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1 Introduction

A thin film that readily dissolves in the oral cavity is commonly referred as orodispersible film by the European
Medicines Agency (EMA) [1] or simply soluble film by the FDA [2]. Although, oral films initially appeared as
innovative breath freshening formulations, it rapidly evolved to give response to different market needs, namely
an easy-to-carry and easy-to-swallow drug delivery system.

The oral films are essentially complex polymeric matrices that may be used efficiently as drug release platforms.
These polymeric matrices may be composed by several components in order to achieve well-designed drug-
delivery platforms, but usually hydrophilic polymers are its main core. The polymers early entered into the
pharmaceutical and biomedical industries as essential components of the formulations and their range of
applicability easily spread to several areas, from packaging material to the most sophisticated drug delivery
systems and devices. The basic understanding of the role of polymers as excipients, meaning as ingredients in
drug products, is critical for formulation development and quality control. Additionally, the knowledge of
polymers’ basic concepts, as chemistry, properties and types may be critical to develop new or improve
conventional drug delivery systems.
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Both natural and synthetic polymers can be used in orodispersible dosage forms. The oral films are basically a
polymeric matrix which may vary on its composition in order to achieve the desired final product properties.
There are several characteristics, such as mucoadhesiveness, disintegration time, % of drug load, mechanical /
handling properties (among others) which may be fine-tuned by adjusting the type, amount or grade of the
polymers. Additionally, other components may be added in order design the final product according to the
target product profile, depending on the drug substance and therapeutic indication. Some of these substances
include plasticizers, sweeteners, flavors, colorants, stabilizers, fillers, saliva stimulating agents, buffer systems
and others.

Oral films emerged as a very promising and prominent pharmaceutical dosage form in a field subdued to tablets
and capsules. The state of the art was also diffused and restrained about the matter until Dixit et al. in 2009
pledge us with a comprehensive overview of the subject, which may probably functioned as a catalyst for
several research works. Currently, several original works and patents can be found in literature, but considerable
efforts still need to be carried out to optimize the performance of the films [3-5]. Regarding the pharmaceutical
field, there is still a considerable lack of guidance for the manufacture, characterization and quality control of
the oral films.

This review highlights the essential points of oral films development from their appearance through their market
growth and formulation key points. To facilitate the readers understanding, the review is divided in two distinct
parts. The first part is focused in the galenical development and quality attributes of the oral films whereas the
second part covers technological platforms, Intellectual Property protection and a market outlook.

2 Miscellaneous terms

Thin-film, oral film, wafer, oral strip, orodispersible film, oral thin film, oral soluble film, dissofilms, buccal
soluble film, mucoadhesive film, buccal film, transmucosal film, are some of the innumerous terms that can be
found in literature. Although, the terms seem to be easily differentiated, their meaning can sometimes be
misinterpreted and misunderstood.

The oral films were recently introduced in the “Oromucosal Preparations” monograph of the European
Pharmacopeia (Ph. Eur. 7.4) with the subchapter “Orodispersible films” whereas the mucoadhesive buccal films
are included in the “Mucoadhesive preparations” [1]. These terms and designations should be carefully read and
interpreted to avoid possible misinterpretations.

Orodispersible films should not be confused with buccal films, which should not also be narrowed to the
mucoadhesive films designation.

2.1 Orodispersible films

Non-adhesive fast dissolving films are normally composed by low molecular weight (Mw) (approx. between
1.000 to 9.000 Da) hydrophilic polymers. The majority of the orodispersible films are not necessarily designed to
be mucoadhesive, but they may exhibitsome degree of mucoadhesiveness, due to the inherent characteristics of
the polymers used. This mucoadhesion may also vary depending on the chemical properties and Mw of the film-
forming polymer used, as discussed later in this review. However, the Mw of the most common polymers used
for this formulation type is usually below 200,000 Da [6]. Additionally, these films are intended to exhibit a fast
disintegration in the oral cavity, be swallowed and absorbed to the systemic circulation in the gastro-intestinal
tract. Actually, this is somehow explicit in both official definitions: “single- or multilayer sheets of suitable
materials, to be placed in the mouth where they disperse rapidly” (Ph. Eur. 7.4, “Orodispersible films”) and a
“thin layer or coating which is susceptible to being dissolved when in contact with a liquid” (FDA, dosage form)
[1, 2]. Clearly, the high exposition of the drug substance in the oral cavity may influence its absorption through
the oral mucosa, but certainly this fact is not the main purpose of the fast dissolving oral films. Indeed, this
aspect may lead to another controversial issue, the urgent need of new regulations for oral films, aiming to
establish adequately the product differentiation and to eliminate the idea that oral films compete directly with
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the generics. Additionally, according with the previous, being develop as a generic would not be an easy task
due to the interference in the Bioavailability and Bioequivalence Studies (BDBE) related with a possible super-
bioavailability and consequently, the failure of these tests. In this case the higher bioavailability may be related
with the fast availability of the drug and consequently some oral adsorption. However, if the reference product
is already an orodispersible formulation, as the orodispersible tablets, this issue is easily surpassed, being the
recent marketed generic oral films good examples.

2.2 Buccal films

The buccal films are intended to deliver drug substances through the oral mucosa. This goal might be more
complex than it seems, since a higher residence time in mouth is far from being the only determining factor. The
oral mucosa drug saturation should also be considered, and the one-way absorption should be kept in mind to
avoid minimize inter and intra —individual variability. Consequently, multilayer films also appear as a new
designation for the buccal films. The advantages of this drug delivery system are very significant. The oral cavity
presents many advantages to drug delivery beyond its good acceptably by the patients. The oral mucosa,
generally divided in sublingual, gingival, buccal and soft palatal mucosa, is relatively permeable allowing
systemic transmucosal drug delivery (Figure 1). For instance drugs that can be rapidly absorbed via buccal
delivery do not pass the gastrointestinal tract, which may subject the drug to degradation from stomach acid,
bile and other first pass metabolism. As a result, these thin films have the potential to fasten the drug onset of
action, to lower the drug strength and enhance the efficacy and safety profile of some drugs. Curiously, the
European and USA definition is more consensual regarding these pharmaceutical dosage form - buccal films. In
the European Pharmacopeia they are included in the mucoadhesive preparations, referred as buccal films and
defined as “single-or multilayer sheets that adhere to the buccal mucosa and may dissolve” (Figure 2). FDA does
not have so clear definition or designation for these films, but buccal soluble film or buccal film, may be
acceptable designations if Onsolis® submission is taken as an example.

--=> Gingival (gingiva, under the lips and up the theeth)

————— > Soft palatal mucosa

__________ » Buccal mucosa

------- > Site application orodispersible films

- —=-> Sublingual

- ---> Gingival (gingiva, under the lips and down the theeth)

Figure 1 — Different local application sites of the oral films. Depending on the type of film the site of application may vary.

Finally, it is important to consider that additional designations may be used to specify and differentiate the oral
film platform technology developed by each company. For example there are also references of some double- or
multi- layer orodispersible films and sublingual orodispersible films [6, 7].
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ORAL FILMS

Mucoadhesive Non-
mucoadhesive
Oral absorption ][ Gl absortion ORODF'IS;_TSES'BLE
ORODISPERSIBLE Mw polymer
FAST ONSET ACTION ][ FILM 1t0 9 kDa
Mw polymer
ORAL-MUCOSA FILMS > 9kDa

Sublingual Buccal Palatal

Figure 2 — Simplified scheme with the different terminologies.

3 Why oral films? Particular features for patients and companies

The design of an oral formulation is generally based on two critical factors, drug therapy and the target
population. However, the choice of the type of pharmaceutical dosage form may become very difficult when
specific target groups include very young children, from birth to 8 - 10 years of age, and geriatric population.
Regarding the pediatric segment the major challenge involves the development of a specific type of dosage form
suitable for children of all ages. Additionally, for both population groups the size of the dosage form can also be
a challenge, essentially due to swallowing issues. The swallowing process involves synchronized actions of
several nerves and muscles. It is assumed that a safe swallowing is an ability developed since the 12 years-old [8,
9]. Generally, the swallowing function underlay an aging process, then, some malfunctions may be age-related,
normally called as presbyphagia, but also may be due to pathological conditions, usually referred as dysphagia
[9]. These conditions are directly related with patients’ drug therapy adherence which had led to the huge
concern in the development of patient-centered formulations. Therefore, liquid or orally disintegrating dosage
forms have been the most preferred and exploited for these population segments. Hence, the oral films
appeared as a suitable alternative to patients with swallowing difficulties and also as a more suitable and
convenient dosage form when compared to the conventional oral dosage forms.

3.1 Advantages for patients

In fact, orodispersible films promote patient compliance due to its appellative form and inherent ease
administration [10]. These overall characteristics are especially important for young and elderly patients when
proper and complete dosing can be difficult. Additionally, the drug delivery for these groups sometimes needs to
be individualized / patient-tailored and may require special delivery devices. Nevertheless, this dosage form can
also be beneficial for drugs with small therapeutic windows and for those that need precise dose adaptation in
phases of initial dose monitoring; allowing the development of tailored therapeutic drug targets that otherwise
may not be possible in conventional formulations. Furthermore, the oral films can be useful for bedridden and
non-cooperative patients since they are easily administrated and hardly spited out.

