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Abstract

A film forming system based on EudrdgRL (EuRL) was designed aiming to evidence the
relevance of formulative variables on the follownrgical attributes: film forming rate, outward
stickiness, Young modulu¥) and in vitro drug skin permeation. Different sam mixtures
(acetone and isopropanol in the range from 10:9Mt60 v/v), polymer concentrations (10-30 %
w/w), and plasticizer types and concentrationaggtin or tributyl citrate, up to 50% of EuRL)
were evaluated. EURL dissolved in 80/20 or 70/30s@propanol/acetone mixtures at the
concentration of 20% and plasticized with tributigtate (20 or 30% with respect to polymer) gave
films with negligible stickiness andlower than 3 MPa. This value should assure amat& and
prolonged contact with the skin since it was sigatriitly lower tharlY of human stratum corneum
(55 MPa). The optimized formulations were ableustain the skin permeation of ibubrofen,
ketoprofen and flurbiprofen and evidenced the ingraoe of each formulative variable. In
particular, relatively slow solvent evaporationerain determine an initial “burst” effect and can
influence the drug permeation in the initial ho@snversely, when the solvent evaporation rate is
not discriminant, the thermodynamic activity rensaihe main parameter driving the skin
permeation.
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1. INTRODUCTION
The passive transport rate of a molecule througlskin is proportionally related to its degree of
saturation in the applied vehicle (Cilurzo et 2015). Therefore, drug supersaturation in topical
formulations can be induced to improve the penetmanto stratum corneum. Systems that are
transiently drug supersaturated, namely those gstehich become supersaturated only after dose
actuation, seem to be more promising as dosagesfoompared to preformed drug supersaturated
patches, since the latter need to maintain thersapeated state during their entire shelf-life.
Transient supersaturation entails the reductiaired solubility in the vehicle that is applied ¢ret
skin surface and this is most commonly achieveautin solvent evaporation (Cilurzo et al., 2015).
The simplest approach to achieve this goal congigtee design of polymeric film forming systems
(FFS) which comprises a film-forming polymer dissal in a volatile and skin tolerated solvent.
When they are applied and/or sprayed on the sudittee skin, the rapid solvent evaporation leads
to the formation of a polymeric filnm situ (Misra et al., 1996). The potential advantagethese
dosage forms reside not only in the possibilitp¥ercome the issue related to the physical
instability of a supersaturated system, but alsm possible enhancement effect related to the
solvent skin penetration during the metamorphakieeformulation (Gennari et al., 2016;
Frederiksen et al., 2016). The last claimed adygntd FFS is related to the cosmetic attributes of
the film. Indeed, many patients complain aboutHigh visibility of transdermal patches, which are
considered cosmetically unattractive, while therfed film is supposed to be almost invisible.
Moving to the formulative requirements, a film-farmg solution should exhibit some peculiar
features related to both the applied dosage foentfie polymeric solution itself) and the findifi
Firstly, the novel dosage form should quickly drytbe skin and the minimum film forming
temperature should be below the skin surface teatyoer (about 32 °C). Secondly, the mechanical
properties of the formed film should overcome t#megential stress due to the body movements.
Finally, the formed film is required to be non-kido avoid adhesion to the patient’s clothes.
To satisfy these requirements, a broad range ghparis (e.g. acrylates, polyurethane-acrylates,
cellulose derivatives, poly(vinyl pyrrolidones) asiticones) were tested (Zurdo Schroeder et al.,
2007; Frederiksen et al., 2015) Among them, theofiseethyl methacrylate copolymers appears of
particular interest (Cilurzo et al., 2014; Ammasakt 2013; Lunter and Daniels, 2012; Frederiksen
et al., 2015; Garvie-Cook et al., 2015), evenéf literature reports contrasting results on Eudfagi
RL (EuRL) when it was compared to another widelgduBlm forming material, namely
hydroxyethyl cellulose. As an example, the skimpeability of estradiol from EuRL based films
resulted significantly lower than that obtainedhatite cellulose ether (Zurdo Schroeder et al.,

2006). Nevertheless, the use of EuRL allowed toamae the mechanical issues associated to
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films made of hydroxyethyl cellulose. Indeed, itsagemonstrated that both tensile strength and
percent elongation at break of the films were impobby mixing in appropriate ratio cellulose and
EuRL (Asasutjarit et al., 2014). However, a systeergetudy of the formulation variables, namely
solvent composition, polymer concentration, naamd amount of plasticizers, on the FFS
properties is still lacking.

