which means these films have a cohesive, stable
structure with higher breaking hardness and higher mucoadhesivity than
the 2% polymer films. At the same time, these strong interactions can
slow drug release because the hydrogen bond can cause a stable structure
and it is more resistant to the degradation effect during the dissolution
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Figure 6. Thermal properties of raw materials as shown by TGA and DSC curves.
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Figure 7. Thermal properties of the 2% polymer films as shown by TG and DSC curves.

test. The effect of GLY concentration on drug release is connected to the
interaction at 3300 cm ™}, so the films with the highest GLY concentration
can form the strongest interactions, therefore the dissolution is the
slowest in the case of this film composition.

As a conclusion, we focused on identifying the chemical interactions
between the components of films with FT-IR spectroscopy. It is important
to know because chemical interactions can influence the physical pa-
rameters of the film. From our results, it can be concluded that strong
interactions can occur between SA, GLY and CTZ. Typically, hydrogen
bonds can be formed in the films, and the strength of the bond depends
on the polymer concentration. These interactions affect mostly the
dissolution of the API. The purpose of the FT-IR measurement was
achieved.

3.5. Thermoanalytical measurement (TGA, DSC)

In Figure 6 the TGA and DSC curves of the raw materials can be seen.
The TGA curves in Figure 6 show that the mass loss of the film-forming
agent is 11.84% until 180 °C, and 47.56% until 500 °C. The decompo-
sition process starts from 75 °C. For GLY, the mass loss is almost similar
until 180 °C, but it is more than 86% until 500 °C. The mass loss curve of
CTZ reveals that the decomposition starts above 200 °C, so CTZ can be
said to be a thermostable APIL

The DSC curve of SA shows an endothermic peak from 40 °C to 150 °C
and an exothermic peak is visible from 200 °C to 280 °C. For GLY, 2 peaks
can also be detected. The first peak appears at 118.23 °C, it is an endo-
thermic peak. The second peak starts from 215 °C and ends at 320 °C.
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Figure 8. Thermal properties of the 3% polymer films as shown by TG and DSC curves.
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Figure 9. Dissolution curves of the 2% polymer concentration films under 20 min.

This peak indicates the decomposition of GLY. The decomposition of CTZ
starts after the melting point, which can be seen at 223.32 °C, followed
by the general decomposition of CTZ.

After the examination of the excipients, we wished to investigate the
behaviour of the prepared films and explore the interaction between the
excipients. The results of the thermal behaviour of films can be found in
Figure 7 and Figure 8. Figure 7 shows the thermal behaviour of 2%
polymer films, and in Figure 8 the thermoanalytical curves of 3% poly-
mer films can be seen. The decomposition of buccal films can take place
in two steps. In the first step (until 180 °C), it is visible that films with the
lowest GLY concentration (Sample 10) have the lowest mass loss, which
can be explained by the lower water content of films with low GLY
concentration. In the case of larger GLY and SA concentrations, which

8

Amount of dissolved API (%)
3

0 5 10

result in a higher water content, there is no significant difference in the
mass loss of Samples 11-15.

In the second step of Figure 7 and Figure 8, the same observations can
be made, but the values of the mass loss of the films with different
compositions are higher and can be detected from 60% to 75% due to the
remarkable decomposition of CTZ and GLY and a little bit of SA.

Two characteristic peaks of SA can be found in the DSC curves of the
films with different compositions (Figure 7 and Figure 8). The first peak
shifts towards higher temperature with increasing GLY concentration.
This observation may reveal a moderate interaction between the excip-
ients of the films, which may indicate the presence of hydrogen bonds.
This fact confirms the results of FT-IR spectroscopy. The second
(exothermic) peak of the DSC curves also shows a shift with increasing

—e— Sample 13
—e~ Sample 15

—e— Sample 14

15 20 25

Time (min)

Figure 10. Dissolution curves of the 3% polymer concentration films under 20 min.
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GLY concentration, the exothermic peak moves towards the lower tem-
perature. This correlation appears to be notable for the films with 1% and
3% GLY concentrations, but it is not noticeable for films with medium
and high GLY concentrations. The correlation can be applied to films
with 2% and 3% SA concentrations.

In summary, the decomposition processes generally start from 70 °C,
so the polymer films can be considered thermally stable up to this
temperature.

3.6. Dissolution test

The dissolution study is one of the most important dosage form tests.
The results of the dissolution study of the films with 2 % polymer con-
centration are shown in Figure 9. During the whole test (120 min), the
total amount of CTZ dissolved from the different compositions of the
films. In the first 20 min, the largest amount dissolved from the
composition containing less GLY, around 73% more than from films with
a higher GLY content. Less API could dissolve from the film with 5% GLY
concentration, in this case less than 55%. GLY can remarkably reduce the
speed of dissolution. This fact is the most likely related to the stronger
bonding between the components.

Figure 10 shows the dissolution of the 3% polymer films. From these
films, the total amount of CTZ could also dissolve during the whole test.
There is no significant difference between the amount of the dissolved
API and the different plasticizer concentrations of the 3% polymer films.
A difference can be detected in the shape of the curves. In the case of 2%
polymer films, the curves are comparable to a saturation curve without
steady state stage. The curves of the films with 3% polymer concentration
have a step between 7 and 10 min, in this period steady state can be
detected, which can also be explained by the structural relationships
between SA, GLY and CTZ, which is supported by FT-IR spectroscopy
measurement. A more stable structure can be created, therefore it takes
time for the cohesive and adhesive structure to degrade and for the drug
to be released.

4. Conclusion

In our present research, we focused on the film-forming ability of SA
and on formulating buccal films with SA. In the films, CTZ was applied as
a drug. The mechanical properties of the films showed that SA can create
a strong, cohesive structure, and due these properties all compositions
had a very large breaking hardness. It can be concluded from the result
that the amount of SA and CTZ can increase this film parameter, but GLY
reduces it.

From the mucoadhesion study, we can observe the good mucoadhe-
sive properties of SA, while GLY and CTZ reduce the mucoadhesion force
of films. The films with 2% polymer concentration containing API had no
satisfactory mucoadhesivity, so Samples 10-12 cannot be used on the
buccal mucosa, whereas the films with 3% polymer concentration con-
taining CTZ had fine mucoadhesivity property.

By the FT-IR measurement, weak and strong interactions between the
different excipients can also be detected. These interactions can typically
be identified as hydrogen bondings, which confirmed the results of the
mechanical properties of the films, especially breaking hardness.

Thermal analysis can also detect interactions between the different
materials in the films. This interaction determines that hydrogen bond-
ings can be created in the films. The observation of interaction between
the excipients was proved with two different measurements. Due to this
phenomenon, the thermal stability of films can increase in the first place,
but it can also increase mechanical stability. The films are thermally
stable up to 70 °C, so it is possible to increase the temperature of prep-
aration to speed up the production.

Overall, it can be stated that we formulated a fast dissolving buccal
film from SA and found promising compositions, especially Sample 13 (3
% SA+1% GLY-CTZ) and Sample 14 (3 % SA+1% GLY-CTZ), which are
suitable and possible to apply as a buccal drug delivery system.
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