3.2 Advantages over other oral dosage forms

There are also other advantages of the oral films when compared with conventional oral delivery forms. The
orodispersible films are a fast dissolving dosage form more stable and resistant in comparison to some
orodispersible tablets (ODTs), which are fragile and brittle. Oral films tend to be flexible and portable, whereas
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ODTs demand special package for transportation. On the other hand, liquid dosage forms are considered very
flexible and an alternative to overcome swallowing issues but they are usually associated to some limitations.
Generally, liquids should be accurately measured by the care-giver and carefully shaken before administration.
The amount of volume is also an important consideration since small amounts may lead to inaccurate measures
whereas large amounts may contribute to diminish the adherence of the patients. On contrary, oral films enable
improved dosing accuracy once every strip is manufactured to contain a precise amount of the drug.
Additionally, depending on the package device is also possible to achieve high dose flexibility, as an electronic
tape dispenser can be used that allows to dispense individual strips with adjustable doses simply by controlling
an electronic system with a display [11]. As previously referred, oral films are an easy portable dosage form in
contrast to the large liquid bottles and measuring devices that are inconvenient to transport. Besides that, it is
also important to consider the poor stability of the liquid formulations, especially the aqueous-based mixtures,
that in opposition to the majority of the oral films formulations require the addition of several substance to
extend their shelf-life [1].

3.3 Market advantages

From the market perspective new drug delivery technologies offer the opportunity to extend revenue life cycles
for pharmaceutical companies whose drug patent is about to expire and will soon be vulnerable to generic
competition. Moreover, the grant of marketing exclusivity to the new dosage form would help to enlarge the
revenue. This type of formulation may also be designed to discourage common methods of tampering
associated with misuse and abuse of some prescription drugs [12].

Considering oral films as novel dosage form for drugs already in the market, with a different pharmacokinetic
profile, the approval process should be a New Drug Application (NDA) 505(b)(2) for FDA approval, or an
Abridged Application, Directive 2001/83/EC, for European Marketing Authorization approval. In this case,
especially for the USA market clinical studies would be essential for the FDA granting three marketing exclusivity
(3-5 years) [10, 13].

3.4 (Clinical advantages

From the clinical point of view, some oral films may improve the oral bioavailability of drugs with extensive first
pass metabolism, by promoting the absorption of the drug substance through the oral mucosa reducing the
dose necessary to achieve the therapeutic action, which may contribute also to a reduction of the side effects
[10]. Nevertheless, this absorption route may also be advantageous in drug therapies where a fast onset action
is essential.

3.5 Major limitations

The most common limitations of the oral films are related to their instability in environments with high relative
humidity, and the small drug dose that can be incorporated, essentially due to its small size, low weight and thin
form. However, some companies had managed to develop oral film technology platforms that can incorporate
more than 50% of drug substance (DS) per film weight (GAS-X Strips ®). There are also some types of drugs that
should not be selected to incorporate in this pharmaceutical form, such as drugs that are unstable at buccal pH
and that may irritate the oral mucosa [10].

Another critical issue is taste-masking since the dosage form is in direct contact with the oral mucosa and may
remain in the mouth for long periods of time.
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4 Polymers in oral films: the key component

Orodispersible films are basically a polymeric matrix which may be composed by one or more polymers with
different physicochemical and functional properties. There are several characteristics that may be controlled
depending on the type or grade of polymers: mucoadhesiveness, disintegration time, drug loading capacity,
mechanical strength, elasticity, handling properties and others.

The selection of the polymer (or mixtures) for the development of oral film matrices is a critical step and may
vary taking into account the desired target product profile. Hydrophilic polymers have been extensively studied
and tested for this application.

Table 1, presents a summary of the most widely used polymers in the oral films preparation. Some chemical
critical aspects that should be taken in consideration during formulation are revised hereinafter.

4.1 Celluloses

Celluloses, namely cellulose derivatives are widely used. Among those, hydroxypropyl methylcellulose (HPMC) is
one of the most used. HPMC is a partly O-methylated and O-(2-hydroxypropylated) cellulose which is available in
several grades that differ on their Mw and the amount of substituent groups on the anhydroglucose units [14].
The average number of methoxyl and hydroxypropyl groups attached to the ring, usually designated by degree
of substitution (DS), influences greatly the oral film properties. There are some references that highlight how
these structural and chemical differences may contribute to the final product properties, especially concerning
the drug substance release and mechanical and thermal properties. Briefly, hydroxypropyl group, -
OCH,CH(OH)CHj; is relatively hydrophilic group contributing to the rate of hydration, whereas the methoxyl
group is more hydrophobic. Therefore, polymeric matrices with high hydroxypropoxyl / methoxyl ratio may
easily establish a gel barrier [15]. This characteristic in polymeric film matrices was found important in the
dissolution profile and drug substance release. HPMC grades with higher hydroxypropoxyl / methoxyl ratio were
found to delay the release of the DS from the oral film matrix due to the formation of a thick matrix gel upon
contact with the dissolution or biologic media [16]. Regarding the mechanical properties of the polymeric
matrices it is described that methoxyl substitution degree along with the HPMC grade intrinsic viscosity has a
remarkable influence. In general, HPMC grades with high viscosity and methoxyl content tend to produce more
resistant, stiff and extensible polymeric matrices. High viscosity is possibly associated to higher branching and
/or higher Mw related with physical entanglement due to longer chains. This phenomenon may increase the
input strength required to disrupt the primary chain interactions (higher tensile strength). In turn, higher
methoxyl substitution degrees may lead to an anchoring effect on HPMC chains provided by their larger
dimensions compared to the original hydroxyl groups that may also contribute to high tensile strength. The
Young’s modulus seems not to be significantly affected by methoxyl substitution degree. Concerning the
thermal characteristics of the HPMC films, the polarity of the polymer chains conferred by the methoxyl content
apparently affects the glass transition temperature (Tg). HPMC grades with lower amount of methoxyl groups
present lower polarity that contributes to the reduction of the free space between the polymer chains. The
increasing proximity of the polymeric chains will strengthen the secondary interactions between them, which
increases the energy required for chain mobility [17].

Additionally, the rearrangement of the methoxyl groups during the film formation could also diminish the
polymer inter- and intra-chain hydrogen interactions, thereby suppressing possible hydrophilic hydroxypropy!
group actions, which may affect the final product characteristics [18].

There are several HPMC grades available and as discussed above their selection should not be random, but
evaluated according to the desired product profile. Essentially, there are 2 types of HPMC that are widely used
in the oral films formulation, which according to Dow Chemicals grade classification are HPMC type K and E. The
HPMC type K contains 22% methoxyl, or a methoxyl DS of 1.4, and 8.1% hydroxypropyl, or a hydroxypropyl DS of
0.21, whereas HPMC type E has 29% methoxyl, or a methoxyl DS of 1.9, and 8.9% hydroxypropyl, or a
hydroxypropyl DS of 0.23 [15, 19]. The HPMC K is often used as polymeric matrix but mainly for controlled and /
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or delayed release of the drug substance [16, 20-22], whereas HPMC type E is amply described in literature as
film-forming polymer. The E3, E5 and E15 are referred, tested and used intensively, essentially due to their low
viscosity and optimal Tg for suitable oral film matrices, 160°C, 170°C and 175°C, respectively. The major
difference between these grades are the polymer chain length, which together with the increasing number of
their designation is associated with the increase in the HPMC's Mw (e.g. Mw HPMC E3 < Mw HPMC E5< Mw
HPMC E15< Mw HPMC 50). It is reported that low concentration’s solutions of E3 and E5 may lead to thin, brittle
and non-peelable films. These properties can be ameliorated with the increase of these polymers’
concentration, but the films are still referred as tacky [23]. Therefore, combinations of the different grades are
preferred, especially mixtures with higher HPMCs’ Mw [24]. Mixtures with other polymers are also described.
HPMC E15 is found to have suitable film former properties when mixed with synthetic polymers, as polyvinyl
alcohol (PVA) and polyvinyl pyrrolidone (PVP). Also, good film former properties can be achieved when HPMC is
blended with microcrystalline cellulose and plasticizers, such as PEG 400 and glycerol [25]. HPMC was also
blended with a cationic copolymer based on dimethylaminoethyl methacrylate, butyl methacrylate and methyl
methacrylate (Eudragit® E PO), contributing to the formation of films with better clarity and flexibility [26]. On
the other hand, HPMC - Maltodextrin blends, with higher Maltodextrins’ concentration, allowed to obtain thin,
fast-disintegrating, sweeter and tastier films [27].