The current work aimed to study the effect of folation compositions on technological and
biopharmaceutical properties of FFS based on EwRlIbgdized in a mixture of acetone and
isopropyl alcohol in different ratios. This vol&ivehicle was selected since both solvents have a
regulatory approval for topical use.

The effects of solvent systems as well as the @adddtf the plasticizer, namely triacetin or tributy
citrate, were preliminary evaluated on drying tirmetward stickiness and mechanical properties. In
particular, since a reference for the tensile privgee of the formed film is not established, the
elasticity of human stratum corneum was prelimirgeiermined and used as reference.

The performances of the optimal formulations wergher investigated studying the skin

permeation of three different drugs, namely flurbfpn, ibuprofen and ketoprofen.

2. MATERIALSAND METHODS

2.1 Materials

Eudragif RL PO (poly(ethyl acrylate-co-methyl methacrylatetrimethylammonioethyl
methacrylate chloride); molar proportions of thenmmer units 1:2:0.2; weight average molar mass
32 KDa, EuRL) was kindly supplied by Rofarma Itdlialy). Tributyl citrate (TBC) and triacetin
(TRI) were provided by Morflex (USA) and Sigma Aildhr (Italy), respectively. Isopropanol and
acetone were purchased by VWR International (lt&igrbiprofen (FP) and ketoprofen (KP) were
purchased from Farmalabor (ltaly) and S-ibuprof&) from Francis (Italy).

All solvents were of analytical grade, unless sfedti

2.2 Preparation of polymeric FFS

Film-forming systems (FFS) were prepared by addidgor 20, or 30 (%, w/w) EuRL to different
mixtures of isopropanol and acetone (ratios: 908020, 70:30, 60:40 %, v/v) with or without the
selected plasticizer. Each solution was stirredmgét to ensure the complete swelling of the
polymer in the solvent blend.

FP, or IB, or KP were dissolved in the FFS at aceatration of 4 % w/w.
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2.3 Characterization of the polymeric FFS

The preliminary screening of placebo compositioas warried out keeping in consideration the
FFS drying time, the stickiness and cosmetic atteb of the formed film. Briefly, a small volume
of the formulations was applied with a micropipedtdo a plastic liner and the solvent was allowed
to evaporate to form the film. The applied volumes\viixed at 35 uL/2.5 chas this amount is
small enough to be applied without flowing awaynfrthe application site. No-sticking films
formed within 10 min and showing good cosmetidlatites were considered adequate for the aim
of this work. The drying time was visually check®devaluating the formation of a fingerprint on
the film surface. This approach has been seleated the other method reported in literature,
namely the use of a glass slide (Zurdo Schroedal,2007; Frederiksen et al., 2015), did not
permit to discriminate the formation of a driedt bticky film.

The adhesive properties were preliminary evalubted thumb tack test (Minghetti et al., 2004), on
the dry films according to the following score gyst no adhesion, poor adhesion and good
adhesion.

Afterwards, TBC or TRI were added to the most ping FFS in order to evaluate the effect of
the plasticizers on the flexibility of films. Tolset the plasticizer concentration, the glass ftems
temperature (J) of films made by casting a polymeric mixture sopropyl alcohol, containing the
selected plasticizer in different ratios, was eatdd by differential scanning calorimetry (DSC)
analysis (DSC1 Instrument, Mettler-Toledo, CH).e§i, 20 mg (x 0.01 mg) exactly weighted
samples were sealed in aluminum pans and heatedriratmosphere (70 ml mirof N,). The
reference was a pan containing aluminum oxide @uand Daniels, 2012). The equipment was
calibrated with an indium sample. Films were scanme20 K/min from 20 to 80 °C in order to
erase polymer thermal history, then cooled down 50 °C at 20 K/min and re-heated up to 80 °C

at 20 K/min. T, was calculated as the inflection point in the selceeating ramp.

