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ABBREVIATIONS

ATR-FTIR — Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy
CA — contact angle

deg — degree

DSC - Differential Scanning Calorimetry

Gly — glycerol

HPC — hydroxypropyl cellulose

Lid — lidocaine base

Lid HCI - lidocaine hydrochloride

Lop HCI — loperamide hydrochloride

MCG — membrane coating granules

MFG — Klucel® MF with glycerol

MFX — Klucel® MF with xylitol

MFXG — Klucel® MF with xylitol and glycerol

0-Ps — ortho-Positronium

PALS — Positronium Annihilation Lifetime Spectroscopy
Phe HCI — phenylephrine hydrochloride

p-Ps — para-Positronium

Ps — Positronium

SFE — surface free energy

SFT — surface free tension

TGA — Thermogravimetric Analysis

TG-MS — Thermogravimetric Analysis coupled with Mass Spectrometry
XRPD — X-Ray Powder Diffraction

Xyl — xylitol



1. INTRODUCTION

Although the most popular mode of administration of medicines for patients is the oral route,
the enzymes of the gastrointestinal tract cause serious disadvantages. They decompose many
active substances and the first-pass effect of the liver decreases the serum level of active
pharmaceutical ingredients.

However, mucoadhesive films applied to the oral mucosa eliminate these problems, and not
only local effects (treatment of aphthous ulcer, gum inflammation or toothache), but also
system wide effects (management of pain and angina pectoris etc.) can be achieved. Their
main advantages are sustained drug delivery and chronic systemic therapy. Oral patches are
welcome in paediatrics (children have the worst compliance), films are proper for elderly
patients as well who suffer from swallowing disorders or dysphagia. Buccal disks are unique
medicines that can be used during travelling as a dose can be taken without water or any
liquid. Patient compliance is better which improves the efficacy of the therapy and decreases
the cost for both the healthcare system and the patients. Finally, the oral mucosa has high
tolerance against potential allergens and has a fast healing capacity for irritation and
damages.

Before their technological use, it is very important to determine the mechanical properties of
mucoadhesive films because the free films are exposed to large mechanical stress during the
preparation process, unpacking and sticking to the oral mucosa. These properties depend on
the film-forming polymer, the excipients used and the formulation of the system.
Furthermore, the physicochemical properties of the polymer matrix not only depend on the
polymer itself, but also the used excipients have marked effects on the system. These effects
can be welcomed and useful, but the excipients can cause disadvantageous effects in drug
delivery systems, which must therefore be tested.

In my Ph.D. work, hydroxypropyl cellulose free films were investigated as potential buccal
drug delivery systems. The effects of excipients on the polymer matrix were characterized in
several ways and physicochemical properties were tested intensively. In vitro mucoadhesion
measurement method, equipment and software developed and optimized, and accelerated

stability test was evaluated.



2. LITERATURE BACKROUND
2.1. Short anatomy and physiology review of the oral mucosa

The main function of the oral mucosa is to protect the underlying tissues against potential
harmful agents or microorganisms. It has three main parts (please refer to Fig. 1), from the
surface to the deeper regions: epithelium, basement membrane and underlying connecting
tissues (lamina propria and submucosa). These can be divide into several parts:

e oral epithelium: mucus, stratum distendum, stratum filamentosum, stratum

suprabasale and stratum basale
e basement membrane
e lamina propria: which is an underlying supportive connective tissue layer and

e submucosa [1]

— Oral epithelium

Basement

~ Lamina propria

~ Sub mucosa

Fig. 1 Schematic diagram of the oral mucosa adapted from [2].

2.2. Types, function and structure of mucins
Approximately from 40 to 300 um mucus covers the buccal epithelial cells [3], which
contains 95-99% of water and 1-5% mucins. Mucins are large molecules with the molecular
masses from 0.5 to 20 MDa and rich in carbohydrates: in the gastrointestinal tract mucins

have 70-80% of carbohydrates, 12-25% of proteins and 5% of ester sulphates. A basic unit is



400-500 kDa and linked together up to 50 MDa linear arrays [4-7]. Mucins play an important
role as lubricants and this indicates mucoadhesion [8]. At buccal pH the mucus forms a
strong cohesive gel layer which covers the epithelial cells. The joint of mucin lines,
hydrogen-bonding, electrostatic and hydrophobic bonds indicate the viscoelastic gel structure
[9]. At neutral pH the mucin acts as an anionic polyelectrolyte (which is indicated by sialic
acid (pK, = 2.6) at the end of the chains and sulphate groups) [4-6, 10]. In human saliva two
types of mucins are produced [11, 12]. The main effects of mucins are the following: they act
as lubricants [13], help chewing, speaking and swallowing and have antibacterial effect [12].
They also protect teeth against acids [14], keep the integrity of the mucus layer via
modulating the intracellular calcium level [11], help the colonization of normal florae, protect

soft and hard tissues against mechanical stress, help the remineralization of teeth [4-6, 15].

2.3. Permeability and barrier function of the buccal mucosa

The buccal mucosa has 4-4000 times higher permeability compared to the skin [16]. The
penetration of an active substance depends on its barrier permeability which is based on the
thickness of the membrane, the rate of keratinisation and the physical-chemical properties of
the active substance [17]. The membrane-coating granules (MCG) give the permeability
barrier function of the buccal mucosa [18]. MCGs are spherical or oval-shaped organelles
with a 100-300 nm of diameter and typical in both keratinised and non-keratinised
epitheliums. MCGs come from the cell cytoplasm and migrate with exocytosis into the
upper/surface region of the cells. They serve as a barrier and help the cohesion between cells
therefore not the keratinising of the epithelia is the main barrier [19]. In the human epidermis
MCGs have lamellar structure as opposed to the buccal tissues where they have mainly
amorphous forms which indicates the difference between the permeability capabilities of the
two different tissues [1, 20-22]. MCGs are situated at the midpoint of the oral epithelium as
shown in Fig. 2A.

The buccal epithelial barrier is situated at the upper third/fourth part of the cell layers [23]. At
non-keratinised regions the main lipid barrier is made by phospholipids, cholesterol-esters
and glycosylceramides, whereas at the keratinised area the highly concentrated ceramides are
the main barriers [22]. In non-keratinized tissues the MCGs are lamellar and big; keep their
nucleus and other cell organelles and finally do not aggregate. In this type of tissue their
diameters are 0.2 pum [24]. The basal lamina is the main barrier for lipophilic
substances/drugs, which easily penetrate via the epithelium [25]. The saliva has a

cleaning/washing function in the oral cavity and this phenomenon is important during the



formulation of buccal drug delivery systems [26]. Another barrier is enzymatic
decomposition: there are esterases, amylases and phosphatases in the saliva [27], and there
are many proteolytic enzymes on the buccal epithelium [1, 20, 21, 28].

A,

Superficial ¥
Layer

Intermediate
Layer

Membrane Coating

Granules

Prickle-cell %]
Layer %

Basal
Layer

Transcellular Paracellular

Fig. 2A shows the position of MCGs and 2B describes the transport routes via oral

mucosa, adapted from [29].

2.4. Penetration via oral mucosae

The permeability in the oral cavity from the highest to the lowest is the following: sublingual,
buccal and soft palatial [30]. Because of lower permeability of the buccal mucosae, this area
IS quite appropriate for using controlled and/or sustained released systems [1, 20, 31]. The
different types of drugs can penetrate the buccal region via the following:

e passive diffusion (para- and transcellular),

e carrier-mediated diffusion,

e active transport and

e pino/endocytosis

The most common way is passive diffusion and the least common is the carrier-mediated
diffusion route. The polar lipids situated in the intracellular space are made up of two main
parts: the lipophilic part connects to the cell membrane and the hydrophilic part connects to
MCGs. This structure allows the paracellular (passing between the cells) and the
transcellular (passing via cells) routes (please refer to Fig. 2B) [32]. Molecules with high log
P value easily penetrate throughout the cell membrane [33]. On the other hand, hydrophilic

substances penetrate via the intracellular space, which is a much longer and slower route [34-
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36]. Some of them enter by carrier-mediated diffusion via the buccal mucosae [1, 31, 37].
The lipophilicity, geometry and the size of the molecule determinates its penetration route.

The paracellular route can be described by this equation:

J,=—2"C, )

wherein: D, is the diffusion coefficient of the permeate in the intercellular space, h, is the
path length of the route, ¢ is the area fraction and Cy is the donor drug concentration.
The transcellular route may be described with the following equation:

_(1-¢)-D, K,
‘ h

c

J

Cq (2)

wherein: K. is the partition coefficient between the lipophilic cell membrane and the water
phase, D. is the diffusion coefficient of the drug in the transcellular space and h. is the path
length of the route [1, 31, 38].

The adsorption potency of the buccal mucosae depends on the lipophilicity and the molar
weight of the molecule. [39]. lonizable compounds have pH dependent adsorption and could
penetrate via the transcellular route [40]. Weak acids and weak bases are subjected to pH
dependent ionization. The penetration of the ionized form is weaker than that of the non-
ionized one. The increase in the amount of non-ionized drug substance increases the
penetration via the buccal epithelium and it could be controlled by changing the pH of the
system. The pH has a strong effect on drug penetration control [1, 31, 41].

The diffusion of active substances does not correlate with the ionization degree related to
Henderson-Hasselbalch equation, therefore this does not help to calculate the membrane
diffusion of weak acids or weak bases [42]. Peptides penetrate via passive diffusion
throughout the buccal mucosae, so do drugs with mono-carboxylic acid residue [37].
Hydrophilic molecules may be transported by carrier-mediated transport via the buccal
epithelium [37, 43-46], contrarily, substances with lipophilic character do not have this type

of carrier and therefore the possibility of intracellular transport is limited [1, 31].

2.5. Mucoadhesive polymers for oral films

2.5.1. First generation mucoadhesive polymers

First generation mucoadhesive polymers are not specific for the adhesion mechanism.

The adhesion time depends on the mucus turnover and is usually limited in time. The
interactions are not covalent-type, weaker chemical bonds act in the phenomenon (mainly H-
bond, hydrophobic and electrostatic interactions). The three main groups are classified based
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on their charge, the classes are: anionic, cationic and non-ionic polymers. Anionic polymers
are widely used in the pharmaceutical industry due to their high mucoadhesion capability and

low toxicity. Hydrogels and co-polymers belong to the first generation [1, 20].

2.5.2. Second generation mucoadhesive polymers

On the other hand, the second generation is capable of connecting to the mucus layer and/or
epithelial cells via covalent bonds or specific receptors. Thiolated polymers, target-specific,
lectin-mediated polymers and bacterial adhesion belong to this generation. The main
advantage of this group is that the adhesion time is longer and depends on the force of
covalent bonds and targeted, sustained therapy is possible via these systems. Some polymers
from the second generation have enzyme inhibitor activities or can enhance the penetration

via the oral mucosa [1, 20].

2.5.3. The ideal properties of mucoadhesive polymers

e the polymer and its degradation products must be inert and non-toxic
e good wetting, swelling, dissolving and biodegradable properties

e biocompatible pH and good viscoelasticity

e fast sticking to oral mucosa and proper mechanical resistance

e good shearing, peeling and breaking resistance

e shows good bioadhesion properties in wetted and dried conditions too
e shows local enzyme inhibitor and penetration enhancer activities

e adequate turnover

e ideal molecular weight

e active adhesive groups

e optimal conformation

e crosslinking and proper chain flexibility

e protect against second infections

e easy to buy and cheap [1]

2.6. Definition of mucoadhesion, theories of adhesion and roles that effect the
mechanism of adhesion

Bioadhesion means a continuous attachment of a material or a formulation into a biological
surface via interfacial forces. Bioadhesion may be formed between soft and hard tissues, too.
Mucoadhesion is a special form of bioadhesion: this phenomenon generates in the mucus

layer; mucous membranes [47]. In the last few decades mucoadhesion and its mechanism has



become of interest because it offers both local (treatment of aphtous ulcer or gum
inflammation) and systemic therapy [20, 48].

The mucous membranes cover several body cavities such as the oral cavity and the
respiratory tract. The epithelium could be mono-layered (e.g. stomach, small intestine and
bronchi) or multi-layered (e.g. oral cavity, oesophagus, cornea or the surface of the vagina).
Mucus may be produced by specialised goblet cells or exocrine glands such as the salivary
glands. Mucus could be present in three forms on the surface: gel layer, luminal soluble or in
suspended form [49]. The typical gel-like state of it, the adhesive and cohesive properties are
given by glycoproteins. The thickness of mucus depends on the part of the body; in the
stomach its average thickness is between 50-450 um [50, 51], while it is the thickest, 1 pm in
the oral cavity [20, 48, 52].

2.6.1. Interaction between the mucoadhesive and the mucosa

e Chemical bonds: The molecules must be bond to the interface to form adhesion.

Adhesion may be formed by strong ionic or covalent, weaker hydrogen-bonds or
the weakest Van-der-Waals interaction and finally by the indirect hydrophobic
bonds [20, 48, 53].

e Theories of adhesion: there are six main theories for mucoadhesion [20, 48, 54-
56].

= The electronic theory suggests electron transfer between the two surfaces

which results an electronic double layer at the interface. These help form
adhesion between the two layers.

= The wetting theory is based on the interfacial energy between a liquid and a
solid system. The liquid is spontaneously spread on the solid surface which is
essential for bioadhesion. During the phenomenon the gas, liquid and solid
state form equilibrium. It can described by the wetting degree (®). Wetting
happens if ® <90 deg and the surface is poorly wetting if ® > 90 deg. [f ® =0
deg the wetting is complete and if ® = 180 deg the liquid is not wetting the
solid at all. Therefore, bioadhesion is the best when the wetting degree is
closer to 0 deg [57].

= The adsorption theory assumes that the adhesion is formed via hydrogen
bonds and Van-der-Waals interaction.

= The diffusion theory suggests an interdiffusion between the polymer chains

and the adhesive surface. The concentration gradient leads the phenomenon



and it is limited by the available molecular chain length and their mobilities.

The depth of interpenetration depends on the contact time and the diffusion

coefficient.

= The mechanical theory describes the adhesion via an interlocking between a

liquid adhesive and a rough surface. Even though the huge surface offers a

high interlocking availability, the viscoelastic and plastic dissipation of energy

seems to be more important to form adhesion [56].

= The fracture theory differs from the five theories above; it suggests a fracture
after adhesion. Typically the weakest component indicates the phenomenon.

= According to John D. Smart the in-vivo mucoadhesion force may be described
with four theories:

a. Dry or semi-hydrated dosage forms connect with continuous mucus layers
(e.g.articulates via the nasal cavity).

b. Fully hydrated dosage forms with the method above (first generation
mucoadhesive system is used in the lower gastrointestinal tract).

c. Dry or semi-hydrated dosage forms connect with discontinuous or thin
mucus layers (for example tablets or thin films applied in the oral cavity or
the vagina).

d. Fully hydrated dosage forms with the method above (e.g. the use of semi-
solid, liquid dosage forms in the eye or the oesophagus) [48].

The mechanism of mucoadhesion can be described with two main steps [58] between the
mucoadhesive material and the mucus layer. The first step is the contact stage; when the two
parts of adhesion have a contact (wetting). The second step is the consolidation stage, when
different physical and chemical interactions ensure the prolonged adhesion. In the contact
stage the film starts dehydrating the mucus layer meanwhile hydrating itself. During this step
the interpenetration starts. At the consolidation stage the force of mucoadhesion depends on

the properties of the film-forming polymer and the rate of hydration [20, 48, 59].

2.6.2. Factors that effect mucoadhesion

There are many factors have effects on mucoadhesion [47, 54, 60]. Factors which have effect
on adhesion in the oral cavity are the following:

e Factors depend on the polymer:

o molecular weight,

o flexibility,



o hydrogen bonding capacity,
o cross-linking density,

o charge,

o concentration and

o hydration (swelling) [20],

e Environmental factors:

o saliva,
o mucin turnover and

o the movement of buccal tissues [20].

The optimal molecular weight is between 1-10* - 4-10° Da. High molecular weight polymers
hydrate slowly and the time for attaching to the surface is not enough. On the other hand, low
molecular weight ones form weak gels and dissolve from the surface. The flexibility of
polymer chains is very important because it helps penetration and attaching to the mucus
layer. With the increase of cross-linking density in water-soluble polymers the flexibility of
the chains decreases which protects against over hydration. Functional groups which capable
of forming hydrogen-bonding help the mechanism of mucoadhesion [60-64]. These groups
are the following: hydroxyl, carboxyl or amine. Typical examples are carbomers, chitosan,

sodium-alginate and cellulose derivates [20, 48, 65].

3. EXPERIMENTAL AIMS
In my work | characterized hydroxypropyl cellulose (HPC) free films as first generation
buccoadhesive polymers, as potential vehicles for oral drug delivery systems.
1. In the first part of my scientific work the film-forming polymer, the excipients were
selected, the free film preparation and composition was optimized in order to prepare
APl loaded local and systemic drug delivery system for potential buccal
administration:
a. preformulation studies to optimize the composition;
b. development HPC system suitable for oral use;
c. evaluation of the excipients’ effects on the polymer matrix and

o

investigation of the drug-excipients-polymer matrix compatibility and
interactions via:
i. tensile test measurements
ii. Positron Annihilation Lifetime Spectroscopy (PALS)
iii. Contact angle (CA) and Surface free energy (SFE) measurements
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iv. thermoanalytical studies
2. In the second part of my work | focused on the characterization of the properties of
the HPC free films and on the determination of marked effects of the excipients on the
system. The goals were the following:
a. to determine the thermal decomposition and degradation of products by
i. Thermogravimetric Analysis (TGA)
ii. Differential Scanning Calorimetry (DSC) and
ii.  Thermogravimetric Analysis coupled with — Mass Spectrometry (TG-
MS)

b. to evaluate the crystalline/amorphous state of the matrix via X-Ray Powder
Diffraction (XRPD).

c. to investigate the possible interactions between the polymer and the
incorporated excipients by Attenuated Total Reflectance Fourier Transform
Infrared Spectroscopy (ATR-FTIR).

d. to study the effect of accelerated stability test and water uptake on the polymer
matrix via TGA, ATR-FTIR, XRPD and tensile test.

e. to design, develop and optimize the in vitro mucoadhesion measurement

protocol, software and equipment and in vitro mucoadhesion measurements.

4. MATERIALS AND METHODS
4.1. Materials

4.1.1. Hydroxypropyl cellulose as film-forming polymer

HPC Klucel® MF and LF (Aqualon; Hercules Inc., Wilmington, U.S.A.) was used as film-
forming polymer. The main differences between the two Klucel® products are in the
molecular mass and the viscosity of the solution (please refer to Table 1). MF has a higher
viscosity in solution and a higher molecular mass. HPC is a non-ionic, water-soluble
cellulose ether and its films are appropriately flexible even without any plasticizer. HPC was
chosen because it is necessary for bio/mucoadhesion, it must be physiologically inert, and the
oral cavity has a water-rich environment. Accordingly, the film is not irritating, discharges
without metabolism, is environmentally friendly [66-69], and can adhere to the oral mucosa

by connecting to the mucin, which covers the whole mucosal membrane of the oral cavity.
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Table 1. Viscosity (at 25 °C) and molar mass of used HPCs; adapted from [70].

Type w/w% in water
- 2% 5% Mr
MF 4000-6500 mPas — 850 000
LF — 75-105 mPas 95 000

4.1.2. Model drugs and other excipients

In the first part of my work the local anaesthetic Lidocaine base (Lid) (Ph. Eur., Socicta
Italiana Medicinali Scandicci, Firenze, Italy) was chosen as the model drug in preformulation
study and early characterization of the polymer system. Xylitol (Xyl) (Ph. Eur., Roquette,
Lestrem, France) was used as taste improver. This excipient has many advantages: it has an
anticaries effect, decreases fur formation, increases dental remineralization and the saliva
flow rate, and can be used safely even by patients with diabetes mellitus (its glycaemic index
is 7). Glycerol (Gyl) (Ph. Eur., Molar Chemicals Kft., Budapest, Hungary) was used as taste
coverer. It is good for masking bitter tastes, it has a sweetening effect (the degree of
sweetness is 0.5) and in films it can act as a plasticizer. It is safe for use and environmentally
friendly [66].

In the second part of my work the following model drugs were selected in order of interest in
potential local and systemic therapy and to determine their effects on the structure of the HPC
films. The local anaesthetic Lidocaine hydrochloride (Lid HCI) (Ph. Eur.), the selective al-
adrenergic receptor agonist Phenylephrine hydrochloride (Phe HCI) (Ph. Eur.) and the
antidiarrhoetic Loperamide hydrochloride (Lop HCI) (Ph. Eur.). Also, the mucoadhesion of
these samples were tested. Porcine gastric mucin (for biochemistry, Carl Roth GmbH + Co.

KG, Karlsruhe, Germany) was used as an adhesive layer for in vitro mucoadhesion tests.

4.2. Methods

4.2.1. Preparation of free films

The optimum polymer concentration was first established, and solutions were then made
containing 2, 3, 4, 5, 10 or 15 w/w% polymer. Overly viscous samples (the 10 and 15 w/w%
solutions of both MF and LF), which were practically gels, were rejected because they could
not be poured to form films. Among the MF samples, because of the high viscosity, only the
2 w/w% sample could be poured easily in accordance with the supplier technology package
[70], while all the other samples involved difficulties. The solvent was distilled water (Ph.
Eur.). Although the 2, 3, 4 and 5 w/w% solutions of LF could all be poured [70], the 2 w/w%
solutions were chosen for both types of Klucel® as we wished to compare their
physicochemical properties. Lid was ground in a mill (Retsch RM 100, Retsch GmbH, Haan,
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Germany) and the 100-200 um powder fraction was incorporated into the solution. Xyl, Lid
HCI, Lop HCI and Phe HCI dissolved readily and Gly compounded well in the water-polymer
mixture.

At preformulation study, early characterization and accelerated stability study the model drug
Lid and excipients were used in the same concentration (5, 10 or 15 w/w% of the film-
forming polymer). Lid HCI, Lop HCI, Phe HCI and the used excipients at in vitro
mucoadhesion test were incorporated in the same — 5 w/w% of the film-forming polymer —
concentration.

After the mixing, the solution was deaerated and samples were poured onto either a glass or a
non-stick surface (teflon). When a smooth surface was needed for analysis of the surface
properties of films, the polymer solution was poured onto a glass slide. However, for all other
tests 5 g of the final mixture were cast into a plastic ring (5 cm in diameter) which was on a
non-stick surface and dried at room temperature (25 °C/65% RH) for 24 h through casting-
solvent evaporation method. Films were picked up from the teflon surface and the thickness
of each sample was measured with a bolt micrometer with an accuracy of 0.001 mm
(Mitutoyo, Kawasaki, Japan). Measurements were taken at five different places on the free
film and an average value calculated (~ 30 um). Samples on glass slide were also stored at
room temperature (25 °C/65% RH) for a day and then all samples placed into climate
chamber for 24 hours (40 °C/50% RH).

4.2.2. Preformulation studies

4.2.2.1.  Tensile strength
The tensile strength tester and the software were developed in our research group [71]. This
device contains a special holder (20 mm in diameter) and a hemispherical indent with a
surface area of 201 mm?, and is connected to a computer through an interface. The ultimate
deformation force can be measured, and the deformation process (force-time and force—
displacement curves) can be followed. The circular holder is situated horizontally and the
jowl moves vertically. The measuring range was 0-200 N, the speed of the stamp was 20
mm/min, the sampling rate was 50 Hz, the output was 0-5 V, and the sensitivity was +0.1
digit. The sensor comprised UNICELL force-measuring equipment, calibrated with the C9B

200 N cell; 10 parallel measurements were performed on each specimen.

4.2.2.2.  Contact angle measurements
The SFE of a sample can provide very important information (for example adhesion,

spreading coefficient, etc.) concerning the processability of the solid product. This behaviour
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should therefore be known before the formulation. Thus, measurements were carried out with
a drop-contour analyser (Dataphysics OCA20, Dataphysics Instruments GmbH, Filderstadt,
Germany), by a sessile drop method at room temperature (25 °C). The SFE of the solid was
calculated by a literature method [72]. This method determines the amounts of the polar (;°)
and dispersion (%) constituents for the solid. The SFE of the solid can be established by
measurement of the CAs of two liquids of known polarity and the solution of two equations
(one for each liquid) with two parameters:
(1+cos @)/ = 4(737;1) n 4(r8rh) (3)

R A

where v, is the surface free tension (SFT) of the liquid, ys is the SFE of the solid, and © is the
solid—liquid surface CA. The extent of polarity, as a percentage, can be derived from the SFE.
It is the ratio of the polar part and the total SFE. For the determination of SFE, diiodomethane
and distilled water were chosen. The bilateral solid-liquid surface CA was measured with
both liquids. CAs were registered at 1-s intervals for 15 s after drop formation. The circle-
fitting method was used for the CA assay. For the calculations, we used the mean CA for the
fourth second of at least ten continuous measurements. SFEs and polar and disperse surface
tension SFTs were calculated from the CAs associated with water (for the polar component of
SFT) and diiodomethane (for the disperse component of SFT). According to Wu [72], SFT is
72.80 mN/m for water and 50.80 mN/m for diiodomethane. The polar part of SFT is 50.20
mN/m and 1.80 mN/m and the disperse part of SFT is 22.60 mN/m and 49.00 mN/m.

4.2.3. Positron annihilation lifetime spectroscopy (PALS)

The positron (Ps), the anti-particle of the electron, undergoes annihilation by combination
with an electron, to generate photons with specific energy. The photons emitted have a
distribution of energies between 0 and 540 keV. The Ps is a positron-electron pair derived
from secondary electrons resulting from ionization of the medium.

The Ps has two spin states: the ortho-Ps (0-Ps) (triplet) and the para-Ps (p-Ps) (singlet). The
lifetime of the 0-Ps in vacuum is approximately 100 ns. In a condensed medium, 75% of the
Ps formed will be 0-Ps and 25% will be p-Ps. There are three theoretical models to describe
pick-off annihilation: the Spur, Ore and free volume models [73]. The free volume model of
Ps formation stipulates that the Ps is formed only in areas with low electron density. In
molecular solids, a trapped Ps is more probable than a delocalized Ps and accounts for

between 20 and 70% of all electrons injected into the medium. Three experimental techniques
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have been developed for the study of positron annihilation: PALS, angular correlation of
annihilation radiation and Doppler broadening spectroscopy, in all of which the time of
emission, the energies and the moments of positron-electron annihilation photons are
measured [73].

Free volumes were measured through determination of the lifetime of o-Ps in the samples.
PALS, increasingly applied to polymers in pharmaceutical technology [74-76], makes use of
the phenomenon that, if positrons are injected into a polymer, a large number of them form
atom-like bound states with electrons.

The lifetime of these Ps particles depends on the size of the free volume holes. The exact
dependence can be approximated by a simple model, with the assumption of spherical

vacancies [77],

-1
7= 1 1- R + isin 2R 4)
2 R+AR 2rx R+ AR

where 7 is the lifetime of the o-Ps atoms in nanoseconds, R is the radius of voids in

Angstréms, and 4R is a constant. On a molecular scale, the R data correspond well to the
BET and neutron-scattering results. The lifetime spectrometer applied was constructed from
BaF, based detectors and standard ORTEC electronics. Spectra were collected in the 4096
channels of a multichannel analyser. The time/channel value was ~10 ps and the time
resolution of the system was ~210 ps. As a positron source, carrier-free ?NaCl was used,
sealed between kapton foils. The activity of the source was ~5-10° Bq and only 5-8% of the

positrons were annihilated in the source itself.

4.2.4. Thermoanalytical measurements

The thermoanalytical examinations of the materials were carried out with a Mettler-Toledo
TG/DSC1 and DSC 821° instruments (Mettler Toledo, Switzerland). During the Differential
Scanning Calorimetric (DSC) measurements the start temperature was —40 °C, the end
temperature was 300 °C and the applied heating rate was 10 °C min™. Argon atmosphere was
used, and nitrogen was used as drying gas. 10 + 1 mg sample was measured into aluminium
pan (40 ul). The curves were calculated from the average of three parallel measurements and
were evaluated with STARe Software.

For the TGA and the DSC measurements (with TG/DSC1 instrument coupled MS) the start
temperature was +25 °C, the end temperature was 400 °C, the applied heating rate was 10 °C

min™. Nitrogen atmosphere was used and 10 + 1 mg sample was measured into aluminium
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pan (100 pl). The curves were calculated from the average of three parallel measurements
and were evaluated with STARe Software.

Thermal characteristics of the sample mass loss were determined with a thermal gravimetric
analyzer (Mettler Toledo, model TG/DSC1) coupled with a quadrupole mass spectrometer
(Pfeiffer Vacuum, model Thermostar™ GSD 320), operated under N, atmosphere (purity =
99.999%, 70 ml min™ flow rate). The connection between the TG and the mass spectrometer

was done by means of a silica capillary, which was maintained at 120 °C.

4.2.5. Characterization of interaction between excipients and polymer matrix;
accelerated stability study

4.25.1.  Accelerated stability study
After the optimized film preparation method (please refer to subsection 4.2.1.) samples were
placed into climate chamber for 4 weeks to perform accelerated stability test (40 °C/75% RH)

and stored in open Petri dishes.

4.25.2.  Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy

FTIR spectra were recorded with a Bio-Rad Digilab Division FTS- 65A/896 FTIR
spectrometer (Bio-Rad Digilab Division FTS-65A/869, Philadelphia, USA) between 4000
and 400 1/cm, 128 scan size, at an optical resolution of 4 1/cm; operating conditions
Harrick’s Meridian SplitPea single reflection, diamond, ATR accessory. The spectra were
analyzed with Spectragryph 1.0.2 (F. Menges Sofwareentwicklung, Germany) software.
ATR-FTIR was used to investigate the chemical and physical state of the used excipients in
free films and to characterise excipients-polymer interaction through bounding. Furthermore,

this method was used to evaluate the water uptake in the polymer matrix.

4.25.3. X-Ray Powder Diffraction
XRPD analysis was performed with a Bruker D8 Advance diffractometer (Bruker AXS
GmbH, Karlsruhe, Germany) system with Cu K Al radiation (A = 1.5406 A). The samples
were scanned at 40 kV and 40 mA from 3 deg to 40 deg 2 ©, at a scanning speed of 0.1 deg/s
and a step size of 0.010 deg. The amorphous/crystalline state of the tested polymer system
and the contingent recrystallization tendency with accelerated ageing was examined with
XRPD. Besides, the analysis was used to assess the bound and/or bulk water in HPC free

films.
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4.2.5.4.  Thermogravimetric Analysis
Please refer to subsection 4.2.4. for TGA measurement and operation parameters. TGA was
used to determine the thermal decomposition of the tested films.

4.255. Tensile strength
Please refer to subsection 4.2.2.1. for Tensile strength measurement and operation
parameters. The tensile strength test was used to characterize the mechanical properties of the
films and to investigate the water plasticizing effect.

4.2.6. Invitro mucoadhesion

4.2.6.1. Equipment

The equipment used to measure the forces of adhesion of polymer films was based on the
hardness tester described in detail earlier (please refer to subsection 4.2.2.1.) The pressure is
measured through the use of a load cell connected to a locally developed digital acquisition
(DAQ) box. This is based on the Silicon Laboratories C8051F124 microcontroller kit. During
the measurement, the DAQ box sends the acquired data to the PC side software via an RS232
connection. With this device, the start of data acquisition is controlled manually because the
pressure jowl must be positioned exactly on the surface of the material. The end of the data
acquisition is also controlled manually, because the breaking point of relatively elastic
materials such as films cannot be detected automatically. The original embedded software of
the DAQ box was modified so that it would be suitable for the measurement of forces of
adhesion.

The adhesion force measurement algorithm performs the following operations:

e At the beginning of the measurement process, the pressure jowl moves downwards
and presses against the polymer film until it reaches the predefined pressure (static
pressure).

e It holds its position until the desired time-out (static pressure time).

e At this time, the pressure jowl begins to move upwards until the user stops the
measurement process (dynamic pressure).

The two parameters which can be set up freely in the algorithm (the static pressure and the
static pressure time) have to be set before the measurement via the PC side-software. The
measurement range was 0-200 N, the speed of the stamp was 20 mm/min, and the output was
0-5 V. The sensor was a Unicell force-measuring instrument, calibrated with the C9B 200 N

cell.
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4.2.6.2.  Sample preparation
Please refer to subsection 4.2.1. for sample preparation. The films were stored in a climate
chamber at 40 °C/50 RH% for a week.

4.2.6.3. Measurement of adhesion force

Before in vitro adhesion strength experiments, the film thickness was measured with a bolt
micrometre with an accuracy of 0.001 mm (Mitutoyo, Kawasaki, Japan). Mucin gel was in
situ prepared before the study: 500 mg mucin was mixed with 5 ml distilled water.
Measurement to measurement fresh mucin gel was smeared to the bottom probe. Samples
were measured at room temperature (20+5°C). The structure of the measurement system was
as follows, from top to bottom: a stainless steel holder, a bilayer adhesive tape, a film, mucin
gel and a stainless steel table. Each element was measured alone, in pairs and all together.
Before the adhesion test, each film was subjected to 50 N, which was held for 45 s, and the
holder then pulled up the film up from the mucin gel layer. At least 10 parallel measurements

were performed on each specimen.

5. RESULTS AND DISCUSSION

I. OPTIMIZATION AND EARLY CHARACTERIZATION OF HPC FREE FILMS
The first step in my work was to optimize the composition, preparation and handling of the
free HPC films. It is important to understand the mechanical and physicochemical properties
of the polymer matrix and to determine the further steps to characterize the system. Finally,
these studies helped to choose the type of film-forming material and the proposed

composition.

5.1. Tensile strength
Films poured onto a non-stick surface were used for the tensile strength measurements. When
Xyl was used in the studied samples, the tensile strength of MF films was 2.5-3.5 times
higher than that of films which contained only the film-forming polymer without any
excipients (Table 2).
Table 2. Tensile strength of Klucel® MF films.

