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Abstract: Adherence to topical treatments is low and is known to be influenced by the vehicle
properties. Betamethasone dipropionate (BD) is an anti-inflammatory steroid, used in psoriasis
treatment in the form of an ointment, cream, or solution. The aim of this work was to develop a
new vehicle for BD, focusing on the preferences of patients with psoriasis as a strategy to improve
treatment adherence. Two vehicles with an aqueous external phase were explored: an emulgel and a
hydrogel based on a cyclodextrin inclusion complex used to improve the aqueous solubility of BD.
Since BD solubilization was not fully achieved in the hydrogel, only the emulgel was selected for
further characterization. This new vehicle (emulgel) is characterized by its white, shiny appearance
and good spreading properties. In comparison with petrolatum, a lower residue, higher evaporation
rate, lower stickiness, and reduced ability to stain polyester fabric were observed. This vehicle also
showed shear thinning behavior. The impact of this new vehicle on adherence to topical treatments
should be further confirmed in clinical settings.

Keywords: topical vehicles; hydrogel; emulgel; psoriasis; cyclodextrins; patient-centric design;
medication adherence

1. Introduction

Adherence to medication is widely recognized as a crucial issue to healthcare systems
as poor adherence is associated with negative health outcomes and higher patient costs [1].
Psoriasis is a chronic inflammatory skin disease recognized to have poor treatment adher-
ence [2-4]. Topical treatment has been a mainstay for the management of mild psoriasis but
patient satisfaction and adherence are typically low for this therapy [5]. Some of the reasons
for poor adherence include frustration with the low effectiveness of the treatment, the in-
convenience of application, low cosmetic acceptability, and fear of side effects [2,6]. Besides
the selection of the appropriate type of active substance and strength, it is also important
that the medicinal product adequately addresses patients’ needs and preferences, ensuring
optimal adherence, safety, and effectiveness. Patient-centric drug products play an essential
role in patient satisfaction and adherence. Patient-centric pharmaceutical drug product
design (PCDPD) describes an approach that directly aligns product characteristics with
patient preferences in a targeted patient population [7]. A target product profile (TPP) is de-
fined based on patient insights. Patient-reported outcome studies intend to measure patient
feedback on their experiences with a specific drug treatment, providing unique information
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on the physical, functional, and psychological impacts of a treatment [7]. Incorporating
patient preferences into the design of pharmaceutical drug products may enhance treat-
ment adherence and optimize outcomes. Several studies aimed at understanding patient
preferences regarding topical anti-psoriatic medicines are available in the literature [8-21],
but only a limited number focused on the sensory attributes [9,18,19,22]. In general, low
residue, minimum ability to stain clothes, low stickiness and good moisturizing properties
are considered positive attributes [9]. Based on these attributes, other approaches have
recently been developed, to the detriment of classic oily vehicles, such as hydrogel [10],
foam [11], or cream [12].

Betamethasone dipropionate (BD) is a potent glucocorticoid, frequently used in the
treatment of inflammatory skin disorders such as psoriasis. Several topical commercial
formulations containing this drug are available, namely ointments, creams, and solutions,
but no gel or vehicle with an external gelled phase (such as the emulgel) are on the market.
In fact, a study reported that 82% of physicians thought that adherence could be markedly
improved if psoriasis patients could use a non-alcoholic gel. Offering a BD aqueous gel
could thus represent a relevant contribution to the improvement of patient satisfaction
with anti-inflammatory topical treatments, especially in chronic diseases such as psoriasis.
This is, however, technically challenging due to the high lipophilicity and low aqueous
solubility of BD. Cyclodextrins (CDs) are cyclic oligosaccharides that have been recognized
as promising pharmaceutical adjuvants due to their unique ability to form water-soluble
inclusion complexes with various poorly soluble compounds. CDs are widely used in
pharmaceuticals, drug delivery systems, cosmetics, and in the food and chemical industries
due to their potential to enhance the aqueous solubility and dissolution rate of drugs;
they also protect drugs from heat, light, hydrolysis, and oxidation, thereby improving the
formulation stability [23]. An emulgel has the characteristics of both emulsions (with two
immiscible phases) and hydrogels (with an aqueous phase gelled with a gelling agent)
and promotes the stability of simple emulsions while maintaining their permeation and
emollient characteristics [24].

The purpose of this study was to develop a new topical formulation containing BD
with improved characteristics, focusing on patient preferences. Two vehicles with an
aqueous external phase were explored: an emulgel and a hydrogel based on a CD inclusion
complex. With both vehicles having an external gelled aqueous phase, they are expected to
present improved sensory properties such as being greaseless, non-staining, and having
better spreadability.