2.4 Mechanical testing

Human stratum corneum isolation - The permeation studies were performed using theralyhl

skin from female donors, who underwent cosmetigeyrand signed an informed consent for the
use of the biological sample for research purp{Semze et al., 2015). After removing the
subcutaneous fatty tissue, the skin was kept fromihfurther use. For the stratum corneum
isolation, skin sections were cut into squaresbofua 2.5 criand were immersed in water of 60 °C
for 60 s according to an internal protocol (Geneaal., 2016b). Afterwards, the epidermis was
carefully removed from the underlying tissue witle tielp of forceps and visually inspected for

defects. Then, the epidermis samples were inculfatetf h at 37 °C in a 0.1% wi/v trypsin
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solution in pH 7.4 phosphate buffer (Gennari eR@ll6b). After digestion, the underlying tissue of
epidermis was scraped away and the remaining stratuneum was washed in cold MilffQvater.
The stratum corneum samples were cutb@mm specimen, transferred into Petri dishes eftd |
to equilibrate in a humidifier at 25 °C and 75%atsle humidity using a saturated solution of
sodium chloride, over a 12 h period.
Film preparation - Placebo films were prepared by a solvent cagéngnique by using a
laboratory-coating unit Mathis LTE-S(M) (Mathis, G;Hquipped with a blade coater. The coating
thickness was set in order to obtain a dried fifmtwout 50um. The FFS was spread on the release
liner and dried at 321 °C for 20 min. Film samphesre cut in ¥20 mm specimen and stored at
25 °C until use.
Probe tack test - Probe tack test measures the force required toaephe test probe tip from the
film sample by using a tensile testing machine o with a 50 N cell load transducer (Instron
5965, ITW Test and Measurement Italia S.r.l., ltaljhe experiments were set according to an
internal standard procedure (Cilurzo et al. 201Bbiefly, a flat stainless steel probe (diameter: 6
mm) was placed about 0.05 mm above the sample., Tineprobe was lowered onto the film
surface and a constant force of 0.05 N was appirtd the sample for 5 s and, finally, the probe
was removed at the debonding rate of 0.1 mm/s stress €) values for each experiment were
calculated according to the following equation:

o =F/A
where F is the force registered during the detacied A is the probe surface area.
The results are expressed as the mean = SD o$éwaples for each formulation.
Tensiletest - Stratum corneum strips X&6 mm) or film samples &0 mm) were positioned
between two pneumatic jaws of the tensile testiaghine, separated at a distance of 8 mm. The
lower jaw remains fixed, whilst the upper jaw cocteel to the load cell mounted on top of the
crosshead rises at a speed of 2 mmi’mfoung modulus ¥) was calculated as the slope of the
linear portion of the stress-strain curve. The ltssuere expressed as force per unit area (MPa).

Individual experiments were performed on four sasmf stratum corneum or film.

2.5 Thermogravimetric analysis

Thermogravimetric measurements (TGA) were carriggduising a TGA 2050 Thermogravimetric
Analyser (TA Instruments, USA). Samples of BOFFS were held at 32 °C under nitrogen
atmosphere and mass losses versus time were méaserel h. The higher them min* value
obtained, the faster the solvent evaporation.



140

145

150

155

160

165

170

2.6 Polarized optical microscopy

Crystallization of drugs from the polymeric FFS veamluated by a polarized optical microscopy
(Axiolab E re, CarlZeiss, Germany) equipped witl dBjective. A suitable volume of each
solution was spread on a microscope glass slidebmded to dry in a water vapor saturated
chamber at 32 °C, to mimic the conditions of thie glenetration experiments. The presence or
absence of drug crystals was noted.

2.7 Invitro drug permeation

The human epidermis samples were prepared as lobed@bove. Prior to experimental use, the
integrity was assessed measuring their electresastance (voltage: 100 mV, frequency: 100 Hz;
Agilent 4263B LCR Meter, Microlease, Italy). Sanglegith an electrical impedance resistance
higher than 30 K- cnf were used for the in vitro permeation experimé@isnnari et al., 2016b).
The epidermis sample was mounted on the Franzsifiuy PermeGear, USA) cell with an effective
penetration area of 0.636 &nThe receptor compartment (volume: ~ 3.0 mL) villedfwith
degassed 0.9% w/v NaCl solution. Special care wasdo avoid air bubbles between the buffer
and the epidermis in the receptor compartment.upper and lower parts of the vertical Franz cell
were sealed with Parafiffrand fastened together by means of a clamp. Volwh#8uL FFS

were applied uniformly on the epidermis sample@sod phase. The system was kept at 37t1 °C
by means of a circulating water bath so that the skrface temperature was at 32+1 °C and the
receiver medium was continuously maintained unteirgy with a magnetic bar.