Materials Dry content Force
(w/w%) (N +SD)
Klucel” MF 2 5.25 +1.92
5 14.32 +1.84
Xyl 10 16.85 +0.86
15 18.49 +1.43
Gly 5 13.64 £1.53
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Materials Dry content Force

(w/iw9%b) (N +SD)
10 12.06 +1.97
15 12.17 £0.93
5 41.48 +0.47
Xyl+Gly 10 43.77 +£1.24
15 43.79 +3.32
5 17.73 +£1.26
Lid 10 13.97 £2.44
15 2.73 £0.59
5 15.48 +1.46
Lid+Xyl 10 6.49 £2.77
15 3.84 £1.57
5 16.05 £2.82
Lid+Gly 10 7.78 £1.37
15 472 +£1.10
5 4478 +£1.89
Lid+Xyl+Gly 10 17.35 £0.78
15 512 £2.24

This result correlates with the PALS finding (please refer to section 5.3.), suggesting that Xyl
forms H-bonds between the neighbouring polymer chains, leading to a stronger film
structure. Gly was used as taste coverer in these films, but in pharmaceutical technology and
the food industry it can also serve as a plasticizer, and when it was present in the samples, the
tensile strength of the films was 2-2.5 times higher than that of the empty films. However, the
mechanism of this process is different from that in the case of Xyl. Gly causes the films to
become more elastic, increasing the tensile strength through the decrease of brittleness. It is
interesting that, when the two excipients were combined the tensile strength increased eight-
fold, which is a very welcome side-effect. During the processes of unpacking and sticking on
the oral mucosa the free films are exposed to appreciable mechanical stresses, and hence a
low tensile strength is a disadvantage. In the case of the Klucel® MF films, the addition of Lid
did not change the effects of Xyl and Gly on the films. Even when both excipients were used
together with Lid, the resulting tensile strength was adequate for the films (Table 2).

In contrast, when the Klucel® LF film-forming polymer was investigated, we did not find any
significant changes in tensile strength with variation of the excipients or their concentrations
(Table 3). Only when Lid was alone in the samples was the tensile strength of films slightly
higher. The films were originally weaker, they broke easily, and it was necessary to pour
them several times to obtain sufficient sample for measurements. The reason for this
phenomenon is that LF has shorter polymer chains than MF. The thickness of the MF or LF

films was 20-40 um in every composition of the samples.
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Table 3. Tensile strength of Klucel® LF films.

Materials Dry content Force
(W/w%) (N +SD)
Klucel® LF 2 2.56 +0.82
5 3.77 £0.88
Xyl 10 2.51 £0.65
15 2.78 £0.42
5 3.32 £1.14
Gly 10 2.46 £0.61
15 247 £0.65
5 2.42 +£0.83
Xyl+Gly 10 2.80 +£1.60
15 250 +1.11
5 7.81 £2.09
Lid 10 5.53 +£1.92
15 420 +£1.52
5 3.88 £1.03
Lid+Xyl 10 3.46 +1.34
15 217 +£0.83
5 158 £0.59
Lid+Gly 10 3.05 £/7.22
15 1.22 +0.41
5 3.13 £1.10
Lid+Xyl+Gly 10 423 +1.72
15 2.87 £1.12

with acceptable tensile strengths.

5.2.Contact angle measurements (CA)

Table 4. Surface properties of Klucel® MF films.

The measured tensile strengths of the films agreed with the expectations. The shorter LF
chains resulted in lower tensile strengths. The added excipients increased the tensile strength

of the films, but Lid did not. However, together with the excipients, it still provided films

For the CA measurements, films were poured onto a glass slide. The CA of water (deg) and
the SFEs for both Klucel® MF (Table 4) and LF (Table 5) were measured. It was found that
the CA of water in general was slightly higher for the MF samples.

Materials Dry content  Contact angle of water ~ Surface free energy

(W/w%) (deg + SD) (mN/m £ SD)

Klucel® MF 2 53.45 +0.92 58.41 +0.75
5 59.90 +1.66 56.93 +1.10

Xyl 10 55.94 +1.61 58.73 +0.83
15 59.60 + /.13 56.63 +0.88

5 58.56 +1.07 56.79 +1.31

Gly 10 52.38 £2.26 60.32 £1.33
15 53.43 +1.33 60.79 £1.11
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Materials Dry content  Contact angle of water  Surface free energy

(W/w%) (deg + SD) (mN/m + SD)

5 67.78 +1.21 52.61 +1.54

Xyl+Gly 10 55.30 + 1.95 58.44 +1.1]
15 59.56 +2.07 55.43 +1.30

5 48.50 +£2.13 62.65 + /.44

Lid 10 55.67 +0.56 58.30 +1.21
15 51.85 £0.07 60.04 £1.18

5 57.07 £1.30 58.33 £0.76

Lid+Xyl 10 54.63 +0.66 61.02 +£0.43
15 54.05 £0.97 60.31 +0.76

5 57.81 £0.89 60.77 £0.53

Lid+Gly 10 56.29 £2.27 58.53 +1.43
15 56.73 +1.10 58.64 £ 1.09

5 56.91 +0.47 57.61 +0.60

Lid+Xyl+Gly 10 55.60 + 1.01 59.37 +0.85
15 58.84 +1.12 57.35 £0.92

Only when both excipients were added at 5 w/w% was the CA appreciably higher and when
Lid was incorporated at 5 or 15 w/w%, the CA was decreased. The SFE was stable or
increased slightly; it decreased if both of the excipients were used in 5 w/w%. The CA of
water increased in each LF free film: the average degree of the rise was 7-10°. If Lid only or
both the active substance and Xyl were incorporated at 15 w/w%, the CA increased
appreciably. The SFE was stable or decreased slightly in LF samples. Lower CAs were found
in LF free films, and the SFE values were approximately the same. As MF has longer
polymer chains, the components could enter the free holes in the polymer matrix and did not
have a strong effect on the surface properties of the system. Since LF has shorter chains, the
incorporated materials had fewer sites at which to enter the structure of the polymer, and Gly
and Xyl present therefore exerted effects on the CA of water. These results confirmed that a
macroscopically stable film structure evolved in each case. The constant SFE values
indicated good bioadhesion in each case.

Table 5. Surface properties of Klucel® LF films.
Materials Dry content  Contact angle of water ~ Surface free energy

(W/w%) (deg + SD) (mN/m + SD)

Klucel® LF 2 41.80 +0.37 64.16 +0.81
5 52.22 +1.87 50.88 +1.24

Xyl 10 52.16 +0.67 60.50 +0.62
15 49.00 +1.47 61.21 +0.44

5 51.41 +3.03 60.72 +1.88

Gly 10 50.80 +0.65 61.58 +0.62
15 47.25 +1.20 63.46 +1.05

Xyl+Gly 5 49.34 +0.68 61.90 +0.60
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Materials Dry content  Contact angle of water  Surface free energy

(W/w%) (deg + SD) (mN/m + SD)

10 50.70 +0.95 61.44 +0.55

15 49.73 +£0.78 61.21 +0.44

5 5147 £1.25 63.83 +£0.83

Lid 10 51.98 +3.55 60.99 +/.86
15 57.35 +0.21 57.04 +0.58

5 48.92 +1.86 62.16 +/.09

Lid+Xyl 10 53.90 +2.97 58.24 +1.72
15 60.69 +2.40 54.90 +1.39

5 49.60 +0.42 60.13 +0.61

Lid+Gly 10 43.63 +£2.07 63.63 +1.21
15 4771 £1.91 64.04 +1.13

5 46.30 +0.81 63.65 +0.69

Lid+Xyl+Gly 10 57.37 +0.90 57.98 +0.82
15 5495 +71.04 59.72 +0.74

The measured CA demonstrated that macroscopically stable film structures were achieved at

all compositions. The measured constant SFEs suggest good bioadhesion.

5.3. Positron annihilation lifetime spectroscopy (PALS)

This technique was very important for our study because it yielded information about the free
volume structure of the films. It is clearly seen in Fig. 3 that there was not much difference
between the two types of Klucel® containing Xyl. As the concentration of Xyl was increased,
the average size of the free volume holes decreased quite similarly in the two forms of the
polymer. Gly caused different changes in the polymers. It increased the size of the free
volume holes, but the effect differed in the two forms of HPC. The most relevant difference
between them was that Gly caused a faster change in the LF films. This reflects the fact that
LF contains shorter polymeric chains than those in MF. Thus, the plasticizer can move them
apart from each other more easily than in the case of the much longer MF chains. In the end,
Gly forms the same size of free volumes in both polymers. The most interesting finding from
the positron data is the opposite behaviour of Xyl and Gly. Although the two molecules have
very similar structures, one of them increased the free volume in HPC whereas the other one
decreased it. The explanation of this may be the size difference between the molecules. Both
molecules are able to destroy the original H-bonding network in the polymers, which
suggests an increase in free volume. However, the longer Xyl molecules may fill the empty
spaces or be able to connect the polymeric chains through H-bonding. A free volume
decrease can be a serious problem in pharmaceutical technology. It might indicate that certain
excipients in these films can become strongly linked to the polymer molecules, changing the
properties of the product.
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Fig. 3. The lifetime of ortho-positronium in Klucel® films. Lines are given merely to guide the
eye.

PALS revealed that the shorter chains of LF reacted more easily to the addition of Gly than

did those of the longer MF form. The addition of Gly increased the size of the free volume

holes in the polymers, while Xyl decreased it. The cause of this difference may be the

difference in the size of the molecules.

5.4. Thermoanalytical measurements
The thermal studies were started by studying the film-forming polymers as well as the active
ingredient and excipients to be used, and the changes were monitored between 25 and 400 °C
at a constant heating rate. The changes in heat flow were followed with the help of DSC
curves. The thermal behaviour of the two film-forming polymers, Lid used as an active
ingredient and the two excipients (Gly and Xyl) is shown in Fig. 4. A slight endothermic
baseline shift can be observed in the DSC curves of the Klucel® LF and MF polymers
between 40 and 100 °C, which can be explained with the removal of the water content of the
polymer. The heat flow curves show no difference until 340 °C, and then signs of
decomposition appear in both curves. The DSC curve of Gly shows a definite endothermic
peak between 50 and 150 °C due to the higher water content, while at about 200 °C signs of
decomposition can be observed until 300 °C (see Fig. 5). In the DSC curve of Xyl, an onset
value of 92.2 °C is followed by a peak melting point at 95.6 °C. The enthalpy change of the
process is 217.4 J g*. Xyl has much greater thermal stability as the baseline change and the
decomposition process start only at about 280 °C and end over 380 °C (see Fig. 5). Lid,
which is used as an active ingredient, has a lower melting point than the excipients because

the onset value is 67.2 °C and the peak of the melting point appears at 68.6 °C. The enthalpy
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change of the process is 59.1 J g™. The baseline change appears over 180 °C, and then the

decomposition process is accelerated over 200 °C and finishes at about 330 °C.

Aexo

Klucel LF
Klucel MF

Glycerol

wgA-1| .
| Lidocaine

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C
: METTLER STAR® SW 9.30

Fig. 4 Thermal properties of Klucel® film-forming materials, active ingredient and

excipients as shown by the DSC curves.

The TG curves of the same materials in Fig. 5 show that the two different film-forming
materials are thermally stable, a mass loss of only 1-1.5% can be detected until 100 °C, the
decomposition process starts over 300 °C, and mass loss is 85% for Klucel” LF and 87% for
Klucel® MF until 400 °C. However, the rate of the decomposition process is different, and it
is faster for the LF product and slower for the MF product. It can be stated that the mass loss
of 1.0 — 1.5% observed at the beginning of heating can be explained by the removal of water
from the film, and then further mass loss starts only at about 300 °C. The thermal behaviour
of the two polymers differs significantly between 340 and 400 °C, which can be explained by
the different chain lengths of the two polymers. The Klucel® MF product with a longer chain
has greater thermal stability, and probably the more stable structure is broken only at higher
temperatures. The thermal behaviour of the excipients as shown by their TG curves (see Fig.
5) can be described well and it confirms the information obtained from the DSC curves.
Although both excipients were entirely decomposed by the end of the examination,
considerable differences can be observed in their behaviour. Xyl proved to be the most stable
as the decomposition process actually starts only over 300 °C. Ensuing from its material
properties, Gly first loses its water content at the beginning of heating, then its decomposition

starts over 180 °C and finishes at 290 °C. The thermal behaviour of the active ingredient is
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somewhere between those of the two excipients, as in the case of Lid the mass loss curve

reveals that decomposition starts at about 180-200 °C.
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Fig. 5 Thermal properties of Klucel® film-forming materials, active ingredient and excipients

as shown by the TG curves.

After studying and learning about the thermal behaviour of the film-forming polymers and
the excipients to be used, we wished to study the behaviour of the free films which were
prepared from them and contained both excipient and active ingredient. As regards Klucel®
LF and MF products, differences in thermal stability were observed only over 300 °C, so they
behaved in the same way when applied under the conditions of the oral mucosa. Klucel® LF
products were chosen for early characterization via the examination of their thermal stability.
The thermal behaviour of Klucel® LF films containing both Xyl and Gly is illustrated in Fig
6. Gly and Xyl were present in the films in the same concentrations (at 0-5-10-15 w/w% of
the polymer). The shape of the TG curves shows that although the decomposition process
changes with the increase in the concentration of the excipients, when heated up to 400 °C
mass loss does not differ significantly compared to Klucel® LF films without excipients. At
the beginning of heat treatment, mass loss can be explained by the removal of the water
content in each case and it is proportional to the concentration of Gly. However, over 180-
200 °C, the decomposition processes start, the TG curves open up more, which is probably
due to the fact that the molecules built-in among the polymer chains loosen the structure,

which in turn is decomposed more easily.
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Fig. 6 Thermal properties of films made from Klucel® LF film-forming material containing

Xyl and Gly as shown by the TG curves.

Then, we studied the thermal behaviour of the drug-containing film. In Fig. 7, the thermal
behaviour of Klucel® LF films containing Lid as well Xyl and Gly is presented. The effect of
the ratio (quantity) of the components on the shape of the TG curves as well as on the
quantity and disproportion of the arising mass loss can be seen clearly. It is remarkable that
while a smaller mass loss was observed for the 5 and 10% films, the mass loss of the

loosening effect of Gly and Lid on the polymer structure.
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Fig. 7 Thermal properties of films made from Klucel® LF film-forming material containing

Lid as well as Xyl and Gly as shown by the TG curves.
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The concentrations of the active ingredient and the excipients in the films were always the
same (0-5-10-15% wi/w of the film-forming polymer). The shape of the TG curves is similar
to the one shown by films without Lid, but they can be compared really well if the TG curves
of films with Lid (continuous line) and without Lid (broken line) are plotted together (see
Fig. 8). The temperature range (200-400 °C) of the greatest importance with respect to the
phenomenon is focused on here. The shape of the curves shows that in the case of the 5% and
10% systems, the presence of Lid practically did not result in a significant difference in
thermal stability, while in the concentration of 15%, the films which contained Lid were
decomposed more easily, which is due to the greater quantity of the materials used and to the
ensuing looser structure. This can probably be explained by the fact that the plasticizer, when
used in a lower concentration, can be incorporated in the film structure, which we have
already confirmed in the case of Metolose free films [78-80]. However, when it is applied in
higher concentrations, the stability of the film structure deteriorates, which is illustrated well
by the presented curves, in which 15% of other components were used besides the polymer.
We also performed the TG-MS examination of all the films, we analysed the evolved gases
with a mass spectrograph coupled with the TG in order to obtain information about the

stability of the film structure.

Aexo

——————— Without Lidocaine

With Lidocaine

: METTLER STAR® SW 9.30
Fig. 8 Comparison of the thermal properties of Xyl and Gly containing Klucel® LF films with
and without Lid between 200 and 400 °C as shown by the TG curves.
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Among the several measurements, the data obtained with films containing 15% Gly are
presented in Fig. 9. Although no change can be observed for the m/z = 18 fragment on axis
“Y” with a logarithmic scale, in the case of an absolute scale water removal can be seen
between both 40-150 and 350-400 °C, and with a start of decomposition, a concentration
increase was experienced with the start of decomposition for further fragments (m/z = 41, 42,
43, 44, 45 and 58), starting practically at the same time. The peak intensity of the fragments
depicted decreased in the following order: m/z = 44-43-42-41-58-45. All these indicate that
carbon dioxide is formed in the greatest concentration, which is confirmed by the increase of
m/z = 44. m/z = 43, 45 may indicate the development of acetic acid and/or isopropyl alcohol,
while m/z = 43, 58 may be indicative of the formation of acetone. During the study of the
bioadhesive films, it was found that the thermal behaviour of Klucel® LF and Klucel® MF
film-forming polymers was different from each other only in the temperature range of 340-
400 °C, which is due to the difference in the chain length of the polymer molecule. At the
administration temperature (36 to 37 °C) only water loss was detected (below 100 °C in TG
measurements). Among the active ingredients and excipients used, Gly proved to be the least
stable thermally, while Xyl was the most stable. The shape of the TG curves shows that the
decomposition process changes with the increase of the concentration of the excipients. In the
case of Gly, the decomposition processes start over 180-200 °C, and the TG curves open up
more, which is probably due to the fact that the molecules built-in among the polymer chains

loosen the structure, which in turn is decomposed more easily.
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Fig. 9 Thermal properties of films made from Klucel® LF film-forming material containing
15% Gly as shown by the TG-MS curves.
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The role of the active ingredient Lid in thermal stability was also examined, and it was found
that the shape of the curves shows that in the case of the 5 and 10% systems, the presence of
Lid did not result in a significant difference in thermal stability, while in the concentration of
15% the films which contained Lid were decomposed more easily, which is due to the greater
quantity of the materials used and to the ensuing looser structure.

The TG-MS examinations revealed that with the start of decomposition, a concentration
increase was seen in the case of m/z = 41, 42, 43, 44, 45 and 58 fragments, starting
practically at the same time. The peak intensity of the fragments in the highest concentration
may indicate the formation of carbon dioxide and also the development of acetic acid,
isopropyl alcohol and acetone.

As a summary on early characterization and preformulation study, it can be stated that the
thermal stability of free films prepared from Klucel® LF polymer is appropriate, and in the
case of the 5 and 10% systems, the presence of Lid did not result in a significant difference in
thermal stability. The results not only help to choose the formulation conditions but also
provide useful information concerning the packaging and storage conditions as well as the
stability of the final product. With regard to the good workability of the free films and the
pharmaceutical technology requirements, Klucel® MF was chosen as film-forming polymer.
Lid and the excipients Gly and Xyl should be used in a concentration of 5 w/w%?*. Both Gly
and Xyl had marked effects on the tested polymers. In this work these effects were welcomed
and useful, but the excipients can cause disadvantageous effects in drug delivery systems,

which must therefore be tested.

I1. CHARATERIZATION OF HPC FREE FILMS
After the optimization of composition, preparation, handling and having chosen the type of
film-forming material | focused on the characterization of the system: incorporation of
excipients, their effects on the polymer matrix, stability of the HPC free films and in vitro
mucoadhesion studies were evaluated. These studies help the deeper understanding of the
polymer matrix and the detection of changes in physicochemical and mechanical properties
of the tested HPC free films.

! In accelerated stability study the excipients were used at 5-10-15 w/w% because | would like to investigate
their effects on the polymer matrix in higher concentrations also.
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5.5. Interaction between excipients and the polymer matrix, accelerated stability
study

5.5.1. Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy

In case of Gly containing HPC films the following the results below were detected and FTIR
spectra were summarised in Fig 10A. The relative intensities of the theoretical spectra may
only be used with concerns, since the concentrated Gly exhibits very high absorbance values,
and therefore has higher weight in the theoretical spectra than it actually has in reality.
Characteristic peak of Klucel® MF at 483,2 1/cm has a slight right shift to 480 1/cm,
concurrently the characteristic peaks of Gly at 567 and 669 1/cm are disappearing (please
refer to Fig. 10A). Other less intensive characteristic peaks of Gly are also disappearing in the
spectrum of the film. The peak at 993 1/cm may be identified as a mild elevation of the
shoulder but less intensively as was expected according to the theoretical spectra. The next
characteristic signal of Gly is a wide peak which has a maximum between 852-865 1/cm. The
appearance of this peak is clearly visible on the spectra of Klucel® MF-Gly (MFG) films but
the effect is similar to that found in some cases of Klucel® MF-Xyl MFX films —summarised
in Fig. 10—, the 5 and 10% Gly containing films exhibit the same signal intensity and only the
15% Gly containing film exhibits higher absorbance.

The characteristic peak of Gly at 924 1/cm exhibits a left shift to 929 1/cm. The intensity of
the peak at 5% film is almost the same as the pure Klucel® MF film, the 10% film shows a
slight elevation, and a considerably higher elevation could be detected for the 15% film. The
same for the peak at 993 1/cm.

The peak of Gly at 1041 1/cm overlaps with the peak of Klucel® MF at 1049 1/cm and the
common peak is at 1046 1/cm. The position of the peak exhibits slight right shift with the
elevation of the Gly content. The peaks between 990-1060 1/cm suggest the C—OH stretching
vibration of HPC. The peaks at 1111 and 1116 1/cm for Gly and Klucel® MF respectively are
overlapping, the increment of Gly content may be visible again as slight right shift of the
peak position. The presence of the peaks at 1416 and 1457 may be detected only in the 15%
Gly containing sample with a slight 2 1/cm right shift in their position which is clearly seen
in Fig. 10A and suggest the bending vibration of —CH; (between 1405 and 1465 1/cm). The
O-H starching region with O—H bridges is clearly seen between 3500-2400 1/cm. The peaks
at 2883 and 2940 1/cm are almost undetectable in the MFG films only in the case of 15% Gly
containing peak is there a minor elevation. The increment in the OH signal at 3400 1/cm is

only detectable in the case of 15% Gly containing films. The change in peak shapes is a result
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of the different degree of hydrogen bonds. The Gly bonded to the polymer structure via
hydrogen bonds which are characteristic from 3200 to 3550 1/cm.

The results suggest that the incorporation of Gly into the texture of the HPC film is almost
complete even in the case of the 15% Gly content. The —OH groups of the polymer and the
excipient forms hydrogen bonds. Under the stability it was found that MFG samples linked
water during storage because of the hygroscopic behaviour of Gly. These results confirm that
Gly affects the water sorption behaviour of the polymer system.

The results of the spectral evaluation of Klucel® MF—Xyl (MFX) samples are listed below
(please refer to Fig. 10B). To eliminate the intensity differences due to different film
thicknesses, the spectral intensities were normalized to the peak at 939 1/cm in the Klucel®
MF spectrum where the Xyl exhibits no/minimal absorption. Xyl has several characteristic
peaks in the fingerprint region of the FT-IR spectrum, and three of them may be identified in
the spectra of Xyl containing films. The peaks at 520 and 567 1/cm exhibits a slight left shift
to 522 and 573 1/cm. Xyl has a characteristic peak at 746 1/cm where the Klucel® MF has
only minimal absorption. The size of the peak is not so big as was expected on the basis of
the theoretical spectra, but it is in accordance with the Xyl concentration in the film. This
peak exhibits no shift. There is a double peak of Xyl at 856 and 885 1/cm, respectively. The
first peak slightly overlaps with the peak of Klucel® MF at 840 1/cm, but in less amount as
may be expected on the basis of theoretical spectra. The height of the signal is again in
accordance with the Xyl concentration but it is almost unidentifiable in the 5% Xyl
containing film, the signal height in 10% film is approximately equals with the height of the
signal in the 5% theoretical spectrum, but the signal height is the same in the 15% theoretical
and measured spectrum. The second peak at 885 1/cm exhibits the same phenomenon, and
furthermore, the 15% peak exhibits a slight right shift to 883 1/cm. In smaller concentrations,
there is no change in the position of this peak. The third peak of this group at 913 1/cm is
very small and may be hardly identified in the film spectra.

The Xyl has a characteristic peak at 1009 1/cm which peak slightly overlaps with a wide peak
in the Klucel® MF spectrum at 1048 1/cm and appears as a shoulder and exhibits a left shift
to 1015 1/cm in the spectra of the Xyl containing films. These results suggest the —CH>
bending vibration between 990 and 1060 1/cm. The triple peak at 1065, 1091 and 1120 1/cm
in the Xyl may be identified only in the case of the 15% Xyl containing film, but exhibits a
slight right shift to 1063, 1085 and 1111 1/cm.
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Fig. 10 Summarizes the characteristic peaks of tested samples and raw materials. In 10A the
fresh MFG films are compared to theoretical spectra and the same was seen in 10C for
MFXG samples. In 10B the theoretical spectra are compared to MFX samples stored for a
week.
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The next characteristic peak of Xyl which may be identified in the spectra of the films is at
1280 1/cm, it exhibits no shift, but the 5 and 10% Xyl containing films have the same peak
intensity and only the 15% Xyl contacting film shows bigger one. It is clearly seen in Fig.
10B that both Xyl and Klucel® MF have peaks at 1372 1/cm, and there is no shift for this
peak. The O-H starching region with O-H bridges were detected from 3500 to 2400 1/cm.
There is a characteristic peak of Xyl at 2914 1/cm which appears on the spectra of the films
but not in a concentration related way, since there is a small but less characteristic peak in the
spectrum of the Klucel® MF film, which exhibits changing intensity during multiple
measurements of the raw material. The peak of Xyl at 2992 1/cm cannot be identified clearly
in the spectrum. There are multiple characteristic peaks of Xyl in the 3000-3600 1/cm region.
These characteristic peaks are not detectable in the 5% Xyl containing film, but are clearly
visible in 10 and 15% Xyl containing films (Fig. 10B). Amongst these peaks the peak at 3298
1/cm shows no shift, but the other two peaks at 3375 and 3431 1/cm exhibits right shift to
3362 and 3423 1/cm respectively. These changes in the shape of peaks suggest the bonding
between Xyl and HPC via hydrogen bonds is similar to Gly plasticized samples which result
is confirmed by detection of intermolecular hydrogen bonds via peaks from 3200 to 3550
1/cm.

The above mentioned phenomena suggest that the Xyl is completely incorporated into the
HPC film in 5%, but the incorporation is not complete for the 10 and 15% samples.
Nevertheless, even in the case of these samples strong interaction may be identified due to
hydrogen bonds between the non-incorporated fraction of Xyl and the HPC film.

From the aspect of stability it was found that during storage the Xyl containing films bond a
considerably high amount of water, which helps the further incorporation of Xyl into the
texture of the HPC film, which describes the disappearance of some of the above mentioned
characteristic peaks especially in the OH stretching region (summarised in Fig. 10B). This
result confirms that Xyl can act as a softening agent, water supports this behaviour and Xyl
helps water sorption and linking to the polymer.

The results of Klucel*—Xyl-Gly (MFXG) samples are summarised below and please refer to
Fig. 10C. To eliminate the differences from the film thicknesses the spectra were normalized
to the peak at 943 1/cm where both Gly and Xyl have minimal absorption.

The peaks of Xyl at 520, 566 and 633 1/cm cannot be identified in the spectra of MFXG
films. The peak at 747 1/cm may be identified in the 10% MFXG film as a slight elevation
but in a strongly left shifted position at around 759 1/cm. Similarly, only the middle peak of
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the peak triplet at 856, 885 and 913 1/cm may be clearly identified and only in 10% MFXG
spectrum, but right shifted to 880 1/cm (in Fig. 10C).

The C—OH stretching vibration was detected in MFXG samples also. The peak at 1009 1/cm
may be identified as a new shoulder both in the signals of the 10 and 15% MFXG films, left
shifted to approx. 1017 1/cm. The strength of elevation is bigger at the 10% film. None of the
peaks from the peak triplet at 1065, 1090 and 1120 1/cm may be clearly identified in the
spectra of MFXG films. Other characteristic peaks, at 2914 and 2992 1/cm also cannot be
identified in the MFXG spectra, and similarly there are no sign of the peak triplet at 3298,
3373 and 3431 1/cm which belongs to O—H stretching region and show the intermolecular
hydrogen bonding of the matrix. The signal strength order is 5% < 15% < 10% films as
shown in Fig. 10C. The O—H bridges are clearly seen on this region and the changes in peak
shape suggest the formation of hydrogen bonds.

Amongst the characteristic peaks of Gly the signal at 668 1/cm appears right shifted at 664
1/cm. The peaks at 923 and 992 1/cm cannot be identified obviously in the MFXG spectra.
The peak at 10141 1/cm is overlapping with the peak of the Klucel® MF at 1048 1/cm. The
increment of Gly content in order of the 5, 10 and 15% films may be determined only from
the ratio of the peaks at 1047 and 1072 1/cm. The signals of Gly at 2883 and 2938 1/cm are
both right shifted 2878 and 2927 1/cm and are strongly overlapped with the Klucel® MF
signals. The increase of the signal intensity of the wide OH peak in the 3000-3600 1/cm
region is observable but the signal intensity is the biggest in the case of the 10% film
(summarized in Fig. 10C).

Marks of intermolecular hydrogen bonds were found in all types of samples. Peaks between
3200-3550 1/cm suggest that the used excipients incorporated into the polymer matrix and
confirmed the hydrogen bonds between the —OH groups of the HPC and used excipients. Xyl
only in 5 w/w% incorporated completely into the HPC film meanwhile, in case of Gly the
same was found in all concentrations. FTIR analysis revealed the so-called ‘synergic’ effect
of Gly, which helps the bonding of Xyl into the polymer matrix. 10 w/w% of Gly is effective
for entering Xyl into the polymer chains. FTIR was found a proper and unique technique to
detect water sorption and migration in the polymer matrix. Both Xyl and Gly facilitated the
water sorption into the tested systems. Xyl is commonly not used as a plasticizer in the field
of pharmacy, but our results suggest that Xyl also can act as a plasticizer in any formulation.
This result initiates a novel application of Xyl in pharmaceutical technology and the excipient
is welcomed in manufacturing, due to both financial and health-care considerations.

Furthermore, if Gly and Xyl incorporated into HPC films, less water sorption and migration
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were found. It confirms that the most stable film structure is formed if both excipients are
used together which suggests the so-called ‘synergic’ effect of the two excipients. This result
is essential to optimize the composition of a new drug delivery system and demonstrate the

importance of design and test different compositions to find the most stable one.

5.5.2. X-Ray Powder Diffraction
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Fig. 11A shows the characteristic crystalline XRPD spectrum of Xyl compared to amorphous
spectra of HPC free film and MFXC 15%. Fig. 11B summarizes the water sorption and
migration of Gly plasticized HPC films in XRPD spectra.

XRPD was used to evaluate the crystalline/amorphous nature of fresh and stored free films.
No reflections are seen in the diffraction pattern of HPC because of its amorphous nature.
The crystalline Xyl has a characteristic XRPD spectrum (clearly seen in Fig. 11A). It was
found that Xyl bonds entirely into the HPC polymer matrix because marks of crystallinity

were not found. During the accelerated stability test indication to crystallinity was not found
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in the tested samples. The same results were found in case of MFG and MFXG samples, all
samples remained amorphous after four weeks of stability storage.

Water uptake was detected during the storage — the changes in MFG 15% patterns
summarised in Fig. 11B — XRPD showed that films containing Gly and/or Xyl, linked water
during accelerated stability study. Small changes in the water content of amorphous polymers
can be evident from subtle differences in their XRD patterns. Similar changes were found in
the amorphous HPC’s XRPD patterns, as Teng at al. described in case of PVP [81]. The
shape and the high angle halo displayed a shoulder resembling the halo for bound water. This
phenomenon did not have effect to the bonded Xyl, because crystallinity was not found after
water uptake, the polymer system stayed amorphous. In case of Gly at 15 w/w% the increase
of diffraction at about 8.5 and 20 deg (2 ®) in the spectra indicated that water sorption
proceed (clearly seen on Fig. 11B). Our study confirms the literature findings [81-83] that
XRPD is a proper method for the detection of water sorption in polymer systems.

XRPD suggested the results of ATR-FTIR. The polymer system was amorphous, crystallinity
was not found in the initial samples and during the accelerated stability test. It suggested that
excipients are bounding chemically to the polymer matrix and the system remained
amorphous during the whole stability test. Water uptake was found which phenomenon did
not affect the amorphous state of HPC free films. XRPD was found a capable and unique
method to detect the bulked water sorption via the detection of changes in the shape and halo
of XRPD patterns.

5.5.3. Thermogravimetric Analysis

In case of four-week-old films the following results were found. Gly at 15 w/w% had strong
water sorption effect. The thermal stability of the one-week-old films is the least stable. The
physical decomposition is the fastest in these samples caused by the absorbed bulk water
which was evaporated first. Vapour was detected at 60 to 100 °C. The same results were
found in the case of Xyl at 15 w/w%. The one-week-old film decomposition was the fastest.
The reason for this is the vapour of bulk water; after one week the films absorbed higher
amount of water which were migrating in the system and had marked effect on their physical
decomposition. It was hypostatised that after two weeks the excess water was evaporating
from the system and a local equilibrium was formed.

The four-week-old Gly-Xyl plasticized films at 15w/w% were the most stable. In case of
using Gly and Xyl together stabilizing effect was found. Naturally, MFXG films also bound

water. The percent of thermal decomposition is shown in Table 6. In case of each Gly and/or
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Xyl containing samples the fresh samples have higher water content. In the first step, the
absorbed bulk water evaporation was detected. In case of films plasticized with Gly-Xyl
together higher percent of decomposition was found, but considerable difference between the
samples was not found. The two excipients absorbed higher amount of water, this is the
reason for the phenomenon. In the second step, the most stable were the Gly-Xyl plasticized
films. Considerable difference was not found when comparing the different samples. TGA
measurements showed the thermal decomposition of the plasticized free HPC films. The
method in parts was capable to detect the bulked water content via the first step of weight
loss; 60 to 100°C the evaporation of water was found.

Table 6. Weight loss of the tested free films. Calculated from TGA results.