It is demonstrated that HPMC origins films with optimal properties depending on its concentration and different
blends. This fact is probably the reason why different authors are not consensual regarding the most suitable
HPMC to obtain thin films with optimal characteristics. Additionally, it was shown that the drug substance may
also have an important impact in the final film properties; some found that HPMC E3 was the most suitable
grade to the manufacture cetirizine films [28], whereas others preferred the E5 to prepare triclosan films [29]. It
is also described that the mechanical properties of the polymeric matrices are greatly affected by the different
grades, and generally, the maximum puncture strength increase with Mw, E3 < E5 < E15 < E50 [30].
Hydroxypropyl Cellulose (HPC) is another cellulose derivative where some of the hydroxyl groups of the cellulose
have been hydroxypropylated forming —OCH,CH(OH)CHj; groups [14]. HPC has been used as film former due to
its good properties to origin films with proper mechanical properties [31, 32]. HPC films have good carrying
capacity, reasonable clarity and moderate bioadhesive properties associated with HPC’s swelling capacity [30,
32]. An evident advantage of the use of this cellulose is the wide range of solubility [14], which allows a flexible
selection of the solvent according to the drug solubility [33]. Interestingly, it is reported that when a
combination of HPCs (Klucels EF - Mw 80.000, and KlucelX GF - Mw 300.000) is used to replace synthetic
polymers (PVA and PVP) or HPMC in a polymer matrix with modified starch (Maltrin M100, Maltrin M180,
Maltrin's QD M550, and Maltrin's QD M600 or Pure-Cote B792) the solubility properties of the films tend to
improve [34].

Carboxymethylcellulose (CMC) is another cellulose derivative that in opposition to the previous non-ionic
polymers is an anionic linear polysaccharide, produced by reacting cellulose with sodium monochloroacetate
under controlled conditions [35]. CMC, also known as cellulose gum, is an important industrial polymer with a
wide range of applications, essentially due to its low cost. In the pharmaceutical field it has a prominent value as
thickener and it is ideal for applications requiring a fast dissolving base. It is commercially available with a wide
DS range, between 0.4 and 1.5. The DS value of CMC has an important impact on the film-forming solutions
properties, since higher DS values are directly related with a decrease in the interchain interactions due to the
increase substitution of the hydroxyl sites [35]. CMC had proven to be useful for the preparation of optimal
polymeric matrices, produces films with excellent clarity and with the ability of carrying a wide range of active
components. CMC oral films with optimal characteristics to be used in oral health biotherapy had also been
prepared [36]. In the preparation of buccal mucoadhesive films it was shown that sodium CMC improved the
residence time of HPC and sodium alginate films [37]. It is also reported that CMC has a good compatibility with
starch forming single-phase of polymeric matrix films with improved mechanical and barrier properties [38, 39].
However, some authors showed that HPMC based films are tougher, more elastic and bioadhesive in vivo than
sodium CMC based films [40].
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4.2 Starch

Among all natural biopolymers, starch was always considered one of the most promising polymers for this
application, due to its wide availability, biodegradability and low cost [41, 42]. However, pure starch films are
usually brittle and tacky. Native starch generally contains 75% of amylopectin and 25% of amylose, a
combination that for this application is associated with a lack of strength, water resistibility, thermal stability
and processability difficulties [41, 43]. Therefore, to obtain oral film matrices with optimal properties native
starch should be blended with other polymers. The process issues are essentially related with the difficulty of
dissolving native starch in water, due to its high molecular size and strong hydrogen bonding. In fact, to dissolve
starch, low concentrations and high temperatures need to be used, which is not economically favorable. Thus, in
order to overcome this disadvantage and also improve the product performance, several starch derivatives have
been developed and are currently available on the market. Examples of modified starches applied to oral films
are hydrolyzed starches, such as Maltodextrins (MDX) (e.g. MALTRIN®, from Grain Processing Corporation),
hydroxypropyl starches (e.g. Lycoat ®, from Roquette), pre-gelatinized starches (e.g. INSTANT PURE-COTE" by
Grain Processing Corporation (GPC)) and others, such as Pullulan.

In fact, Maltodextrins have been used blended with other polymers to improve the overall properties of the film,
as already discussed, but also as sole film forming polymer [4, 44-46]. Chemically, MDX is a mixture of polymers
that consists in D-glucose units, with a dextrose equivalent (DE) lower than 20, and are prepared by the partial
hydrolysis of a food-grade starch [14]. MDX origins good quality films [47] with fast disintegration and low
dissolution time (<45 seconds) [44, 46]. Low DE MDXs offer higher viscosity and better film formation than
higher DE MDXs. It is also referred that low DE MDXs present an improvement on flexibility and reduced
cracking compared to modified starch-based films [48]. In turn, when blended with microcrystalline cellulose
(MC) tends to form non-sticky and smooth polymeric matrices [4].

Similarly, Lycoat® can also be used as sole film forming polymer with excellent functionality. Although, it is easily
dispersed in cold water, it is suggested the treatment at 70°C in order to improve its film forming ability. In
addition, by contrast with native starch solutions, Lycoat® cooked solutions can be immediately cooled down,
since the gelation and retrogradation would not be probable to happen due to the high stability of the
hydroxypropylated starch molecules [49]. Compared with HPMC, hydroxyethylcellulose and polyvinyl alcohol,
Lycoat® showed faster dissolution time, moderate moisture uptake and satisfactory mechanical properties [50].
The pre-gelatinized starch is a chemically and/or mechanically processed starch, commercially available in fully
or partially pre-gelatinized grades. The first is easily soluble in cold water, whereas partial pre-gelatinization
produces a starch with soluble (gelatinized) but also insoluble fractions [14, 51]. The knowledge of these
differences is critical to obtain formulations with the desired disintegration times.

INSTANT PURE-COTE' is a pre-gelatinized starch, marketed by GPC, with good film-forming capabilities. This
polymer origins clear, strong and flexible films using a 15 to 20% solution by solvent-casting process [52]. GPC
offers a broad range of modified starches for pharmaceutical applications including also the PURE-COTE" a corn
starch specifically modified to produce clear, flexible, fast drying and tasteless oral polymer matrices [53-55].
Pullulan, is a modified starch composed by glucose units in maltotriose units connected by a(1->4) glycosidic
bonds whereas the consecutive maltotriose units are linked by a(1-2>6) glycosidic bonds. Pullulan have both
suitable processing and film-forming properties that turn it into one of the preferred polymers to be used in the
preparation of oral polymeric matrices. It is easily soluble in hot or cold water, and forms a clear and viscous
solution that origins smooth, transparent and stable films. Pullulan is obtained from a fermentation process of
yeast, the Aureobasidium pullulans, thus, its low availability results in a high cost product [56]. Therefore,
Pullulan is usually blended with other compatible polymers that are more abundant and less expensive. For
example, other modified starches may be used in combination with Pullulan, to decrease the overall cost. In
fact, 50 to 80% of Pullulan can be replaced by starch or modified starch without the loss of its required
properties as a good film-former [10]. Sodium alginate and CMC, can also be used with the same purpose since
they are compatible. In fact, the formation of hydrogen bonds between the COO groups of alginate and CMC
with the —OH groups of Pullulan may synergistically enhance the material properties of the resulting film [30,
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57]. In addition, it is also reported that Pullulan — HPMC blends, with a HPMC content above 50%, a miscible
composition is obtain, and the final polymeric matrix presents improved thermal and mechanical properties
[58].

The mechanical properties of Pullulan films prepared at various temperatures were also studied. Generally, films
prepared at low temperatures are stiffer and more flexible than films prepared at higher temperatures that are
brittle and do not have a clear plastic deformation. The Pullulan based films usually present a fast disintegration
time. [59]

4.3 Semi-synthetic, synthetic and others

There are others natural or semi-synthetic polymers that have been tested as polymeric matrices for drug
delivery application, such as: rosin and rosin derivatives, gelatin, sodium alginate, pectin and others [60, 61].
Gelatin has excellent properties as film former, but the high viscosity during the processing difficults the
handling and limits its applicability in films formulations. On the other hand, the pectin usage limitation is more
related with the final product characteristics rather than the manufacturing process. Pectin is a natural polymer
obtained from citrus fruits and apples, with a good film forming capacity. Pectin based films have optimal
capacity to carry drug substances [61], but tend to dissolve slowly. This is related with pectin’s strong
mucoadhesive properties, which is not very useful for fast dissolving films. Thus, modified pectins had also been
produced and tested to obtain films with fast dissolution rates [62].

The synthetic polymers have been also intensively explored as film-formers, but the majority converge to PVA,
PVP [63] and methacrylate polymers [25].

PVA is a water soluble polymer prepared by partial or complete hydrolysis of polyvinyl acetate that has been
successfully used as main film-former polymer [64, 65]. It is also available a polyvinyl alcohol-g-polyethylene
glycol copolymer (PVA—g-PEG), Kollicoat® IR, composed by 75% PVA and 25% PEG units. There are considerable
advantages of this copolymer compared to pristine PVA. Regarding the manufacturing process, it is important to
consider that PVA is only completely solubilized in hot water and the increase of the PVA hydrolysis is directly
proportional to the temperature needed to PVA complete dissolution. In opposition, Kollicoat® IR is freely
soluble in water and the presence of the PEG spares the addition of plasticizers to the formulation, simplifying
the processability. Additionally, it was shown that the higher ability of Kollicoat® IR to form very flexible films
with higher elongation at break values when compared with cellulose derivatives based films. This is probably
due to the PVA moiety, combined to the plasticizing and surfactant properties of the PEG moiety [66, 67].