The experiments (three replicates per formulatwene performed over a 24 h period under non-
occlusive conditions. During this period, 200 samples were drawn at predetermined intervals
and replaced by aliquots of fresh receptor fluidk®onditions were maintained throughout the
experiment. Samples were analysed by HPLC accotditite methods described below.

The cumulative amount permeated through the skipé of area was calculated from the
concentration of each substance in the receivindgiumeand plotted as a function of time.

The average flux (J) was calculated over the 1p&riod of time.

2.8 Drug assay

The drug concentrations in the receiving media wietermined by HPLC assay (HP 1100,
Chemstation, Hewlett Packard, USA). The followitgamatographic conditions were used:
Column: HyperClonB" 5um BDS C18 130, 1581.6 mm (Phenomenex, USA); mobile phase:
acetonitrile/ pH 2.6 water (60/40, % v/v); floweatl.5 mL/min; wavelengths: 246 nm (FP), 225

nm (IB) or 255 nm (KP); temperature: 25 °C; injeatvolume: 2QuL. The drug concentrations
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were determined from standard curves in the 0.0-G@/mL range. The retention time was
approximately 2.5 minutes for FP, 3.0 min for IRBlan8 min for KP. The method provided good
precision and linearity in the required concentratiange (B=1.00000 for FP, &0.99995 for IB,
R?=0.99999 for KP).

2.9 Statistical analyses
Tests for significant differences between meangwerformed by ANOVA followed by Tukey
post hoc analyses (OriginPro 2015, OriginLab, USA).

3. RESULTSAND DISCUSSION

3.1 Formulation study

The preliminary screening of placebo compositioas warried outn vitro keeping in

consideration the FFS drying time, the stickinessasured qualitatively by thumb tack test, and the
cosmetic attributes of the formed film. No-stickifilghs formed within 10 min and showing good
cosmetic attributes were considered adequate éoaith of this work.

The formulations prepared with the highest EuRLcemtration or an acetone content higher than
30% required more than 10 min to completely dry.t@mother hand, the lowest polymer
concentration did not allow the formation of a enim film. Thus, 20% w/w EuRL solutions in
isopropanol/acetone at the ratios in the 90:10r@aBge were considered worthy to design a FFS
formulation.

Since EuRL presents g @t about 63 °C, the addition of a plasticizer enwhatory to decreasg T
below the skin surface temperature (~ 32 °C), deoto satisfy the requirements of flexibility and
elongation necessary to assure a proper skin/ddsagecontact. On the other hand, an excess of
plasticizer concentration in the formed film cafeatf its properties since it is generally recogdize
that when the Jis about 25-45°C lower than the application terapge the material can become
sticky (Zosel, 1985). Since the skin surface terajge is about 32 °C, it is reasonable to suppose
that materials with agllower than -10°C are sticky (Cilurzo et al., 201@h the bases of these
considerations we established that th@fTthe formed film should be in the +30 °C to & range.

In order to avoid the influence of the solvent &mel drying process,qwas calculated on the
second heating ramp. As summarized able 1, the optimal concentration of both the selected
plasticizers was about 20-30%. However, the outwtoiness can be influenced not only by the
extent of plasticizer, but also by the solvent cosifon, which can lead to a different three

dimensional organization of the polymeric chaingriyithein situ formation of the film. Hence,

8
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the stickiness of the preformed films was also metged by probe tack test éble 2).

Formulations at the highest isopropanol contenseduhe formation of films adhesive on the outer
surface, independently of the plasticizer contArgimilar behavior was evident for films
plasticized by 30% w/w TBC or TRI obtained from@30 v/v isopropanol/acetone solution and,
therefore, the formulations nos 1-4, 7, 8, 10-12ewbscardedTable 2).