Decrease of Decrease of

. Dry content Storage time . st : nd
Materials weight 1> step (%  weight 2" ste
(Wiwos) (week) ey P (% e sy P

0 (fresh) -1.66 + 0.56 -99.98 + 0.47

1 -1.69 + 0.29 -84.30 + 0.51

HPC 2 2 -1.25 + 0.47 -93.72 + 1.49
4 -2.28 +1.09 -92.27 + 3.65

0 (fresh) -2.83+1.29 -89.48 +2.84

1 -2.33+0.34 -93.28 + 3.16

Gly 5 2 -1.73+0.32 -92.72 +1.59
4 226 +1.10 -89.92 + 0.77

0 (fresh) -4.33+0.76 -89.37 +0.18

1 -1.63 +0.05 -91.98 +3.81

Gly 10 2 -1.51+0.02 -87.98 +0.30
4 -1.35+0.08 -92.46 + 0.56

0 (fresh) -3.65 + 0.08 -89.93 +0.75

1 -3.29+0.15 -87.85+ 1.02

Gly 15 2 -3.43+1.66 -87.86 + 1.40
4 -1.90 + 0.30 -87.83+2.05

0 (fresh) -2.32+0.32 -98.22 +1.64

1 -1.48+0.72 -99.92 + 0.03

Xyl 5 2 -1.12 +£0.06 -99.89 + 0.10
4 -1.43 +0.09 -91.83+0.54

0 (fresh) -1.43+0.28 -90.23 + 3.23

1 -2.36+0.14 -89.40 +2.81

Xyl 10 2 -0.97 +0.01 -95.08 + 4.27
4 -1.38+0.22 -86.58 + 1.29

vl 15 0 (fresh) 2.02+0.25 -86.96 + 3.18
y 1 -1.87 +0.06 -84.88 + 4.45
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Decrease of

Decrease of

Materials (I?A:)/V\;:;r)\tent (SJV%?E; time weight 1%'step (%  weight 2" step
0 + D) (% + SD)

2 -2.38+2.09 -87.49+2.78
4 -2.35+0.11 -89.25+1.74
0 (fresh) -2.35+0.06 -80.83+4.19
1 -4.16 +1.37 -88.59 + 0.65

Gly+Xyl 5 2 2.04+0.10 -88.34 + 0.08
4 317+ 1.55 -88.98+0.12
0 (fresh) 273+ 0.29 -89.44 + (.75
1 -3.82+1.71 -83.13+£3.15

ly+Xyl 1

Cly+Xy 0 2 3.63+0.72 84.41+4.24
4 -3.43 £ 1.59 -85.98 £2.17
0 (fresh) 474+ 0.82 -86.32 + .10

Gly+Xyl 15 1 -4.11 £ 0.65 -87.85 +0.71
2 -2.59+0.07 -87.16 £2.28
4 -2.20+0.04 -86.97+0.16

5.5.4. Tensile strength
Because of the highly hygroscopic behaviour of Gly, films plasticized at 15 w/w% with Gly

were chosen to investigate the effect of accelerated stability conditions into the mechanical
properties of samples and the results were compared to HPC films without any plasticizer in
Table 7. In case of films plasticized with Gly at 15 w/w% the following results were found.
After one week of storage — under accelerated stability test parameters in climate chamber —
the tensile strength of films decreased dramatically. The initial (fresh) film tensile strength
decreased by 83% after the end of the first week. The reason for this phenomenon was water
absorption. The linked water can form H-bounding with the available chains of the HPC and
increase their mobility [84]. Because of Gly hygroscopic behaviour, the plasticizer helped to
absorb water to the polymer structure. This water content acts as a plasticizer and the high
amount of water caused over-plasticizing effect in the films which event was detected via the
tensile strength decrease. The polymer structure was destroyed via the water-Gly plasticizing
duo which is clearly seen in decreased tensile strength values.

After two weeks of storage the excess amount of water was evaporating from the system and
equilibrium could be formed. The tensile strength of films normalized and higher tensile
strength value was detected compared to the initial force values. After four weeks of storage

the initial tensile strength force was measured. These results confirm, that after one week of
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storage higher amount of water was absorbed into the polymer system, then the excess part of
bulk water evaporated after two weeks and the system reached its equilibrium state. The used
plasticizer had marked effect on the polymer system. After 1 week of storage the tensile
strength of HPC films increased with 2-fold, not decreased as in case of Gly plasticized ones.
The films did not contain any plasticizer and the absorbed water acts as a plasticizer in the
polymer matrix. The entering water forms H-bounds between the polymer chains and caused
a plasticizing effect which phenomenon was detected via the increase in tensile strength.
Under the whole storage time (two and four weeks) approximately 2-fold tensile strength
increase was detected in case of these samples. The absorbed water content shows constant
values via the tensile strength data.

Table 7. Compare the tensile strength of HPC and Gly plasticized HPC films.

Materials Dry content Storage time Tensile strength
(W/w%) (week) (N + SD)

0 (fresh) 5.25+1.92

1 9.90 +£0.90
HPC 7 2 12.32+1.28

4 11.48 £1.35

0 (fresh) 12.17 £ 0.93

1 2.03+£0.96
Gly 15 2 15.44 + 2.05

4 12.80 +1.81

Significant difference was not found between the tensile strengths during the storage. HPC
described as having less water affinity in the literature [70] and this behaviour of film-
forming polymer was evidenced with tensile strength measurement, because the Gly content
of the films dramatically decreased the tensile strength of films via increasing of water
absorption which is also written in the literature [85-87].

The tensile strength results confirm that water can act as plasticizer alone in polymer films
and has marked effects on the systems investigated. If any plasticizer is used in the film-
forming procedure the water uptake of the system increases which can cause disadvantageous
effects on the polymer matrix. It highlighted the importance of the selection the proper
excipients — in this case plasticisers — to the formulation, and also, paying special attention to
the manufacturing, packaging and storage conditions of the drug to avoid disadvantageous
effects.

Tensile strength measurements evidenced the plasticization effect of water. The plasticizer-
free HPC films absorbed water during climate chamber storage which acts as a plasticizer in

the system. The force of tensile strength increased 2-fold after water sorption. When Gly was
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used at 15 w/w% the absorbed water and the plasticizer destroyed the polymer matrix; over
plasticization was found. After two weeks of storage the initial tensile strength results were
found. In the pharmaceutical field these results reveal the importance of the excipients used
and their effects on the drug delivery system. The storage condition is one of the most critical
parts of technology.

The system was found physically stable after four weeks accelerated stability test. Xyl is not
traditionally used as a plasticizer in pharmaceutical technology, but the results suggest its
novel application as a plasticizer. The softening effect of bulked water is unpleasant in the

field of pharmacy and it is crucial to avoid water uptake during storage.

5.6. In vitro mucoadhesion
The total deformation process involved in the measurement of the force of adhesion of a film
is illustrated in Fig 12. The curves are observed to comprise three sections. (The limit of

sections can be seen at the top of Fig. 12.)

1 l 2 l 3
5721 (N) Mucin 435N
N Mucin+adhesive tape
N
42.91 Mucin+adhesive tape+film

28.60

14.30 j
0.00 J

0 15.67 31.34 47.01 62.68 (s)

Force (N)

Time (s)
Fig. 12. Process of measurement of the force of adhesion of a free film.

During the pressing procedure, each non-steel part of the system (the bilayer adhesive tape,
the mucin and the film) undergoes a deformation: section 1 of the curves reflects these
phenomena. The almost horizontal parts of the curves (section 2) relate to the period when
contact with the bottom at 50 N is maintained for 45 s. After the 45 s holding time, the motor
is reversed and starts to pull up the film. This is shown by the vertical line, followed by a 2-s
pause. The peaks in the last part of the curves (section 3) relate to the force of adhesion (43.5
N), which covers the elastic recovery of the sample (the bilayer adhesive tape, the mucin and
the film together). Finally, correction of three-layered adhesion force by subtraction of the
forces of adhesion of the tape and mucin leads to the force of adhesion of the sample: 18.1 N.
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The software also permits magnification of the different sections of the curve, and it is
therefore possible to study the deformation of the samples better, especially in sections 1 and
3 (Fig. 13 and 14). Fig. 13, depicts the initial deformation of a sample during static loading,

with a short elastic and longer plastoelastic deformation.

5141 (N)

38.56

25.70

Force (N)

12.85

0.00

0 1.60 319 4.79 6.38 (s)

Time (s)

Fig. 13. Detail of the static loading of the curve

Fig. 14 demonstrates the deformation during the dynamic (tensile) process when the force of
adhesion is involved. The curve indicates elastic behaviour until the termination of the
adhesion. The descending section shows that the contact between the mucin and the film is

partially broken.

4350 (N)

32.63

Force (N)
]
N

10.88

48 49.25 50.50 51.75 53.00 (s)

Time (s)

Fig. 14. Detail of the force of adhesion of curve.

The first comparison point was the pure film (unloaded films: without excipients and/or
active substance), in this case the detected adhesive force is the character of the HPC. The
pure films had higher adhesive force than the excipient loaded samples. The movable
hydroxypropyl chains of the empty film easily form adhesive bonds with the chains of mucin
and indicate higher adhesiveness. Contrarily, both of the excipients decreased the force of

adhesion (Table8.). Xyl had the strongest effect on adhesion; a change of more than 60.0%
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was detected. Gly also indicated a considerable change in adhesion force. In case of both
excipients the force decreased by a third. Gly is a well-known plasticizer in the
pharmaceutical and food industry and Xyl is an optionally used plasticizer in food industry. It
was found in the preformulation study, early characterization phase that Xyl forms H-bonds
between the neighbouring polymer chains, leading to a stronger film structure. Xyl occupied
the empty volumes in the polymer matrix and bonded the movable polymer chains. This
phenomenon caused the high decrease in adhesion force; the occupied chains could not form
adhesive bonds with the chains of mucin.

Table 8. In vitro force of adhesion

Force of adhesion Differer_1ce from Difference from

Sample (N+SD) pure film (N) pure film (%)
Pure film* 23.26 +6.21 — —

Gly 12.43 £ 4.35 -10.83 -46.56

Xyl 8.58 +2.18 -14.68 -63.11
Gly+Xyl 15.28 +1.82 -7.98 -34.26

Phe HCI+Gly+Xyl 20.70 = 6.00 -2.56 -11.01
Lid+Gly+Xyl 11.55+4.50 -11.71 -50.34

Lid HCI+Gly+Xyl 3457 +£6.18 +11.31 +48.62

Lop HCI+Gly+Xyl 25.53+6.88 +2.27 +9.76

Pure film means the empty samples (without drug substance and/or excipients).

Gly as a plasticizer causes the films to become more elastic, increasing the tensile strength
through the decrease of brittleness. The smaller Gly molecules let more polymer chains form
adhesive bonds and it indicates less decrease in adhesiveness. When both excipients were
used, the negative change was smaller. Fig.15 shows the force of adhesion curves. The peaks
in the last part of the curves relate to the force of adhesion (N), which covers the elastic
recovery of the sample (the bilayer adhesive tape, the mucin and the film together).

The force of adhesion of the samples is calculated by subtracting the forces of adhesion of the
tape and mucin from the adhesion force of the three layers (summarised in Table 8). The
differences in adhesive forces are clearly seen on the second peaks. The shapes of curves are
very similar to each other because of the same film-forming polymer, which mainly
determines the deformational behaviour of the samples during the measurement. The
comparison of pure film adhesiveness to drug substance loaded samples revealed the
following findings. Lid and Phe HCI decreased, meanwhile Lid HCI and Lop HCI increased
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the force of adhesion. The effect of Phe HCI (approx. -10.0%) and Lop HCI (approx.
+10.0%) was slight compared to Lid (approx. -50.0%) and Lid HCI (approx. +50.0%). Lid
was in a suspended form in the polymer matrix, while on the other hand the HCI salts were
absolutely dissolved. The homogenous distribution of HClIs indicates higher adhesiveness.

54.09 N) Pure film
Gly

Xyl
Gly+xyl

40.57 R et I

Force (N)

27.05

13.52

0.00 —M 4

0 17.89 35.77 53.66 7154 (s)

Time (s)
Fig. 15. Adhesive curves of films with excipients.

The phenomenon may be in parallel with the free and movable polymer chains and the
cohesion of the mucin chains. Although all formulations contained both Gly and Xyl, the
main effect on adhesion force was indicated by the active pharmaceutical ingredients. It
clearly shows that adhesiveness was absolutely based on the formulation and determined not
only by the used film-forming polymer. Fig. 16 clearly shows that the adhesive curves are
similar to each other; only the Lop HCI deformational behavior was different. The
comparison of the adhesive force of drug substance loaded films to the Gly and Xyl loaded
samples was also made. In this case the three HCI salts showed an increase in the
adhesiveness and only Lid had a decreasing effect on the adhesive force. The highest
adhesive peak was found in Lid HCI loaded samples. These films had approx. 126% higher
adhesive force than excipient loaded samples. The second highest adhesive force was found
in Lop HCI films; an approx. 67% increase was detected in adhesive force. The third HCL
salt (Phe HCI) showed more than 35% increase in adhesiveness. Contrarily, Lid caused 24%
decrease in the adhesiveness. The adhesive force of Lid HCI was three times higher than in
the case of Lid. The thickness of the films was 20-40 um in every composition of the
samples.

The results revealed that this equipment with the new software is suitable for studying the
deformation of a mucoadhesive films successively during static loading and constant loading,

and for the determination of the force of adhesion. The results demonstrate that the
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characterization of mucoadhesive films is possible. The findings were utilized to create a
theoretical model suitable for prediction of the optimum film composition that ensures the
required adhesion to the mucous membrane. The adhesiveness of the pure polymers served as
the base for comparison in the evaluation. It was found that all formulations loaded with
excipients decreased the adhesive force. The drug substance loaded samples were first
compared to the pure film, then to samples with Gly-Xyl.

Phe HCI and Lid decreased; contrarily, Lid HCI and Lop HCI increased the force of adhesion
as compared to the pure films. However, compared to the films with excipients, an increased

force of adhesion was found in case of the HCI salts, only Lid decreased the adhesiveness.

59.03 (N)

Pure film
Phe Hcl+Gly+Xyl
Lid B+Gly+Xyl

Lid Hcl+Gly+Xyl
Lop Hcl+Gly+Xy|

29.51

Force (N)

14.76

0.00

0 16.64 33.27 49.91 66.54 (s)
Time (s)

Fig. 16. Adhesive curves of films with drug substances and excipients

It is clear that the in vitro mucoadhesion of the investigated samples absolutely depends on
the final composition of the product, i.e. excipients, drug substances and salt forms. It is
always important to take into account the variability of the compositions, which determines
adhesiveness. The used film-forming polymer had less effect on the mucoadhesive force of
the evaluated samples. The interaction of the free, movable polymer chains and the mucin
chains is very important in adhesion and the incorporated substances could decrease the

adhesion force through occupying the chains.
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6. SUMMARY

In my work | focused on the characterization of HPC free films as potential mucoadhesive
drug delivery systems. The preformulation study and early characterization stage helped to
optimize the polymer matrix. Excipients used together resulted in good tensile strength. The
measured CA demonstrated that macroscopically stable film structures were achieved at all
compositions and constant SFEs suggest good bioadhesion. PALS revealed that the shorter
chains of LF reacted more easily to the addition of Gly than did those of the longer MF form.
The addition of Gly increased the size of the free volume holes in the polymers, while Xyl
decreased it. The results confirmed that a macroscopically stable film structure evolved in
each case. The thermal stability of the tested films was appropriate. With regard to the good
workability of the free films and the pharmaceutical technology requirements, Klucel® MF
was chosen as film-forming polymer and the results highlighted that both Gly and Xyl had
marked effects on the tested polymers.

It is very important to evaluate the incorporation of used excipients and to test the stability of
the polymer matrix. Marks of intermolecular hydrogen bonds were found in all types of
samples. The FTIR analysis revealed the so-called ‘synergic’ effect of Gly, which helps the
bonding of Xyl into the polymer matrix. Both excipients facilitated the water sorption into the
tested systems. Xyl is commonly not used as a plasticizer in the field of pharmacy, but our
results suggest that Xyl also can act as a plasticizer in any formulation. XRPD suggested that
the polymer system was amorphous, marks of crystallinity were not found. It suggested
excipients’ bounding chemically to the polymer matrix. Water uptake was detected via the
changes in the shape and halo of patterns. Tensile strength measurements evidenced the
plasticizing effect of water. The system was found physically stable after four weeks of
accelerated stability test and the most stable film structure was acquired if both excipients
were incorporated. Finally, a new in vitro mucoadhesion measurement protocol, equipment
and software were designed, tested and optimised. The results revealed that this equipment
with the new software is suitable for studying the deformation of a mucoadhesive films
successively during static loading and constant loading, and for the determination of the force
of adhesion. The results demonstrate that the characterization of mucoadhesive films is
possible. The findings were utilized to create a theoretical model suitable for prediction of the

optimum film composition that ensures the required adhesion to the mucous membrane.
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7. FINAL CONCLUSIONS, NOVELTY AND PRACTICAL USEFULNESS
Mucoadhesive free films offer innovative drug delivery systems for both local and systemic
targets. It is very important to deeply study and understand the evaluated system.

Based on the preformulation study and early characterization the following can be
summarised as main findings:

e Tensile strength suggested that Xyl forms hydrogen bonds and the strongest structure
is resulted if both excipients were used together.

e CA measurements demonstrated that macroscopically stable film structures were
achieved at all compositions and constant SFEs suggest good bioadhesion.

e PALS suggested that Xyl forms hydrogen bonds and Gly increases while Xyl
decreases the free volumes of the HC films.

e Thermal study suggested that excipients in low concentration incorporated into the
system. Carbon dioxide, acetic acid and/or isopropyl alcohol formed during TG-MS
study. The tested systems were thermally stable, below 100°C only water loss was
detected.

From the accelerated stability study and the incorporation tests of free films the main findings
are listed below:

e FTIR confirmed that both excipients incorporated to the polymer system via
hydrogen bonds. It highlighted the so-called ‘synergic’ effect of Gly and Xyl used
together. Water uptake and migration were detected. Xyl was found to be a
potential plasticizer which finding offers a new indication for Xyl in the field of
pharmacy.

e XRPD also confirmed the incorporation of the excipients used, the system
remained amorphous. Water uptake and migration were detected and confirmed
via the changes of shape and angle halo of patterns.

e TGA confirmed the presence of bulk water.

e Tensile strength highlighted the softening behaviour of water and the over
plasticization effect of it with Gly.

The in vitro mucoadhesive study showed that this equipment with the new software is
suitable for studying the deformation of a mucoadhesive film and for the determination of the
force of adhesion. The results demonstrate that the characterization of mucoadhesive films is
possible. The findings were utilized to create a theoretical model suitable for the prediction of

the optimum film composition.
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The novelties of my work are as follows:

PALS demonstrated that Gly increases and Xyl decreases the free vacancies of
the HPC films via moving the polymer changes.

Tensile strength measurement and FTIR highlighted the so-called ‘synergic’
effect of Gly and Xyl used together. Samples with the two excipients showed
the best mechanical, physicochemical properties and these were the most
stable in each case.

Xyl is commonly not used as a plasticizer in the field of pharmacy, but our
results suggest that Xyl also can act as a plasticizer in any formulation. FTIR
highlighted the potential novel application of Xyl in pharmaceutical
technology and this finding is welcomed in manufacturing, financial and also
health-care considerations.

The novel in vitro adhesion measurement protocol, equipment and software
offer a great tool to study and evaluate both the deformation of the tested

system and the adhesion of free films.
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A better recognition of the properties of materials is of great interest in pharmaceutical
technology, and especially in the development of modern solid dosage forms. As an
example, a knowledge of the force of adhesion of a mucoadhesive preparation is of
considerable importance. The aim of the present study was to develop the calibrated
equipment suitable for determination of the force of adhesion and for following the
process of film deformation during testing. A new instrument is introduced, and the
results are presented.

Keywords: adhesion; polymer; hydroxypropyl cellulose; Klucel® MF; mucoadhesive
films

1. Introduction

As a consequence of their advantages,[l] mucoadhesive therapeutic preparations
(tablets, films, patches and gels) are currently at the focus of research work. The buccal
region of the mouth is a possible area for drug penetration; when the ‘first-pass effect’,
the acidic pH of the stomach and the action of different enzymes in the gastrointestinal
tract may be avoided. This is a popular mode of administration for the patients, and
especially children, because the preparations are small and flexible, and easy to apply.
The level of patient compliance may therefore be appropriate. During application, the
mucoadhesive film should be carefully placed in the mouth and pressed gently with
one finger onto the mucosa for several seconds until weak chemical bonds are formed
between the polymer and the mucin chains, and the film adheres to the mucosa. Three
processes are involved: (1) the wetting and swelling of the polymer, (2) the penetration
of moisture into the polymer and (3) the formation of weak chemical bonds between
the chains.[2]

Bioadhesion involves a lasting connection between a biological surface (both hard
and soft tissues) and a medicine form. Bioadhesion on mucous membranes is called
mucoadhesion. The external surfaces of body cavities are covered by mucous mem-
branes. As an example, the oral cavity possesses a multi-layered epithelium. Saliva,
produced by the salivary glands, is rich in mucins. The thickness of the mucin layer in
the oral cavity is 1 pm.[3]
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The mechanism of mucoadhesion is quite complex. The chemical bonds that develop
to give rise to the adhesion can be strong ionic or covalent, weaker H-bonding or the
weakest van der Waals interactions, and indirect hydrophobic bonds.[4] The mechanism
of mucoadhesion comprises two main steps: the contact stage and the consolidation
stage. During the consolidation stage, the film-forming polymer and the degree of hydra-
tion determine the strength of mucoadhesion. Many factors affect mucoadhesion. These
factors can be polymeric (molecular weight, flexibility, H-bonding capacity, rate of
polymerization, charge, concentration and hydration) or environmental (saliva, mucin
turnover and the movement of the buccal tissues).[4—6]

The ideal polymer has one or more of the following properties: a molecular weight
between 1 x 10* and 4 x 10° Da, high flexibility of the polymer chains [7] and end
groups capable of forming H-bonds,[6,8—11] i.e. hydroxyl, carboxyl or amino
groups.[12]

Mucins are highly glycosylated glycoproteins, which at physiological pH are nega-
tively charged.[13] Cationic polymers can be electrostatically coupled to mucin via the
negatively charged sialic acid, but anionic polymers have better bioadhesive properties.
Any medicine form should be in contact with the buccal tissue for a maximum of
12-24 h.[14]

Several methods are used to quantify the mucoadhesive properties of pharmaceuti-
cal dosage forms.[15] These methods may be direct or indirect. A direct technique
involves determination of the force required to detach a formulation from a mucosal
tissue or examination of the time needed to remove a formulation from the mucosa.
Techniques which evaluate the interactions between the polymer and the mucus layer
are indirect measurements.[16,17] Methods based on mechanical force determination
include texture analyser,[6,18-26] modified balance/modified surface tensiometry,
[9,27,28] tensile measurement,[15,29,30] tensile stress tester [29,31] and atomic force
microscopy.[29,32-34] These techniques examine the force needed to break adhesive
bonds. Among the measurements based on particle interactions are the mucin particle
method and BIACORE,[35,36] rheology,[37,38] ellipsometry,[37,39] colloidal gold
staining method,[39,40] the flow channel method [41] and falling liquid film
method.[42—44] Texture analyser is most frequently applied to investigate pharma-
ceutical films that are used to analyse the amount of polymer adhering to mucosal
tissue.[16]

An earlier investigation of the in vivo bioadhesive properties of hydroxypropyl
cellulose (HPC) films containing seven excipients on the epidermis of 12 human sub-
jects, including two ethnic sub-groups revealed that the force of adhesion, the elonga-
tion at adhesive failure and the modulus of adhesion are functions of the excipients in
the extruded HPC films.[45] The adhesion of HPC, xanthan gum (XG), tamarind gum
(TG) and polyvinyl alcohol (PVA) in powder form to the nasal mucosa of rabbits was
investigated both in vivo and in vitro. XG exhibited the best adhesion, followed by TG,
HPC and PVA in this sequence. The same phenomenon was found in adhesion to agar
plates. It was suggested that all these polymers could serve as useful bases for
mucoadhesive powder formulation.[46]

Our work has focused on the preparation and investigation of mucoadhesive films,
and we have developed the calibrated equipment suitable for determination of the force
of adhesion, which also allows the process of film deformation to be followed during
testing. The novelty of this system is that the total deformation curve of the sample can
be analysed.
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2. Experimental
2.1. Equipment

The equipment used to measure the forces of adhesion of polymer films was based on
the hardness tester described in detail earlier (Figure 1).[47]

The pressure is measured through the use of a load cell connected to a locally
developed digital acquisition (DAQ) box. This is based on the Silicon Laboratories
C8051F124 microcontroller kit. During the measurement, the DAQ box sends the
acquired data to the PC side software via an RS232 connection. With this device, the
start of data acquisition is controlled manually because the pressure jowl must be posi-
tioned exactly on the surface of the material. The end of the data acquisition is also
controlled manually because the breaking point of relatively elastic materials such as
films cannot be detected exactly.

The original embedded software of the DAQ box was modified in order for it to be
suitable for the measurement of forces of adhesion. The adhesion force measurement
algorithm performs the following operations:

e At the beginning of the measurement process, the pressure jowl moves
downwards and presses against the polymer film until it reaches the predefined
pressure (static pressure).

e It holds its position until the desired time out (static pressure time).

e At this time, the pressure jowl begins to move upwards until the user stops the
measurement process (dynamic pressure).

The two parameters which can be set up freely in the algorithm (the static pressure
and the static pressure time) have to be set before the measurement via the PC side soft-
ware. The measurement range was 0-200 N, the speed of the stamp was 20 mm/min
and the output was 0-5 V. The sensor was a unicell force-measuring instrument,
calibrated with the C9B 200 N cell.

1. (e}
=
: T
2.
(0)®)

(g

Figure 1. Hardness tester. 1: DAQ unit; 2: current force display; 3: pressure jowl; 4: sampling
holder; 5: force measurement unit; 6: motor and analogue velocity control for pressure jowl. The
sample holder and pressure jowl are suitable for polymer films.
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2.2. Materials

HPC (Klucel MF) (Aqualon; Hercules Inc., Wilmington, USA) was used as a
film-forming material and glycerine (Ph Eur) as a plasticizer.

2.3. Preparation of fiee films

2 w/w% film-forming polymer was used in aqueous solution. The films were made by
casting technology on a teflon surface. The samples were dried in the air at room
temperature (25 °C/60 RH%) for 24 h.

2.4. Storage of films
The films were stored in a climate chamber at 40 °C/50 RH% during a week.

2.5. Measurement of force of adhesion

The structure of the measurement system was as follows from top to bottom: a stainless
steel holder, a bilayer adhesive tape, a film, mucin gel and a stainless steel table. Each
element was measured alone, in pairs and all together (see Section 2.1). Before the
adhesion test, each film was subjected to 50 N, which was held for 45 s, and the holder
then pulled up the film from the mucin gel layer.

A minimum of 10 parallel measurements were made.

3. Results and discussion

The total deformation process involved in the measurement of the force of adhesion of
a film is illustrated in Figure 2. The recoil of the spring under the stainless table can be
seen at the beginning of the curves. The curves are observed to comprise three sections
(the limit of sections can be seen at the top of Figure 2). During the pressing

1| 2 | s
57.21 (%) Mucin 435N
Mucin+adhesive tape
g

2.9 Mucin+adhesive tape+film
g 28.60
§ .
(=]
[

14.30 j

000 AA
0 15.67 3134 47.01 62.68 (s)

Time (s)

Figure 2. Process of measurement of the force of adhesion of a free film.
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procedure, every non-steel part of the system (the bilayer adhesive tape, the mucin and
the film) undergoes a deformation: Section 1 of the curves reflects these phenomena.
The almost horizontal parts of the curves (Section 2) relate to the period when contact
with the bottom at 50 N is maintained for 45 s. After the 45-s holding time, the motor
is reversed and starts to pull up the film. This is shown by the vertical line, followed
by a 2-s pause. The peaks in the last part of the curves (Section 3) relate to the force
of adhesion (43.5 N), which covers the elastic recovery of the sample (the bilayer adhe-
sive tape, the mucin and the film together). Finally, correction of three-layered adhesion
force by subtraction of the forces of adhesion of the tape and mucin leads to the force
of adhesion of the sample: 18.1 N.

The software also permits magnification of the different sections of the curve, and
it is therefore possible to study the deformation of the samples better, especially in
Sections 1 and 3 (Figures 3 and 4).

51.41 (N)
38.56
z
§ 25.70
[
12.85
0.00
0 1.60 319 4.79 6.38(s)
Time (s)

Figure 3. Detail of the static loading section of the curve.
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& s
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Figure 4. Detail of the force of adhesion of the curve.
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Figure 3 depicts the initial deformation of a sample during static loading, with a
short elastic and longer plastoelastic deformation.

Figure 4 demonstrates the deformation during the dynamic (tensile) process when
the force of adhesion is involved. The curve indicates elastic behaviour until the
termination of the adhesion. The descending section shows that the contact between the
mucin and the film is partially broken.

4. Conclusions

This work has revealed that this equipment with the new software is suitable for the
study of the deformation of a mucoadhesive film successively during static loading and
constant loading, and for determination of the force of adhesion. The results
demonstrate that the characterization of mucoadhesive films is possible. The findings
were utilized to create a theoretical model suitable for prediction of the optimum film
composition that ensures the required adhesion to the mucous membrane.
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Abstract The excipients proved to exert strong effects on
the physicochemical properties of the tested systems, and it
is very important to study them intensively in preformu-
lation studies in pharmaceutical technology. In our earlier
paper, we already described the structure of Klucel®-con-
taining films with various physicochemical examinations
(tensile strength, surface properties and positron annihila-
tion lifetime spectroscopy). The aim of our present inves-
tigations was to study the thermal behaviour of the film-
forming polymers with two different chain lengths, of the
taste-enhancing and plasticizing excipients and also of the
films prepared from them. The thermal behaviour of Klu-
cel® LF and Klucel® MF film-forming polymers was found
to differ only in the range of 340-400 °C, which is due to
the different chain lengths of the polymer molecules.
Among the active ingredients and excipients used, glycerol
had the smallest while xylitol showed the greatest thermal
stability. The shape of the TG curves shows that the
decomposition process changes with the increase in the
concentration of the excipients. The TG curves open up
more, which is probably due to the fact that the molecules
built-in among the polymer chains loosen the structure,
which in turn is decomposed more easily. The TG-MS
examinations revealed that during decomposition, carbon
dioxide was formed in the highest concentration and that
acetic acid, isopropyl alcohol and acetone also developed.
The shape of the TG curves shows that in the case of the 5
and 10 % systems, the presence of lidocaine did not result
in a significant difference in thermal stability.
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Introduction

Differential scanning calorimetry (DSC) is a widely used
method to determine different properties of pharmaceuti-
cals: glass transition in polymers () [1-5]; amorphicity
and crystallinity [1, 6-9]; polymorphism [1, 10-14]; drug
solubility in polymers [l, 15-18]; characterization of
polymers and bio-polymers [1, 19-22]; and pharmaceutical
dosage forms [23, 24]. Thermogravimetry (TG) is also used
to characterize pharmaceuticals [18, 25-31].

Innovative pharmaceutical production has recently
placed great emphasis on developing drug-containing bio-
adhesive films. In line with this, many of the increasing
number of papers published in the literature report the
investigation of thermal behaviour.

A novel organic—inorganic hybrid transdermal film-
forming system was designed by a modified poly(vinyl
alcohol) (PVA) gel plasticized with glycerol (GLY), using
c-(glycidyloxypropyl)trimethoxysilane (GPTMS) as an
inorganic-modifying agent, and poly(N-vinyl pyrrolidone)
(PVP) as a tackifier. DSC was used to determinate the
thermal behaviour of the samples. The system was first
heated at a rate of 10 °C min~" from 20 to 200 °C and kept
there for 10 min then cooled down to 50 °C at a rate of
20 °C min~'. The second heating scan from 50 to 200 °C
at 10 °C min~" was applied to determinate the glass tran-
sition temperature. It was found that all PVA-GPTMS—
PVP-GLY samples exhibit the soft-hard segment micro-
phase separation. The good skin adhesive properties of the
films come from the flexible soft segments composed of
uncross-linked PVA chain, PVP and GLY, which
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influenced the viscoelastic properties and low-temperature
performance of the films. The hard segments (PVA-
GPTMS and self-cross-linked GPTMS) give the mechani-
cal strength and appropriate film-forming properties to the
system [32].

For transdermal controlled drug delivery, a flurbiprofen
(FB)—inorganic nanohybrid system was made. TG-DTA
was used to investigate the samples; the temperature was
increased from ambient to 800 °C at a heating rate of
2 °C min~' under 100 mL min~" airflow. The TG-DTA
was used on the dry powder. Three mass losses were
detected. The first mass loss of 6.51 % with a weak
endothermic response at around 71.9 °C originated from
the removal of absorbed water from the surface of the
system. The second mass loss, approximately 8.03 % with
an endothermic peak at around 166.26 °C, was connected
to the dehydration of co-intercalated water in samples. The
third mass loss around 47.06 % was associated with an
exothermic reaction in the range from 225 to 520 °C [33].

Ibuprofen (IBU) mucoadhesive tablets containing
chitosan and its half-acetylated derivative as excipients
were compared. Polymer—IBU interactions and the degree
of IBU crystallinity were investigated by DSC. Samples
were heated under a nitrogen atmosphere at 5 °C min~'
from 25 to 90 °C. DSC was used to determine the effect of
co-grinding and chitosan on IBU crystallinity. The onset of
IBU melting was observed at 73.9 °C, and the enthalpy
was 125.4 T ¢~'. In the co-ground mixture with chitosan,
IBU’s onset melting point decreased by approximately
3 °C and the enthalpy was 121.6 J g~' of IBU. Chitosan
did not show any thermal changes over this temperature
range. The decreased enthalpy on co-grinding equates to a
4 % loss in IBU crystallinity [34].

Matrix-type mucoadhesive tablet from a mixture of hard
fat, ethylcellulose and polyethylene glycol, containing
indomethacin, was developed. The thermal behaviour of
matrix bases was investigated with DSC. Samples were
heated at a rate of 10 °C min™"' from 20 to 170 °C in air. In
the DSC curve, an endothermic peak was observed at
approximately 150 °C [35].

Development of novel mucoadhesive pellets containing
valsartan (VAL) was the goal of a study of Caoa et al.
Two types of drug-loaded core pellets were prepared by
different technology, namely extrusion/spheronization
method. Pellets were dry-coated with a mixture of
hydroxypropylmethylcellulose and carbomer at different
ratios. The thermal properties of VAL, Povidone® K30,
Poloxamer, Avicel® PH 101, NaOH and core pellet
powders (F1 and F2) were determined with DSC. The
samples were heated from 25 to 200 °C at a heating rate
of 10 °C min~' under nitrogen atmosphere. A broad sin-
gle endothermic peak was found in case of pure VAL,
while no melting peak was detected in the cases of both
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F1 and F2 pellets. This phenomenon confirmed that there
was some impact between VAL and additives during
extrusion process [36].

Pressure-sensitive  IBU-containing adhesive was
investigated by DSC. Samples were heated from 130 to
100 °C at a heating rate of 10 K min~' under nitrogen
atmosphere. The second heating runs were evaluated. It
was found that IBU increasing in the formulation
caused the decrease in the T,, which phenomenon was
connected to the plasticization effect of IBU on the
product [37].

A hydrophobic mucoadhesive thiolated chitosan for
pipirine (PIP) delivery was designed. The thermal degra-
dation behaviour of the samples was determined with TG.
The mass loss curves were recorded with a heating rate of
25 °C min~' under nitrogen flow from 50 to 600 °C. For
chitosan, the highest thermal decomposition stage occurred
at 326 °C with a mass loss of 41.8 %. The TG curves of
PIP revealed the highest thermal decomposition occurred at
363 °C. The chitosan—PIP microparticles curve showed a
maximum decomposition rate at 293 °C, which was lower
than the pure chitosan and may indicate a lower thermal
stability of the PIP—chitosan microspheres than the chito-
san ones [38].