PVP or Povidone is a polymer with linear 1-vinyl-2-pyrrolidinone groups that is available with different molecular
weights [14]. In general, PVP. is described as a good film former [32, 50, 68-70], but some authors described PVP
as a polymer with very poor film forming capacity, which may be improved to an average film former polymer
when blended with PVA or HPMC, resulting in transparent and fast disintegration films [71]. This discrepancy
may be due to the different PVP’s Mw used in the different studies. PVP has been widely explored as film former
because it is an edible polymer that rapidly dissolves in mouth. It is sufficiently soluble in both water and organic
solvents enabling the use of the most appropriate solvent during the process and manufacture depending on
the drug substance. However, PVP exhibits higher hygroscopicity than HPC, which justify the preference of some
authors for this cellulosic derivative polymer [68]. It is reported that PVP K90 (about Mw 750.000) blended with
Ethyl Cellulose and HPC origins films with increased flexibility and softer and tougher properties. It was also
verified that the PVP addition, contributes to an increase of the film’s swelling rate and extent which results in
higher barrier effects that decrease the drug substance diffusion. It is also described that PVP may augment
significantly the bioadhesive strength probably due to hydrogen bonding and Van der Wall forces [32]. PVP K90
based films may also present fast disintegration time depending on the formulation composition. However, it is
reported that HPMC-PVP K90 based films, when compared with HPMC-MDX and HPMC-PVA blends, had lower
dissolution rate, probably due to the viscoelastic properties of PVP K90 [50]. It is also demonstrated that
different ratios of PVP - alginate blends can be used to control the drug release: higher amount of PVP
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contributes to smaller dissolution times whereas higher Mw PVP origins films with increased drug release lags
[701].

Polyethylene Oxide (PEQ) is another synthetic polymer that has been used as main film forming polymer for the
preparation of oral films due to its peculiar characteristics [72-75]. PEO is a nonionic hydrophilic PEG with high
molecular weight that is commercially known by POLYOX™. Interestingly, PEO can be used as self-plasticizing
polymer matrix, due to its low Tg, about -67°C [30], especially for Mw ranging from ~100kDa (Polyox WSR N-10)
to ~4,000kDa (Polyox WSR 301). This feature eliminates the need of an additional plasticizer in the oral films
formulation, allowing a higher drug load due to the smaller number of excipients (56% by weight of the film)
[74]. PEOs with higher Mw, as Polyox WSR Coagulant or WSR 303, may be preferentially used to increase the
mucoadhesiveness of the films [14, 74].

PEO based films are described as films with good resistance to tearing, minimal or no curling, and fast
dissolution rate [76]. Additionally, it is reported the dissolution time for different POLYOX grades, as expected,
increases with the Mw: N-10 (Mw=100kDa) < N-80 (Mw=200kDa) < N-750 (Mw=300 kDa) < WSR 205 (Mw=600
kDa). In fact, POLYOX N-10, N-80 present disintegration times lower than Pullulan films, whereas POLYOX WSR
205 and N-750 have dissolution times similar to the Pullulan films. The same authors also reported that PEO
based films have a pleasant mouth feel, without a sticky feeling or formation of a highly viscous gel in the
mouth. However, the puncture strength of POLYOX N-750 is reported to be 3,000 kg/m?, slightly lower when
compared with some available commercial Pullulan based films (about 10,000 kg/m?) [72]. The desirable
characteristics of the resulting oral film can be designed by using different PEOs’ grades and concentrations. On
this matter, it is possible to balance the tear resistance, dissolution rate, and adhesion tendencies of film
compositions combining low Mw PEO from 50% to 75%, with a higher Mw PEO and / or with a cellulosic
polymer, as HPC or HPMC [76].

There are several polymers that are continuously being explored to develop these matrices for drug delivery.
The innumerous types of polymers, the different polymer grades, and the several possible polymer-polymer
blend ratios result in an exponential number of possible formulations and a wide range of final product
characteristics. Therefore, it is crucial to have a deep understanding of the system under development to avoid
undesired and unexpected product profiles.

Although, polymers are the main oral films component, additional excipients may be required in order tailor the
target product profile. These excipients include plasticizers, sweeteners, flavor, colorants, stabilizers, fillers,
saliva stimulating agents, buffer systems and others.
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Table 1 - Most widely used polymers in oral films formulations.

HPMC

e Several Mw

e Diverse
substituent
groups on the
anhydroglucose
units

® average
number of
methoxyl and
hydroxypropyl
groups attached
to the ring

e high
hydroxypropoxyl
/ methoxyl ratio

e high viscosity
and  methoxyl
content (lower
hydroxypropoxyl
/ methoxyl
ratio)

e easily establish type K
a gel barrier
e delay the

release of the DS

type E
e more resistant,
stiff and
extensible
polymeric
matrices
® suppression
possible
hydrophilic
hydroxypropyl
group actions

® 22% methoxyl or

DS of 1.4,

¢ 81%
hydroxypropyl, or
DS of 0.21

e mainly for

controlled and / or
delayed release of
the drug substance

® 29% methoxyl >
DS of 1.9

® 8.9%
hydroxypropyl >
DS of 0.23

e low viscosity and
optimal Tg for
suitable oral film
matrices

o the maximum
puncture strength
increase with Mw,
E3 < E5 < E15 <
ES0

e E3, E5 and E15
Tg for suitable oral
film matrices,

e E3 and E5 may lead to
thin, brittle and non-
peelable films

e HPMC E15 has suitable
film former properties
mixed with PVA PVP
egood film  former
blended with
microcrystalline
cellulose, Eudragit® E PO
or Maltodextrins

e good film former with
plasticizers PEG 400 or
glycerol

[14-
18]

[15-
22]

(15,
19,
23-
30]
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160°C, 170°C and
175°C
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HPC

CMC

e Several Mw

e Degree of
substitution
e DS range,

between 0.4 and

1.5

e good drug
loading
capacity

o swelling
properties

e wide range
of solubility

e higher DS
values

o Swelling
properties

e moderate
bioadhesiveness

e allows a flexible
selection of the
solvent according to
the drug solubility

e simplified
processability

e decrease in the
interchain
interactions due to
the increase

substitution of the
hydroxyl sites

e mucoadhesive
preparations

Klucels EF
KlucelX GF

NaCMC

o films with
excellent clarity and
with the ability of
carrying a wide
range of DS

e used to replace
synthetic polymers or
HPMC in a polymer matrix
with modified starch to
improve solubility

e sodium CMC improved
the residence time of HPC
and sodium alginate films
e good compatibility with
starch  forming single-
phase polymeric matrix
films  with improved
mechanical and barrier
properties

(14,
31-
34]

35,

36]

[37-
40]
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Native starch

Maltodextrins

Hydrolyzed
substituted
starches

pre-
gelatinized

e generally
contains 75%
of
amylopectin
and 25% of
amylose

® high
molecular size
e strong
hydrogen
bonding

e D-glucose
units, with a
dextrose
equivalent
(DE)

e Hydrolysis
degree

e Substituent
type

e Substitution
degree

o fully or
partially pre-

e Low DE MDXs

e hydroxypropylated
starch molecules

e partially pre-
gelatinized grades

e lack of
strength, water
resistibility,
thermal stability
and
processability
difficulties

e higher MALTRIN®
viscosity
® better

formation

film

Lycoat®
(hydroxypropylated
pea starch)

e high stability

INSTANT
COTE

e insoluble PURE-

fractions

o fast
dissolution
time

e moderate
moisture
uptake

e satisfactory
mechanical
properties

e clear, strong
and flexible

o fast
disintegration

e blended with
microcrystalline
cellulose (MC)
tends to form
non-sticky and

smooth polymeric
matrices

[41-
43]

[41
44-
48]

(49,
50]

(14,
51-
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starch

Pullulan

gelatinized
grades

e Too expensive

o films prepared at
low temperatures

e higher
temperatures

o critical to
produce
formulations
with the desired
disintegration
time

e 50 to 80% of
Pullulan can be
replaced by

starch or
modified starch
o stiffer and

more flexible

e brittle and do
not have a clear
plastic
deformation

PURE-COTE~

films

e clear, flexible,
fast drying and
tasteless  oral
polymer
matrices

e smooth,
transparent
and stable films
o films with fast
disintegration

e Blended with
Sodium  alginate
and / or CMC, may
synergistically
enhance the
properties of the
film

e Pullulan — HPMC
films, have
improved thermal
and  mechanical
properties

55]