The tensile properties of the selected formulatiwase determined and compared to those of the
human stratum corneum. In this case the acceptaitegon was defined so that the elastic
modulus of the formulation should not exceed tlidhe stratum corneum to assure an intimate and
prolonged contact after topical application. Inddbd film should possess tensile properties that
allow to accommodate normal skin mechanical respodsie to tangential stresses related to body
motions (Yu et al., 2016; Garvie-Cook et al., 2015)

When comparing data reported in literature aboutharical properties of skin, there is a quite
evident variation, because of the specimen locatlenvariability of biological tissues and the
experimental set ups (in vitro or in vivo). Overdlie results enlisted ihable 2 are included within
the ranges found in literature for the in vitrog#a tests. Indeed, depending on the anatomicrorigi
of samples and operative conditions, the in vitugs of elastic modulus ranged from 3-150 MPa
(Annaidh et al., 2012).

Therefore, a maximum value of 3 MPa was establisbethe selection of the suitable formed film
in agreement with the threshold selected for ofipglications of films on the skin and, therefore,
assumed as ideal to cover the range of elasticrekponse (Yu et al., 2016).

The addition of 20% w/w of TBC or TRI allowed obtaig films with the Young’s moduli lower
than that of the skinl@ble 2) and, therefore, an appropriate flexibility. Agpexted, the higher the
plasticizer concentration, the lower the Young’sduas value of the formed filnT@ble 2). The

data also underlined that the Young’s modulus vasniluenced by the organic solvent
composition, but only by the type and content esptizer; in particular, TBC resulted more
effective in reducing the Young’s modulus valuesgéneral, the current data were in agreement
also with the results obtained by using nanoindemtdo determine the elastic moduli of various
films prepared with EudradiRS dissolved in ethanol, with or without a plagiéziand/or
betamethasone 17-valerate (Garvie-Cook et al.,)20A&reover, the authors provided that the
presence of the drug in these formulations hadgrofieant effect on the mechanical properties of
the films (Garvie-Cook et al., 2015). Despite thesgc moduli determined by AFMY(= 0.3 GPa)
were different an order of magnitude to that deteeth by texture analysis in the current set of
experimentsY = 55 MPa), the minimum plasticizer concentratiordexl to obtain a flexible

formulation was comparable, independently of tlebméque. However, in the cited work the
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adhesive properties were not taken in considera@am results suggest that in the formulation of a
FFS three different techniques, namely DSC, prabk test and tensile test, should be combined to
identify the optimal range of each main formulatixagiables (i.e. the polymer concentration, the
type and extent of plasticizer and volatile solvemnposition).

The optimal FFSs resulted the formulations nos&n@9. They were loaded with 4 % w/w FP, IB
or KP (Table 3) to investigate the skin permeation process of suctel drugs.

3.2 In vitro human skin per meation

Drug permeation profiles from FFS are illustratedrigure 1a-c. In case of FFS loaded with FP
and IB, both the solvent mixture and the plasticisuenced the drug permeation profiles, but in
different ways. The highest amount of FP permewai&slobtained using the isopropanol/acetone
mixture at the volume ratio of 80:20 (FormulatidAliTable 3), which showed also an initial
“burst” effect. This result could be explained e basis of the mechanism of drug deposition from
a volatile solvent system which carries the drug the upper layer of the stratum corneum prior to
evaporation. The longer the contact time, the dettygepenetration of the solvent and drug into the
epidermis. A too fast evaporation rate leads cameeity to a short residence time that can limit the
drug penetration (Santhanam et al., 2005; McAutegt.e2010). In other words, the drug
absorption rate can be expected to be inverselygotional to the evaporation rate of the volatile
solvent. Comparing the permeability results of &&ded formulations to the volatile solvent
evaporation data obtained by TGA analySial{le 3), FP1 showed a lower evaporation rate than
FP2 and FP3, representing the main driving forleencing drug permeability. The above-
suggested mechanism of drug delivery from a FF&leeban also help to explain the permeation
profile from FP1: the initial burst effect can kscabed to the slow evaporation rate of the solvent
system that subsequently enhances the drug fluxrentbtal drug permeated amount. Moreover,
the FP permeation appears negatively influencetthdyplasticizer content: the higher the
plasticizer content (FP3), the lower the permeatedunt Table 3). This result cannot be related

to the TGA data, since there were no significaffecences between the solvent evaporation rate of
FP3, namely the formulation with the highest plazsér content, and FP2, namely the formulation
prepared with the highest acetone content. Thexetbis feature might be explained taking into
account the solubilizing effect of the plasticiae@hich reduced the drug thermodynamic activity in
the film and, consequently, decreased its fluxuglothe skin (Tukey test, p=0.048).