Buccal poly(ethylene oxide) (PEO) film with (2-
hydroxypropyl)-B-cyclodextrin (CD) was evaluated. Films
were prepared at different PEO/CD ratios. The degree of
crystallinity was determined by DSC. The degree of crys-
tallinity was roughly constant for platform with a CD
content <60 % w/w. On the other hand, PEO/CD75 and
PEO/CD80 platforms showed a drastic decrease in the
degree of crystallinity [39].

Novel sildenafil citrate (SC)-loaded PV A-polyethylene
glycol (PEG) graft copolymer (Kollicoatl IR)-based orally
dissolving films (ODFs) were designed. The thermal
properties and physicochemical behaviour of samples were
evaluated using DSC. Kollicoatl IR, sodium alginate
(ALG-Na) and glycerol were combined. The films were
heated at a rate of 10 °C min~" from 10 to 250 °C under
nitrogen flow. A sharp endothermic peak of SC was found
at 198 °C, which was connected to the melting point of SC
[40]. Melting SC peak was not detected in the curves of
SC-loaded ODF. This indicated that interactions between
SC and excipients had occurred in the preparation process
of the film [40].

The goal of a study was to investigate the potential of
isothermal calorimetry to monitor and characterize crys-
tallization in indomethacin (IND)-loaded fast-dissolving
PVP oral films. Subsequent analysis of the crystals with
DSC was made. Samples were heated from 25 to 190 °C at
200 °C min~" with nitrogen flow. It was found that iso-
thermal calorimetry is able to monitor IND crystallization
in polymer films [41].
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Lidocaine (LID)-loaded mucoadhesive buccal patches
for controlled release in different formulations were stud-
ied. Films were loaded with LID—Compritol solid disper-
sion in the form of microspheres, and the effects of the
composition were evaluated by DSC. Samples were heated
at a rate of 10 °C min~' between 30 and 300 °C. Melting
points at 82 °C for lidocaine and at 75 °C for the main
peak of Compritol were found. An irregularly shaped
melting endotherm main peak at 73 °C was found for the
microsphere samples. It suggested that the solid “micro-
sphere” system was heterogeneous in nature [42].

Enrofloxacin (ENR)-loaded PVP thin films were for-
mulated for enhanced drug delivery and were evaluated
using DSC. Samples were heated from 25 to 300 °C with a
heating rate of 10 °C min~' in argon atmosphere. An
endothermic peak of ENR was found at 222 °C corre-
sponding to the melting point of the drug. A large endo-
thermic peak of ENR-PVP at 94.57 °C was found. The
absence/reduction in ENR peaks suggested that the drug is
amorphous. The result indicated that there was good
compatibility between ENR and PVP [43].

The excipients proved to exert strong effects on the
physicochemical properties of the tested systems, and it is
very important to study them intensively in preformulation
studies in pharmaceutical technology. For this reason, in
our earlier paper, we already reported our various physi-
cochemical examinations with Klucel®-containing films
(tensile strength, surface properties and the measurement of
the free volume with positron annihilation lifetime spec-
troscopy), which were performed to study and to describe
the resulting film structure [44].

The aim of our present investigations was to study the
thermal behaviour of the film-forming polymers with two
different chain lengths, of the taste-enhancing and plasti-
cizing excipients and also of the films prepared from them,
as these data can provide useful information on the storage
conditions and stability of drug-containing films.

Materials

HPC (Klucel® MF and LF) (Aqualon; Hercules Inc., Wil-
mington, USA.) was used as a film-forming polymer. The
main differences between the two Klucel® products are in
the molecular mass and the viscosity of the solution. MF
has a higher viscosity in solution and a higher molecular
mass. HPC is a non-ionic, water-soluble cellulose ether,
and its films are appropriately flexible even without any
plasticizer.

The local anaesthetic lidocaine base (Lid) (Ph. Eur.,
Societa Italiana Medicinali Scandicci, Firenze, Italy) was
chosen as the active ingredient. Xylitol (Xyl) (Ph.Eur.,
Roquette, Lestrem, France) was used as the taste improver.

Glycerol (Gly) (Ph. Eur., Molar Chemicals Kft., Budapest,
Hungary) was used as a plasticizer, and in films it can act
as a taste coverer.

Methods
Preparation of free films

The optimum polymer concentration was first established,
2 % wiw solutions were chosen for both types of Klucel®
as we wished to compare their physicochemical properties.
Lidocaine (Lid) was grounded in a mill (Retsch RM 100,
Retsch GmbH, Haan, Germany), and the 100-200-pum
powder fraction was incorporated into the solution. Xylit
(Xyl) dissolved readily, and glycerol (Gly) compounded
well in the water—polymer mixture. Lid, Gly and Xyl were
all used in the same concentration (5, 10 or 15 % w/w of
the film-forming polymer). Samples were poured onto a
non-stick surface. All the films were made by the same
solvent-casting technology and stored at room temperature
(25 °C/65 % RH) for a day and then placed into a climate
chamber for 24 h (40 °C/50 % RH).

Thermoanalytical measurements

The thermoanalytical examinations of the materials were
carried out with a Mettler Toledo TG/DSCI instrument
(Mettler Toledo, Switzerland). During the DSC measure-
ments, the start temperature was —40 °C, the end temper-
ature was 300 °C, and the applied heating rate was
10 °C min~'. Argon atmosphere was used, and nitrogen
was used as drying gas. 10 = 1-mg sample was measured
into an aluminium pan (40 pl). The curves were calculated
from the average of three parallel measurements and were
evaluated with STARe software.

For the TG and the DSC measurements, the start tem-
perature was +25 °C, the end temperature was 400 °C, and
the applied heating rate was 10 °C min~'. Nitrogen
atmosphere was used. 10 = 1-mg sample was measured
into an aluminium pan (100 pl). The curves were calcu-
lated from the average of three parallel measurements and
were evaluated with STARe Software.

The thermal characteristics of the sample mass loss were
determined with a thermal gravimetric analyzer (Mettler
Toledo, model TG/DSC1) coupled with a quadrupole mass
spectrometer (Pfeiffer Vacuum, model Thermostar'™ GSD
320), operated under N, atmosphere (purity = 99.999 %,
70 mL min~' flow rate). The connection between the TG
and the mass spectrometer was made by means of a silica
capillary, which was maintained at 120 °C.
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Results and discussion

The thermal studies were started by studying the film-
forming polymers as well as the active ingredient and ex-
cipients to be used, and the changes were monitored
between 25 and 400 °C at a constant heating rate. The
changes in heat flow were followed with the help of DSC
curves. The thermal behaviour of the two film-forming
polymers, lidocaine used as an active ingredient and the
two excipients (glycerol and xylitol) is shown in Fig. 1.

A slight endothermic baseline shift can be observed in
the DSC curves of the Klucel® LF and MF polymers
between 40 and 100 °C, which can be explained with the
removal of the water content of the polymer. The heat flow
curves show no difference until 340 °C, and then signs of
decomposition appear in both curves.

The DSC curve of glycerol shows a definite endothermic
peak between 50 and 150 °C due to the higher water
content, while at about 200 °C signs of decomposition can
be observed until 300 °C.

In the DSC curve of xylitol, an onset value of 92.2 °C is
followed by a peak melting point at 95.6 °C. The enthalpy
change of the process is 217.4 J g~'. Xylitol has much
greater thermal stability as the baseline change and the
decomposition process start only at about 280 °C and end
over 380 °C.

Lidocaine, which is used as an active ingredient, has a
lower melting point than the excipients because the onset
value is 67.2 °C and the peak of the melting point appears
at 68.6 °C. The enthalpy change of the process is
59.1 J g~ '. The baseline change appears over 180 °C, and
then the decomposition process is accelerated over 200 °C
and finishes at about 330 °C.

Aexo
Heat flow/W g~

Klucel LF

Glycerol

Lidocaine

Temperature/°C

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Fig. 1 Thermal properties of Klucel® film-forming materials, active
ingredient and excipients as shown by the DSC curves
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Fig. 2 Thermal properties of Klucel® film-forming materials, active
ingredient and excipients as shown by the TG curves

The TG curves of the same materials in Fig. 2 show that
the two different film-forming materials are thermally
stable, a mass loss of only 1-1.5 % can be detected until
100 °C, the decomposition process starts over 300 °C, and
mass loss is 85 % for Klucel® LF and 87 % for Klucel®
MF until 400 °C. However, the rate of the decomposition
process is different, and it is faster for the LF product and
slower for the MF product, which is also shown clearly by
the numerical data of the mass loss of the two polymers
(see Table 1).

From the data, it can be stated that the mass loss of
1.0-1.5 % observed at the beginning of heating can be
explained by the removal of water from the film, and then
further mass loss starts only at about 300 °C. The thermal
behaviour of the two polymers differs significantly between
340 and 400 °C, which can be explained by the different
chain lengths of the two polymers. The Klucel® MF
product with a longer chain has greater thermal stability,
and probably the more stable structure is broken only at
higher temperatures.

The thermal behaviour of the excipients as shown by
their TG curves (see Fig. 2) can be described well, and it
confirms the information obtained from the DSC curves.
Although both excipients were entirely decomposed by the
end of the examination, considerable differences can be
observed in their behaviour. Xylitol proved to be the most
stable as the decomposition process really starts only over
300 °C. Ensuing from its material properties, glycerol first
loses its water content at the beginning of heating, and then
its decomposition starts over 180 °C and finishes at
290 °C. The thermal behaviour of the active ingredient is
somewhere between those of the two excipients, as in the
case of lidocaine, the mass loss curve reveals that
decomposition starts at about 180-200 °C (see Table 1.).
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Table 1 Mass change of various excipients and the active ingredient as a function of temperature

Mass loss/%

Sample

180 °C 250 °C 300 °C 320 °C 340 °C 360 °C 380 °C 400 °C

100 °C

85.2 £ 1.430

55.64 £ 0.81
50.5 £ 2.12
99.4 £ 3.67

100.9 £+ 1.34

100.6 £ 1.54

18.42 £ 0.59

8.43 £ 0.13
6.42 £ 1.19
99.4 £ 3.67
353 £ 0.05
100.6 £+ 1.52

4.55 £ 0.03
4.10 £ 0.88
99.3 £ 3.66
14.38 £ 0.16

2.72 £ 0.01
3.28 £ 0.26
98.9 £ 4.30
6.26 £ 0.27
454 £+ 4221

1.47 £ 0.01

1.13 £ 0.01
1.81 £ 043

1.13 £ 0.01
1.51 £ 0.32
4.99 £+ 1.98
0.13 £ 0.02
0.21 £ 0.01

Klucel® LF

87.4 £ 1.2653

99.4 £ 3.67
101.4 £+ 1.49
100.6 £ 1.55

14.1 £ 1.70
99.4 + 3.67
78.7 £ 0.35
100.6 £+ 1.54

2.42 £ 0.2653
31.4 +£9.90

Klucel® MF

Glycerol

157 £ 5.04
0.39 £ 0.18
0.04 + 0.01

1.22 £ 047
7.39 £ 0.76

Xylitol

97.6 + 5.69

Lidocaine

After studying and learning about the thermal behaviour
of the film-forming polymer and the excipients to be used,
we wished to study the behaviour of the free films which
were prepared from them and contained both excipient and
active ingredient. As regards Klucel® LF and MF products,
differences in thermal stability were observed only over
300 °C, so they behaved in the same way when applied
under the conditions of the oral mucosa. Klucel® LF pro-
ducts were chosen for the formulation of bioadhesive films
and the examination of their thermal stability, and these
results are presented in this paper.

The thermal behaviour of Klucel® LF films containing
both xylitol and glycerol is illustrated in Fig. 3.

Glycerol and xylitol were present in the films in the
same concentrations (at 0-5-10-15 % w/w of the poly-
mer). The shape of the TG curves shows that although the

Mass/%

Klucel LF

10 % Xylitol
10 % Glycerol

15 % Xylitol
15 % Glycerol

Temperature/°C
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Fig. 3 Thermal properties of films made from Klucel® LF film-
forming material containing xylitol and glycerol as shown by the TG
curves

Mass/%

Klucel LF

Klucel MF

50

% Glycerol

99.4 %

Temperature/°C

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Fig. 4 Thermal properties of films made from Klucel® LF film-
forming material containing lidocaine as well as xylitol and glycerol
as shown by the TG curves
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decomposition process changes with the increase in the
concentration of the excipients, when heated up to 400 °C,
mass loss does not differ significantly compared to Klucel®
LF films without excipients. At the beginning of heat
treatment, mass loss can be explained by the removal of the
water content in every case and it is proportional to the
concentration of glycerol. However, over 180-200 °C, the
decomposition processes start, and the TG curves open up
more, which is probably due to the fact that the molecules
built-in among the polymer chains loosen the structure,
which in turn is decomposed more easily.

Then, we studied the thermal behaviour of drug-con-
taining films. In Fig. 4, the thermal behaviour of Klucel®

Without lidocaine

With lidocaine

Temperature/°C
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390

Fig. 5 Comparison of the thermal properties of xylitol and glycerol
containing Klucel® LF films with and without lidocaine between 200
and 400 °C as shown by the TG curves

Fig. 6 Thermal properties of
films made from Klucel® LF

LF films containing lidocaine as well xylitol and glycerol is
presented. The effect of the ratio (quantity) of the com-
ponents on the shape of the TG curves as well as on the
quantity and disproportion of the arising mass loss can be
seen clearly. It is remarkable that while a smaller mass loss
was observed for the 5 and 10 % films, the mass loss of the
15 % film was greater, which can be explained by the
loosening effect of glycerol and lidocaine on the polymer
structure.

The concentrations of the active ingredient and the ex-
cipients in the films were always the same (0-5-10-15 %
w/w of the film-forming polymer). The shape of the TG
curves is similar to the one shown by films without lido-
caine, but they can be compared really well if the TG
curves of films with lidocaine (continuous line) and with-
out lidocaine (broken line) are plotted together (see Fig. 5).
The temperature range (200—400 °C) of the greatest
importance with respect to the phenomenon is focussed on
here. The shape of the curves shows that in the case of the 5
and 10 % systems, the presence of lidocaine practically did
not result in a significant difference in thermal stability,
while in the concentration of 15 %, the films which con-
tained lidocaine were decomposed more easily, which is
due to the greater quantity of the materials used and to the
ensuing looser structure.

This can probably be explained by the fact that the
plasticizer, when used in a lower concentration, can be
incorporated into the film structure, which we have already
confirmed in the case of Metolose free films [45-47].
However, when it is applied in higher concentrations, the

nAT
film-forming material 10
containing 15 % glycerol as
shown by the TG-MS curves 1075 44
N—
1074 42 43
o —T &
58
1074
5 Time/min
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
[o
Mass/%
50
%
Temperature/°C
"40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
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stability of the film structure deteriorates, which is illus-
trated well by the presented curves, when 15 % of other
components were used besides the polymer.

We also performed the TG-MS examination of all the
films, we analysed the evolved gases with a mass spectro-
graph coupled with the TG in order to obtain information
about the stability of the film structure. Among the several
measurements, the data obtained with films containing 15 %
glycerol are presented in Fig. 6. Although no change can be
observed for the m/z = 18 fragment on axis “Y” with a
logarithmic scale, in the case of an absolute scale water
removal can be seen between both 40—150 and 350—-400 °C,
and with the start of decomposition, a concentration increase
was experienced for further fragments (m/z = 41,42,43,44,
45 and 58), starting practically at the same time. The peak
intensity of the fragments depicted decreased in the fol-
lowing order: m/z = 44-43-42-41-58-45. All these indi-
cate that carbon dioxide is formed in the greatest
concentration, which is confirmed by the increase of m/
z = 44. m/z = 43, 45 may indicate the development of
acetic acid and/or isopropyl alcohol, while m/z = 43, 58
may be indicative of the formation of acetone.

Conclusions

In the course of our experiments, free films were prepared
from Klucel® film-forming materials with various chain
lengths for buccal administration, with glycerol and/or
xylitol taste enhancer excipient and lidocaine active
ingredient incorporated in various concentrations. During
the study of the bioadhesive films, it was found that the
thermal behaviour of Klucel® LF and Klucel® MF film-
forming polymers was different from each other only in the
temperature range of 340-400 °C, which is due to the
difference in the chain length of the polymer molecule.

Among the active ingredients and excipients used,
glycerol proved to be the least stable thermally, while
xylitol was the most stable. The shape of the TG curves
shows that the decomposition process changes with the
increase in the concentration of the excipients. In the case
of glycerol, the decomposition processes start over
180-200 °C, and the TG curves open up more, which is
probably due to the fact that the molecules built-in among
the polymer chains loosen the structure, which in turn is
decomposed more easily.

The role of the active ingredient lidocaine in thermal
stability was also examined, and it was found that the shape
of the curves shows that in the case of the 5 and 10 %
systems, the presence of lidocaine did not result in a sig-
nificant difference in thermal stability, while in the con-
centration of 15 %, the films which contained lidocaine
were decomposed more easily, which is due to the greater

quantity of the materials used and to the ensuing looser
structure.

The TG-MS examinations revealed that with the start of
decomposition, a concentration increase was seen in the
case of m/z = 41, 42, 43, 44, 45 and 58 fragments, starting
practically at the same time. The peak intensity of the
fragments in the highest concentration may indicate the
formation of carbon dioxide and also the development of
acetic acid, isopropyl alcohol and acetone.

As a summary, it can be stated that the thermal stability
of free films prepared from Klucel® LF polymer is
appropriate, and in the case of the 5 and 10 % systems, the
presence of lidocaine did not result in a significant differ-
ence in thermal stability. The results not only help to
choose the formulation conditions but also provide useful
information concerning the packaging and storage condi-
tions as well as the stability of the final product.
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HIGHLIGHTS

e Glycerol increases, whereas xylitol decreases the free volume of both LF and MF HPC.

e Both xylitol and glycerol increase the tensile strength of MF films.

e The tensile strength of the MF product makes it suitable for pharmaceutical use.

e The surface properties reveal a macroscopically stable film structure.

e All measurements indicate a macroscopically homogeneous film structure.
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The physicochemical properties of polymers planned to be applied as mucoadhesive films were studied.
Two types of Klucel® hydroxypropylcellulose (LF and MF) were used as film-forming polymers.
Hydroxypropylcellulose was incorporated in 2 w/w% with glycerol and xylitol as excipients and lidocaine
base as an active ingredient at 5, 10 or 15 w/w¥% of the mass of the film-forming polymer. The free volume
changes of the films were investigated by positron annihilation lifetime spectroscopy, the mechanical
properties of the samples were measured with a tensile strength tester and contact angles were
determined to assess the surface properties of the films. It was found that the Klucel® MF films had
better physicochemical properties than those of the LF films. Klucel® MF as a film-forming polymer with
lidocaine base and both excipients at 5 w/w% exhibited physicochemical properties and good work-
ability. The excipients proved to exert strong effects on the physicochemical properties of the tested

systems and it is very important to study them intensively in preformulation studies in the
pharmaceutical technology in order to utilise their benefits and to avoid any disadvantageous effects.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Although the most popular mode of administration of medi-
cines for patients is the oral route, the enzymes of the gastro-
intestinal tract cause serious disadvantages. They decompose
many active substances and the first-pass effect of the liver
decreases the serum level of active pharmaceutical ingredients.
However, mucoadhesive films applied to the oral mucosa elim-
inate these problems, and not only local effects, but also system-
wide effects can be achieved. The numerous examples of
systemwide drug delivery systems include the following active
substances: enalapril maleate (Semalty et al., 2010), flufenamic
acid (Mura et al.,, 2010), nitrendipine (Nappinnai et al., 2008),
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E-mail address: geza.regdon@pharm.u-szeged.hu (G. Regdon Jr.).

0969-806X/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
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glipizide (Semalty et al., 2008), atenolol (Satishbabu and
Srinivasan, 2008), indomethacin (Tanabe et al., 2008), progester-
one (Jain et al., 2008), etc. There are likewise many agents for local
use: lidocaine hydrochloride (Pignatello et al., 2009), valdecoxib
(Averineni et al., 2009), beclomethasone dipropionate (Yanagi
et al., 2008), metronidazole benzoate (El-Kamel et al., 2007),
nystatin (Llabot et al., 2007a), etc. Various types of polymers
may be used as film-forming materials, e.g. hydroxypropylmethyl-
cellulose (Kundu et al., 2008; Nappinnai et al., 2008; Semalty et al.,
2008; Averineni et al., 2009; Semalty et al., 2010), hydroxyethyl-
cellulose (Semalty et al., 2010), ethylcellulose (Satishbabu and
Srinivasan, 2008; Tanabe et al., 2008), sodium carboxymethylcel-
lulose (Llabot et al., 2007a; Nappinnai et al., 2008; Semalty et al.,
2008; El-Din et al., 2010; Semalty et al., 2010), chitosan (El-Kamel
et al., 2007; Averineni et al., 2009; Pignatello et al., 2009; Lavorgna
et al., 2010; Mura et al., 2010; Li et al., 2011), (sodium) alginate
(Nappinnai et al., 2008; Satishbabu and Srinivasan, 2008; Skulason
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et al.,, 2009; Ashikin et al., 2010,), and hydroxypropylcellulose
(HPC) (Nappinnai et al., 2008).

The main function of plasticizers is to augment the workability
and flexibility of polymers by reducing the second-order transition
temperature (Rosen, 1993). Plasticizers are expected to decrease
the volume resistivity, electrostatic chargeability, glass-transition
temperature, melt viscosity, density, hardness, tensile strength and
modulus of a polymer, while at the same time improving its power
factor, dielectric constant, toughness, elongation at break and flex-
ibility (Mathews, 1996). Some plasticizers are harmful or have a
health risk potential. Phthalate plasticizers may display potential
carcinogenicity and endocrine modulating effects (Tickner et al.,
2001). In mammals, di-(2-ethylhexyl) phthalate can exhibit hepato-
, cardio-, nephro-, embryonal, pulmonary, ovarian and testicular
toxicity (Craver and Carraher, 2000). In 1980, the International
Agency for Research on Cancer classified it as ‘possibly carcinogenic
to humans’. In 1998, the European Union Scientific Committee of
Toxicity, Ecotoxicity and the Environment announced that there were
safe migration limits for phthalate plasticizers (Murphy, 2001).
Biodegradable polymers are to be preferred if health-promotion
and environmentally-friendly approaches are considered (Rahman
and Brazel, 2004; EI-Din et al., 2010; Haji-Saeid et al., 2010; Lj Tomi¢
et al,, 2010). The same requirements apply to plasticizers (Rahman
and Brazel, 2004; Vieira et al., 2011). Health and safety issues
predominate in this field (Rahman and Brazel, 2004). The strictest
rules are in force in the pharmaceutical and food industries. The most
frequently plasticized polymers include cellulose and its derivates
(Rahman and Brazel, 2004).

Polyols, such as glycerol (Gly), have been found to be especially
effective plasticizers for hydrophilic polymers (Zhang and Han,
2006). Gly has been almost methodically incorporated in most
hydrocolloid films (Cuq et al., 1997), and is a highly hygroscopic
molecule commonly added to film-forming solutions to eliminate
film rigidity (Karbowiak et al., 2006; Kristo and Biliaderis, 2006).
Many studies have focused on the use of Gly (Galietta et al., 1998;
Jangchud and Chinnan, 1999; Fishman et al, 2000; Kim and
Ustunol, 2001; Sobral et al., 2002; Audic and Chaufer, 2005; Mali
et al,, 2005; Suyatma et al., 2005; Thomazine et al., 2005; Cheng
et al., 2006; Colla et al., 2006; Moore et al., 2006; Zhang and Han,
2006; Bergo and Sobral, 2007; Talja et al., 2007; Bergo et al., 2008;
Miiller et al., 2008; Galdeano et al., 2009a; Galdeano et al., 2009b
Lavorgna et al., 2010; Raphaelides et al., 2011) as a plasticizer fit to
eat and/or in biodegradable films. Hydrophilic compounds such as
Gly are commonly used in starch films (Mali et al., 2005; Cheng
et al,, 2006; Zhang and Han, 2006; Talja et al., 2007; Bergo et al,,
2008; Miiller et al., 2008; Galdeano et al., 2009a; Vieira et al,,
2011). Gly and xylitol (Xyl) have been commonly utilised plastici-
zers in the food industry. When they were used either alone or
together to plasticize low and high amylose starches, it was found
that in films in which Gly was incorporated alone films had greater
pliability/flexibility and their fracture was much slower than in the
case of films plasticized with Xyl. The best mechanical results were
obtained for starch films plasticized with a combination of Gly and
Xyl (Muscat et al., 2012).

Before their technological use, it is very important to determine
the mechanical properties of mucoadhesive films because the free
films are exposed to large mechanical stresses during the pre-
paration process, unpacking and sticking to the oral mucosa. These
properties depend on the film-forming polymer and excipients
used and the formulation of the system (Llabot et al., 2007b;
Kundu et al.,, 2008; Satishbabu and Srinivasan, 2008; Averineni
et al., 2009; Skulason et al., 2009; Mura et al., 2010).

Positron annihilation lifetime spectroscopy (PALS) is an analy-
tical method that allows examinations of the free volumes of films,
wherein the active substance can enter the structure (Bolcskei
et al,, 2011). PALS gives a measure of positron and positronium (Ps)

annihilation times and is the method most commonly applied to
study polymers. Many types of cellulose have been investigated by
PALS and it has been found that substitution on cellulose has little
effect on the lifetime, but a major effect on the probability of
formation of the ortho-Ps (o-Ps) (Pethrick, 1997).

The sensitivity of PALS in measuring nanoscale layer structures in
thin polymeric films has been demonstrated (Jean et al,, 2005), and
PALS has been shown to be a useful technique for the quantitative
analysis of the size and distribution of free volume holes in multi-
layer thin film polymers (Jean et al., 2008). In studies of novel
interfacially-polymerized polyamide thin-film composite mem-
branes, PALS was used to detect the correlation of the variations in
the free volume of the polyamide active layers with the pervapora-
tion performance (Chao et al., 2011). It has been established through
PALS studies that electron irradiation modifies the microstructure of
poly(methyl methacrylate) films (Ismayil et al., 2010). The use of PALS
confirmed the dependence of the macroscopic properties of poly-
meric coatings on the microscopic properties (Li et al., 2003).
PALS has revealed correlations between the radius of the cavities,
the effective fractional free volume, the drug release rate and the
composition of vinyl polymers with and without a cross-linker used
as artificial lens implants in ophthalmology. Besides the size of the
drug molecules, the drug release rate also depended on the radius of
the cavities, the functional free volume and the interconnectivity of
the cavities (Marques et al., 2003).

PALS combined with classical drug release measurements was
used to investigate the stability of polymeric matrix tablets
containing famotidine with the distributions of their physical
mixtures. This technique proved useful not only as a method for
stability tests, but also for temperature compatibility studies,
which is of great interest in the preformulation of pharmaceutical
drug delivery systems containing polymeric excipients (Szente
et al., 2009). An exponential relationship has been found between
the relative humidity of the storage medium and the mean
dissolution time of theophylline from polyvinylpyrrolidone tablets
and the size of the free volume holes. PALS measurements
performed in parallel with the drug release study demonstrated
that the main reason for this correlation was the realignment of
the vacancies in polyvinylpyrrolidone (Zelké and Siivegh, 2005).
A PALS investigation of the microstructural changes in the differ-
ent layers of levonorgestrel-releasing intrauterine systems led to
this technique being recommended as a sensitive stability test of
drug delivery systems during preformulation (Patai et al., 2010).

Real-time PALS was applied to investigate the transition from
hydrogel to film in sodium alginate and Carbopol gels. It was found
that the method was capable of detecting the gel-film transition
in hydrocolloid gels on the basis of o-Ps lifetime changes. This
technique could promote the design of drug delivery systems
based on polymer coatings, free films and hydrogels (Szab6 et al.,
2012). When PALS was used to detect the changes in the free
volume holes in amorphous pharmaceutical polymeric excipients
under different storage conditions, it was found that the positron
lifetime repartition revealed the changes in free volume during the
absorption-dissolution transition. The dissolution starts the leak-
ing of water into free volume holes (Zelké et al., 2006). An
investigation of the correlation between the free volumes and
the release of metoprolol tartrate from Metolose patches indicated
that the groups on Metolose allow the formation of H-bonds,
which initiates the penetration of water into the patch (Papp et al.,
2010). The spreading swelling increases the size of vacancies in the
patch, which enhances the rate and extent of metoprolol tartrate
release (Papp et al. 2009). The active substance release properties
and the free volume of the films were found to be very similar
(Papp et al., 2010). PALS measurements revealed an increase in the
average size of the free volume holes in free Eudragit films
containing plasticizer sebacic acid dibutyl ester. Both the positron
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and o-Ps lifetimes increased. As the excipient concentration
increased, its plasticisation effect changed the primarily compact
structure of the polymer molecules, the new structure permitting
larger free vacancies, which allow more space for molecular move-
ments (Zelké et al., 2002). Thus, free volume is a most important
parameter in determining the properties of mucoadhesive films.

However, the surface properties of films are also very impor-
tant in this respect because they afford information on the degree
of polarity and surface free energy (SFE), which indicate the extent
of mucoadhesion. In an attempt to forecast the mucoadhesive
phenomenon via the spreading coefficient, through the use of SFE
parameters (polar and non-polar components), spreading coeffi-
cient and Wu's interaction parameter, it was concluded that SFE
and spreading processes play the predominant role in the forma-
tion of mucoadhesive bonds (Lehr et al., 1993). The modelling of
mucoadhesion by using SFE revealed correlations between the
mucoadhesion force and the calculated SFE of interaction (Rillosi
and Buckton, 1994). It has been reported that the interfacial free
energy influences both the bioadhesion and the biocompatibility
characteristics of various polymers, but the resulting effects should
not be considered to be directly correlated (Esposito et al., 1994).

The aim of the present study was to determine the physico-
chemical properties and free volumes of different Klucel® free
polymer films containing lidocaine base (Lid) as an active phar-
maceutical ingredient in the presence of various concentrations
of Gly and Xyl as excipients.

2. Experimental
2.1. Materials

HPC (Klucel® MF and LF) (Aqualon; Hercules Inc., Wilmington,
USA.) was used as the film-forming polymer. The main differences
between the two Klucel® products are in the molecular mass and
the viscosity of the solution. MF has a higher viscosity in solution
and a higher molecular mass. HPC is a non-ionic, water-soluble
cellulose ether and its films are appropriately flexible even with-
out any plasticizer. HPC was chosen because it is necessary for bio/
mucoadhesion, it must be physiologically inert, and the oral cavity
has a water-rich environment. Accordingly, the film is not irritat-
ing, discharges without metabolism, is environmentally friendly,
and can adhere to the oral mucosa by connecting to the mucin,
which covers the whole mucosal membrane of the oral cavity. The
local anaesthetic Lid (Ph. Eur., Societa Italiana Medicinali Scandicci,
Firenze, Italy) was chosen as the active substance. Xyl (Ph. Eur.,
Roquette, Lestrem, France) was used as the taste improver. This
excipient has many advantages: it has an anticaries effect,
decreases fur formation, increases dental remineralization and
the saliva flow rate, and can be used safely even by patients with
diabetes mellitus (its glycaemic index is 7). Gly (Ph. Eur., Molar
Chemicals Kft., Budapest, Hungary) was used as the taste coverer.
It is good for masking bitter tastes, it has a sweet effect (the degree
of sweetness is 0.5) and in films it can act as a plasticizer. It is safe
for use and environmentally friendly.

2.2. Preparation of free films

The optimum polymer concentration was first established,
and solutions were then made containing 2, 3, 4, 5, 10 or 15 w/w%
polymer. Overly viscous samples (10 and 15 w/w¥% solutions of both
MF and LF), which were practically gels, were rejected because they
could not be poured to form films. Among the MF samples, because
of the high viscosity, only the 2 w/w% sample could be poured easily,
while all the other samples involved difficulties. The solvent was
distilled water (Ph. Eur.). Although 2, 3, 4 and 5 w/w¥ solutions of LF

could all be poured, 2 w/w% solutions were chosen for both types of
Klucel® as we wished to compare their physicochemical properties.
Lid was ground in a mill (Retsch RM 100, Retsch GmbH, Haan,
Germany) and the 100-200 pm powder fraction was incorporated
into the solution. Xyl dissolved readily and Gly compounded well in
the water—polymer mixture. Lid, Gly and Xyl were all used in the
same concentration (5, 10 or 15 w/w ¥% of the film-forming polymer).
Samples were poured onto either a glass or a non-stick surface.
When a smooth surface was needed for analysis of the surface
properties of films, the polymer solution was poured onto a glass
slide. However, for tensile strength tests, films were picked up from a
teflon surface. All the films were made by the same pouring
technology and stored at room temperature (25 °C/65% R.H.) for a
day and then placed into a climate chamber for 24 h (40 °C/50% R.H.).

2.3. Positron annihilation lifetime spectroscopy

The positron, the anti-particle of the electron, undergoes
annihilation by combination with an electron, to generate photons
with specific energy. The photons emitted have a distribution of
energies between 0 and 540 keV. The Ps is a positron-electron pair
derived from secondary electrons resulting from ionisation of the
medium (Fig. 1). The Ps has two spin states: the o-Ps (triplet) and
the para-Ps (p-Ps) (singlet). The lifetime of the o-Ps in vacuum is
approximately 100 ns. In a condensed medium, 75% of the Ps
formed will be o-Ps and 25% will be p-Ps. There are three
theoretical models to describe pick-off annihilation: the Spur,
Ore and free volume models (Pethrick, 1997). The free volume
model of Ps formation stipulates that the Ps is formed only in areas
with low electron density. In molecular solids, a trapped Ps is more
probable than a delocalised Ps and accounts for between 20% and
70% of all electrons injected into the medium. Three experimental
techniques have been developed for the study of positron annihi-
lation: PALS, angular correlation of annihilation radiation and
Doppler broadening spectroscopy, in all of which time of emission,
energies and moments of positron—electron annihilation photons
are measured (Pethrick, 1997).

Free volumes were measured through determination of the
lifetime of o-Ps in the samples. PALS (Fig. 2), increasingly applied
to polymers in the pharmaceutical technology (Hiemenz, 1984;
Siivegh et al, 1999; Kilburn et al, 2002), makes use of the
phenomenon that, if positrons are injected into a polymer, a large
number of them form atom-like bound states with electrons. The
lifetime of these Ps particles depends on the size of the free volume
holes. The exact dependence can be approximated by a simple

Fig. 1. Positronium formation in porous thin films (Peng et al., 2007).
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Fig. 2. Structural framework of a positron annihilation lifetime spectrometer.

model, with the assumption of spherical vacancies (Eldrup et al.,
1981)

r:1 1—7R +lsin< 2R )}_l 1)
2 R+ AR  2n R+ AR

where 7 is the lifetime of the o-Ps atoms in nanoseconds, R is the
radius of voids in Angstréms, and AR is a constant. On a molecular
scale, the R data correspond well to the BET and neutron-scattering
results. The lifetime spectrometer applied was constructed from
BaF, based detectors and standard ORTEC electronics. Spectra were
collected in the 4096 channels of a multichannel analyser. The time/
channel value was ~10 ps and the time resolution of the system was
~210 ps. As a positron source, carrier-free 22NaCl was used, sealed
between kapton foils. The activity of the source was ~5-10° Bq and
only 5-8% of the positrons were annihilated in the source itself.