(10,
30,
57-
59]
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e Hydrolysis
degree
PVA—g-
PEG
e Molecular
weights

molecular weight

e Swelling
properties

o Fully
hydrolyzed

e partially
hydrolyzed

® PEG
incorporated

e wide range
of solubility

e swelling
rate
extent

and

o lowTg

e strong
mucoadhesiveness

e not very useful for
fast dissolving films

e Not soluble in cold
water

e Not useful for fast
dissolving films

e soluble in cold water
e application in fast
dissolving films

e spares the addition
of plasticizers

e simplified
processability

o flexible solvent
selection according to
the drug solubility

e simplified
processability

e higher barrier effects
- decrease the drug
substance diffusion

o self-plasticizing

Kollicoat®
IR

e good

film

forming capacity

e optimal
to carry
substances

capacity

drug

e dissolve slowly

o very flexible films
¢ higher elongation

at break values

o films with good

e modified pectins tested
to obtain films with fast
dissolution rates

e improved to an average
film  former polymer
when blended with PVA
or HPMC

e blended with EC and
HPC origins films with

increased flexibility,
softer and tougher
properties.

o different ratios of PVP -
alginate blends can be

used to design drug
controlled release
e balance the tear

[61:
62]

(64,
65]

(66,
67

(32,
50,
68-
70]

[14,
30,
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® high Mw

polymer matrix

e higher drug load due
to the smaller number
of excipients

e simplified
processability

e mucoadhesive films
e dissolution time
increase

resistance to
tearing, minimal or
no curling,

e fast  dissolution
rate

e pleasant mouth
feel, no  sticky
feeling or highly
viscous gel
formation

resistance, dissolution
rate, and adhesion
tendencies of film
compositions combining
low Mw PEO, with a
higher Mw PEO and / or
with a celluloses

72-
76]

18/41



5 Mucoadhesion: a polymeric inner property?

Although the mucoadhesion concept appeared early during the eighties, it was only ten years later that
improved mucoadhesive polymers were introduced in the pharmaceutical field [77]. There are several theories
that may explain the bioadhesion process, but none is able to explain the overall mechanism. The wetting theory
is one of the oldest theories and involves notions of thermodynamic work and contact angle. Briefly, the
bioadhesion in this theory is defined as the surface tension of the two adherent phases subtracted by their
apparent interfacial tensions. On the other hand, the diffusion theory is related with the possible relation
between the polymeric chains with the glycoprotein mucin chains. According to this theory depending on the
depth of the contact, semi-permanent bonds, between the substrate and polymer adhesive chains, may occur.
Therefore, the diffusion coefficient may be influenced by the polymer's Mw and cross-link density. Other
theories are associated with attractive forces mediated by electrons transference (electrostatic theory) or by
chemisorption due to the formation of van der Waal’s, hydrogen and hydrophobic bonding (adsorption theory)
and / or fracture strength (fracture theory). Nevertheless, the polymers may be categorized according to the
binding type to the mucosa [77].

5.1 Ionic polymers

The bioadhesive polymers tend to adhere to the biological substrates mostly by interpenetration followed by
secondary non-covalent bonding. These secondary interactions are usually hydrogen bonds between the
charged polymers’ chains with the oligosaccharide side chains of the mucus proteins. Some of the most effective
anionic polymers are the polyacrylates (Carbopols) and carboxymethylcelluloses (CMC) [77-79]. Carbopols are
synthetic high-molecular-weight polymer cross-linked with either allyl sucrose or allyl ethers of pentaerythritol,
which present a rapid, high, and stable swelling and good mucoadhesive properties. The NaCMC is also used but
normally in combination with other polymers to increase the bioadhesive performance of the oral films.
Hydroxyethyl cellulose (HEC) based films generally present high swelling properties and rapid erosion but exhibit
poor mucoadhesive properties, therefore NaCMC can be added to enhance this property. The referred
mucoadhesive polymers are included in the so called first-generation and have been intensively used. Their
bioadhesion properties come essentially from the H-bonds with their carboxyl functional groups. In addition, the
sulfate groups are also characterized by their bioadhesion due to anionic non-covalent and H-bonds. These
functional groups are characteristic of the Carragenans, a gum polymer widely used. There are several types of
carrageenan but Carrageenan k, is the most mentioned for the oral films development. This is a strongly gelling
polymer with small but stable swelling characteristics and moderate mucoadhesive properties [77-81] (Figure 3).
Additionally, cationic polymers can naturally be used as bioadhesive materials since they tend to interact with
the anionic substructures present in the mucus, such as sialic acid groups. Chitosan is among all cationic
polymers one of the most widely used and tested for biomedical and pharmaceutical applications [82, 83].
Chitosan is a natural polysaccharide comprising copolymers of glucosamine and N-acetylglucosamine presenting
a high to moderate swelling and mucoadhesive properties [14, 77, 84] (Figure 3).

Regarding amphiphilic polymers, non-covalent bonds can also be established. The cationic structures adhere to
the mucosa by interacting with negatively charged substructures of the mucus, whereas the anionic parts
interact with the oral mucosa essentially through hydrogen bonds.

5.2 Neutral polymers

Non-ionic polymers can also present bioadhesive properties through non-covalent interactions with the
surrounding fluids. For instance, the mucoadhesiveness of PEO and Polycarbophil polymers would be promoted
by the high entanglement level of their polymer chains followed by possible hydrogen bonds formation [85]
(Figure 3).
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The concept of chain entanglement emerged early during the nineties in attempt to explain the mechanical
properties of amorphous polymers above the Tg. The evidence of its existence is mainly based in the mechanical
properties behavior of the materials. The entangling interactions might be simply resumed as an ability of the
molecules to slip to different equilibrium positions promoting somehow temporary links of physical interlocking,
distinct from the permanent chemical linkages [86].

The length and flexibility nature of the polymeric chains may allow the rearrangement through loops that might
offer high resistance to deformation for a while, but would eventually slip or be removed and reformed by
random thermal motion. Additionally, most prominent effects were observed at high polymer concentrations
and Mw, with low crosslink densities and large primary chain lengths [86].

After the polymer matrix-substrate contact the interpenetration of the polymer chains with the mucus
glycoproteins may induce the chain interlocking or physical entanglement, which would be associated with
possible conformational changes and followed by secondary chemical interactions.

The mucoadhesiveness measured by rheology comparing different non-ionic polymers, showed that, although
weak, the HPMC adhesiveness was superior to the MC. The same authors also reported that PEO with low Mw,
inferior to 4000kDa, do not present significant mucoadhesiveness [87].

PEO are polymers with long linear chains in which their length is directly related with de Mw. Low Mw PEOs may
not be so favorable to form entanglement conformations able to promote mucoadhesion. Regarding the
celluloses, it is also valid the unfavorable conformation for entanglement that is probably more related with the
stiffness of their backbone as a result of their inherent chemical nature. The cellulosic anhydroglucose ring is
empirically more rigid than the long linear chains of ethylene oxide oligomers (PEQO). Furthermore, despite the
physical interlocking of the chains, secondary chemical bonds (as hydrogen bonds) may be formed and would
contribute to strengthen the links. Therefore, between the celluloses, the high density of available hydrogen
bonding groups may contribute to stronger interactions of the polymer chains with the mucin glycoproteins.
Nevertheless, the celluloses tested by the authors have significant different viscosities (MC with 4000 cp and
HPMC 80000-120000cP, 2% solutions [19]) indicative of very distinct Mw, which may turn this
mucoadhesiveness comparison unreliable regarding the different type of cellulose.

Other assays with neutral polymers, dextran and PEO, reforced that mucoadhesion could be increased by the
polymer concentration, is hardly affected by the pH and may be reduced by the molecular branching and short
linear polymer chains [88, 89].

These studies highlight the existence of physical chain entanglement between the polymer chains and
glycoproteins and their relevance in the mucoadhesion.

Furthermore, it is important to consider that besides the importance of this mechanism to explain the
mucoadhesiveness of the neutral polymers, it may also be relevant in the ionic polymers [87]. In fact, the chain
entanglement is also described for charged polymers, as poly (acrylic acids). Depending on the polymer chain
lengths the entanglement may also favor the chemical reactions between ionic polymers and the mucin proteins
as well as to other secondary chemical bonds.

Moreover, the high Mw Poly(methacrylate) with effective entanglement chains exhibit a very poor bioadhesive
properties in its non-ionic form, which may only be mitigated when its salt form is used [90]. Though, the non-
covalent adhesive bonds of non-ionic polymers are usually weaker than the non-covalent bonds established by
charged polymers (anionic or cationic).

5.3 Thiomers

The majority of the polymers referred are essentially water-soluble and their bioadhesiveness to the mucous
membrane arises from their non-covalent bonds after hydration. This property has been widely explored in
pharmaceutical technology for several years, but only during the 90s real ‘pharmaceutical glue’ excipients had
been developed. In fact, a clear distinction can be found in literature, a first generation including the mucous-
non-covalent-bond polymers and a second generation comprising mucous-covalent-bond polymers. These
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polymers commonly called thiomers are capable of forming covalent bonds, mainly based on thiol /disulfide
exchange reactions. The thiol groups of the polymers bond covalently to the cysteine-rich subdomains of the
mucus layer by the formation of disulfide bonds (Figure 3). There are several anionic and cationic thiolated
polymers that have already been synthesized: polycarbophil-cysteine, poly(acrylic acid)-cysteine, alginate-
cysteine, chitosan-4-thio-butylamidine, chitosan-thioglycolic acid, chitosan-2-mercaptoethylamine [77, 78, 91].