In the case of IB loaded FFS, the drug permeatias positively influenced by the plasticizer
concentration (IB3) and the drug permeation prefitdlowed the rank order: IB3>1B2>IB1 (Tukey
test, p<0.01). Since IB is freely mixable with EuRMu and McGinity, 2001), the key factor

10
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governing the extent of skin permeation in thet figurs appears the solvent evaporation rate.
Indeed, the faster the evaporation rate, the lalaeepermeated amounigble 3). It can be also
supposed that the addition of TBC could affectabkeibility of the drug in the matrix, causing an
improvement of the partition of IB from the filmward the skin.

Finally, the three formulations loaded with KP, aihpresented the same evaporation rate, showed
no significant differences in their drug permeatmafiles (One way ANOVA p=0.29 able 3),
suggesting that only the skin barrier propertiesaded the diffusion process.

Aiming to investigate the effect of drug concentmaton the performances of drug loaded FFS, the
formulation FP1, which presented a “burst effeatds selected to carry out further in vitro
experiments, varying or the donor phase volumé&eidrug concentration in the FFS. In particular,
the following modifications of the experimental fwool were considered: (a) increasing the applied
volume to 10QuL, while maintaining constant the drug concentratb 4% w/w; or (b) increasing
the volume of the donor phase (@0instead of 1QiL) and decreasing the drug concentration (2%
w/w) in the FFS; or (c) increasing the drug concaman (8% w/w) and applying 10L of FFS as
donor phase. As expected, both the increase ofamgentration and the applied volume led to an
improvement of the FP amounts permeated throughuh&n epidermis (Tuckey test p< 0.05,
Table 3). It is noteworthy that the flux of FP by the filbontaining highest drug concentration
changed over time. Indeed, the FP flux was high thefirst five hours following application, but

it was reduced between 7 and 24-g(re 2). A similar pattern was also reported for
methylphenidate films having similar compositiord{gards et al., 2017) and it was attributed to a
drug crystallization, which reduced the drug avality to the partition from the donor
compartment toward the stratum corneum. Indeedjltheafter dismounting from the Franz
diffusion cell, showed some signs of cloudiness emdll crystals were observed by light
microscopy on dried film 8 h after having deposibedglass slide a FFS loaded by 8% w/w (data
not shown).

Conversely, the concomitant increase of the appladdme and the decrease of the drug
concentration, to apply the same dose (see formoRFP1 (10 puL) and FP4 Tukey test p=0.025,
Table 3), significantly affected both the FP flux and #maount permeated after 24 h. This might
be attributed to a lower thermodynamic activityttoed drug in the film, confirming that it is the
more relevant feature influencing skin permeatiginen the evaporation rate can be assumed
comparable.

4. CONCLUSIONS

11
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This work allowed to individuate the formulativeasge to design a film forming solution based on
EuRL and evidenced that not only the drug thermadyn activity, but also the solvent
evaporation rate significantly influenced the giermeation from FFS. The relevance of these two
formulation parameters is strictly related to thaded drug, even within the same class of
compounds (e.g., in our case the aryl-propionidgciln particular, the vehicle composition, apart
from its function to solubilize the other excipism@ind the drug, can influence the initial delivety
drug into the skin, according to the solvent evapion rate: the lower the evaporation rate, the
higher the burst effect and the flux in the initilurs following drug application.

The second investigated aspect deals with theanfle on skin permeation of the drug
concentration and the applied amount of dosage.fbrithhis case the main criticism is related to
the drug crystallization that can occur also imtigely short period of time affecting the whole
permeation process through the skin, as evidemctuticase of the FSS loaded with 8% w/w FP.
Finally the obtained data evidenced that the @ilitattributes that should be considered in the
design of film forming formulations, are the outdastickiness, which was scantly investigated till
now, and the elasticity of the formed film, othlean the film forming rate and the

biopharmaceutical performances.