2.4. Determination of mechanical properties of films

The tensile strength tester and the software were developed in
our institute (Bajdik et al.,, 2007). This device contains a special
holder (20 mm in diameter) and a hemispherical indent with a
surface area of 201 mm?, and is connected to a computer through
an interface. The ultimate deformation force can be measured, and
the deformation process (force-time and force-displacement
curves) can be followed. The circular holder is situated horizon-
tally and the jowl moves vertically. The measuring range was
0-200 N, the speed of the stamp was 20 mm/min, the sampling
rate was 50 Hz, the output was 0-5V, and the sensitivity was
+ 0.1 digit. The sensor comprised an UNICELL force-measuring
equipment, calibrated with the C9B 200 N cell; 10 parallel
measurements were performed on each specimen. Before tensile
strength experiments, the film thickness was measured with a bolt
micrometre with an accuracy of 0.001 mm (Mitutoyo, Kawasaki,

Japan).
2.5. Contact angle (CA) measurements

The SFE of a sample can provide a very important information
(for example adhesion, spreading coefficient, etc.) concerning the
processibility of the solid product. This behaviour should therefore
be known before the formulation. Thus, measurements were
carried out with a drop-contour analyser (Dataphysics OCA20,
Dataphysics Instruments GmbH, Filderstadt, Germany), by a sessile
drop method at room temperature (25 °C). The SFE of the solid
was calculated by a literature method (Wu, 1971). This method
determines the amounts of the polar (y”) and dispersion (%)

constituents for the solid. The SFE of the solid can be established
by measurement of the CAs of two liquids of known polarity and
the solution of two equations (one for each liquid) with two
parameters:

Ay
v+

A8
7%+

where y, is the surface tension (SFT) of the liquid, y, is the SFE of
the solid, and @ is the solid-liquid surface CA. The extent of
polarity, as a percentage, can be derived from the SFE. It is the ratio
of the polar part and the total SFE. For the determination of SFE,
diiodomethane and distilled water were chosen. The bilateral
solid-liquid surface CA was measured with both liquids. CAs were
registered at 1 s intervals for 15 s after drop formation. The circle-
fitting method was used for the CA assay. For the calculations, we
used the mean CA for the fourth second of at least 10 continuous
measurements. SFEs and polar and disperse surface tension SFTs
were calculated from the CAs associated with water (for the polar
component of SFT) and diiodomethane (for the disperse compo-
nent of SFT). According to Wu (1971), SFT is 72.80 mN/m for water
and 50.80 mN/m for diiodomethane. The polar part of SFT is
50.20 mN/m and 1.80 mN/m and the disperse part of SFT is
22.60 mN/m and 49.00 mN/m.

(1 +cos O)yl=

)

3. Results and discussion
3.1. Positron annihilation lifetime spectroscopy

This technique was very important for our study because it
yielded information about the free volume structure of the films.
It is clearly seen in Fig. 3 that there was not much difference
between the two types of Klucel® containing Xyl. As the concen-
tration of Xyl was increased, the average size of the free volume
holes decreased quite similarly in the two forms of the polymer.
Gly caused different changes in the polymers. It increased the size
of the free volume holes, but the effect differed in the two forms of
HPC. The most relevant difference between them was that Gly
caused a faster change in the LF films. This reflects the fact that LF
contains shorter polymeric chains than those in MF. Thus, the
plasticizer can move them apart from each other more easily than
in the case of the much longer MF chains. In the end, Gly forms the
same size of free volumes in both polymers.

The most interesting finding from the positron data is the
opposite behaviour of Xyl and Gly. Although the two molecules

Klucel MF - glycerol
v Klucel MF - xylitol

m Klucel LF - glycerol
o Klucel LF - xylitol
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Fig. 3. The lifetime of ortho-positronium in Klucel®™ films. Lines are given merely to
guide the eye.
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have very similar structures, one of them increased the free
volume in HPC whereas the other one decreased it. The explana-
tion of this may be the size difference between the molecules.
Both molecules are able to destroy the original H-bonding network
in the polymers, which suggests an increase in free volume.
However, the longer Xyl molecules may fill the empty spaces or
be able to connect the polymeric chains through H-bonding. A free
volume decrease can be a serious problem in the pharmaceutical
technology. It might indicate that certain excipients in these films
can become strongly linked to the polymer molecules, changing
the properties of the products.

3.2. Mechanical properties

Films poured onto a non-stick surface were used for the tensile
strength measurements. When Xyl was used in the studied
samples, the tensile strength of MF films was 2.5-3.5 times higher
than that of films which contained only the film-forming polymer
without any excipient (Table 1). This result correlates with the
PALS finding, again suggesting that Xyl forms H-bonds between
the neighbouring polymer chains, leading to a stronger film
structure. Gly was used as a taste coverer in these films, but in
the pharmaceutical technology and the food industry it can also
serve as a plasticizer, and when it was present in the samples,
the tensile strength of the films was 2-2.5 times higher than
that of the empty films. However, the mechanism of this process is
different from that in the case of Xyl. Gly causes the films to
become more elastic, increasing the tensile strength through the
decrease of brittleness. It is interesting that, when the two
excipients were combined the tensile strength increased eight-
fold, a very welcome side-effect. During the processes of unpack-
ing and sticking on the oral mucosa the free films are exposed to
appreciable mechanical stresses, and hence a low tensile strength
is a disadvantage. In the case of the Klucel™ MF films, the addition
of Lid did not change the effects of Xyl and Gly on the films. Even
when both excipients were used together with Lid, the resulting
tensile strength was adequate for the films (Table 1).

In contrast, when the Klucel® LF film-forming polymer was
investigated, we did not find any significant changes in tensile

Table 1
Tensile strength of Klucel™ MF films.

strength with variation of the excipients or their concentrations
(Table 2). Only when Lid was alone in the samples was the tensile
strength of films slightly higher. The films were originally weaker,
they broke easily, and it was necessary to pour them several times
to obtain sufficient sample for measurements. The reason for this
phenomenon is that LF has shorter polymer chains than MF. The
thickness of the MF or LF films was 20-40 um in every composition
of the samples.

3.3. CA measurements

For the CA measurements, films were poured onto a glass slide.
The CA of water (deg) and the SFEs for both Klucel® MF (Table 3)
and LF (Table 4) were measured. It was found that the CA of water
in general was slightly higher for the MF samples. Only when both
excipients were added at 5 w/w% was the CA appreciably higher
and when Lid was incorporated at 5 or 15 w/w%, the CA was
decreased. The SFE was stable or increased slightly; it decreased
if both of the excipients were used in 5 w/w%. The CA of water
increased in every LF free film: the average degree of the rise was
7-10°. If Lid only or both the active substances and Xyl were
incorporated at 15 w/w¥%, the CA increased appreciably. The SFE
was stable or decreased slightly in LF samples. Lower CAs were
found in LF free films, and the SFE values were approximately the
same. As MF has longer polymer chains, the components could
enter the free holes in the polymer matrix and did not have a
strong effect on the surface properties of the system. Since LF has
shorter chains, the incorporated materials had fewer sites at which
to enter the structure of the polymer, and Gly and Xyl present
therefore exerted effects on the CA of water. These results
confirmed that a macroscopically stable film structure evolved in
every case. The constant SFE values indicated good bioadhesion in
every case.

4. Conclusions

PALS revealed that the shorter chains of LF reacted more easily
to the addition of Gly than did those of the longer MF form.

Table 2
Tensile strength of Klucel®™ LF films.

Materials Dry content (W|w%) Force (N +SD) Materials Dry content (w|w%) Force (N + SD)
Klucel™ MF 2 525+192 Klucel®™ LF 2 2.56 +0.82
Xyl 5 1432+ 1.84 Xyl 5 3.77+£0.88

10 16.85 + 0.86 10 2.51+0.65
15 18.49 + 143 15 2.78 £ 0.42
Gly 5 13.64 + 1.53 Gly 5 332+ 114
10 12.06 + 1.97 10 2.46 + 0.61
15 12.17 £ 0.93 15 247 +0.65
Xyl+Gly 5 4148 + 047 Xyl+Gly 5 2.42+0.83
10 43.77+ 124 10 2.80 + 1.60
15 4379 +3.32 15 250+ 111
Lid 5 17.73 £ 1.26 Lid 5 7.81+£2.09
10 13.97 +2.44 10 5.53+1.92
15 2.73+0.59 15 420+ 152
Lid+Xyl 5 15.48 + 1.46 Lid+Xyl 5 3.88+1.03
10 6.49 +2.77 10 3.46 +1.34
15 3.84+1.57 15 21740383
Lid+Gly 5 16.05 +2.82 Lid+Gly 5 1.58 +£0.59
10 778 +£1.37 10 3.05+122
15 4.72 £ 1.10 15 122 + 041
Lid+Xyl+Gly 5 44.78 + 1.89 Lid+Xyl+Gly 5 313+ 1.10
10 17.35+0.78 10 423+172
15 512+224 15 287+112
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Table 3
Surface properties of Klucel® MF films.

Materials Dry content Contact angle of water Surface free energy
(w/w%) (deg +SD) (mN/m + SD)
Klucel™ MF 2 53.45+0.92 58.41+0.75
Xyl 5 59.90 + 1.66 56.93 + 1.10
10 55.94 + 1.61 58.73 +0.83
15 59.60 + 1.13 56.63 +0.88
Gly 5 58.56 + 1.07 56.79 + 1.31
10 5238 +£2.26 60.32 + 1.33
15 53.43 +1.33 60.79 + 1.11
Xyl+Gly 5 67.78 + 1.21 52.61 + 1.54
10 5530+ 195 58.44 + 111
15 59.56 +2.07 55.43 + 1.30
Lid 5 48.50 +2.13 62.65 + 1.44
10 55.67 +£0.56 5830 + 1.21
15 51.85+0.07 60.04 + 1.18
Lid+Xyl 5 57.07 £ 1.30 58.33+0.76
10 54.63 + 0.66 61.02 + 0.43
15 54.05 +0.97 60.31 +0.76
Lid+Gly 5 57.81 £ 0.89 60.77 + 0.53
10 56.29 +£2.27 58.53+143
15 56.73 + 1.10 58.64 + 1.09
Lid+Xyl+Gly 5 56.91 + 047 57.61 + 0.60
10 55.60 + 1.01 59.37+0.85
15 58.84 + 1.12 57.35+0.92

Table 4
Surface properties of Klucel®™ LF films.

Materials Dry content Contact angle of water Surface free energy
(w/w%) (deg +SD) (mN/m + SD)
Klucel™ LF 2 41.80 + 0.37 64.16 + 0.81
Xyl 5 5222 + 187 59.88 + 1.24
10 52.16 + 0.67 60.50 + 0.62
15 49.00 + 1.47 61.21 + 044
Gly 5 51.41+3.03 60.72 + 1.88
10 50.80 + 0.65 61.58 + 0.62
15 47254120 63.46 + 1.05
Xyl+Gly 5 49.34 + 0.68 61.90 + 0.60
10 50.70 + 0.95 61.44 + 0.55
15 49.73+£0.78 61.21 + 044
Lid 5 51.47 + 1.25 63.83 +0.83
10 51.98 +3.55 60.99 + 1.86
15 57.35+0.21 57.04 +0.58
Lid+Xyl 5 48.92 + 1.86 62.16 + 1.09
10 53.90 +2.97 5824+ 172
15 60.69 + 2.40 54.90 + 1.39
Lid+Gly 5 49.60 + 042 60.13 £ 0.61
10 43.63 +2.07 63.63 + 1.21
15 47.71 £ 1.91 64.04 + 1.13
Lid+Xyl+Gly 5 46.30 + 0,81 63.65 + 0.69
10 57.37 +0.90 57.98 +0.82
15 54.95 + 1.04 59.72 +£0.74

The addition of Gly increased the size of the free volume holes in
the polymers, while Xyl decreased it. The cause of this difference
may be the difference in size of the molecules.

The measured tensile strengths of the films agreed with the
expectations. The shorter LF chains resulted in lower tensile strengths.

The added excipients increased the tensile strength of the films, but
Lid did not. However, together with the excipients, it still provided
films with acceptable tensile strengths.

The measured CA demonstrated that macroscopically stable
film structures were achieved at all compositions. The measured
constant SFEs suggest good bioadhesion.

With regard to the good workability of the free films and the
pharmaceutical technology requirements, Klucel® MF was chosen
as the film-forming polymer. Lid and the excipients Gly and Xyl
should be used in a concentration of 5 w/w%. Both Gly and Xyl had
marked effects on the tested polymers. In our study these effects
were welcomed and useful, but the excipients can cause disad-
vantageous effects in drug delivery systems, which must therefore
be tested.
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Szajnyalkahartyan alkalmazhatéo mukoadheziv filmek
I. rész: A szajnyalkahartya és a nyal anatomiai, élettani attekintése

Gottnek Mihaly, Hodi Klara, ifj. Regdon Géza

Bevezetés

Az utdbbi években olyan j innovativ gydgyszerfor-
mak kertiltek a gydgyszerkincsbe, mint példaul a szaj-
nyalkahartyan alkalmazhatd6 mukoadheziv gyogysze-
res filmek. Jelentdségiiket az adja, hogy a szajnyalka-
hartya, mint alternativ beviteli kapu lehetdséget bizto-
sit a hatéanyag szisztémas bejuttatdsara a first pass
hatasnak, a gyomor savas milijének és a gasztro-
intesztindlis traktusban talalhato enzimek bonté hata-
sanak kikiiszobolésével. Ezaltal kivédhetjik szamos
farmakon karosodasat, bomlasat, illetve eliminaldéda-
sat. A betegek, kiillonosen a gyermekek szivesen elfo-
gadjak, alkalmazzak ezt a gyodgyszerformat kis mére-
te, flexibilitasa, konnyii alkalmazhatosaga és tetszetOs
megjelenése miatt, ezaltal a compliance jelentdsen no-
velhetd. Az is kardinalis kérdés, hogy a gyogyszeripar
az alternativ beviteli kapuk és innovativ gyogyszer-
formak felé fordul, hiszen egyre kevesebb a potencia-
lis 4y farmakon jeldlt, mely szdba johet a terapidban.
Ezeket a tényeket az is jol bizonyitja, hogy az Ameri-
kai Egyesiilt Allamokban szamos cég, valamint Euré-
paban a Novartis is jelen van a gyogyszerpiacon
mukoadheziv filmekkel.

Tovabbképz6 cikksorozatunk elsd részében a szij-
nyalkahartya felépitésével és a nyallal szeretnénk
részletesen foglalkozni, mivel elébbi a gydgyszerfor-
ma alkalmazasi helye és a felszivo feliilet egyben,
utobbi pedig mint kioldo kozeg jatszik szerepet. A ma-
sodik részben a mukoadhézié mechanizmusat, a mu-

creg

srer

harmadik cikkben a mukoadheziv filmekrol, az alkal-
mazott filmképzd polimerekrdl, segéd- és hatdanya-
gokrol, valamint gyartasukrél kivanunk részletesen
szolni.

A szdjnydlkahartya anatomidja, élettana, felépitése

[1-5]

A bukkalis régiot elolrdl és oldalrol az ajkak és az or-
cak hataroljak, hatulrol és kozéprdl a fogak és az iny,
alulrol és feliilrdl pedig az ajkaktol és orcaktol halad a
nyalkahartya az iny felé. A szdjiireg teljes feliilete 170
cm? [6], melybdl mindossze 50 cm?az a hasznos fel-
szin, ami nem szarusodott el, igy hatéanyag abszorp-
cidjara alkalmas [7]. A szajnyalkahartya magaba fog-

lalja a bukkalis, szublingvalis, iny, szajpadlasi és ajaki
nyalkahartyakat. Ezek azonban harom f6 tipusba so-
rolhatoak: a permeabilis nyalkahartya, mely bukkali-
san (az orcakndl) és szublingvalisan talalhat6 meg, a
kovetkezo a specializalodott ham (receptorok), mely a
nyelvet boritja, végiil a ragd nyalkahartya, mely az
inyen és a kemény széjpadlason fordul eld [8]. Harom
jol elkiilonithetd rétege van: legkiviil az epitélium ha-
tarolja, mely az alatta elhelyezkedd bazalmembranhoz
kapcsolodik, ez utdbbi pedig a legalul talalhatod ta-
masztod szoveteken nyugszik. Ezeket tovabbi anatomi-
ai egységekre oszthatjuk (kiviilrdl az als6 rétegek felé
haladva):

— epitélium: nyak réteg, sztratum disztendum, sztra-
tum filamentézum, sztratum suprabazale, sztratum
bazale,

— bazalmembran, valamint a

— tdmaszto szévetek: lamina propria, szubmukoéza.

A bukkalis nyalkahartya vastagsaga emberek ese-
tén 500-800 pm kozé tehetd [9]. A szajiireget védo
epitélium el nem szarusodott és elszarusodott részre
oszthato (1. dbra).

Az el nem szarusodott sejtrétegek a lagyszoveteket
boritjdk Ggy, mint: az orca (bukkalis nyalkahdartya), a
nyelv also része, a lagy szajpadlas, a szajfenék és az
ajkak. A szdjnyalkahartya 60%-at teszi ki ez a szovet-
tipus [10], koriilbeliil 40-50 sejtrétegbdl all és 500-600
pum vastagsagu [11]. A bukkalis nyalkahartya elsddle-
ges funkcidja az alatta elhelyezkedd szovetek védel-
me. A szdveteket lipidmedialt permedbilitasi barrier
védi az el nem szarusodott teriileteken, igy védelmet
nyujt antigénnel, karcinogén anyagokkal, mikrobiol6-
giai toxinokkal, ételekben és italokban eléfordulo en-
zimekkel szemben is, valamint meggatolja a folyadék-
veszteséget [12, 13].

A 16 lipidbarriert 76%-ban foszfolipidek, 23%-ban
gliikoszfingolipidek és 0,72%-ban ceramidok alkotjak
[14]. Az elszarusodott sejtek a kemény szoveteket il-
letve azokat a rogzitett anatomiai képleteket boritjak,
amelyek nagy mechanikai igénybevételnek vannak ki-
téve, mint példaul a kemény szajpadlas vagy az iny
[15]. A struktiraja nagyon hasonlit az epidermiszéhez
¢és kortilbeliil a szajiireg 25%-4t boritja [6]. A szajiireg
nagyjabol 15%-4t boritja részben elszarusodott epité-
lium, mely els6sorban a nyelv fels6 részén talalhato
meg [16] és izérzd receptorokat is tartalmaz. A bazal-
membran 6sszekotd funkceidt tolt be az epitélium és az
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Elszatusodott

A legtobb rdgesdld
fajban:
-patkény
-héresog
-tengerimalac

—_—

Epithelium
= Elnem szarusodott az emberben
==6 és az aldbbi dllatfajokban:
3.0 o -sertés
9.0 I -kutya
DO A -majom

«—— Bazéilmembran

Lamin propria

Submucosa

1. dbra: A bukkalis nydlkahdrtya keresztmetszeti rajza [9]

alatta elhelyezkedd szovetek kozott, kapcsolatot te-
remt a rétegek hataran, tovabba megfeleld mechanikai
alatdmasztast nyujt az epitéliumnak. A bazalmembran
kb. 1-2 pm vastagsagu [17] és az itt talalhaté kera-
tinocitak vandorolnak fel az epitélialis régioba, koz-
ben alakjuk és méretiik is megvaltozik. A felszini sejt-
réteg folyamatosan levalik, hasonldéan az epidermisz-
hez [16]. A legalul elhelyezkedd tamaszto szovetek ha-
tarozzak meg a szajnyalkahartya mechanikai stabilita-
sat. A bukkalis epitéliumba hosszu, kupos sejtek

nyulnak be a lamina propriabdl,
mely kollagén rostokat, vérereket
és simaizmot tartalmazd réteg
[12]. Elsésorban mechanikai sze-
repet tolt be, nincs jelentds bar-
rier funkcidja a kiilonféle anya-
gok penetracidja sordn [18, 19].
Az orcak teriiletén szamos
racemozus, mucinozus €s szerd-
zus mirigy talalhat6 [20], melyek
kisméretliek, a nyalkahartya és
az izom kozé agyazottan helyez-
kednek el. A maxillaris artéria
szallitja a vért a bukkalis nyalka-
hartyaba, igy gazdagabban ere-
zett, mint szublingvalisan, az iny
vagy a szdjpadlas teriiletén és a
véraramlas is gyorsabb (2,4 ml/
perc/cm?). Az artérias érhalozat
az arteria carotis externa-bol ered
[21]. A nyalkahartya durva felii-

letli [22] és az epitélium 5-6 naponta megujul [9].
Permeabilitdsa nagyobb, mint a bdré, de kisebb a vé-
konybél ateresztd képességénél [23-25]. Ez nemcsak a
bél nagyobb felszivo feliiletével magyardzhatd, hanem
annak szerkezetével is, hiszen ha figyelembe vessziik,
hogy a bélhamot csak egyrétegii epitélium boritja 6n-
magaban, akkor érthetd a jelentds eltérés az emlitett
szovetek permeabilitasa kozott (2. dbra).

Az el nem szarusodott teriileteken a bukkalis
epitélium sejtjei megtartjdk a sejtmagjukat és né-

2 =
© DS 85
D Ot Ers
(G A

Bor

Bukkalis nyalkahartya

>

Vékonybél

2. abra: A bukkalis nydlkahdrtya, a bor és a vékonybél dteresztoképessége kiilonbségének anatomiai okai [4]
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L tablazat

A nydl és a plazma dsszehasonlitdasa [34]

Komponens Plazma Nyal (nyugalmi) Nyal (stimulalt)

Na* (mmol/l) 145 5 20-80
K* (mmol/l) 4 22 20
Ca?" (mmol/l) 2,2 1-4 1-4
CI (mmol/1) 120 15 30-100
HCO?* (mmol/l) 25 5 15-80
PO,* (mmol/) 1,2 6 4
Mg?* (mmol/l) 1,2 0,2 0,2
SCN- (mmol/l) <0,2 2,5 2
NH, (mmol/1) 0,05 6 3
(NH,),CO (mmol/l) 2-7 33 2-4
Fehérje (g/1) 70 3 3

hany citoplazma funkciot, valamint keresztkotott fe-
hérje burok veszi dket koriil [22]. A differencialodas
soran jelentds eltérés figyelhetd meg az elszarusodo
¢és az el nem szarusodo sejtek kozott, és ez okozza a
szaruréteg kialakulasat vagy hianyat. Az el nem sza-
rusodo sejtek érésiik soran elhagyjak a bazalis régiot
¢és a felszin felé vandorolva a differencialodasuk fo-
lyamén nagyobb méretliek lesznek, kdzben lipideket
és citokeratinokat épitenek be, azonban ezek az
anyagok nem aggregalédnak vagy kotegelddnek,
szemben az elszarusodo sejtekkel [22]. A sejtek kiil-
s6 felszinéhez un. MCG-k kapcsoldodnak, mikor az
epitélium fels6 harmadaba érnek'. Ezek minden
hamtipusban eléfordulnak [26], jelenlétiik tehat ki-
mutathatd a szdjnyalkahartyaban, azonban pontos
funkcidjuk még nem tisztazott [27, 28]. Koriilbeliil 2
um atmérdjiiek, a Golgi apparatusban képzddnek és
a sejtek érése soran vandorolnak a felszini sejthér-
tyahoz, ahol fuzionalnak azzal [27]. A folyamat so-
ran tartalmukat a sejt kozotti térbe bocsatjak [29].
Az el nem szarusod6 hamszovetben amorf szerkeze-
tiek [27], kis szazalékuk lamellakat is tartalmazhat
[30], wviszont a bukkalis nyalkahartya jobb
permeabilitasat részben az okozza, hogy a sejt ko-
zotti  térben nincsenek lamellakba rendezddott
lipidek [31]. Az egészséges szdjlireget mikroorganiz-
musok kolonizaljak, gombak, virusok és baktériu-
mok egyarant eléfordulnak a szjfloraban. Tobb mint
700 mikroorganizmus jelenlétét mutattdk mar ki
[32], igy nagyon fontos a szdjiiregben alkalmazott
mukoadheziv rendszer hatdsa a normal szajflorara,
illetve annak egyensulyara.

A nyadl fogalma, a nydalmirigyek anatomidja és
mitkodése [33-35]

A nyal egy tiszta, mukoszerdzus exokrin szekrétum,
a kis és nagy nyalmirigyekbdl szdrmazé komplex

' MCG betiiszo az angol kifejezés membrane-coating granules’
roviditése, szabad forditasban: ’rétegburkolo szemcse’.

Osszetétell folyadék [36, 37]. A nagy nyalmirigyeket
a felsd allkapcsi elsé két Orléfoggal szemkozt elhe-
lyezked6 paros parotid, a szajfenéken talalhato szub-
mandibuldris és szublingvalis mirigyek alkotjak. A
kis nyalmirigyek (koriilbeliil 450-750 darab) pedig az
alabbi helyeken fordulnak eld a szajiiregben: az also
ajkaknal, a nyelven, a szajpadlas, az orcak és a farinx
terliletén [37]. A protektiv Osszetevoket ez utdbbiak
termelik, habar joval kevesebb mennyiségii nyal kép-
z0dik benniik [38]. A normal napi nyalmennyiség
1,0-1,5 liter, mely az alabbiak szerint oszlik meg a
nydlmirigyek kozott: 20% parotid, 65% szubman-
dibularis, 7-8% szublingvalis és kevesebb, mint 10%
a kis nyadlmirigyekbdl. Stimuldcié hatdsara a parotid
nyaltermelése a teljes mennyiség 50%-ara emelkedik
[38]. A mirigyallomanyban acinus, duktusz és mio-
epitelidlis sejtek talalhatoak. Szerdzus, mucindzus és
vegyes valadékot egyarant elvalaszthatnak; a parotid
szerozus, a kis mirigyek mucinbézus, mig a szub-
mandibuldris és szublingvalis sejtek vegyes nyéalat
termelnek.

A nydl jsszetétele

A nyal nagyon hig folyadék, tobb mint 99%-at viz al-
kotja, de a maradék 1%-ban szdmos anyagot tartal-
maz, igy tudja betdlteni Osszetett szerepét. Elektroli-
tok (a legfontosabb a natrium-, kalium-, klorid- és bi-
karbonation) és nyomelemek (X 0,2%), immunglobuli-
nok, fehérjék (0,3%), enzimek, mucinok és a fehérje
bomlastermékei (karbamid és ammonia) is megtalal-
hat6 benne (az I. tablazatban a nyugalmi és a stimu-
lalt értékeket is feltiintettiik). Az ionok aktiv transz-
porttal keriilnek a szérumbdl a nyalba. A nyalban 1-2
mg/ml koncentracioban fehérje talalhato: glikoprotei-
nek, enzimek, immunglobulinok, peptidek: cisztatin,
sztaterin, hisztatin, prolingazdag fehérjék, melyek ko-
valens kotéssel kapcsolédnak cukrokhoz, foszfat- és/
vagy szulfationokhoz [34]. A harom nagy nyalmirigy
eltérd osszetételli valadékot termel: a parotid amildz,
prolingazdag fehérje, agglutinin, cisztatin, lizozim ¢s
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extraparotid glikoprotein tartalmu nyalat termel. Nagy
koncentracioban talalhatd lizozim és a kéttipusi mu-
cin (MGI1 és MQG2) a szublingvalis mirigy altal elva-
lasztott nyalban, mig a szubmandibularis valadék el-
s0sorban MGl-ben és amilazban gazdag [39].

A nyal pH-ja, aramldsa, a nydltermelés idegi
szabdlyozdsa, folyamata

Az acinus sejtekben termelt nyal izotonids, viszont a
duktusz rendszeren athaladva hipotonidssa valik [40].
Normal koriilmények kozott a pH-ja 6-7 kdzotti, azon-
ban lassu folyasnal 5,3, mig gyorsnal 7,8 is lehet [38].
Nyugalmi allapotban 0,1 ml/perc feletti a nyalterme-
1és, azonban stimulus hatdsdra a minimum foly4si tér-
fogat értéke 0,2 ml/percre emelkedik [41]. Az atlagos,
nem stimulalt folyasi érték 0,3 ml/perc [38, 42], a sti-
mulalt térfogat maximum 7 ml/perc lehet [38], ekkor
csokken az elektrolitok, fehérjék és mucin mennyisége
[39]. A nyalmirigyek kettds beidegzésiiek. Szimpati-
kus tulstly esetén az acinus sejteken keresztiil fehérjé-
ben gazdag nyal termelddik, mig paraszimpatikus do-
minancia sordn vizes, hig lesz a valadék [38].

Tovabb bontva a vegetativ szabalyozast, a nyalter-
melés és Osszetétel az aldbbiak szerint valtozik: a-ad-
renerg stimulus hatasara Ca?* influx miatt a sejtek fe-
hérjében gazdag nyalat valasztanak el, melyet ala-
csony mucin koncentracid, kis térfogat és viszkozus
sajatsdg jellemez. P-adrenerg tulstly esetén nincs
elektrolit bearamlas, viszont az acinus sejtekbdl fehér-
jékben gazdag szekrétum tavozik, mely mucinban
gazdag és viszkdzus, habos megjelenésii és joval las-
sabban keriil elvalasztdsra [43]. A kolinerg tulstly
elektrolitokban gazdag és nagy térfogatu nyalat ered-
ményez [44, 45]. Iz, illat és mechanikai inger (ragas),
fajdalom, a terhesség alatti hormonvaltozas, vagy ag-
resszid hatasara fokozodik a nyaltermelés, mig a
stressz €s a menopauza kornyéki hormonvaltozas
csokkenti azt [34]. A nyaltermelésnek is van napi és
éves ciklusa: alvas alatt termelddik a legkevesebb és
leglassabb folyast nyal, mig a legtobb étel-ital fo-
gyasztasakor egy napon beliil, nyaron alacsony, télen
pedig csucsaramlas figyelhetd meg [38, 46, 47]. A po-
pulécié 30%-a panaszkodik élete folyaman hosszabb-
rovidebb ideig fennalld szdjszarazsagrol (xerosztdmia)
kezelGorvosanak, fogorvosanak [48]. A stimulalt nyal-
termelésben megfigyelhetd hipofunkciéo nem életkor-
fliggd, viszont idésekben csdkken a nyalban talalhato
mucin mennyisége [44, 45].

A nyaltermelés nem exocitézissal valosul meg, ha-
nem vezikuldkbol {iriilve, melyekbe paracellularis
uton jut a viz. Ez pedig a test folyadékhaztartasatol
fligg, igy példaul 14z, hadnyas, hasmenés esetén keve-
sebb viz all rendelkezésre, ezért csokken a nyalterme-
lés, ami miatt a betegek szdjszarazsdgra panaszkod-
hatnak [34].

A nydl szerepe és funkcidja

A nyal {6 funkcioi:

— lubrikacio és védelem,

— pufferelés és tisztitds,

— a fogak integritasanak fenntartasa,
— antibakterialis aktivitds és

— izlelés és emésztés.

A lubrikans szerepét a nyalban taldlhatdé mucinok
toltik be, ezaltal a ragasban, a nyelésben és a beszéd-
képzésben is szerepet jatszanak. A megfeleld pH ki-
alakitasaban legfontosabb puffer a bikarbonat, de ezen
kiviil szerepet jatszik még az ammonia, karbamid és
foszfat is [49-51]. Az étkezést kovetd Ot percen beliil
csokkenni kezd a sz4j pH-ja, majd negyedora multan
éri el a 6,1 koriili értéket [52-54]. A fogak épségét te-
kintve az 5,0-5,5 koriili pH rendkiviil kritikus, mert
kedvez a kariesz kialakulasanak [39]. A kalcium, a
foszfat és a fehérjék antiszolubilizalé faktorként funk-
cionalnak és modulaljak a fogak de- és remineraliza-
cigjat. A fehérjék és mucinok a megfeleld tisztitast
biztositjak oly modon, hogy dsszekapcsolddnak, agg-
regalodnak a mikroorganizmusokkal, tovabba kozre-
mikddnek a plakk metabolizmus szabalyozasaban.
Egy a nyalban talalhato peptid, a sztaterin stabilizalja
a kalcium és foszfat sok oldodasat a nyalba, Iubri-
kansként beboritja a fogak felszinét, igy védve a sk
kiold6dasatol, valamint a hidroxiapatithoz kapcsolod-
va szintén védelmezi a fogzomancot [55, 56]. A pro-
lingazdag fehérjék koziil a savas karaktertiek jatsza-
nak elssorban szerepet a fogzomanc védelmében oly
moédon, hogy a baktérium-hidroxiapatit kapcsolatot
felbontjak és a fogakat beboritva egy védo réteget ala-
kitanak ki a zomanc felszinén, ahova a baktériumok
nem tudnak kotddni [57, 58]. A szdjlireg védelmét IgA
(MG2-h6z kapcsolodik), IgG és IgM immunglobuli-
nok, valamint fehérjék, MG2, peptidek és enzimek
(laktoferrin, lizozim, peroxidazok) latjak el [59, 60]. A
hisztatinok kis molekulak (3-5 kDa), bazikus, hisz-
tidingazdag fehérjék [61], elsésorban anti-candida ha-
tassal birnak [62].

Szisztémas betegségek hatdsa a nydl dsszetételére

1. Cisztas fibrozis: Megn6tt kalcium és Osszes fehérje
koncentracié jellemzi, melyek oldhatatlan komple-
xet képeznek egymadssal. A natrium- és foszfation
koncentracié szignifikansan megnd [63-68].

2. Szklerozis multiplex: Szignifikdnsan csokken az
IgA termelés nyugalmi allapotban [69, 70].

3. Graft-versus-host betegség: A nyalmirigyek dest-
rukcioja, natriumion, lizozim koncentraciondveke-
dés valamint foszfation és IgA csokkenés tapasztal-
hat6 a betegeknél [63, 71-73].