It is reported that these thioled polymers present improved mucoadhesion characteristics compared to the
unmodified counterparts. In addition, a new type of thiomers has been recently developed, the preactivated
thiomers, which have better mucoadhesive properties and higher stability: chitosan-thioglycolic acid
mercaptonicotin  amide, pectin-cysteine-mercaptonicotinic acid = and  chitosan-4-thiobutylamidine-
mercaptonicotinamide.

Generally, these second generation mucoadhesive polymers are usually less sensitive to ionic and pH changes
and the disulfide bonds may facilitate controlled drug diffusion due to the higher rigidity and cross-linking.
Therefore, these polymers may be preferred to develop modified profile release drug delivery systems whereas
the first-generation polymers are preferable to fast onset drug release [77, 78, 91].

Although many researches have been performed in this area, the application of thiomers in oral films has not
been explored to the best of our knowledge. In table 2 it is summarized some of the research work performed
with thiomers. There is a wide range of drug delivery systems developed and studied but for buccal or oral
delivery, but it is mainly related to tablets. Regarding the first generation thiomers, their usage in the oral films
development may also be challenging due to their inherent instability. Thiomers are unstable in aqueous
solutions with pH > 5 due to the oxidation of the thiol groups. It is also advisable the production and storage
under inert conditions, light and oxygen protection, to avoid thiomer formulations instability. However, the
second generation thiomers are more stable in solutions and in a broader pH range [92, 93]. Nevertheless, the
inclusion of these components in pharmaceutical dosage forms may be still restricted to some applications due
to regulatory (e.g. safety assays, registration) and process-production scale-up issues [93]. Currently, there are
only clinical trials for ocular application of chitosan-N-acetylcysteine conjugate [92-95] and hyaluronic thiomer
[96].

Additionally, the inclusion of these compounds in the oral films, especially in buccal films, may also be used as
permeation enhancers and protein /peptides stabilizers as already explored by others [97-100].

Table 2 — Summary of some of the research work performed with the thiomers.

Thiomers Polycarbophil- Buccal Patch; four [101]
cysteine layered films

Buccal tablets rifampicin [102]

poly(acrylic  acid)- Oral Liposomes [103]

cysteine Ocular Inserts diclofenacsalts  [104]

Ocular microparticles bromelain [105]

Tablets [106, 107]

alginate-cysteine Ocular bilayer inserts Gatifloxacin [108]

Oral Tablets [109]

Oral Tablets tramadol [110]

hydrochloride
chitosan-4-thio- Oral Tablet [111]
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butylamidine in  situ gel- Protein [112]
forming system
Oral Tablets peptide [113]
preactivated chitosan-N- Ocular Lacrimera® eye dry eye [92,93]
thiomers acetylcysteine drops syndrome
conjugate

pectin-cysteine- Oral Minitablets rosuvastatin [114]
mercaptonicotinic  Buccal Gel delivery calcium [115]

acid lidocaine
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Figure 3 — Bioadhesive interactions. Simplified oral mucosa representation: sub-mucosa with nerves and blood vessels, lamina propria,
essentially with connective tissue and with some blood vessels, basement membrane usually a single cell layer lying in the interface of
the epithelium and lamina propria; a simplified oral epithelium only for representative purposes; and a mucus layer with mucin and
glycoproteins. The mucoadhesiveness of the polymers to the oral mucosa may be explained by the non-covalent and covalent bonds,
depending on the polymers’ functional groups.

In general, any polymer is capable of establishing electrostatic interactions presenting some degree of
bioadhesive properties. Additionally, the majority of polymers used to prepare oral film matrices are rich in
hydroxyl groups, which can easily interact with the biological subtracts through H-bonds. This is associated with
the natural mucoadhesion of the majority of the hydrophilic polymers used to prepare these platforms.
Furthermore, some of these polymers can also be used as adjuvants or modifiers to improve or diminish film’s
mucoadhesive characteristics. Polymers with small but stable swelling properties characterized by very poor
mucoadhesion, such as Agar (hydrophilic colloidal polysaccharide) or Acacia (complex and loose aggregate of
sugars and hemicelluloses) can be used to decrease matrices bioadhesion. Another example is the Poly-D,L
(lactide-co-glycolide) (PLGA), a synthetic copolymer of lactide and glycolide PLGA, that can be added to the
polymeric matrix to confer hydrophobicity to diminish the swelling of other polymers and / or to obtain a
prolonged drug release [116-121].
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6 Polymer selection

As discussed on previous sections, the polymer selection during the formulation development of polymeric
matrices may be critical and some points should be considered. Several examples were given related the ability
of the polymer to affect the mechanical and texture properties of the films and also their influence on the drug
release. On the other hand, the inclusion of the drug substance in the polymer matrix may also affect
significantly the mechanical properties of the film. Depending on the chemical structure of the DS and the % of
drug load the DS may easily interpose between the polymer chains, interfering with the polymer intermolecular
bonds. This effect may allow the polymer to move more freely, resulting in matrices with higher flexibility due to
a reduction on the elastic modulus and tensile strength parameters [32]. In fact, depending on the drug, the
effects may be different, for example, chlorpheniramine maleate has a higher plasticizer effect on HPC based
films than indomethacin. Nevertheless this plasticizing effect may also have direct impact in the oral film
manufacture, due to chemical modifications of the mixture properties, such as reducing the softening
temperature [122].

Aesthetic and performance characteristics should also be considered during the selection of the polymer. This
dosage form is for oral administration and may have some residence time in the oral mucosa. Therefore,
polymers that may become unpleasant should be avoided. Therefore some aspects as taste masking, physical
appearance and mouth feel should be considered. The hydrophilic polymers are the major choice for the
preparation of oral film matrix so the film may smoothly and softly dissolve in the oral cavity. Polymers or
combinations that tend to form pastes should be avoided since it may become unpleasant. Regarding the
manufacturing process, properties such as good wetting, spreadability, sufficient peel, shear and tensile
strengths, should also be taken in consideration.

The mechanical properties of the polymeric matrix are also critical. An ideal oral film should be flexible, elastic
and robust enough to resist to handling, transportation and the stress from mouth activities. Generally, low-
molecular-weight polymers dissolve quicker, but polymers with higher molecular mass origin films with better
mechanical properties. Additionally, the polymer should be preferentially ready-to-use, not toxic or irritant to
the oral mucosa and ideally not very expensive. Therefore, a mixture of polymers is preferable used, instead of a
one-polymer-based- film, in attempt to improve and optimize the final polymeric matrix characteristics.

7 Critical quality attributes (CQA)

There are general critical quality attributes of the oral films that should be considered during their development.
These properties are obviously inherent to the formulation but also significantly influenced by the
manufacturing process. Hereinafter, are described briefly some of the most common quality attributes that
should be considered during the oral film development.

7.1 Physical strength

Appropriate physical strength, is one of the most evident CQA of the oral films. The product should have suitable
mechanical properties so it can be easily manufactured, packaged and handled without damage or break.
However, there are no guidelines with the description of the most adequate properties, methods and ranges
that should be studied. However, in literature there is a general consensus about the main properties that
should be tested: elongation at break, young’s modulus and tensile strength [10, 123, 124]. The literature review
highlighted the difficulty of stablishing strict ranges for these parameters [123] and a wide variation may be
appropriate depending on the polymeric matrix under development. In fact, the appropriate value for the
mechanical strength may vary significantly depending on the polymeric matrix and method of manufacture
[125].
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An appropriate balance should be found between these properties. The oral film should be malleable so it can
be handled without break but not too flexible that extends easily and deforms during cutting or packaging
processes. It should present enough tension so it can be pulled out from the pouch, rolled up after casting,
pealed from the release liner, but not too much that may difficult the cutting process. Nevertheless, the
mechanical evaluation is particularly important during the product life-time but also for up-scale manufacturing
process, since all the process from coiling to the packaging demands robustness [81].

7.2 Stability

It is important that the product has the ability to maintain its suitable properties over time, so physical and
chemical stability are assured. These characteristics depend on the polymeric matrix and possibly on the
manufacturing process. Thus, suitable stability and screening tests should be planned and performed during the
development stage. However, proper approaches that may also guarantee the product stability are well-
controlled manufacturing conditions, and the selection of an adequate packaging material in an early-
development-stage.

Regarding the chemical stability, it is important to consider the polymeric matrix characteristics. The complexity
of these matrices is sometimes underestimated and careful attention should be taken during its development.
Although the majority of the reaction / interactions need high temperatures to take place, it is found in
literature hypothesis of some reactions that may occur at room temperature in polymeric film matrices [126,
127]. Nevertheless, there are excipients that may inadvertently function as reaction catalyzers, compromising
the product stability.

Importantly, it is also to assure the drug substance stability incorporated in the polymeric matrix. Although the
stability of some drug substances is well known, the change of the pharmaceutical form may interfere with it.
The Suboxone® sublingual film is a good example, in which Naloxone may be more easily oxidized in the film
compared to the sublingual tablets available. Therefore, the shelf-life is limited to 12 months if the storage
temperature is reduced from 30°C to 25°C [128].