Conflict of interest statement

The authors declare no conflicts of interest i thork.
Acknowledgments

The Authors are grateful to the Universita deglidsdi Milano for the financial support to the

current project (Piano Sviluppo della Ricerca, kirg.

12



330

335

Figure captions:

Figure 1 — Drug permeation profiles from FFS obtained bglgipg 10uL FFS loaded by FP (a),

IB (b) and KP (c) on the Franz diffusion cells.&rbars represent standard deviation.
Figure 2 - FP permeation profiles from FFS obtained by wayyhe donor phase volume (jtQ or

100 uL FP1) or by varying the drug concentration in tanor phase, namely 10 at 2% w/w
(FP4), 4% w/w (FP1) and 8% w/w (FP5). Error bapgesent standard deviation.
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Table 1—- EuRL glass transition temperatureg) (@btained by DSC analysis dependent on the
plasticizer content.

EuRL | TBC TR Tq
(%) (%) (%) (°C)
100 - - 63+1
90 10 - 43+4
80 20 - 27+1
70 30 - 19+1
60 40 - -20%1
50 50 - -26+2
90 - 10 40+2
80 - 20 18+1
70 - 30 13+2
60 - 40 -7+5
50 - 50 -1621




Table 2— Tackinessd) and Young’'s modulusYj of films obtained from FFS made of 20% EuRL
in different solvent systems and plasticized byedént content of tributil citrate (TBC) or triaget

(TRI).
Formulation Isopropanol/acetone TBC TRI Dtri)r/r:gg o S
code (%) (%) (min) (kPa) (MPa)
1 90/10 20 -- <5 3.61+0.52 nd.
2 90/10 30 -- <10 4.96+1.683 nd
3 90/10 -- 20 <5 5.50+0.18 nd.
4 90/10 -- 30 <10 10.37+2.88 n.d.
5 80/20 20 -- <5 0.62+0.16  3.0+0.3
6 80/20 30 -- <10 0.96+0.33  0.5+0.0
7 80/20 -- 20 <5 0.66+0.16 31.9+1Q.
8 80/20 -- 30 <10 0.69+0.28 <0.1
9 70/30 20 -- <5 0.31+0.00 3.7x0.%
10 70/30 30 -- <10 12.63+3.24 nd.
11 70/30 -- 20 <5 0.28+0.01 40.5+13.
12 70/30 -- 30 <10 6.05+2.58 nd.

n.d.: not determined.

% Young's modulus of the human epidermis = 55.4+13/x.



Table 3— Permeation data obtained by applying as donas@kFS loaded with flurbiprofen (FP),
ketoprofen (KP) or S-ibuprofen (IB) and drying ratgressed as mass variatidim( determined

by TGA over time.

Form. | Drug | Isopropanol/acetonel TBC | Vol.* Q24 J Amlt

code | conc. (%) | (uL) | (ug/em?) | (uglenfih) | (% min™)
(Yow/w)

FP1 4 80/20 20 10 36.43+4.89 2.19+0.51 0.991+0/031

100 | 117.83+£13.345.78+0.14

FP2 4 70/30 20 10| 25.23+6.57 1.49+0.40 1.366+0/008

FP3 4 80/20 30 10| 11.3945.50 0.62+0.27 1.383+0/015

FP4 2 80/20 20 20| 24.80+5.69 1.64+0.86 1.139+0/040

FP5 8 80/20 20 10| 73.50+6.14 3.90+0.60 1.167+0/079

KP1 4 80/20 20 10| 34.62+15.71 1.98+0.78 1.208+0,042

KP2 4 70/30 20 10| 40.49+4.13 3.19+0.97 1.327+0,008

KP3 4 80/20 30 10| 39.06+0.52 3.58+1.68 1.071+0,093

IB1 4 80/20 20 10| 30.2149.63 1.33+0.46 1.242+0.016

IB2 4 70/30 20 10| 50.35%+2.74 3.31+0.29 1.172+0.004

IB3 4 80/20 30 10| 71.33£13.14 4.62+0.87 1.063+0.024

* Solution loaded in the donor compartment of Freelt
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