4. Diabetes mellitus (DM): Mivel az inzulinnak van
nyalmirigy stimulal6 hatasa, igy csokkent nyalelva-
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II. tablazat
A nydlelvalasztas mértékét csokkento hatoanyagcesoportok

I11. tablazat
Hiposzalivdciot okozo hatoanyagok [34]

1341 Antikolinerg hatas
NSAID Muszkarin receptor blokkolok
Antiaritmikumok Atropin
Antikonvulziv szerek Ipratropium
Ant%depr(?sszénsok Ol
Ant%etlnetlku.mok Pirenzepin
Antihisztaminok -
Antihipertenziv szerek Propantehn.
Antiparkinson szerek Sz.kopo.lamln
Antipruretikumok Anttparkmz?n szerek
Antipszichotikumok Benzatropin
Spazmolitikumok Biperiden
Citotoxikumok Orfenadrin
Dekongesztdnsok Prociklidin
Diuretikumok Trihexifenidil
Expektoransok Antikolinerg mellékhatas
MAO-inhibitorok Antidepressziv szerek
Trankvillansok Amitriptilin
Dezipramin
lasztas figyelhetd meg DM-ben szenvedd betegek- Imipramin
nél. Az albumin és IgG mennyisége is csokken nyu- Lofepramin
galmi allapotban [63, 70, 74]. Maprotilin
5. Alkoholos eredetii majcirrhosis: A betegek 50%- Nortriptilin
aban a parotis megnagyobbodik, ezaltal 50%-o0s Oxaprotilin
nyaltermelés csokkenést idéz el6, tovabba csokken a Antihisztaminok
natrium-, bikarbonat- és kloridion koncentracio, va- Ciklizinef
lamint az 6sszes fehérje mennyiség [63, 70]. Difenhidramin
6. HIV/AIDS: Csokken a nyaltermelés, a mucin és az Prometazin
antiviralis, antibakterialis és antifungialis faktorok Tripelenamin
szama, ellenben eldrehaladott stddiumban az 6sszes Antiaritmikumok
fehérje mennyisége megnd, mivel a fehérjék kony- Dizopiramid
nyebben atjutnak a funkciocsokkent epitéliumon —_Antipszichotikumok
[70, 75-78]. Klorpromazin
7. Epilepszia: Fenitoint szedd betegek esetén mellék- Butirofenonok
hatasként iny megnagyobbodas és csokkent IgA ter- Litium sok

melés fordulhat eld. Ezek kovetkezményeként jelen-
tésen romlik a szaj higiéné [63, 70, 79].

8. 'Eg6 szdj’ szindréma: Gyakrabban fordul el poszt-
menopauzas nokben, ezért is az eléfordulasi arany
1:7 a férfi és a n6 betegek kozott. A betegek szdjsza-
razsagrol és fajdalomrol panaszkodnak, azonban
konnyen serkenthetd a nyaltermelésiik mind mecha-
nikailag, mind gydgyszeresen. A teljes fehérje
mennyiség kisebb, a mucin, kdlium-, klorid-, fosz-
fation koncentracié pedig nagyobb [70, 80, 81].

9. Vesebetegség: A nyal fehérje, natrium- és kaliumion
koncentracidja a plazmaéval megegyezd, a pH és kar-
bamid mennyisége szignifikdnsan nagyobb [82, 83].

Gyogyszeres terdpia hatdsa a nydlelvilasztasra

Nagyon fontos kiilon kiemelni azokat a hatéanyagcso-
portokat, illetve hatéanyagokat, amelyek hatassal van-
nak a nyaltermelésre, annak Osszetételére, valamint a
nyalmirigyek méretére. Hiszen nemcsak a mukoad-

heziv rendszerek, vagy a szajban diszpergalodo tablet-
tak szempontjabol fontos a megfeleld mennyiségii €s
Osszetételll nyal (kioldokozeg, mukoadhézidhoz sziik-
séges mucin), hanem ezek ismerete nagyban segiti a
gyogyszerészi gondozas soran a betegekkel, illetve az
orvossal valéo kommunikaciot, egytittmiikodést.

Nydalelvalasztds csokkentés

Minden olyan hatéanyag, amely a vegetativ idegrend-
szer mikodését gatolja, az ingeriilet atvitelre vagy a
sejtmiikddésre hat, mellékhatasként csokkenteni fogja
a nyaltermelés mértékét. Szamos hatéanyag kiilonb6zo
hatastani csoportokbol nyaltermelést csokkentd mel-
Iékhatassal rendelkezik, ezeket a csoportokat a I1. tdb-
lazatban foglaltuk 6ssze. Az antikolinerg hatast vagy
mellékhatasu (I11. tablazat), valamint az antiadrenerg
jellegli hatéanyagok (IV. tablazat) szintén nyaltermelés
csokkenést idéznek elé mellékhatasként.
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Anti-adrenerg szerek [34].

1V tablazat

B-blokkolok a-blokkolok
ﬂl ﬂ1+ﬂ2 % ata, 4,

Acebutolol Alprenolol Butoxamin Corinanthin Dibenamin Idazoxan
Atenolol Carteolol Doxazosin Dihidroergotamin Rauwolszcine
Metoprolol Oxprenolol Prazosin Fenoxibenzamin Tolazolin
Pafenolol Pindolol Fentolamin Yohimbin
Praktolol Propranolol

Sotalol

Tetratolol

Timolol

V. tabldazat

Paraszimpatomimetikumok [34, 84, 85].

Direkt hato

Arekolin

Betanekhol

Carbakol

Cevimelin

Metakolin

Muszkarin

Oxotremorin

Pilokarpin
Indirekt hato
Cizaprid

Neosztigmin
Nizatidin

Fizosztigmin

Nydalelvalasztas serkentés

A nyalfolyas serkentéséhez a neurotranszmitter
acetilkolin vagy noradrenalin szintjének kell emelked-
nie, hatdsukra nagymennyiségii, vizben gazdag és kis
szamos hatdanyagot alkalmaznak ezek koziil a szdj-
szarazsag csOkkentése érdekében, példaul Sjogren-
szindroma, vagy nyaki besugarzas mellékhatasaként
fellépd szaraz szdj esetén (V. tabldazaf). A szimpato-
mimetikumok szintén fokozzak a nyaltermelést (V1.
tablazat).

Nyalmirigyek morfologiai valtozdsa

Egyes hatéanyagok eldidézhetik a nydlmirigyek mor-
fologiai valtozasat. Példaul B -receptor stimulacio a
nyalmirigy megnagyobbodéasat idézi eld, mig a
metoprolol (B, antagonista) csokkenti a mirigyallo-
many méretét [86, 87]. A nyalmirigy allomany megna-
gyobbodasat okozo hatdanyagok a VII. tdablazatban
talalhatoak.

Fajdalom a nydlmirigyekben

Szamos esetben masodlagos fertézések miatt a bete-
gek fajdalmat éreznek a nyalmirigyekben. Az alabbi
hatéanyagok alkalmazésa esetén szintén fajdalom for-
dulhat el6 a nyalelvalasztas soran: guanetidin, izmelin,
a-metildopa, bretilium, betanidin, klérmetiazol, klo-
nidin, citarabin, nikardipin [86].

[zérzés valtozds és rossz lehelet (halitozis)

Féleg a kén tartalmu hatéanyagok okoznak halitozist.
Rossz leheletet el6idézé hatdanyagok példaul a
dimetilszulfoxid, N-acetilcisztein, izoszorbid-dinitrat
(VIIL. tablazat) [86-92].

Osszefoglalis

A szijnyalkahartya kivald beviteli kapu bukkalis
hatéanyaghordozo rendszerek szamara, mivel felépité-
se, vastagsaga, vérkeringése, feliilete alkalmassa teszi

VI. tablazat

Szimpatomimetikumok [34].

p mimetikum o mimetikum
ﬁ1 ﬁ1+ﬁ2 ﬁz a,ta, L
Dihidro-alprenolol Izoproterenol Metaproterenol Metoxamin Klonidin
Dobutamin Prokaterol Fenilefrin Moxonidin
Prenarterol Szalbutamol Oximetazolin
Szoterenol a-Metildopa
Terbutalin a-Me-noradrenalin
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VIILI. tablizat
Az izérzékelését befolydsolo hatoanyagok [34]

Fémes (keserii) iz Megvaltozott szaglas Megyvaltozott iz érzékelés iz érzésvesztés
Azelasztin Doxiciklin Linkomicin Karbamizol
Prokainbenzilpenicillin Szkopolamin Szulfaszalazin Propiltiouracil
Metronidazol Tegretol Penicillamin
Tetraciklin Levodopa Bleomicin
Begnamidin Kloérhexidin Ciszplatin

Hexetidin Kaptopril
Litium-karbonat

Amfotericin

Grizeofulvin

Kaptopril

Natrium-dodecil-szulfat

erre. A helyi hatds mellett kiemelt elényt jelent tovab-
ba a szisztémas gyodgyszerbevitel lehetdsége is. A
nyal, mint kioldokdzeg és a mucin forrasa jatszik je-
lentds szerepet e gyodgyszerformak alkalmazhatdsaga
szempontjabol. A kiilonbozé hatéanyagok nyalmiri-
gyekre és a nyalelvalasztasra gyakorolt hatasanak is-
merete mind a gyogyszerészi gondozds, mind a szij-
iregben alkalmazott gyogyszerformak alkalmazhato-
sadga szempontjabol jelentds.
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Gottnek, M., Hodi, K., Regdon, G. jun.: Mucoadhe-
sive films applied on the oral mucosa. Part I: Anatomical and
physiological review of the oral mucosa and the saliva

The structure, thickness, blood circulation and surface of the
oral mucosa make it an excellent entrance route for buccal drug
delivery systems. In addition to the local effect, the possibility
of systemic drug administration is also a prominent advantage.

The first part of our further education series of articles
is going to focus on the structure of the oral mucosa and the
saliva, as the former one is the place of administration of
the dosage form and also an absorbing surface, while the
saliva, as a dissolving medium and a source of mucin, has a
significant role in the applicability of mucoadhesive films. It
is important to know the effect of various active ingredients
on salivary glands and salivary secretion both with respect to
pharmaceutical care and to the use of dosage forms adminis-
tered in the oral cavity.

SZTE Gyogyszertechnologiai Intézet, Szeged, E6tvés u. 6. — 6720
e-mail: geza.regdon@pharm.u-szeged.hu

A dolgozathoz tartozo tesztkérdések az utolso oldalon talalhatok
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Szajnyalkahartyan alkalmazhat6 mukoadheziv filmek
II. rész: A mukoadhézio mechanizmusa, a mucin funkcioi. Penetracio a szajnyalkahartyan
keresztiil, a nyalkahartya barrier funkcioja

Gottnek Mihaly, Hodi Klara, ifj. Regdon Géza

A mukoadhézio fogalma, adhézios elméletek, illetve
az adhézio kialakitasaban szerepet jatszo tényezdk

1, 2]

Bioadhézio alatt azt a folyamatot értjiik, melynek so-
ran egy biologiai egységhez hatarfeliileti erdkkel tar-
tésan kapcsolodik valamely anyag, vagy egy gyogy-
szerforma. Ez a kapcsolédas kemény és lagyszovete-
ken egyarant létrejohet. A mukoadhézio fogalmanak
meghatarozasa soran az el6z6 definiciot azzal kell ki-
bdviteni, hogy a bioadhézio ilyenkor mucinnal, vagy
nyakkal fedett képleten valosul meg [3]. Az utobbi év-
tizedekben a mukoadhézio és mechanizmusa a figye-
lem kdzéppontjaba keriilt, melynek oka az, hogy loka-
lis terapia esetén a gyogyszerforma célzottan biztosit-
ja a hatdéanyag koncentralt jelenlétét az érintett teriile-
ten (pl. afta, foginygyulladas kezelése). Szisztémas
hatas elérése érdekében oly modon biztositja a hatd-
anyag egyenletes és folyamatos vérszintjét, hogy tar-
tosan a felszivo feliilethez rogziti a hatéanyag hordozo
rendszert.

A nyalkahartya olyan allandéan nedves, nyakkal
boritott képlet, mely bizonyos testiiregek (pl. szajiireg,
1€gz0 traktus) falat boritja. Az epitélium lehet egyréte-
gl (pl. gyomor, vékonybél, bronchusok), illetve tobb-
rétegli is, utobbi tobbek kozott a szdjlireg, nyeldcso,
kornea vagy a vagina feliiletét boritja. Mucint egyrészt
arra specializalodott kehelysejtek, masrészt exokrin
mirigyek, mint a nyalmirigyek termelhetnek. A mucin
eléfordulhat a nyalkahartyan gélrétegként, oldott vagy
szuszpendalt formédban egyarant [4]. Jellegzetes gél-
szerll allapotat, a kohézios és adhézids tulajdonsagat,
a benne 1évd glikoproteinek adjak. A mucinréteg vas-
tagsaga az eltérd testiiregekben kiilonbozé lehet, vas-
tagsdga a gyomorban 50-450 um kozé tehetd [5, 6], a
legvékonyabb, mindossze 1 pm-es pedig a szajiireg-
ben [7].

A mukoadheziv rendszer — mucin interakcio

Kémiai kotések: Az adhézid 1étrejottéhez, a moleku-
laknak kotést kell 1étesiteniiik a feliilettel. Kialakul-
hatnak er0s ionos és kovalens kotések, gyengébb hid-
rogénhid-kotések, a leggyengébb van der Waals kol-
csonhatasok €s végiil az indirekt hidrofob kotések is

[8].

Tovabbképzo cikksorozatunk elsé részében a szdj-
nyalkahartya felépitését és a nyal élettani, gyogysze-
részeti vonatkozasait targyaltuk részletesen, mivel
elobbi a gyogyszerforma alkalmazasi helye és a fel-
szivo feliilet egyben, utobbi pedig mint kioldo kiozeg
Jjatszik szerepet. A masodik részben, vagyis jelen koz-
leményben a mukoadhézio mechanizmusat, a mucin
szerepét, a szajnyalkahartya barrier funkciojat és a
harmadik cikkben a mukoadheziv filmekrol, az alkal-
mazott filmképzo polimerekrdl, segéd- és hatoanya-
gokrol, valamint gyartasukrol kivanunk majd részle-

tesen szolni.

Adhézios elméletek: ot f6 elméletet allitottak fel a
mukoadhézio kialakulasanak mechanizmusara [9-11].
1. Az elektron-elmélet szerint elektrontranszfer jon

létre az érintkezo feliiletek kozott, a folyamat koz-

ben megvaltozik a rendszerek elektronszerkezete. A

hatarfeliileten kettdsréteg alakul ki, mely kovetkez-

tében vonzo erdk lépnek fel.

2. A nedvesedési elméletet a folyadék és a szilard
rendszer kozott fellépd feliileti, hatarfeliileti energi-
akkal lehet magyarazni. A folyadék spontan szétte-
riil a feliileten, mely egyben a bioadhézi6 1étrejotté-
nek az eldfeltétele. A jelenség soran a gaz, folyadék
¢és szilard fazis feliileti fesziiltsége tart egyensulyt.
A nedvesedést a peremszdggel (O) tudjuk jellemez-
ni. A gyakorlatban nedvesedésrol beszéliink, ha ® <
90°; adott feliiletet rosszul nedvesit egy folyadék,
ha ® > 90°. Tokéletes nedvesedés akkor jon létre,
ha ® = 0°, amikor pedig ® = 180°, akkor a folyadék
egyaltalan nem nedvesiti a szilard feliiletet. Tehat
annal nagyobb mértékben jon 1étre bioadhézio, mi-
nél kozelebb esik a nedvesedési peremszog a 0°-hoz
[12].

3. A diffuzios elmélet szerint a polimer lancok és az
adheziv feliilet kozott diffuzio jatszodik le. A folya-
matot a koncentracio-gradiens iranyitja és az elér-
heté6 molekulalancok hosszatol valamint mozgé-
konysagatdl fiigg. A penetracio mélysége a diffuzi-
0s koefficienstdl és az érintkezés idejétdl fiigg, az
elégséges penetracios mélység kdzepesen tartos ad-
hézios kotést hoz 1étre.

4. A mechanikus elmélet értelmében keresztkotés ala-
kul ki egy folyadékként viselkedd adheziv anyag és
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1. abra: A mukoadhézio mechanizmusdanak lépései [1, 14]

a durva felszin egyenetlenségei kozott. Habar a

nagy feliilet tobb kapcsolddasi lehetdséget biztosit,

egyre fontosabb jelentdséget tulajdonitanak a kap-
csolodas soran a viszkoelasztikus és plasztikus

energia eloszlas kialakuldsanak [11].

5. A szétkapcsolodasi elmélet abban tér el az el6z6
négy elmélettdl, hogy az adhézié utan az érintkezd
feltiletek szétvalasat feltételezi. Az adhézids kotés
gyengiilése a hatarfeliileten figyelhetd meg. Ez nor-
malisan a gyengébb komponens miatt kovetkezik
be, azaz a kohézids erd gyengiilése tapasztalhato az
Osszetapado feliileteken keresztiil.

Figyelembe véve a mukoadhézié mechanizmusanak
bonyolultsagat 6nmagaban egyik teériaval sem ma-
gyardzhat6 a folyamat.

John D. Smart szerint az in vivo mukoadhézios ké-
tés létrejottét négy elképzeléssel lehet magyarazni:

1. Szaraz vagy részlegesen hidratalt gyogyszerformak
valodi nyak rétegen keresztiil kapcsolodnak a felii-
lethez példaul az orriiregben alkalmazott partiku-
lak esetén.

2. Teljesen hidratalt gyogyszerformak az elébb emli-
tett feliileti tulajdonsagok mellett is kapcsolodhat-
nak a szovethez gy, mint a gasztrointesztinalis
traktus also részeiben alkalmazott els6 generacios
mukoadheziv rendszerek.

3. Szaraz vagy részlegesen hidratalt gyogyszerformak
vékony/mem folytonos nyak rétegen keresztiil kap-
csolodnak a szdvethez, mint példaul a szajiiregben
és vaginaban alkalmazott mukoadheziv tablettak
vagy filmek.

4. Teljesen hidratalt adagolasi formak kapcsolodnak
az elébb emlitett modon. Tipikusan félszilard vagy
folyékony készitmények alkalmazdsa a szemben,
oesophagusban [1].

Két lépéssel lehet jellemezni a mukoadhézio me-
chanizmusat [13], mely a mukoadheziv anyag és a
nyakréteg kozott jon 1étre. Az els6 1€pés az érintkezési

szak, mely soran kozvetlen kapcsolat (nedvesedés) van

a mukoadheziv anyag és a nyakréteg kozott. Majd a

masodik 1épés az dllandosulasi szak, mikor kiilonféle

fizikai és kémiai interakciok biztositjak a tartos
mukoadhézids kapcsolatot (I. d@bra). Az érintkezési

szakban a film elkezdi dehidratalni a nyakréteget, mi-

kézben 6nmaga hidratalddik; a folyamat kozben meg-

kezdddik a polimer lancok penetracidja a nyakrétegbe
és viszont. Az allanddésuldsi szakaszban kialakulo
mukoadheziv erd a filmképz6 polimer tulajdonsagaitol
¢s a hidrataltsag mértékétdl fiigg [14]. A mukoadhézio
megsziinését a gyengébb komponens okozza: a
mukoadheziv nydk hatarfeliilet. A mukoadhézié szem-
pontjabol az erésebb komponens altalaban a nyakréteg
vagy a hidratalt mukoadheziv anyag [15]. Az adhézios
kapcsolat ereje és tartossaga a gyengébb régio kohézi-
0s tulajdonsagatol fiigg. Vizes kornyezetben a muko-
adheziv polimerek kdnnyen tilhidratalodnak, mely fo-
lyamat soran csuszos nyakréteget képezve konnyen el-
valnak a feliiletrdl [16]. Hogy tartés adhéziot lehessen
elérni, szabalyozni kell a hidrataci6 fokat és mértékét.

Ennek megvalositasa keresztkotések [17-19] vagy hid-

rofob csoportok alkalmazasaval lehetséges [20].
Szamos faktornak van hatasa a mukoadhéziora [3,

9, 21]. A sz4jliregi mukoadhézidban szerepet jatszo té-

nyezok a kovetkezok:

— polimertdl fiiggd faktorok: molekulatomeg, flexibi-
litas, H-hidkoté kapacitas, keresztkotottségi fok,
toltés, koncentracid, hidratacio [2];

— kornyezeti tényezék: a nyal, a mucin életido, a
bukkalis szovetek mozgasa.

A mukoadhézi6 szempontjabol optimalis molekula-
tomeg 1-10-4-10° Da. A nagy molekulasulyu polime-
rek nem hidratalodnak eléggé gyorsan, igy a kotést 1é-
tesitd csoportok nem tudnak a kapcsolodasi felszinhez
kotddni. Ezzel szemben a kis molekulatomegiiek
gyenge gélt képeznek és gyorsan oldodnak a felszin-
rol.
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A polimerldncok mozgékonysaga is fontos, mert se-
giti a kotd csoportok penetracidjat és belegabalyodasat
a nydkrétegbe. Ha a vizoldékony polimerekben novel-
jik a keresztkotések szamat, akkor csokkeni fog a po-
limer lancok mozgékonysdga, mely védelmet nyujt a
talzott hidratacié ellen. Az ionizalhaté csoportokat
tartalmaz6 polimerek mukoadhézios tulajdonsagait
befolyasolja a kdrnyezet pH-ja. Azokban a rendszerek-
ben, ahol e csoportok szdma nagy, példaul kar-
bomerek, kitozanok, szignifikans kiilonbségek tapasz-
talhatok a belso, feliileti és kornyezeti pH kozott [22].
A toltéssel rendelkezd polimer csoportok és fémionok
interakcidja szintén szerepet jatszhat az adhézié me-
chanizmusaban, tovabba azok a makromolekulak,
amelyek H-hidkotés létesitésére alkalmas funkcios
csoportokat tartalmaznak [16, 21, 23-25]; hidroxil
(OH), karboxil (COOH) vagy amin (NH,) [26] cso-
portjaik révén kedveznek az adhézié kialakulasanak.
Tipikus képvisel6ik a karbomerek, kitozan, natrium-
alginat és celluloéz szarmazékok. Szulthidril csoporto-
kat tartalmazd polimerek €s a mucinok kén tartalmu
csoportjai diszulfid hid kialakuldsanak kedveznek (2.
dbra).

A nyalkahartya feliiletét mucinban gazdag nyakré-
teg boritja. A mucinok nagymértékben glikolizalt
glikoproteinek; egy nagy fehérjerészbdl és oligo-
szacharid oldallancokbol allnak. A fehérjerészt sze-
rin-, treonin- és prolingazdag egységek épitik fel. Az
oligoszacharid lancok végéhez szialsav, szulfonsav,
L-fruktéz, galaktéz, N-acetilgalaktézamin vagy
N-acetilglikozamin kapcsolddik [28]. Ennek eredmé-
nyeként a mucinok negativ toltésiiek fiziologias pH-n.
Pozitiv toltéssel rendelkezé polimerek a negativ
szidlsavon keresztiil elektrosztatikusan tudnak kap-
csolddni a mucinhoz. Az anionos polimerek jobb
bioadhézios tulajdonsaggal rendelkeznek, mint a kat-
ionosak vagy a semlegesek. Egy gyogyszerforma al-
kalmazhatosagi ideje a mucin életidejétdl fiigg, amely
emberek esetén 12-24 6rara becsiilt [29]. A gyogyszer-
forma kialakitdsa soran azt is figyelembe kell venni,
hogy nemcsak evés, ivas vagy beszéd kdzben, hanem
alvas alatt is folytatodik a bukkalis nyalkahartya moz-
gasa, mely a filmek elmozdulasat, levalasat idézheti
eld [30].

A mucinok felépitése, tipusai, szerepiik [26, 31, 32]

A bukkalis nydlkahartya epitelidlis sejtjei kortilbeliil
40-300 pm-es nyakréteggel vannak boritva [33], me-
lyet 95-99%-ban viz és 1-5%-ban mucinok alkotnak.
A mucinok nagymolekuldk, molekulatomegiik 0,5-20
MDa kozé tehetdé és nagymennyiségli szénhidratot
tartalmaznak. A GI traktus mucinjai 70-80% szénhid-
ratbol, 12-25% fehérjébdl és 5% szulfat észterbdl all-
nak. Egy mucin alapegység 400-500 kDa, majd az
ezekbol Osszekapcsolodd linearis szakaszok akar 50
MDa molekulatomeget is elérnek [34]. Lubrikansként
segiti a sejtek egymashoz viszonyitott elmozduldsat és
ezaltal jelentds szerepet jatszik a mukoadhézio kiala-
kitdsaban [35]. Bukkalis pH-n a nydk erds kohézids
gélréteget képez, mintegy zselés rétegként kotddik az
epitelidlis sejtek felszinéhez. A viszkoelasztikus gél
strukturat egyrészt a mucinlancok dsszegabalyodasa,
masrészt H-hidkotés, elektrosztatikus és hidrofob kap-
csolatok alakitjak ki [36]. A glikoprotein lancvégeken
elhelyezkedd szialsav (pK, = 2,6) €s szulfat csoportok
miatt neutralis pH-n a mucin anionos polielektrolitként
viselkedik [37].

A mucinok egylancu kozponti glikoproteinbdl és
két jol megkiilonboztethetd részbdl allnak [38]:
—erdsen glikolizalt kdzponti fehérjerész, melyhez

nagy szénhidrat oldallancok  kapcsolddnak

0O-glikozidos kotéssel és
—egy vagy két alacsonyan glikolizalt terminalis fe-
hérjerészbdl.

Ezeket gyakran ,,csupasz fehérje régioknak™ hiv-
jak. A mucinok felépitése a 3. dbrdn lathato. A
mucinoknak szdmos tipusa van. A nyalban két tipusu
mucin jellemz6 [40, 41]. K6z6s tulajdonsagaik az ala-
csony szolubilizacid, a magas viszkozitas és elasztici-
tas, valamint az erds adhézios képesség. A lagyszove-
tek és fogak, fogpotlasok kozotti kapcsolat minden
esetben a nyal mucinjainak lubrikans hatasaval johet
létre [42]. A mucinok a ragés, a beszéd és a nyelés fo-
lyamatéaban is fontos szerepet toltenek be [41]. Az anti-
bakterialis effektusokban is nagy a jelentdségiik, mi-
vel szelektiven befolyasoljak a mikroorganizmusok ta-
padasat a szovetek felszinéhez €s ezzel kontrollaljak a
baktériumok és gombak kolonizaciojat.

Crams -SH + I-IS o @-SS '

2. abra: Tiolalt polimer és mucin glikoproteinek kozott kialakulo kovalens kotések [27]
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periodontitis kozott. Ez egyrészt a
szajireg védelmének csokkenését
okozza, masrészt befolydssal lehet a
mukoadhéziora is [47]. Gyermekek-
ben a felnétt populacidhoz viszonyit-
va nem mutathat6 ki szamottevd elté-
rés sem MGI, sem MG2 esetén [48].

A bukkalis nydalkahdrtya
permeadbilitdasa és barrier funkcidja
12, 14, 27]

A bukkalis nyélkahartya perme-
abilitasa 4-4000-szer nagyobb, mint
a boré [49]. Egy adott hatdanyag be-
jutdsa a permeabilitasi barrierjétol
fiigg, amely a membran vastagsaga-
tol, szarusodasi fokatol és a hato-
anyag fizikai-kémiai tulajdonsagaitol
fiigg [50]. A szajnyalkahartya perme-

3. abra: A mucin felépitése [39]

abilitasi barrier funkciojat az MCG-k
(MCG betliszo az angol kifejezés

Az egyes tipusu mucin (MGI) nagy molekulatome-
gl és magasan glikolizalt, mig a kettes tipusti mucin
(MG2) alacsony molekulatomegii €és egyszeresen
glikolizalt [40, 41]. Az MGI erdsen kotddik a fogzo-
manc felszinéhez, ezzel véddréteget képezve azon, igy
gatolva a savak karos hatasat. A nyalban 1év6 kiilonfé-
le fehérjékkel (pl. amildz, prolingazdag fehérjék,
hisztatin) komplexet képezve és a baktériumokhoz ko-
tédve kimeriti azok energiatartalékait [43]. Ugyan az
MG?2 is kotédik a fogzomanchoz, azonban kdnnyen le
is valik onnan. Hatéasat tigy fejti ki, hogy segiti a bak-
tériumok clearance-ét a szajiiregbdl azaltal, hogy
aggregalodik azokkal [44, 45]. Azokban a betegekben,
akik caries-rezisztensek, az MG2 dominal, mig a
cariesre valo hajlam esetén az MG1 nagyobb koncent-
racidja figyelhetd meg. Ennek oka az, hogy ugyan az
MG erdsebben kotddik a baktériumokhoz, azonban a
fogzomanchoz rogzitve azokat, fokozza a savak fo-
gakra kifejtett karos hatasat. Ezzel szemben az MG2 —
mivel konnyen levalik a fogak felszinérél — tavol tartja
a karos savakat termelé mikroorganizmusokat a fog-
zomanctol.

Osszetett szerepiik mésik fontos része a nyalkahar-
tya integritasanak fenntartasa oly modon, hogy képe-
sek modulalni az intercellularis kalcium szintet [40].
Segitik a normal fléra megtapadasat és kolonizacidjat a
szajuregben. Védo barriert képeznek a szajlireg ke-
mény és lagyszovetein, lubrikansként gatoljak a szdve-
tek talzott kopésat. Diffuzios barriert képeznek savas
karakterii anyagokkal szemben ¢s limitaljak az asvanyi
agyagok kilépését a fogak felszinérdl [46]. Kutatasok
kimutattak, hogy az MGI1 szignifikansan csdkken az
idésekben, fliggetleniil a nemtdl. Tovabba pozitiv kor-
relaciot mutattak ki az MG1 csokkenés ¢és a

,»membrane-coating granules” roviditése, szabad for-
ditasban rétegburkold szemcse) jelenlétével és hatasa-
val magyarazhatjuk [28]. Az MCG-k szférikus vagy
ovalis organellumok, melyek atmérdje 100-300 nm
ko6z¢é tehetd ¢s mind az elszarusodott, mind az el nem
szarusodott epitéliumban eléfordulnak.

Az MCG-k a sejtek citoplazmdjabol szarmaznak,
exocitosissal tirlilnek, a sejtek felso, felszini rétegeiben
talalhatéak meg elsOsorban (4. d@bra). Ugyanakkor el-
vétve az ellenkezd iranyban is megtalalhatdéak bizo-

Felso réteg

Kozépso réteg

MCG-k

Also réteg

Bazilis réteg

4. abra: Az MCG=-k elhelyezkedése [51]
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nyos sejtek esetén [52]. A sejtkozotti
térbe bocsatott MCG tartalom felelés Kitodes a sejtfelszinhez Felvétel li kba Transzport a citoplazman it

egyrészt a sejtek kozotti kohézioért,
masrészt a permeabilitasi barrier sze-
repét tolti be. Permedbilitasi vizsgala-
tok soran kiilonb6z6 méretli nyomjel-
70k alkalmazasa esetén azt tapasztal-

tak, hogy 1-3 sejtrétegnél mélyebbre

nem jutnak, azonban az epitélium ala

juttatva Oket, akadalytalanul penet-

ralnak intercellularisan. A limit az

A,

MCG-k szintjétél fiigg mind elszaru-

T

sodott, mind el nem szarusodott sej-

tek esetén [28], tehat nem a szaruso-

.

das megléte vagy hianya felel6s on-
magaban a permedbilitasi barrier

5. abra: Lehetséges transzport utak [2, 65]

funkcioért [53]. Az epidermiszben lamellakba rendez6-
dott MCG-k talalhatok, mig a bukkalis epitéliumra el-
sOsorban az amorf forma jellemzd, csak kevés és rovid
lamella talalhat6 benne. Ez okozza a f6 permeabilitasi
kiilonbséget a két szovet kozott [54].

A bukkalis epitelialis barrier a sejtrétegek felsd har-
mada ¢és negyede kozott helyezkedik el [55]. Az el nem
szarusodott teriileteken elsésorban foszfolipidek, ko-
leszterin észterek ¢és glikozilceramidok alkotjdk a
lipidbarriert, szemben a borrel és az elszarusodott ré-
gidkkal, ahol nagy koncentracioban fordulnak eld
ceramidok [54]. Ezaltal nagyobb koncentracioban van-
nak jelen polaris lipidek az intercellularis térben [56],
mint az epidermiszben vagy az elszarusodott régiok-
ban. Az el nem szarusodott szdvetben az érett MCG
sejtek laposak €s nagyok, a sejtmag mellett mas sejt-
organellumokat is megtartanak, nem aggregaldédnak
vagy kotegelddnek. Ebben a szovettipusban koriilbeliil
0,2 um az atmérdjik [57], de ugyanilyen tipust
granulumok talalhaték a cervixben [58] €és az oeso-
phagusban is [59]. A bazalmembran elsésorban a
lipofil anyagok bejutasat tudja gatolni, melyek az
epitéliumon kdnnyen atjutnak [60]. A nyalnak van egy
lemoso, 6blitd funkcidja, erre fokozottan oda kell fi-
gyelni bukkalis hatéanyag hordoz6 rendszerek formu-
lalasakor [61]. Egy masik barriert képez az enzima-
tikus bontas, a nyalban észterazok, amilazok ¢s fosz-
fatazok is megtalalhatok [62], szdmos proteolitikus
enzim is talalhat6 a bukkalis epitéliumon [63].

Penetracio a szajnydlkahartydan keresztiil [15, 27]

A nyélkahartya permedbilitasa a szajliregben az alab-
biak szerint alakul: szublingvalis > bukkalis > lagy
szdjpadlasi régi6 [64]. A bukkalis nyalkahartya a
szublingvalis teriilethez képest kisebb permeabilitasa
miatt kivaléan alkalmas kontrollalt, késleltetett hato-
anyag leadasu hatéanyag hordoz6 rendszerek alkalma-
zésara [2]. A kiilonb6zd anyagok az alabbi mechaniz-
musokkal juthatnak be bukkalisan:

— passziv diffuzidval (para- és transzcelluldrisan),
— carrier-medialt diffazidval,

— aktiv transzporttal és

— pino-/endocitézissal (5. abra).

Leggyakoribb a passziv diffuzio, legritkabb pedig a
carrier-medialt diffizié. Az intercellularis térben ta-
lalhat6 polaris lipidek két doménbdl allnak: a lipofil
rész a sejtmembranhoz kapcsolddik, a hidrofil rész pe-
dig az MCG-khez. Igy johet létre a paracellularis (sej-
tek kozotti) és transzcellularis (sejteken at) ut [66]. A
sejtmembran lipofil karaktere miatt azok a molekulak
jutnak at rajta, amelyek nagy log P értékkel rendelkez-
nek. Hasonloan a vékonybélhez a lipofil anyagok a sej-
teken keresztiil jutnak tovabb [67]. Az intercellularis
tér a hidrofil molekulak atjutdsanak kedvez, azonban
ez az ut sokkal hosszabb és bonyolultabb [68-70]. N¢-
hany hidrofil molekula carrier medialt modon jut at a
bukkalis nyalkahartyan [71]. A paracellularis ut soran
a hatéanyag a sejt kozotti térben penetral, mig
transzcellularis passziv diffizié soran a sejteken ke-
resztiil. Hogy melyik ut valosul meg, az adott moleku-
la geometridjatol, lipofilitasatol és méretétdl fiigg.