The thermal stability of the product should also be considered since it may influence its long term stability, its
storage conditions and possible restrictions.

7.3 Appearance

The appearance of the films is another relevant CQA. The size and the shape should be carefully studied and
selected depending on the strength and application site. This has special importance for sublingual formulations
which have a small available area to adhere. Moreover, the buccal films, which generally tend to be placed in
the mouth for long periods of time, should also have suitable dimensions to be comfortable for the patient.

7.4 Drugrelease profile

The target drug release profile delivery should be defined early in the development based on the target product
profile. The most reliable tests available to this evaluation are the disintegration time and the dissolution profile.
Depending on the product, it may be intended to have a bioequivalent oral dosage form or other specific drug-
delivery type (e.g. extended or fast release, mucosa or gastrointestinal absorption).

It is also important to consider that according to the FDA guidance a fast disintegration time in vitro should be
less than 30s [129].

7.5 Residual water content
The residual water content of the films is critical and should also be strictly defined for each specific formulation,
since it may influence significantly any of the properties described. It is also crucial to monitor and control the
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room conditions during production (temperature and relative humidity), and an appropriate primary packaging
material should be provided to avoid water transferences between the product and the surrounding room.

An excess or deficit of water content may affect the mechanical properties of the polymeric matrix. The water
molecules may interpose in the polymer chains functioning as a plasticizer, so the loss of water content, may
contribute for brittle polymeric matrices. In turn, an excess of water absorption by the polymeric matrix may
originate sticky films that may adhere to the patient fingers and / or packaging material.

Moreover, the interposition of the water molecules in the polymeric chains may also influence the disintegration
/ dissolution of the films. The loss of water molecules would contribute to thigh the polymeric chain links,
turning difficult the water penetration and therefore the disintegration time.

Furthermore, the free water in the film may also interfere with the stability of the drug substance incorporated
and / or with the excipients.

7.6 Organoleptic characteristics

The oral films have a relatively high surface area in contact with the oral mucosa, which makes important to
focus some of the development efforts in the formulation of a pleasant and palatable system. Generally, the
disagreeable taste is related with the drug substance characteristics (bitterness, particle size / shape, solubility,
ionization) and strength in the oral film [130]. Therefore, depending on these properties is important to define
an efficient strategy to assure an agreeable taste, aftertaste and mouthfeel.

Another important point to consider is the target market, since there may be regional and / or aged group
preferences. Different consumers have different preferences and should be captivated by different and
independent ways. From the formulation point of view it is important to consider the regional and aged group
tastes. For example, children generally prefer fruit and / or sweetener flavors, while adults tend to prefer slightly
acid flavors and older people frequently prefer mint or wine flavored products. Even so, it is important to notice
that even flavors’ children preferences may vary from country to country and may depend on social and cultural
factors [131-133]. Curiously, even for animals’ medicine market is important to record that the choice of the
flavor and color may have impact in the acceptance of the medicine. Actually, these animals’ preferences can be
surprising. Regarding colors, it is known that iguanas and emus are attracted to red and yellow, respectively.
About the flavors, horses may prefer banana instead of apple or molasses, some ferrets may be fond of
bubblegum and rabbits and guinea pigs may prefer pina-colada flavor [134]. Despite that, the appropriate choice
of flavor is mainly affected by the taste sensation conferred by the drug substance, and the flavors or their
combination should mask any bitterness, providing a good balance of acid, salty or sour taste, and covering any
unpleasant aftertaste.

7.7 Dose uniformity

The individual weight of the films and the dosage uniformity must be also controlled during the process. It is also
important to have a deep knowledge of the process and the product so slightly adjustments may be performed
during manufacturing if necessary.

7.8 Others

Additional attributes may also be considered depending on the type of the oral film to develop. For example,
adhesion or mucoadhesion tests, for buccal and / or sublingual films and pH values measurements, when the
drug absorption or stability depends on it. Moreover the pH assays may also be important to predict possible
mucosa irritation, since acidic or alkaline pH may cause some discomfort, and the surface pH should be ideally
close to neutral [135].
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The CQA must be defined in the beginning of the development according to the target product profile.
Moreover, due to the sensitivity / complexity of the product other properties / process parameters involved in
the oral films formulation and manufacturing must not be discarded (release liner and packaging material
properties). A helpful way to define efficiently the quality attributes of the oral film under development is to
consider the quality target product profile and (if possible) previous knowledge of the product and
manufacturing process. This should be followed by an appropriate quality risk management to evaluate and
highlight the critical and potential attributes that would affect the quality of the drug product [136].

8 Manufacturing processes overview: from the conventional to the
innovative

The two main techniques used to prepare oral films are solvent casting [45, 50, 135, 137-141] and hot melt
extrusion [4, 46, 122] (Figure 4). However, during the past few years some developments and innovative
techniques have emerged. Some variants of these manufacturing methods of casting and extrusion have also
been described and used alone or in combination, such as semisolid casting and solid-dispersion extrusion [142].
Inventive manufacturing processes as the rolling [142] or printing [81].methods have also been described. The
first involves essentially the preparation of a pre-mix with a further addition of the drug substance, and the
resulting matrix is passed through a metering roller. The printing method consists literally in printing the drug
substance on a placebo oral film with specific techniques [81].

8.1 Conventional methods

The solvent-casting method consists essentially in an aqueous or hydro-alcoholic mixture of excipients and drug
substance(s) that is casted onto a surface, dried, and cut into a desirable size. On the other hand, hot-melt
extrusion consists simply in shaping an adequate mixture of polymer(s), other excipients and drug substance(s)
into a film by melting all the components [143]. Both techniques allow the preparation of films with good
characteristics, but generally the solvent casting method is the most widely used, probably due to the special
equipment required and high costs associated to the hot melt extrusion method [10].

Regarding the variant methods referred previously, the semisolid casting consists in a gel mass casted using heat
controlled drums and obtained by the addition of an acid insoluble polymer to the main liquid mixture in a
preferential ratio of 1:4. In turn, the solid dispersion extrusion consists essentially in the dispersion of a drug
substance dissolved in an appropriate solvent and its incorporation into polyethylene glycol (PEG) melted.
However, the drug substance or the solvent used to dissolve it should be insoluble in polyethylene glycol.
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Figure 4 — Most common techniques to prepare oral films. Solvent casting technique (left) and Hot-melt-extursion method (right).

8.2 Innovative methods

An inventive manufacturing processes is the rolling method which involves the preparation of a pre-mix with a
further addition of the drug substance, and the resulting matrix is passed through a metering roller [142].
Another, are the drug printing technologies methods, that seemed to be highly flexible and cost-effective [81]
(Figure 5).

Printing technologies are widely used in the pharmaceutical industry to identify or label the pharmaceutical
dosage forms, especially for personalization purposes to be readily identified and to avoid counterfeit
production. However, instead of merely printing some identification characters, this technology early started to
be adapted to the drug load of pharmaceutical dosage forms. During the 80’s, Anhauser, Klein and Nick et al.
used screen printing and pad printing to load transdermal patches with drug substances [144] (Figure 5 C, D).
Nevertheless, for large production scale, these methods are essentially limited by the low speed production.
Later, the inkjet printing started to be explored as a safe and accurate method to produce dosage forms with
potent or low-dose drugs. GlaxoSmithKlein (GSK) has a GMP Pilot machine since 2005, based on this innovative
technology, the Liquid Dispensing Technology, used as a new tablet-manufacturing process that delivers
microgram doses with unparalleled precision. GSK is the owner of all intellectual property for this technology
until 2028, which was also rewarded in 2012 with a Health and Safety Award by IChmE [145, 146]. The
application of this technology to oral films is not yet much explored. Nevertheless, during 2011, based on
printable medicines and with the idea of printing a drug substance onto a carrier (such as a paper strip that can
be then inserted into a capsule for an easy administration), a revolutionary concept was established:
personalized medicines [147]. Although, some references to this concept have emerged in the last years [148,
149], there is still no reference to the industrial application of these methods for the production of oral films.
GSK technology may achieve a medium output of 20,000 tablets per hour. However, it has no direct correlation
with oral films manufacturing production, and some authors consider that inkjet printing is still not suitable for
high-throughput industrial production (Figure 5B). Therefore, another printing technology is suggested to be
more feasible for oral films industrial production, the flexographic printing technology [144] (Figure 5A). The
flexographic printing is a rotary printing process in which the ink (drug substance solution or suspension) is
metered by an anilox roller then transferred to printing cylinder that prints the drug-free-film after unrolling the
daughter roll. On the other hand, the drop deposition of the DS solution or suspension with the ink-jet printing
may be challenging considering that it is important to avoid the film disintegration or rupturing and
simultaneously maintaining the oral film’s fast dissolving properties [144].
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In theory, any of the printing methods mentioned above would contribute to a more homogeneous distribution
and accurate dosage of the drug substance within the film, which by the conventional methods is very
challenging. Moreover, dose accuracy and uniform distribution of the drug substance in the films normally
depends on the coating mass properties, like viscosity or density, which in turn are affected by the
characteristics and amount of the processed drug substances. On this matter, with the conventional methods
the formulations have often to be adjusted for each drug substance and dosage strength [144]. Hence, the
application of these technologies could streamline all the manufacturing process and shorten the time to the
market.