A paracellularis utat az alabbi képlettel fejezhetjiik ki:

(1

ahol: D a diffuzios koefficiens, hp a paracellularis ut
hossza, ¢ a paracellularis ut része, C,a farmakon kon-
centracioja.

A transzcellularis utat az alabbi képlet jellemzi:

_(1-&)-D, K,
¢ h

[

J c, )

ahol: K a megoszlasi koefficiens a lipofil sejtmembran
€s a vizes fazis kozott, D a hatdéanyag diffazios koeffi-
ciense a transzcellularis térben és /2 a transzcellularis
ut hossza [72]. A para- és transzcellularis utakat a 6.
dbra szemlélteti.
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Paracellularis

Transzcelluliris

6. abra: A passziv diffiizio két lehetséges utja [51]

A bukkalis nyalkahartya abszorpcids potencialja a
diffundalé anyag lipidoldékonysagatol és molekulato-
megétdl fiigg. Néhany anyag abszorpcidjanak mértéke
¢s a kornyezet pH-ja kozott forditott ardnyossag all
fenn [73]. Az ionizalodé anyagok abszorpcidja pH
dependens és transzcelluldrisan valosul meg [74]. A
gyenge savak és bazisok pH-fliggéen ionizaldédnak.
Az ionizalt forma rosszabbul penetralodik, mint a nem
nak novekedésével a hatdéanyag penetracidja is emel-
kedni fog az epitelidlis barrieren, ennek létrejottét a
hatdéanyag hordozoé rendszer pH-janak szabalyozasaval
segithetjitk. A pH-nak kifejezett hatasa van a hato-
anyagok bukkalis diffuzidja nincs szoros dsszefiiggés-
ben a Henderson-Hasselbalch egyenletbdl kalkulalt io-
nizacioés fokkal, igy nem segit a gyenge savak és bazi-
passziv diffuzidval a paracelluldris Gton keresztiil jut-
hatnak at a bukkalis nyalkahartydn. Azok a hatéanya-
gok is igy jutnak at a szajnyalkahartyan, amelyek mo-
nokarbonsav részt tartalmaznak [71]. A hidrofil mole-
kulak carrier medialt transzporttal is atjuthatnak a
bukkalis nyalkahartyan [71, 77-80], azonban a lipofil
karakteri molekuldk szamara nincs ilyen transzport,
igy limitalt az intracellularis transzport lehetdsége.

Osszefoglalds

A mukoadhézié kialakitdsdban szamos faktor jatszik
szerepet, ezek ismerete segit a megfelel6 hatéanyag-
hordozo6 rendszer formulalasaban, valamint a gyogy-
szerforma helyes alkalmazasaban. A folyamat rendki-
viil 0sszetett, tobb elmélet is sziiletett a mukoadhézid
mechanizmusara, azonban 6énmagaban egyik sem ma-
gyarazza létrejottét. A mucinok nemcsak a gydgyszer-
forma szajnyalkahartyan valo rogzitésében kiemelten

fontosak, hanem a szajiireg, a fogak védelmében, azok
integritasanak megérzésében is. A bukkalis nyalka-
hartya felépitése miatt kivaléan alkalmas nytjtott,
programozott hatéanyag leadasra, szisztémas hat6-
anyag bevitelre.
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Gottnek, M., Hodi, K., Regdon, G. jun.
Mucoadhesive films applied on the oral mucosa Part
II: Mechanism of mucoadhesion, functions of mucin.
Penetration through the oral mucosa, the barrier function
of the mucous membrane

In the first part of our further education series of articles,
the structure of the oral mucosa and the physiological and
pharmaceutical aspects of the saliva were discussed. In the
second part, that is in the present publication, the mechanism
of mucoadhesion, the role of mucin, the barrier function of
the oral mucosa and the penetration of the active ingredients
are going to be summarized.

Several factors contribute to mucoadhesion, the knowledge
of which helps us to formulate the appropriate drug delivery
system and to use the dosage form properly. The process is
extremely complex, several theories have been developed to
explain the mechanism of mucoadhesion, but none of them
can give an explanation in itself. Mucins have outstanding
importance not only in the adhesion of the dosage form on
the oral mucosa but also in protecting and preserving the
integrity of the oral cavity and the teeth. The structure of the
buccal mucosa makes it suitable for controlled, sustained
drug delivery and for systemic drug administration.
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Szajnyalkahartyan alkalmazhat6 mukoadheziv filmek
I1I. rész: Bukkalis mukoadheziv filmek esetén alkalmazott polimerek és segédanyagok’

Gottnek Mihaly, Hodi Klara, ifj. Regdon Géza

Bukkalis mukoadheziv filmek esetén alkalmazott
filmképzd polimerek [3-5]

Az alkalmazott filmképzd polimereknek az aldbbi

szerkezeti kritériumok koziil minél tobbnek meg kell

felelnitik:

— H-hidkétésre alkalmas funkcios csoportok,

— pozitiv vagy negativ toltés,

— nagy molekulatomeg,

— polimer lancok mozgékonysaga és

— feliileti tulajdonsagok (feliileti szabadenergia, pola-
ritas fok stb.), melyek segitik a nyakréteghez vald

kapcsolodast [6].

Osztalyozasuk:

— természetes vagy szintetikus,

— vizoldékony vagy vizben nem oldodo,

— toltéssel rendelkez6 vagy nem-ionos polimerek [3].

A természetes eredetll bioadheziv makromolekuldk
a szintetikus polimerekhez nagyon hasonl6 szerkezeti
tulajdonsagokkal rendelkeznek. Altalaban nagy mole-
kulatomegli anyagok, szamos hidrofil, negativ toltésti
funkcids csoporttal, linearis egységekbdl épiil fel a
haromdimenzios szerkezetiik [7]. Az I. tablazatban a
leggyakrabban alkalmazott bukkalis filmképz6 poli-
mereket tlintettiik fel. A filmképzd polimer feliileti
szabadenergiaja sziikséges ahhoz, hogy mintegy ,,ned-
vesitse” a nyalkahdartyat [8].

Lee és munkatarsai ,,els6” és ,,masodik” generacio-
ra osztottak fel a bioadheziv polimereket [6]. Az elso
generacioba az Un. ,készen kaphato” polimerek tar-
toznak, melyeket mind a specifikussag, mind a célzott
alkalmazhatésag hianya jellemez. Nem specifikusan

' A tablazatokban hasznalt roviditések listaja:
- CMC = karboximetilcelluloz

- CP = karbopol

- EC =etilcelluloz

—  HEC = hidroxietilcelluloz

- HPC = hidroxipropilcelluloz

- HPMC = hidroxipropilmetilcelluloz
- MC = metilcelluloz

- PAA = poli(akrilsav)

- PC = polikarbofil

—  PEG = poli(etilénglikol)

-  PVA = poli(vinilalkohol)

- PVP = polivinilpirrolidon

—  PLGA = poli(D, L-laktid co-glikolid)
- PIP = poliizoprén

—  PIB = poliizobutilén

Tovabbkeépzo  cikksorozatunk elsé  részében [1]
a szajnyalkahartya felépitését és a nyal élettani,
gvogyszerészeti vonatkozasait tdargyaltuk részle-
tesen, mivel elobbi a gyogyszerforma alkalmazasi
helye és a felszivo feliilet utobbi, pedig mint kioldo
kozeg jatszik szerepet. A masodik kozleményben [2]
a mukoadhézio mechanizmusdt, a mucin szerepét, a
szajnyalkahartya barrier funkciojat és a hatoanya-
kiinkben a mukoadheziv filmek eloallitasahoz alkal-
mazott filmképzo polimerekrdl és segédanyagokrol
kivanunk részletesen szolni. Végiil pedig a kévetkezo,
befejezo cikkiinkben a mukoadheziv filmekben alkal-
mazott hatoanyagokrol, és a filmek eléallitasarol ki-
vanunk beszamolni.

kapcsolédnak a nyakréteghez, rovid retencids idével
rendelkeznek, mivel az adhézi6 id6tartama a nyakré-
teg életidejétdl fligg. A mukoadheziv polimer és nyak/
szovet kozti kémiai interakci6 altalaban nem kovalens
természetli és nagyrészt H-hidkotést, hidrofob ¢és
elektrosztatikus interakciokat tartalmaz (1. tablazat).

Az ,els6 generacids polimerek” harom f6 csoportra
oszthatok. A toltést figyelembe véve, anionos, katio-
nos €és nem-ionos polimereket kiilonboztetliink meg az
osztalyon beliil [9]. Az anionos polimereket széles kor-
ben alkalmazzak a gyogyszertechnologiai formulala-
sok soran, nagy mukoadhezivitasuk és kis toxicitasuk
miatt. Negativ toltésiiket karboxil és szulfat csoportok
adjak. Tipikus képvisel6ik: a poli(akrilsav) és a kar-
boximetilcelluloz, melyek erds H-hidkotést 1étesitenek
a mucinnal [10]. A kationos polimerek koziil a legjel-
lemzG6bb a kitozan [11].

Hidrogélek (elsé generacio)

Nedvesség sziikséges az adhézids tulajdonsagok kiala-
kulasahoz. Altalaban keresztkotétt vizoldékony poli-
merek 30-40% viztartalommal. A matrixrendszer vi-
zet abszorbeal nedves kdrnyezetben. A nyal is ezt a
szerepet tolti be, mely kioldokozegként is funkcional.
Hatoanyag-hordoz6 rendszerként alkalmazhatok, hasz-
nalatuk soran a bearamlo viz hatasara a polimerlancok
elmozdulnak, és a hatdanyag kioldodik a képzddott
csatornakon, réseken at [4].
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L tablazat

Bukkdlisan alkalmazhatéo mukoadheziv polimerek csoportositisa [3]

Kritérium Kategoériak Példak
Eredet Termeszetes agaroz, kitozan, zselatin
hialuronsav
gumik (guar, hakea, xantan, gellan, karragenan, pektin és natrium-
alginat)
Szintetikus Celluloz szarmazékok:
CMC, tiolalt CMC, CMC natrium, HEC, HPC, HPMC, MC,
metilhidroxietilcelluloz
Poli(akrilsav)-alapu polimerek:
CP, PC, PAA, poliakrilatok, poli(metilviniléter-co-metakrilsav),
poli(2-hidroxietil metakrilat), poli(akrilsav-co-etilhexilakrilat),
poli(metakrilat), poli(alkilcianoakrilat), poli(izohexilcianoakrilat),
poli(izobutilcianoakrilat), akrilsav-co-PEG
Egyéb:
poli(N-2-hidroxipropil metakrilamid) (PHPMAm), poloxietilén,
PVA, PVP, tiolalt polimerek
Vizoldékonysdg Vizoldékony CP, HEC, HPC (<38 °C), HPMC (hideg viz), PAA, CMC natrium,
natrium-alginat
Vizoldhatatlan kitozan, EC, PC
Toltés Kationos aminodextran, kitozan, dimetilaminoetil, (DEAE)-dextran,
trimetilalt kitozan
Anionos kitozan-EDTA, CP, CMC, pektin, PAA, PC, natrium-alginat, CMC
natrium, xantan gumi
Nem-ionos hidroxietil keményitd, HPC, poli(etilén oxid), PVA, PVP,
szklerogliikan
Potencialis Kovalens cianoakrilat
bioadheziv eré H-hidkotés akrilatok [hidroxilalt metakrilat, poli(metakrilsav)], CP, PC, PVA
Elektrosztatikus interakcié | kitozan

Kopolimerek (elsé generdcio)

Kopolimerizécioval allitjak eld ezeket két vagy tobb
monomerbd6l. Blokk kopolimert tobblépéses moddszer-
rel allitanak eld, ahol két monomer egység szekvenci-
ai, blokkjai ismétlddnek. Polimer micellat hidrofil és
hidrofob monomerek matrixdbdl kapunk, melyek al-
kalmasak egyedi hatdoanyag molekulak bezarasara. A
vizes kornyezet kémiai hatasaival szemben a hidrofil
burok védi meg a polimer micella belsé magjat. A leg-
tobb micella alapti rendszer poli(etilénoxid)-b-
polipropilén-b-poli(etilénoxid) triblokkokbdl épiil fel.
Graft kopolimerek esetén pedig egy kozponti polimer
lancbol egy masik polimer egységei agaznak ki, egy
kevésbé torékeny és mechanikailag ellenallobb rend-
szert alkotva [4]. A Il tabldzathan mukoadheziv és
filmképzd polimerek egyes tulajdonsagait foglaltuk
0ssze irodalmi adatok alapjan.

Ezzel szemben a masodik generaciés polimerek
képesek kovalens kotéseket 1étesiteni a nyakréteggel,
illetve az alatta elhelyezkedd sejtrétegekkel. Az yj
generacios mukoadhezivek (kivéve a tiolalt polime-
reket) képesek kozvetleniil a sejtfelszinhez kapcso-
16dni. Interakcidba lépnek a sejtek felszinén 1évo
specidlis receptorokkal, vagy kovalens kotéseket 1é-
tesitenek.

Tiolalt polimerek

Egy cisztein (Cys) reziduum ¢és egy valasztott polimer
pl.: polikarbofil [106], poli(akrilsav) [107], kitozan
[108] kozott kovalens kapcsolatot kialakitva egy 1) ge-
neracios mukoadheziv polimert kapunk. Az igy 1étre-
jott modositott polimer egy karbodiimid-medidlt tiol
kotést tartalmaz és sokkal jobb bioadhéziés tulajdon-
sdgokkal bir. A mucinok karboxil-terminalis doménje
10%-ban tartalmaz cisztein reziduumokat. Ezekkel a
ciszteingazdag doménekkel a tiolalt polimerek képe-
sek erds diszulfidhid-kotéseket kialakitani [109, 110].
A tiolcsoportok megléte miatt 100-250 szeresére nd a
poli(akrilsav) és a kitozan bioadhézids képessége [111,
112]. A tiolalt polimerek tovabbi mukoadhézidt javitd
tulajdonsagai a kovetkezok:

— megnovekedett szakitoszilardsag,

— nagy kohézids tulajdonsagok,

— gyors duzzadas és

— vizfelvevé képesség.

A tiomerek képesek lancon beliili és ldncok kozotti
diszulfidhidak Iétesitésére, igy a polimer szerkezete
erés kohézios tulajdonsagokat és a matrix tablettdkhoz
hasonloan stabil hatéanyag-hordozé rendszert biztosit.
A legerdsebb mukoadhézios erd a tiolalt polimereknél
mérheté. A cink-dependens proteazokat, tigy mint
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II. tabldazat
Mukoadheziv és filmképzo polimerek egyes tulajdonsdgai irodalmi adatok alapjan [12].
Mukoadheziv polimer Relevans tulajdonsagok és eredmények Eléfordulas
az irodalomban
Hidroxietilcelluloz nem-ionos, [13-18]
nagy duzzadasi képesség, gyors erozio,
kismértékii mukoadhézids tulajdonsagok,
nulladrendii kinetika mikonazol és klorfeniramin esetén
Hidroxipropilcelluloz nem-ionos, [13,19-37]

etilcellul6zzal kombinalva megnovekedett duzzadas
tapasztalhato,

kozepes mukoadheziv tulajdonsagok,

nulladrendii kinetika lidokain és klotrimazol esetén

Hidroxipropilmetilcelluloz

nem-ionos,

gyors duzzadas platoval,

kozepes mukoadheziv tulajdonsagok,

kezdeti burst effekt nikotin hidrogén-tartarat esetén

[14, 15, 16, 18, 23, 30-32,
38-53]

Natrium-karboximetil-celluloz

anionos,

nagy duzzadasi tulajdonsagok platé nélkiil,
nagy mukoadhézios tulajdonsagok,
nulladrendii kinetika mikonazol nitrat esetén,
diffuzio medialt ibuprofen leadas

[14, 15, 30, 40, 41, 44, 46,
47, 54-60]

Poli(vinilpirrolidon)

nem-ionos,

filmképzoként alkalmazva non-Fick tipusu hatdéanyag
leadas: ketorolak és progeszteron esetén,

hatoanyag leadas szabalyozasa: propranolol és
mikonazol esetén

nagymértékii duzzadasi tulajdonsagok,

mukoadhézio ndvelésére adjuvansként alkalmazhato

[13, 15, 16, 30, 31, 44, 46,
47,57, 61-68]

Poli(vinilalkohol) nem-ionos, [13, 33, 42, 46, 48, 65, 69]
kozepes duzzadasi és mukoadhézids tulajdonsagok,
szabalytalan hatoanyag leadas: mikonazol esetén

Kitozdan kationos, [15, 18, 32, 39, 43, 50, 51,
kozepes-jo duzzadasi és mukoadhézids tulajdonsagok, 61, 63-65, 70-82]
nyujtott hatoanyag leadds mikonazol esetén

Alginat anionos, [14, 32, 44, 46, 50, 52, 78,
gyors duzzadas és oldodas, 83-85]
nagymértékii mukoadheziv tulajdonsagok

Agar-agar gyenge ¢s stabil duzzadasi tulajdonsagok [78]

Karragenan 1 tipus gyenge ¢s stabil duzzadasi és [57]
kozepes mukoadhézids tulajdonsagok

Guar gumi additivként kdzepes duzzadasi és j6 mukoadhézios tu- [18]
lajdonsagokat biztosit, tovabba a mikonazol non-Fick
tipusu felszabaduldsat zavarta

Poli-L(laktid-co-glikolid) bukkalis filmekben mikromatrixot alkotva szabdlyozott  |[86, 87]

(PLGA)

ipriflavon leaddst biztositott

Poli(akrilsav) Carbopol®

gyors, nagymértéki, stabil duzzadas,

nagymértékii mukoadhezivitas,

filmképzd polimerként nyijtott hatoanyag leadast értek
el buprenorfin esetén,

additivként alkalmaztak propranolol leadds szabdlyoza-
sdra

[14, 19,21, 30, 32, 39, 40,
41, 45, 46, 48, 49, 52-55, 58,
59, 60, 62, 69, 79, 88-95]

Polikarbofil nem-ionos, [14, 20, 22, 23, 48, 57, 96-
additivként alkalmazva kdzepes és stabil duzzadas és 98]
nagymértékli mukoadhezivitas érhetd el
Poli(etilénoxid) nem-ionos, [23,99-101]
nagymértékii mukoadhézié és molekulatomeg,
nullarendii kinetika klotrimazol és tetrahidrokannabinol
esetén, €s a polimer matrix erozioja
Poli(ketakrilatok) filmképzoként alkalmazva nagyon gyenge bioadheziv [14, 41, 43,47, 66, 72, 97,

tulajdonsagok és lassu duzzadasi képesség jellemzi,
s6 formédban erds mukoadhezivitas jellemzi

98, 102-105]
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aminopeptidazok, karboxipeptidazok blokkoljak, per-
meacié noveld hatasukat pedig a ,,tight junction”-06k
glutation medialt nyitasi rendszerén keresztiil fejtik ki
[113, 114].

A target-specifikus (célorientalt), lektin-medialt
bioadheziv polimerek

Szintén a ,,masodik” generacios mukadheziv polime-
rek kozé tartoznak. Egy olyan bioadheziv polimer ter-
vezése, mely alkalmas szelektiven molekularis inter-
akcioba 1épni egy meghatarozott célmolekulaval, pl.
egy adott szovet sejtjeinek felszinén megtalalhaté re-
ceptorral, lehetéséget biztosit hatoanyagok célzott
szervezetbe juttatdsdra. Mivel a hatdanyag-hordozo
rendszer kozvetleniil kapcsolodik a sejtek felszinéhez,
igy kikiiszobdlhetd a mucin életidobol kdvetkezd rovi-
debb mukoadhézios idétartam. Specifikus proteinek/
glikoproteinek, példaul a lektinek képesek bizonyos
sejtfelszinen eléforduld cukrokhoz kapcsolodni, ezzel
novelve a bioadhézid erdsségét, tovabba fokozzak a
hatdéanyag bejutasat, mivel tartésan a felszivo feliilet-
hez rogzitik a filmet. Ezt a specialis bioadhézids for-
mat citoadhéziénak nevezik. Ez a helyspecifikus inter-
akcio6 a receptorral képes intercellularis jel elinditasa-
ra, mely soran a hatdéanyag endocitdzissal lizoszo-
makba vagy akar egyes sejtalkotokba, pl. a sejtmagba
jut [41].

Bar a lektinek megtaldlhatéak baktériumokban is,
valdjaban legnagyobb mennyiségben a ndvényekben

fordulnak el6 [115]. A lektint a paradicsom termésébdl
izolaltak (Lycopersicum esculentum), mely vegyiilet
specifikusan és biztonsagosan kapcsolddik a sejtfel-
szinen el6forduld N-acetilgliikozaminhoz (Glu-NAc).
Habar a lektin-medialt bioadheziv polimerek masodik
generacios bioadhezivekként nagy lehetOséget rejte-
nek magukban a hatéanyag bevitel szempontjabol,
még nincsenek kielégitéen tanulmanyozva és leirva az
irodalomban [3].

Bakterialis adhézio

A baktériumsejtek adhézios képessége is a figyelem
kozéppontjaba keriilt. A baktériumok sejtfelszinhez
vagy élettelen targyakhoz vald kotédését egy specialis
fiiggelék, a fimbria teszi lehet6vé. Isberg és munkatadr-
sai bioinvaziv hatéanyag-hordoz6 rendszert terveztek,
ahol baktériumok szallitottak a hatéoanyag molekula-
kat a sejtekbe. A folyamat a sejt adhézidés molekula-
csaladba tartozd receptorok segitségével johetett létre
[116]. A bakterialis adhézido masik csoportjat a kont-
rollalt endo- és transzcitozis jelenti. A folyamat soran
jelatvitel kovetkezik be, a baktérium sejtfelszinhez
valo kotédésekor. A kontrollalt endo- €s transzcitdzis
sejthez kotddést, beépitést és hatdanyag szallitast tesz
lehetové [117]. Bar szintén nagy lehetdségek rejlenek
ezekben a rendszerekben is, a biotechnoldgiai médsze-
rek pontos kidolgozasaval — klonozas, bakterialis ad-
hézios faktorok expersszidja — valik megvalosithatova
a bakterialis adhézio a gyakorlatban [3].

11I. tablazat

Néhany bioadheziv polimer jellemzdi [4].

Bioadheziv Jelentés tulajdonsag Fontosabb jellemzék
Polikarbofil M 2,2%10° a duzzadas a pH-t0l és ionerdsségtdl fiigg,
a pH novekedésével n6 a duzzadas,
pH 1,0-3,0 k6zott 15-35 ml vizet abszorbeal
grammonként, semleges és alkalikus pH-n ez 100
ml-re no,
H-hidkotéseket alakit ki a mucinnal
Carbopol/carbomer gyogyszermindség: 934 P, 940 P, 971 | kivalo gélesitd, emulzifikald és szuszpendalod
Pés974 P anyag,
M_: 1%10°- 4%10° gyakori komponens bioadheziv készitményekben,
pH: 2,5-3,0 nem érzékeny a homérsékletre, hidrolizisre, oxi-

daciora, és nem kedvez a baktériumok szaporo-
dasanak,

hozzajarul a formulacio iztelenségéhez, illetve
maszkirozza a kellemetlen izeket

Natrium karboximetil cel-
luloz

tipusai: H, M és L
M: 9:10%- 7%10°
pH: 6.5-8,5

emulzifikalo, gélesitd, kotdanyag

tarolas soran stabil,

a legtobb CMC oldat tixotrop, néhany
pszeudoplasztikus folyasi tulajdonsagokkal ren-
delkezik,

az oldatok reverzibilis viszkozitas-csokkenést
mutatnak a hdmérsékletemelkedés hatasara,

az oldatok érzékenyek nyirasra, hdre, bakterialis
enzimekre és UV fényre,

j6 bioadhézids erd

Folytatas a kévetkezé oldalon
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Bioadheziv

Jelentos tulajdonsag

Fontosabb jellemzdék

Hidroxipropilcelluloz

tipusai: Klucel® EF, LF, JF, GF, MF és

a legjobb pH tartomany: 6,0-8,0,

HF
M_: 6+10%- 1x10°
pH: 5,0-8,0

az oldatok érzékenyek nyirasra, hore és bakteria-
lis enzimekre,

inert, nem okoz irritaciot, szenzibilizaciot,

a testben nem metabolizalodik,

széles gyogyszer- s élelmiszeripari alkalmazas

Hidroxipropilmetil- tipusok: Methocel® E5, E15, E50, széles gyogyszerészeti alkalmazas,

celluloz E4M, F50, F4M, K100, K4M, K15M, |az E tipusok alkalmasak filmképzdként,
K100M oldatai pH 3,0-11,0 kdzott stabilak
M: 8,6%10*

Hidroxietilcelluloz pH: 6,0-8,5 az oldatok pszeudoplasztikusak, reverzibilis

viszkozitas csokkenést szenvednek a homérséklet
emelkedés hatasara,

érzékeny a bakterialis bontasra és enzimekre,

az oldatok viszkozitasa pH 2,0-12,0 kdzott stabil,
bevonoszer, filmképzd

Xantan gumi (Xanthamonas | oldata neutralis
campestris baktérium fer-

mentalasaval allitjak eld)

az oldatok viszkozitasa pH 2,0-12,0 kozott stabil,
az alkalmazott gumik koziil a legellenallobb és jo
kompatibilitési tulajdonsagokkal rendelkezik

Guar gumi (Cyamposis
tetragonolobus magbol nye-
rik Orléssel)

M_: ~220 000

a hidrataciohoz pH 7,5-9,0 kedvez

oldata pH 1,0-10,5 kozott stabil,

az FDA teljesen biztonsagosnak nyilvanitotta,
kozvetleniil élelmiszerekhez adagolva is

széles korben alkalmazott a gydgyszer- és élelmi-
szeriparban egyarant

Kitozan (rak és homar pan-
célbol N-deacetilezéssel
allitjak eld)

pK:~6,5

H-hidkotést és ionos kotéseket alakit ki a
mucinnal,

képes a sejtfelszinhez kozvetleniil kotédni,
biokompatibilis és biodegradabilis,

kivalo filmképzo,

szabalyozott hatéanyag leadast gyogyszerfor-
makban széles korben alkalmazott,

polaris hatdéanyagok transzportjat noveli az
epitélsejteken keresztiil

Karragenan (Chondrus

crispus voros tengeri hinarbol | s6 formaban is

elérheté Na*, K, Mg?*, Ca*" és vegyes

az oldatok pszeudoplasztikusak, reverzibilis
viszkozitas csOkkenést szenvednek a hOmérséklet

vonjak ki) harom szerkezeti tipusa ismert: I, K és | emelkedés hatasara,
A melyek oldhatosaga és reologiaja kivalo termoreverzibilis tulajdonsagok
eltérd
Natrium alginat (a nagy pH: 7,2 biztonsagos és nem allergén,
tengeri hinarbol-Macrocystis biokompatibilis,
pyrifera-vonjak ki) ellenall6 a bakterialis enzimekkel szemben
Poli(hidroxibutirdt), poli(e- | biodegradabilisak matrixképzok

kaprolakton) és kopolimereik

Poli(ortoészeterek) erodalodo polimerek késleltetett hatdanyag leadasban, szemészetben
keriil alkalmazasra

Poli(cianoakrilatok) biodegradabilisak hatéanyag-hordozo rendszerek

Poli(vinilalkohol) biokompatibilis hatéanyag-hordozoé rendszer

Poli(etilénoxid) kiemelkedd biokompatibilitas széleskorii alkalmazas

Poli(hidroxietilmetakrilat) biokompatibilis hatéanyag-hordozo rendszer

Mukoadheziv polimerek, mint enzim inhibitorok
és penetracionévelok

Bizonyos mukoadheziv polimerek enzim inhibitor ha-
tassal rendelkeznek. Ez azért fontos, mert egyes hato-
anyag csoportok, mint példaul a proteinek és
polipeptidek, kifejezetten érzékenyek az enzimatikus
bontasra. Kutatasok kimutattak, hogy ezek a polime-
rek, pl. a poli(akrilsav), kompetitiv modon gatoljak a
proteolitikus enzimeket. Hatdsukat ugy fejtik ki, hogy

er6s affinitassal kotddnek kétértékli kationokhoz
(Ca*, Zn*). Ezek a kationok esszencialis kofaktorok a
metalloprotedzokhoz, pl. a tripszinhez. Cirkuléris dik-
roizmussal kimutattak, hogy bizonyos mukoadheziv
polimerek jelenlétében Ca®" deplécio kovetkezett be,
melynek hatasara a tripszin masodlagos szerkezete
valtozott meg ¢és az enzim autodegradaciot szenvedett
[118, 119].

Szamos mukoadheziv polimer a sejtek dehidratala-
saval képes a ,,tight junction” megnyitasara. A szaraz
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¢és duzzadoképes polimer a vizfelvétellel dehidratalja a
sejteket, eldidézve azok zsugorodasat. Ennek kovet-
keztében a sejtek kdzotti tavolsdg, azaz a paracellularis
ut hossza megnd [120, 121]. Multifunkcionalis matri-
xok hasznalataval — pl. poliakrilatok, cellul6z szarma-
z¢€kok és kitozan — a jobb mukoadhézids tulajdonsa-
gok, permeabilitds noveld hatasok, enzimgatlas, és/
vagy a magas puffer kapacitas sikeres gyakorlati meg-
valosithatdsagot tesz lehetévé oralis hatdanyag-hordo-

706 rendszerek formulalasa esetén [122]. A III. tablad-

zatban bioadheziv polimerek jellemzdi talalhatoak.

Bioadheziv polimerek idedlis tulajdonsagai:

— a polimer ¢és bomlastermékei nem lehetnek toxiku-
sak és irritativak, tovabba mindennemi kisérd
szennyez0déstol mentesnek kell lenniiik,

—j6 szétteriilés, nedvesedés, duzzadas, oldddas és
biodegradibilitas,

— biokompatibilis pH és jo viszkoelasztikussag,

— gyors tapadas a bukkalis nyalkahartyahoz és megfe-
lelé mechanikai szilardsag,

— j6 nyirasi, szakitasi, réteg levalasztasi ellenallas,

— konnyen hozzaférheto és olcsé legyen,

— szaraz €s nedves kornyezetben is mutasson megfele-
16 bioadhezivitast,

— mutasson helyi enzim inhibitor és penetraciofokozo
hatast,

— megfeleld életido,

— optimalis molekulatdmeg [2],

— aktiv adheziv csoportok megléte,

— megfelel térbeli konformacio,

— keresztkotottség, melynek mértéke ne gatolja a kotd
csoportok mozgékonysagat,

—ne segitse eld masodlagos fertézések kialakuldsat

4

Altalanosan igaz megallapitasok:

— a kationos €s anionos polimerek jobban kdtddnek,
mint a semlegesek,

— a szulfat csoportokat tartalmazé anionos polimerek
er6sebben kotddnek, mint a karboxil csoporttal ren-
delkezok,

— kotési  potencial és toxicitds szempontjabol a
polianionok kedvezdbbek, mint a polikationok,

— a vizoldhatatlan polimerek jobb flexibilitassal ren-
delkeznek gyartas soran, mint a vizoldhatdak,

— a kotés foka a toltés stirliséggel ardnyos [4].

Alkalmazott segédanyagok [123]
A bukkalis mukoadheziv készitmények esetében al-
kalmazott segédanyagok is tobb csoportba sorolhatok:
lagyitok, édesitdk, nyalelvalasztast fokozok, izesitok,
szinez6k, stabilizald és viszkozitasnoveld anyagok.
Lagyitok

A lagyitok hasznalata 1ényeges a mukoadheziv filmek

formuldlasahoz is, ugyanis ndvelik a filmek flexibilita-
sat és csokkentik a torékenységiiket. A lagyito kiva-
lasztasakor figyelembe kell venni annak polimerrel
valé kompatibilitasat és az alkalmazott olddszer tipu-
sat. A leggyakrabban alkalmazott lagyitok a kovet-
kezok: glicerin, propilénglikol, polietilén glikolok (kis
molekulatomegtiek), ftalatok (dimetil-, dietil-, dibutil-
ftalat), citratok (tributil-, trietil-, acetilcitrat), triacetin,
ricinusolaj.

Altaldnossagban elmondhaté, hogy a lagyitokat a
szaraz polimer tomegének 0-20 w/w%-ban alkalmaz-
zak a gydgyszerforma kialakitasa soran [124-132].
Nem megfelelo koncentracioban torténd alkalmazasa
a filmek repedéséhez, szakadasahoz, pikkelyesedésé-
hez vezethet [133-135], ill. bizonyos tipusaik hasznala-
ta pedig hatassal lehet a hatéanyag abszorpcids sebes-
ségére [136].

Az alkalmazott lagyitonak permanens flexibilitast
kell a polimernek adnia, mely a lagyito illékonysaga-
tol és a polimerrel 1étrejové interakcid tipusatol fiigg.
Fontos, hogy a lagyitdo a mukoadheziv szabad filmek
esetében alkalmazott polimerek iivegesedési atmeneti
hémérsékletét nemvizes olddszer esetén 40-60 °C
kozé, mig vizes kozeg esetén 75 °C ala vigye [137,
138]. Természetesen a tobbi segédanyaggal és foképp
a hatdanyaggal is kompatibilisnek kell lennitik [139].
Nagyon érdekes és figyelemre mélto, hogy egyes hato-
anyag molekulak dnmagukban képesek betdlteni a la-
gyitd szerepét. Példaul az ibuprofen interakcioba I1ép
az Eudragit® RS 30 D-vel, és maga tolti be a lagyito
szerepét. A hatdanyag és a polimer lancok kozott ki-
alakuldé H-hidkotések révén csdkken az Eudragit® RS
30 D tiivegesedési homérséklete és szép, sima filmet
eredményez. Az ibuprofen kioldédasi mértéke azon-
ban csokken, amikor koncentracidja né a filmben
[140].

A lagyitok kétféle modon foglalhatnak helyet a po-
limer matrixon beliil: ,,belsélegesen” (kémiai reakcid
jon létre a lagyitd és a polimer kozott), valamint , kiil-
sOlegesen”. A formulalok ez utobbit preferaljak, mivel
nem kell tartani a termékben esetlegesen végbemend
kémiai valtozasoktol. A megfeleld lagyitd kivalaszta-
sanal fontos ismerni az alkalmazott polimer szerkeze-
tét, funkcids csoportjait. Pl. hidrofil cellul6zszarmazé-
kok esetén hidroxil csoportban gazdag lagyitokat al-
kalmazunk, ilyenek a polietlénglikol, propilénglikol,
glicerin és mas poliolok. Kevésbé hidrofil szarmazé-
kok esetén viszont citratésztereket, vagy ftalatokat ér-
demes valasztani [141].

Edesiték

Az édesitok nagyon fontosak mind az élelmiszer-,
mind a gyoégyszeriparban, féként a szajban oldddo,
vagy dezintegralodo készitmények alkalmazasa eseté-
ben. Az édes iz kiilondsen a pediatriaban fontos. Ter-
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1V. tablazat
Kiilonbozo anyagok nydlelvalasztast stimuladlo hatdsa [123]
Stimulans Molaritas Aramlis (ml/perc) |A normal Aramlasi sebesség helyre-
allasahoz sziikséges id6 (perc)

Citromsav 0,26 1,68 7,3
Gliikoz 1,17 0,52 6,7
Fruktoz 1,17 0,97 8,7
Szacharoz 1,17 0,74 6,3
Aszpartam 0,34 0,82 6,8
Szaharin Na 0,42 1,04 10,5

A nyugalmi, fiziologias nyalaramlas 0,34 ml/perc [146].

mészetes €s mesterséges édesitOk egyarant hasznalato-
sak a szajban oldodo formulak élvezhetobbé tételében.
A klasszikus édesitok a kovetkezok: szachardz, dext-
16z, fruktdz, glikoz, maltoz.

A cukoralkoholokat [példaul szorbit, mannit (nagy
mennyiségben hashajté hatasuak)] kombinaciokban
alkalmazzak, édesité hatasuk mellett kellemes sz4j-ér-
zetet és hisité hatast biztositanak. Tovabbi eldnyiik,
hogy nincs keserti utoiziik. A legtobb cukoralkohol
édességi foka a szachardzénak a fele, vagy annal is ke-
vesebb, de példaul a xilit és maltit édességi foka a sza-
charozéval megegyez6 (0,8-1,0). Figyelembe kell ven-
ni azonban a természetes szénhidratok alkalmazésa-
nal, hogy diétdzo betegek, vagy diabetes mellitusban
szenvedOk nem, vagy korlatozottan alkalmazhatjak
ezeket a készitményeket [142, 143]. Emiatt a mestersé-
ges édesitdszerek kertiltek eldtérbe mind az élelmi-
szer-, mind a gydgyszeriparban. Elsé generacidjuk a
szaharin, ciklamat és aszpartdm volt, majd ezeket ko-
vette az aceszulfam-K és szukral6z, mint masodik ge-
neracios mesterséges €desitd. Ezek 200-600-szor éde-
sebbek, mint az els6 generacids vegyiiletek [144]. Hat-
ranyuk a kellemetlen utéiz, melyet a természetes ere-
detli anyagokkal valé kombinacioval kikiiszobolhe-
tlink. A mesterséges édesitok izmindsége jelentdsen
eltér a természetes anyagokétol, és a betegek nem biz-
tos, hogy elfogadjak a szokatlan iz hatast. A két édesi-
toszer-tipus keverése azonban szinergista médon no-
veli az édes izérzetet, és sokkal jobb hatast eredmé-
nyez [143]. Filmek esetében altaldban 3-6 w/w%-ban
alkalmazzak ezeket az anyagokat [145].

Nydlelvalasztast fokozok

Mivel a nyal a mucinok forrdsa, melyek a muko-
adhéziohoz sziikségesek, tovabba a nyal a kioldokozeg
szerepét is betdlti, ezért fontos a nyalelvalasztas ser-
kentése. A szajszarazsagban szenvedd betegek esetén
pedig kiilonosen fontos a megfeleld nyalszint biztosi-
tasa. Altaliban savas karakterii anyagokat alkalmaz-
nak erre a célra: citrom-, alma-, tej-, aszkorbin- €s bor-
kosav a legelterjedtebb nyélstimulal segédanyag. On-
magukban, vagy kombinacidoban 2-6 w/w%-ban ke-
riilnek alkalmazasra. Az édesitdszerek is rendelkeznek

nyalelvalasztast stimuldlé hatdssal pl.: gliikkéz, fruk-
toz, xilit, maltoz, laktéz. Az édesit6k nyalelvalasztast
fokozé hatdsa az édességi fokuktdl fligg: a fruktoz
édességi foka 1,1, a gliikdz¢é 0,7, a szachar6zé pedig
1,0. A mesterséges édesitok alkalmazasa elénydsebb,
mert kisebb koncentracioban is elegendéek, dsszetett
funkcioval rendelkeznek, és nem okoznak fogszuvaso-
dast vagy meggatoljak azt [146]. A IV. tabldzatban a
nyalelvalasztast stimulald segédanyagokat foglaltunk
Ossze.

Izesitok

Az izérzékelés egyénenként valtozik, fligg a népcso-
porttol és az egyéni izléstdl egyarant. Adott izek ked-
velése az életkortdl fiigg; az id6sebbek a mentolos ¢s
narancsos izeket kedvelik, mig a fiatalok a gylimdlcs
és puncs izt. Az, hogy a beteg mennyire fogadja el a
készitményt, nagyban fligg az elsé masodpercekben
tapasztalt izhatastol és az alkalmazast kovetd tiz perc-
ben tapasztaltaktdl [147]. Mind természetes, mind
mesterséges aromakat alkalmaznak, Onmagukban
vagy kombinacidéban egyarant, koriilbeliill 10 w/w%-
ban. Hiisitd hatast anyagokat is alkalmaznak az iz
erdsitése €s a szdjban tapasztalt érzet elnytjtasa érde-
kében [148, 149].

Szinezék

Alkalmazasuk akkor indokolt (kevesebb, mint 1
w/w%-ban), ha valamely hatd-, vagy segédanyag old-
hatatlan, vagy szuszpendalt formaban van jelen a ké-
szitményben [150, 151].

Stabilizalo és viszkozitasnoveld anyagok

Novelik az oldat vagy szuszpenzi6 viszkozitasat és ja-
vitjak a konzisztenciat a filmkészités el6tt. Erre a célra
5 w/w%-ban természetes gumik (xantdn, szentjanos-
kenyér-mag érlemény), karragenan és celluléz szarma-
z¢€kok egyarant alkalmazhatok [149].

Sziikség esetén egyéb segédanyagok is alkalmazha-
tok a formulalashoz, pl. feliiletaktiv anyagok és emul-
gensek [123].
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Osszefoglalds

A mukoadheziv gyogyszeres filmek esetén alkalma-
zott filmképzd polimerek kivalasztasa soran nem csak
a szdjnyalkahartya jellemzdit kell figyelembe venni,
hanem a polimer fizikai-kémiai és egyéb tulajdonsa-
gait is. Elsdsorban a masodik generacids polimereket
és a csoporton beliil pedig a tobbfunkcids filmképzo-
ket részesitik elényben, mivel jol kihasznalhato a
mukoadhéziot fokozo tulajdonsaguk és a hatéanyag
biologiai hasznosulasat is képesek javitani (pl. a ’tight
junction’ moduléacion keresztiil). Mas gyogyszerfor-
makhoz hasonldan a filmek esetében is torekedni kell,
hogy csak a sziikséges mennyiségii segédanyagot al-
kalmazzak a formulédci6é soran. Itt is eldényt jelent a
tobbfunkcios segédanyagok alkalmazasa, mivel pl.: az
édesitok egyes tipusai az izjavitas mellett a nyalelva-
lasztast is stimulaljak.

Készonetnyilvanitds

Jelen kutatasi eredmények megjelenését a TAMOP-
4.2.2.A-11/1/KONV-2012-0047 azonositd szamul pro-
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Gottnek, M., Hodi, K., Regdon, G. jun.
Mucoadhesive films applied on the oval mucosa. Part III.
Polymers and Excipients Used is Buccal Mucoadhesive Films

The film-forming polymers used in mucoadhesive drug-
containing films have to be chosen with the consideration
of not only the properties of the oral mucosa but also the
physical-chemical and other characteristics of the polymer.
Second generation polymers and within this group multi-
functional film-forming agents are mainly preferred because
their mucoadhesion-enhancing property can be used well
and they can also improve the bioavailability of the active
ingredient (e.g. through tight junction modulation). Similarly
to other dosage forms, only the necessary quantity of excipi-
ents should be used during the formulation of films. The use
of multifunctional excipients offers advantages here, too, as
e.g. certain types of sweeteners can stimulate saliva secretion
besides improving taste.
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Szajnyalkahartyan alkalmazhat6 mukoadheziv filmek
IV. rész: Bukkalis mukoadheziv filmekben alkalmazott hatéanyagok.
Mukoadheziv filmek eléallitasa és vizsgalata

Gottnek Mihaly, Hodi Klara, ifj. Regdon Géza

Alkalmazott hatoanyagok [4, 5, 6]

A szajnyalkahartyan alkalmazott mukoadheziv filmek

rendkiviil innovativ gydgyszerformanak szdmitanak.

Szamos kutatocsoport foglalkozik bukkoadheziv hato-

anyag-hordoz6 rendszerek formulalasaval és vizsgala-

taval, melyek koziil néhany példat az I. tablazatban
tintettiink fel. Tovabba mar szamos torzskonyvezett
készitmény keriilt forgalomba Eurdpaban ¢és a tenge-
rentilon is. Ezek lehetnek f4jdalom-, hanyascsillapi-
tok, szimpatomimetikumok, antihisztaminok.

Egyes forgalomban 1év6 bukkalis filmek, szalagok:

— Ondansetron Rapidfilm®/ Labtec GmbH / ondanset-
ron 4 és 8§ mg,

— Donepezil Rapidfilm®/ Labtec GmbH / donepezil
HCI'5 és 10 mg,

— Chloraseptic®Relief Strips™/ Innozen Inc / bezokain
2 és 3 mg,

— Supress™ Cough Strips / Innozen Inc / dextrometor-
fan HBr 2,5 mg,

— Night Time Triaminic Thin Strips® Cold & Cough /
Novartis Pharmaceuticals / difénhidramin HCI 12,5
mg és fenilefrin HCI 5 mg,

— Triaminic Thin Strips® Long Acting Cough / Novar-
tis Pharmaceuticals / dextrometorfin 5,5 mg,

— Triaminic Thin Strips® Cough & Runny Nose / No-
vartis Pharmaceuticals / difénhidramin HCI 12,5 mg,

— Day Time Triaminic Thin Strips® Cold & Cough /
Novartis, Pharmaceuticals / dextrometorfdn 3,67 mg
€s fenilelfrin HCI 2,5 mg,

— Triaminic Thin Strips® Cough & Stuffy Nose / No-
vartis Pharmaceuticals / fenilefrin HCI 2,5 mg,

— Theraflu® Daytime Thin Strips / Novartis Pharmaceu-
ticals / dextrometorfan 14,8 mg és fenilefrin HCI 10 mg,

— Theraflu® Nighttime Thin Strips / Novartis Pharma-
ceuticals / difénhidramin HCI 25 mg és fenilefrin
HCI 10 mg,

— Theraflu® Thin Strips-Multi Symptom / Novartis
Pharmaceuticals / difénhidramin HCI 25 mg,

— Chloraseptis relief strip / Prestige Brands / benzo-
kain,

— Onsolis™/ BioDelivery Sciences International / fen-
tanil (film),

— BEMA™ Buprenorphine / BioDelivery Sciences In-
ternational / buprenorfin.

Tovabbképzo  cikksorozatunk elsé részében [1]
a szajnyalkahartya felépitését és a nyal élettani,
gyogyszerészeti vonatkozdsait targyaltuk részle-
tesen, mivel elébbi a gyogyszerforma alkalmazasi
helye és a felszivo feliilet, utobbi pedig mint kioldo
kozeg jatszik szerepet. A masodik kozleményben [2]
a mukoadhézio mechanizmusat, a mucin szerepét, a
szajnyalkahartya barrier funkciojat és a hatoanya-
kiinkben [3] a mukoadheziv filmképzo polimerekrdl
és segedanyagokrol irtunk. A negyedik befejezd,
vagyis jelen kézleményben a mukoadheziv filmekben
alkalmazhato hatoanyagokrol, valamint a gyogysze-
res filmek eléallitasarol kivanunk részletesen szolni.

A felsorolt készitmények mellett leheletfrissito, sti-
mulalo, asvanyi anyag és vitamin tartalmu, valamint
gyogynovény kivonatokat tartalmazo filmek is forga-
lomban vannak [6].

Bukkadlis gyogyszerforma tervezéshez figyelembe
veendd altaldnos irdanyelvek

Bukkalis gydgyszerforma tervezéshez az alabbi alta-
lanos iranyelveket kell figyelembe venni [4, 5]:

— fizioldgiai szempontok,

— patologiai szempontok,

— farmakologiai szempontok,

— gyogyszertechnologiai szempontok.

Fiziologiai szempontok

A folyamatos nyalelvalasztas és a bukkalis szovetek
mozgasa befolydsoljak a hatdéanyag bejutast a vér-
aramba. A hatéanyagok tartdozkodasi ideje tipikusan
rovid a szdjnyalkahartyan; 5-10 percnél kevesebb [7].
A bukkalis mukoadheziv gydgyszerformak képesek
athidalni ezeket a problémakat, mivel tartésan rogzi-
tik a felszivo feliilethez a hatéanyag-hordozé rend-
szert. Egy jol definialt, relative kis teriiletre koncent-
ralodik a hatéoanyag, igy helyileg nagy koncentracio-
ban érintkezik a feliilettel, ezért kevesebb hatéanyag
alkalmazasa elegendd, ezaltal csokkenthetok az eset-
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Irodalmi példak filmekben eldfordulo hatoanyagokrél [3]
Hat6anyag Filmképzé polimer Kutaték [Ref.]
Aciklovir Kitozéan HCI és PAA Na s6 Rossi és mtsai [8]
Kitozan Kitozan Tkinci és mtsai [9]
Klorhexidin-diacetat EC Jones és Medlicott [10]
Klorhexidin-digliikonat Kitozan Senel és mtsai [11]
Glibenklamid Kitozan és PVP Ilango és mtsai [12]
Inzulin Zselatin és CP 934P Ritschel és mtsai [13]
Lidokain HPC Okamoto és mtsai [14, 15]
Nifedipin Na alginat, MC, PVP és PEG Save és mtsai [16]

Nifedipin vagy propranolol HCI

Kitozan (PC, Na alginat gellan gumi)

Remurian-Lopez és mtsai [17]

Kalcitonin

PC és Eudragit® S-100

Cui és Mumper [18]

Tesztoszteron

PC és Eudragit® S-100

Jay és mtsai [19]

Tetrakain, ofloxacin, HPC Oguchi és mtsai [20]
mikonazol és tetrakain

Tetraciklin Atelokollagén Minabe és mtsai [21]
Ipriflavon PLGA, kitozan Perugini és mtsai [22]
Klorfeneramin-maleat Polioxietilén Tiwari és mtasi [23]

Protirelin

HEC, HPC, PVP, PVA

Anders ¢és mtsai [24, 25]

Buprenorfin

CP-934, PIB és PIP

Guo [26]

1zoszorbid-dinitrat

HPC, HPMC

Danjo és mtsai [27]

Megjegyzés:

A tablazatban hasznalt réoviditések listaja: CP = karbopol, EC = etilcelluloz, HEC = hidroxietilcelluloz, HPC = hidroxipropilcelluloz,

HPMC = hidroxipropilmetilcelluloz, MC = metilcelluloz, PAA = poli(akrilsav), PC = polikarbofil, PEG = poli(etilénglikol), PIB =
poliizobutilén, PIP = poliizoprén, PLGA = poli(D, L-laktid co-glikolid), PVA = poli(vinilalkohol), PVP = polivinilpirrolidon

leges helyi és szisztémas mellékhatasok. A bukkalis
nyalkahartya elénye, hogy sima felszint, kevésbé
mobilis a tAmasztdszdvetekhez vald erés kapcsoloda-
sa miatt és konnyen hozzaférhetd. Nehézséget jelent a
rovid tartdézkodasi id6, a kis felszivo feliilet és a
barrier funkci6. Altaliban a bukkalis filmek 1-3 cm?
nagysaguak [28] és 25 mg vagy annal kevesebb hato-
anyag inkorporalasa javasolt [29]. Az ellipszisforma
ajanlott [30] és a filmek vastagsaga maximum néhany
milliméter lehet [31]. A gyogyszerforma tartozkodasi
ideje bukkalisan altalaban tobb mint a mucin életid
[7]. A maximalis alkalmazasi id6 4-6 6ra, azonban
étkezés és/vagy ivas esetén sziikséges lehet a hato-
anyag-hordozo rendszer eltavolitasa [32, 4].

Patologiai szempontok

Egyes betegségek hatassal vannak az epitélium vas-
tagsagara és a barrier funkcié megvaltozasat okozhat-
jak, tovabba bizonyos hatéanyagok és betegségek a
nyal Osszetételére illetve a nyakréteg szerkezetére
vannak hatéassal [33]. Mindezek az alkalmazhatdsagot
és a kelld retencios idot befolyasolhatjak negativan. II-
letve figyelembe kell venni, hogy azok a hato- és se-
gédanyagok, amelyek hatassal vannak a szajnyalka-
hartya/szajiireg fizioldgiai paramétereire, nem alkal-
mazhatoak [4].

Farmakologiai szempontok

Bukkalisan mind helyi, mind szisztémas hatast elérhe-
tlink. A formulalas soran figyelembe kell venni az el6-
z6ekben leirtakat, tovabba a hatéanyag tulajdonsagait
¢és a kezelendo teriiletet [4].

Gyogyszertechnologiai szempontok

Figyelembe kell venni a hatéanyag fizikai-kémiai és a
gyogyszerforma tulajdonsagait egyarant. Lényeges a
segédanyagok helyes megvalasztisa, mint ahogyan
azt mar részleteztiik. Kiemelt jelentségii a filmképzd
polimer, hiszen a hatéanyag hordozdja és/vagy
mukoadheziv is egyben [4]. Nagyon fontos a segéd-
anyagok koziil a penetraciofokozok, enzim inhibitorok
és pufferek alkalmazasa, melyeket az alabbiakban
részleteziink.

— Penetraciofokozok [4, 5, 34, 35-38]

A kémiai penetraciofokozok vagy abszorpcidserken-
ték olyan, a gyogyszerformahoz adott anyagok, ame-
lyek novelik a membran permeabilitdsat vagy a hato-
anyag abszorpcios sebességét anélkiil, hogy karosita-
nak a nyalkahartyat vagy toxikus hatést idéznének el6
[39]. Farmakoldgiailag inertnek kell lenniiik, nem irri-
talhatnak és allergizalhatnak [40]. A bukkalis nyalka-
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hartyan a hatéanyagok nagyrészt passziv diffuzidval
jutnak be, melyet Fick 1. torvényével irhatunk le:

J.=DxC, )
ahol, J  a ,steady state” dram, C,a donor hatbanyag-
hordoz6 rendszer koncentracidja, D a hatdanyag buk-
kalis mukozan keresztiili diffuzios koefficiense, K a
megoszlasi koefficiens a bukkalis nyalkahartya és a ha-
toanyag-hordozo rendszer kozott, 4 az ut hossza, amit a
hatéanyag megtesz (para-/vagy transzcellularisan).

Ennek értelmében a permeacido mértéke né abban
az esetben, ha n6 a szoveten keresztiili diffuzié (D), a
szoveti megoszlas (K), vagy a permealddott anyag
koncentracija (vagy termodinamikai aktivitasa) a
nyalkahartya felszinén. Ezen faktorok egyikének,
vagy mindegyikének novelésével a kémiai penetracio-
fokoz6 képes megnovelni az anyag bioldgiai membra-
non vald atjutdsat [35]. Hogy milyen penetracié foko-
70Ot valasztunk, az alkalmazott hatéanyag fizikai-ké-
miai tulajdonsagaitol, az alkalmazas helyétdl, a poli-
mer rendszertdl és a tobbi segédanyagtol fligg. Tobb
penetraciofokozd kombinalasa szinergista modon hat.
Bukkalis filmek esetén a penetraciéfokozé megvalasz-
tasa nagymértékben hatdanyag fiiggd [41].

A penetraciofokozokat az alabbi csoportokra oszt-
hatjuk [5, 42-44]:

— Kelatképzok: EDTA, citromsav, natrium-szalicilat,
metoxi-szalicilatok.

— Feliiletaktiv anyagok: natrium-laurilszulfat, polioxi-
etilén, polioxietilén-9-lauriléter, polioxietilén-20-
cetiléter, benzalkonium-klorid, 23-lauril-éter, cetil-
pirimidin-klorid, cetiltrimetil, ammonium-bromid.

— Epe sok: natrium-glikokolat, natrium-deoxikolat,
natrium-taurokolat, natrium-glikodeoxikolat, natri-
um-taurodeoxikolat.

— Zsirsavak: olajsav, kapronsav, laurinsav, laurinsav/
propilénglikol, metilolat, lizofosz-

hatéanyag abszorpciojat, a nydkréteget boritd nyal

szintén késlelteti az abszorpciot. Egyes pe-

netracidfokozok tgy hatnak, hogy csokkentik a

nyak és a nyal viszkozitasat és ezzel a barrier funk-

ciojukat;

— a lipid kettosréteg fluiditasanak névelése. A hatbanyag-
abszorpcid  legelfogadottabb mechanizmusa buk-
kalisan az intracellularis t. A penetraciofokozok mas
csoportja a lipid kettdsréteg kiilso lipidjeivel Iépnek
interakcioba, igy befolyasolva annak fluiditasat;

—a ,tight junction” komponenseinek befolyasoldsa.
Bizonyos penetracidéfokozok a dezmoszomakon hat-
va novelik a hatdanyag abszorpciot;

— az enzimatikus barrier gatlisa. Ebben az esetben a
peptidazok és proteazok gatlasaval ndvelheto a
hatéanyagok felszivodasanak mértéke. Indirekt
modon a membran fluiditdsanak megvaltoztatasa is
csokkenti az enzimatikus barrier hatdéanyagokra
gyakorolt hatasat;

— a hatoanyagok termodinamikai aktivitasanak néve-
lése. Tovabbi penetraciofokozok ugy novelik a hato-
anyagok szolubilitasat, hogy megvaltoztatjak a meg-
oszlasi koefficiensiiket. Ennek hatdsara megnd a
termodinamikai aktivitas, mely eredményeként jobb
abszorpcid jon létre.

Az anionos, kationos és nem-ionos feliiletaktiv
anyagok valamint az epe sok az intercellularis lipidek
Osszekuszalasaval, a komplexképzok a kalciumionok
megkdtésével, a zsirsavak a foszfolipidek fluiditasanak
novelésével, a pozitiv toltésii polimerek pedig a nyak-
felszin negativ toltéseihez kdtddve megnovelik a hato-
anyagok permeabilitasat [47-52].

— Enzim inhibitorok [4, 53]

A szijnyalkahartyan sokkal kevésbé kifejezett az
enzimaktivitds, mint a gasztrointesztinalis traktus
egyéb szakaszain [54], ahol egyes hatdanyag csopor-

fatidilkolin, foszfatidilkolin.
— Nem feliiletaktiv anyagok: telitet- A

len ciklikus karbamid szdrmazé-

kok.

— Zarvany komplexek: ciklodextrinek.

— Tiolalt polimerek: kitozan és szar-
mazékai.

— Egyeb: aprotinin, azon, dextran-
szulfat, mentol, poliszorbat 80,
szulfoxidok ¢és kiilonbozé alkil-
glikozidok.

A penetraciofokozok hatasmecha-
nizmusa az alabbi 6t modon johet
1étre [5, 45, 46]:

—a nydk reologiai sajdtsagainak
megvaltoztatasa. A nyak kiillonbo-
z0 vastagsagl viszkoelasztikus
réteget képez, amely befolyasolja a

1. abra: A— Gyogyszeres film eliallitdsa.
A nyomohengerek kialakitjak a bedllitott filmvastagsdgot. A filmképzés utin
a kész film szarad. a — Tartdly a filmképzé anyagok szamara.
b — Buborékmentesité és filmadagolo. ¢ — Nyomohengerek.
B — A filmek meghatdrozott méretre vigdsa.
C — A filmek az also csomagolo folidara keriilnek.
D — A felsé csomagolo folia lézeres feliratozdsa.

F — A tasak felbontasi helyének megjelilése.

o !l |:-']j G

E — A tasakok lezdarasa.

G — Végso gyiijtocsomagolas [6].
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tok (peptidek, fehérjék) karosodasat, bomlasat képe-
sek elszenvedni [4]. Igy tehat a filmekbe inkorporalt
enzim inhibitorok képesek megndvelni az emlitett
hatéanyagok biohasznosuldsat. Korabban mar emli-
tést tettlink azokrol a filmképzd polimerekrdl, melyek
onmagukban is képesek enzimgatloként funkcionalni.

— Pufferek [4]

Az ionizal6do hatdéanyagok szempontjabol nagyon
fontos a mikrokdrnyezet megfeleldé pH-ja. Mivel a
nyalnak nagyon csekély a pufferkapacitdsa, ezért fi-
gyelembe kell venni a formulalas soran, hogy az al-
kalmazas helyén, a lokalis pH a hatéanyag felszivoda-
sanak kedvezzen. Tovabba a toltéssel rendelkezd poli-
merek esetén a mucinhoz vald koétésben is fontos sze-
repet jatszik a rendszer és az adhézids/abszorpcios fel-

szin pH-ja [4].

Mukoadheziv filmek eloallitasa [34]

Kiilonb6zo technologiai megoldasok ismeretesek a fil-
mek el6éallitasara (filmontés és ,,hot-melt extrusion™),

léte a filmekben [55]. Amennyiben feltétleniil sziik-
séges a hato- és/vagy segédanyagok oldasahoz szer-
ves oldoszer, akkor csupan az ICH szerinti
oldoszer-besorolas 3 listjarol megengedett a va-
lasztas [57].

A bukkalis filmek kutatdsanak kezdeti éveiben ko-
moly gondot okozott a hatdbanyag adagolasi egységessé-
ge. Schmidt ezt a filmek egyrétegli természetével ma-
gyarazta (hiszen kezdetben a film egy rétegbdl allt,
mely a hatéanyag-hordozoja és a mukoadheziv réteg
volt egyben) [58]. Azonban Yang és munkatdarsai azt ta-
pasztaltak, hogy a Schmidt altal kidolgozott protokoll
ellenére is fennall a probléma, melynek oka nem a fil-
mek egyrétegilisége, hanem Onaggregacidja. Megallapi-
tottak, hogy a kritikus Iépés a szaritas és annak koriil-
ményei. Gélképzok vagy polialkoholok alkalmazasaval
az Onaggregacio kikiiszobolhetd és biztosithatd az ada-
golasi egységesség [59]. Perumal és kutatocsoportja vi-
szont azt talalta, hogy a hatdanyag egységességét a fil-
mek tomegegységességével és nem az egyforma Ontési
teriilettel lehet biztositani [60]. Mukoadheziv filmek
elvi felépitéseit szemlélteti a 2. dbra.

az 1. abra mukoadheziv lapocskak gyartasi 1épéseit

szemlélteti.
Filmontés

Az irodalomban vitathatatlanul az
ontéses technologia a leggyakoribb.
Ennek oka a modszer kis koltsége és
egyszerisége. Az eloallitas 1épései a
kovetkezok:

— oldatkészités,

— buborékmentesités,

— filmontés,

— szaritas/szaradas,

— a film méretre vagasa,

— csomagolas.

A filmkészités soran fontos odafi-
gyelni az oldat/szuszpenzi6 reoldgiai
tulajdonsagaira, a keverés soran a
buborékképzddésre, az adagolasi egy-
ségességre ¢és az olddszermarad-
vanyra [55]. A folyadék reoldgiaja
fogja meghatdrozni az Onthetdséget,
a szaradast, a hatéanyag egységessé-
g€t és a megszaradt filmek kiillemét.

A keverés kozben a rendszerbe
keriilo légbuborékok eltavozasa
kritikus a homogenitds szempont-
jabol [56]. Ha légbuborékok marad-
nak az ontéskor a filmekben, akkor
egyenetlen felszint és filmvastagsa-
got kapunk. Szintén kardinalis kér-
dés a szerves oldoszerek hasznala-
ta, ill. oldészermaradvanyok meg-

., Hot-melt extrusion”

Az ecljaras soran a hatd- és segédanyagok keverékét
megolvasztjak, majd extrudaljak, hogy homogén rend-

Hatoanyag molekula

Hatéanyag tartalmi bioadheziv matrix

Hats
) 5

g aramlas
Impermeabilis fedoréteg

ag tartalin bioadheziv matrix

Impermeibilis fedoréteg
Kontrollalt hatoanyag leadé réteg

Gyors hatoanyag leado réteg

Impermeabilis fedoréteg

(o] Hatoanyag tartalmn nem bioadhezv kontrollalt
- ) hatéanyag hordozé réteg
NG 2 DRE R RI RN 3 A
Mukoadheziv réteg

2. dbra: Mukoadheziv hatéanyag-hordozo rendszerek sematikus rajzai.
A — matrix tipusu rendszer;
B — impermeabilis fedoréteggel ellatott bukkalis film;
C — modositott hatoanyag leaddsu rendszer (gyors- és kontrollalt hatéanyag
felszabaduldas);
D — tipikus mukoadheziv film felépitése: impermeabilis fedo réteg, hatoanyag-
hordozo réteg és mukoadheziv réteg [61].
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szert kapjanak [62]. Szdjban de-
zintegralodo filmek esetén alkalmaz-
zak ezt a technologiat [63]. Azonban
csak néhany esetben allitottak eld fil-
meket ezzel az eljarassal. Megallapi-
tottak, hogy a vizsgalt rendszerekben
[64, 65] a hatdanyag felszabadulas

srcr

mértékétol €s sebességétol fiigg. A 3.

3. abra: A beteg dltal manuadalisan adagolhato bukkalis gyogyszeres lapocskak

[66, 67].

és 4. dabrdan a betegek altal onalldoan
dozirozhat6 filmek (4), ill. filmadago-

16 (B) lathato.

Mukoadheziv filmek vizsgadlata
M4, 12, 123]

A mukoadheziv filmek esetén sza-

mos vizsgalatot kell elvégezni a ha-

téanyag-hordozd rendszer biztonsa-

gos gyartasa, csomagolasa ¢s alkal-

mazhatésaga szempontjabol.

— Mechanikai tulajdonsdagok: (5.

dbra) szakitoszilardsag, réteglevalasi

ellenallas, nyirasi ellenallas (6. dbra),

szakadaskor a maximalis megnytlas,

megnyulasi fok, hajtogatas, ellenal-

las (egy ponton, szakadasig), kopasi

rezisztencia, Young modulus (rugal-

massagot mér).

— Vastagsag.

— Szarazsag mértéke,
mértéke.

— Mukoadhézio mérése: in vitro, ex
Vivo, in vivo.

— Tartozkodasi ido (nyalkahartyan):
in vitro, in vivo.

ragadossag

4. abra Elektronikus filmadagolo késziilék [66, 68].

— Permeacios vizsgalatok: in vitro, ex
Vivo, in vivo.

Fesziiltség

Keményésrideg o mény és viszkozus
Ligy Ligy és viszkézus
Deformicié

5. abra: Polimer filmek fesziiltség-deformacio gorbéi

[34, 69].

— Kioldodas.

— Dezintegracios idé (5-30 mdsodperc).

— Hatoanyag egységesség vizsgalata (85-115%).

— Organoleptikus vizsgalat (elektronikus nyelv, elekt-
ronikus orr).

Osszefoglalis

A szajnyalkahartya kivalo beviteli kapu bukkalis ha-
téanyag hordozo rendszerek szdmara, mivel felépitése,
vastagsaga, vérkeringése, feliilete alkalmassa teszi
erre. A nyal, mint kioldokdzeg és a mucin forrasa jat-
szik jelentds szerepet e gyogyszerformak alkalmazha-
tosaga szempontjabol. A mukoadhézio kialakitasaban
szamos faktor jatszik szerepet, ezek ismerete segit a
megfeleld hatdéanyag-hordoz6 rendszer formuléalasa-
ban, valamint a gyogyszerforma helyes alkalmazésa-
ban. A folyamat rendkiviil 0sszetett, tobb elmélet is



328

GYOGYSZERESZET

2013. janius

Szakitis Nyiris Réteglevilis

6. dabra: Példak filmek mechanikai vizsgalataira [5]

sziiletett a mukoadhézid mechanizmusara, azonban
onmagaban egyik sem magyardzza létrejottét. Az iro-
dalmi attekintés alapjan megallapithaté, hogy a
bukkalis filmek kedveltebbek, mint a bukkoadheziv
tablettak, mivel hajlékonyak és komfortosabb érzetet
keltenek a szajnyalkahartyan. Tovabb tartézkodnak a
nyalkahartyan, mint a mukoadheziv gélek, hiszen a
nyal nem tudja olyan konnyen lemosni 6ket. Lokalis
terapia esetén védik a sériilt felszint, csokkentik a
fajdalmat és hatékonyabban juttathaté a hatdéanyag a
célteriiletre. Az idealis film kellden flexibilis, clasz-
tikus és puha, viszont kelld mechanikai ellenallassal
bir az alkalmazas soran fellépd mechanikai stresszel
szemben. Kell6 bioadhézioval rendelkezik, hogy a ha-
tdéanyagot tartdsan a felszivo feliilethez rogzitse. Duz-
zadd rendszerek esetében azonban a folyamat nem le-
het til gyors, mert az diszkomfortot okoz a betegek-
nél.

Készonetnyilvanitds

Jelen kutatasi eredmények megjelenését a TAMOP-
4.2.2.A-11/1/KONV-2012-0047 azonositd szamul pro-
jekt tamogatta.
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The structure, thickness, blood circulation and surface of the
oral mucosa make it an excellent administration route for
buccal drug delivery systems. Saliva as a dissolution medium

and source of mucin has an important role in the applicability
of these dosage forms. Several factors contribute to mucoad-
hesion, and the knowledge of them helps us to formulate the
appropriate drug delivery system and to use the dosage form
properly. The process is extremely complex, and several theo-
ries have been put forward for the mechanism of mucoadhe-
sion, none of which, however, can explain in itself the arising
mechanism. The review of the literature shows that buccal
films are more popular than bucco-adhesive tablets because
they are flexible and result in a more comfortable feeling on
the oral mucosa. They remain on the mucosa longer than
mucoadhesive gels as the saliva cannot wash them off so
easily. When used as topical therapy, they protect the dam-
aged surface, alleviate pain and the drug can be delivered to
the target area more efficiently. The ideal film is sufficiently
flexible, elastic and soft yet it has the necessary mechanical
resistance against the mechanical stress arising during ap-
plication. It has the necessary bioadhesion to attach the drug
permanently to the absorption surface. However, in the case
of swelling systems this process should not be too fast as it
would cause discomfort to the patients.
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