In summary, printing drug substances on dosage forms are nowadays a reality and its application in oral films
has opened a new world of opportunities when referring to personalized and individualized medicines.

9 Characterization methods

Several efforts have been made to develop suitable techniques for oral films evaluation and characterization,
considering their particular characteristics. There are critical parameters that should be evaluated for the quality
control of the films. Despite the lack of guidance, the European Pharmacopeia refers the need of a “suitable
mechanical strength to resist handling without being damaged” and an appropriate dissolution method “to
demonstrate the appropriate release of the active substance”. However, it is advisable to evaluate other critical
properties, usually also referred as critical quality attributes that are referred hereinafter.

9.1 Mechanical properties

The variety of dimensions of commercially available oral films difficult the standardization of specific evaluation
techniques. The most referred is the determination of mechanical properties based on ASTM or DIN-ISO
guidelines, namely DIN EN ISO 527 for foil materials and ASTM D882-01 for tensile properties of thin plastic
sheeting. This method consists in the fixation of the sample between two clamps and pull until breaking [123].
The main limitations of this approach is the unresponsiveness of the apparatus and the preferential use of bone
shapes samples to assure that the forces are centered in the middle of the specimen, which does not match the
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common small rectangular format (about 2 to 8 cm?) of the oral films [150]. More suitable methods were
developed as the puncture test with a cylindrical probe with a plane flat-faced surface using Texture Analyzer
equipment. The probe with the flat face surface allows retrieving the area directly affected by the strain [123].

9.2 Dissolution

The dissolution method is also critical, especially concerning the apparatus and media selection. Despite the
simple orientation of the Pharmacopeia description, it is important to consider that this assay should be
representative and an approach to predict the in vivo behavior.

The majority of the methods described do not mimic the physiological conditions satisfactorily, regarding the
dissolution method conditions and apparatus [150, 151]. Another point to consider is the type of oral film to
test, which may include different challenges and limitations. Briefly, the major restrictions in the oral films
dissolution methods are the in vivo small volume dissolution, the short residence time in mouth (specially fast
dissolving films), mucosal absorption (buccal films), composition (e.g. adhesive compounds) and incomplete
dissolution (sometimes a complete disintegration is preferred instead of a complete dissolution).

Generally, the apparatus selection would be based on two different assumptions: orodispersible dosage forms
(e.g. orodispersible tablets) or transdermal dosage forms, which commonly uses accessories to lock the dosage
form in the bottom of the vessel. The paddle apparatus (USP type Il) is more used [44, 135, 140, 152-156] than
the basket apparatus (USP type 1) [23, 45, 50, 157]. But, due to the limitations of both methods, many
researchers have suggested the use of modified apparatus [3, 150, 151]. The majority of the modifications
consisted in dissolution media volume reduction (usually including the vessel type modification), stirring
accessory modifications [3, 26, 151] and type of dissolution medium, such as simulated artificial saliva [153-155].
Additionally, Gursuch et al. presented a fiber-optic sensor system to overcome the shorter intervals sampling
collection (lower than 30s) and the filters clog in apparatus with modified sample withdraw [150]. In fact, fast
orodispersible films usually exhibit a rapid disintegration / dissolution, becoming sometimes hard to obtain
suitable dissolution profiles with the conventional (manual or automated) sampling collection. Although the
online measurement may surge as a suitable alternative for fast dissolvable dosage forms, some points should
be considered. The majority of the online fiber optic sensor systems currently available usually use UV
spectroscopy, which becomes unviable if there is similar absorption spectrum between drug substance and any
other compound of the formulation.

The selection of the correct apparatus and possible adaptive accessories should also be carefully chosen. One-
layer fast dissolving films should have both surfaces in contact with the dissolution media, but in multi-layer
films this choice may not be the most appropriate. Furthermore, the adhesion of some components of the
formulation may also origin trapped disintegrated masses on the accessory / sinker / basket used, resulting in
irreproducible dissolution profiles.

Another approach is the usage of the paddle over disk apparatus (USP type V). This dissolution apparatus was
used in the development of Zuplenz® along with a gastric pH dissolution media. This may be justified since the
primary objective of this fast dissolving film is to disintegrate fast in the mouth to be readily swallowed with the
saliva [158].

Finally, there are many critical points to consider in the development of the dissolution method and many
options are available due to the nonspecific or inexistence of pharmacopeia guidance. However, the method
choice should be well grounded and justified.

Table 3 — Summary of the dissolution methods currently used to test oral films

Dissolution Media Stirring Sampling Details
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USP type V

JP15 paddle

apparatus

USP type |

JP15 paddle
apparatus

USP type Il

USP type Il

USP type Il

USP type |

USP type Il (?)

USP type Il

USP type Il

USP type |

USP type |

900 mL

0.1N HCI

37.0°C +0.5°C

900 mL of
phosphate solution

(pH 1.2)

37.0°C £ 0.5°C

50 rpm

400 ml freshly
distilled water,

37+0.5°C 100 rpm
900 mL of
phosphate solution
(pH1.2),37£0.5C
300 mL freshly
deionized  water,
37+1°C

300 ml distilled
water or simulated
saliva (pH 6.8) or
900 mL of
simulated gastric
fluid (pH 1.2)
37°C+0.5°C
simulated saliva
(phosphate buffer
pH 6.4)

37+0.5°C.

300 ml

simulated saliva
(phosphate buffer
pH 6.8) or

900 ml of simulated
gastric fluid (0.1N
HCl)

37 £0.5°C

900 mL

phosphate  buffer
pH 6.6

37+0.5°C

simulated saliva
(phosphate buffer
pH 6.8)

900 ml phosphate
buffer saline
(pH6.8)

37°C,

900 mL

0.1 M HCI
37.0+0.5°C

500 mL

deionized water

37 +1°C

900 ml

buffer pH 6.8
37°C+1°C

50 rpm

50 rpm

50 rpm

50 rpm

50 rpm.

50
rom

50
rpm

50
rem

25
rpm

10 minute intervals

Ten-milliliter

2,4,6,8,and 10 min

10 mL

from 2 min to 120 min

5 ml
0-, 1-, 2-, 3-, 5-, 10-,
and 20-minute

5mL

1to 30 min

1,2,3,4,5, 10, 15, 20

and 30 minute

3mL
1,3,5,10,20and 30
min

5 ml

aliquot
from 2 min to 60 min

simulated saliva:12 mM KH2PO4,
40 mM NaCl, 1.5 mM CaCl2 and
NaOH to pH 6.8)

Each film is attached to a glass
slide (with glue) that remains in
the bottom of the vessel
Simulated  saliva: 2.38 g
Na2HPO4, 0.19 g KH2PO4, and
8.00 g NaCl per liter adjusted
with phosphoric acid to pH 6.8).
reposition

Media reposition

[159]

[152]

[50]

[140]

[44]

[153]

[154]

[23]

[135]

[155]

[156]

[45]

[157]
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Modified USP-XXIII 20 ml 100 4 ml Media reposition, [3]

typel apparatus phosphate buffer rpm 7,14, 21, 28,35 and 42 min  film was placed with the help of
pH 6.4 forceps in a 50 ml glass beaker
Without the basket attached
with a shaft.
Modified USP XXIII 1000 ml 100 5 ml [26]
apparatus (paddle distilled water rpm
over disk) 37.0£0.5°C
Third method 100 ml 30rpm Autosampling Film samples were sandwiched [151]
apparatus Chinese Distilled water 50 rpm between two pieces of a sieve
Pharmacopeia (CP 100 rpm. mesh and fixed in the right and
2010, appendix XD vertical position
modified

9.3 Mucoadhesiveness

There are no mucoadhesion methods described in any Pharmacopeia. Also, it is complex to define an
appropriate method considering the numerous approaches available in literature, the lack of correlation
between in vivo and in vitro tests and the challenge to found intact and fresh buccal mucosa [81, 125]. Nair et al.
recently compiled the most used in vitro techniques to evaluate the buccal films with a short but relevant
section of mucoadhesive studies [125].

10 Conclusion

The flexibility of this dissolvable film technology platform offers future potential for expanded applications
across different delivery routes in multiple pharmaceutical, biopharmaceutical, and medical markets. It also
provides an opportunity to extend revenue life cycles for existing drugs whose patent is expiring and will soon
be vulnerable to generic competition. In other words, oral films allow the lifecycle management of the products.
Additionally, the majority of the manufacturing approaches used are well understood and easily controlled,
prompting a robust and efficient development from bench to market.

There are some important issues that should be taken in consideration regarding the oral films development,
manufacturing and marketing. During the development the critical quality attributes should be well-stablished
to prevent unfortunate and uncontrolled events. Despite the complexity of the formulation and process, a deep
knowledge of the system may be sufficient to control and surpass some inevitable and unpredictable
proceedings.

Finally, it is important that the combination of thin film technology with the selected drug substance gain wide
consumer acceptance and pave the way for other medicines to move to this portable, exceptionally convenient
pharmaceutical form.
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