The TPP for BD vehicles for psoriasis treatment was established based on minimum
residue, fast absorption, allowing the patient to dress shortly after applying the medicine,
reduced staining of clothes, and moisturizing properties.

2. Materials and Methods
2.1. Materials

Betamethasone dipropionate was purchased from Fagron Ibérica (Barcelona, Spain)
and Carbopol® 980 was obtained from Noveon (Chaussee de Wavre, Brussels). Sodium
hyaluronate, almond oil, Tween® 80, glycerin, methylparaben, propylene glycol, petro-
latum, and triethanolamine were purchased from Acofarma (Madrid, Spain). Methyl-3-
cyclodextrin (Me-3-CD) and (2-hydroxypropyl)-f3-cyclodextrin (HP-f3-CD) were obtained
from Merck Life Science (Algés, Portugal). Schonberg polymethyl methacrylate plates were
purchased from Rotoquimica (Porto, Portugal). Deionized water (conductivity < 0.1 uS cm™!)
was used throughout all the experiments.

2.2. Methods
2.2.1. Phase Solubility Studies

The solubilizing potential and complexing tendency of Me-f3-CD and HP-3-CD with
BD in aqueous solution were evaluated from the phase solubility studies performed by the
method reported by Higuchi and Connors [25].
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The excess amount of BD (20 mg) was added to 25 mL aqueous solutions containing
increasing amounts of Me-3-CD and HP-$3-CD (0-20 mmol L~1). The suspensions were
shaken on a rotary shaker (Ika KS 4000i, Staufen, Germany) at 25 & 2 °C for 48 h until
reaching the equilibrium. All suspensions were filtered through a 0.45 pm membrane filter
(Millipore) and properly diluted, and the concentration of BD was determined by spec-
trophotometry (Shimadzu UV-Vis Spectrophotometer, UV-1700, Tokyo, Japan) at 241.5 nm.
The UV absorption of HP-3-CD was negligible at the assay wavelength.

The phase solubility diagrams were obtained plotting the equilibrium concentra-
tions of BD against the concentration of each CD. The apparent stability constant, Kg,
was calculated from the straight line of the phase solubility diagram, assuming a 1:1
stoichiometry, using

Ks = slope/Sy (1 — slope) 1)

where S represents the intrinsic solubility of BD.
Each experiment was performed in triplicate, with the mean (£SD) being reported.

2.2.2. UV /Visible Spectroscopy

Spectrophotometric measurements were performed to quantify BD in its free and CD-
complexed form. Given the poor water solubility of BD, standard curves were prepared
in water/ethanol (v/v = 8:2). Spectrophotometric scans were performed between 200 and
400 nm to monitor the UV spectra of BD. The absorbance maximum of 241.5 nm was used
to quantify BD concentration.

2.2.3. Preparation of the HP-3-CD Hydrogel

Based on the phase solubility studies, BD and HP-3-CD were mixed in equimolar
amounts in water and stirred for 3 days. Carbopol® 980 was dispersed in water and mixed
for 4 h using a magnetic stirrer. An aqueous mixture containing sodium hyaluronate, glyc-
erin, and methylparaben solution was prepared in the same conditions. These two mixtures
were homogenized in the Microcaya Unguator (Bilbao, Spain) for 5 min. Triethanolamine
was added dropwise to the mixture, while stirring, until it reached a pH of 6. The HP-
3-CD/BD solution was added and water g.s. to 100 g, mixing for 5 min until complete
homogenization. The amounts are shown in Table 1.

Table 1. Composition of the emulgel and hydrogel.

Compound Emulgel Hydrogel
Betamethasone dipropionate 64 mg 64 mg
Almond oil 9¢g _
Tween® 80 lg -
HP-p-CD - 0.165 g
Glycerin 75¢g 75¢g
Sodium hyaluronate lg 1lg
Carbopol® 980 07g 07g
Methylparaben solution 3g 3¢
(7 g methylparaben + 97.4 g propylene glycol)
Triethanolamine qspH6 qgspH6

2.2.4. Preparation of the Emulgel

The emulgel was prepared with the ingredient composition shown in Table 1, which
corresponds to the formulation with the best features among the test formulations prepared.
Carbopol® 980 was dispersed in water and mixed for 4 h using a magnetic stirrer. An
aqueous mixture containing sodium hyaluronate, glycerin, and methylparaben solution
was prepared in the same conditions. These two mixtures were homogenized in the
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Microcaya Unguator (Bilbao, Spain) for 5 min. Triethanolamine was added dropwise to the
mixture, while stirring, until it reached a pH of 6. Almond oil, Tween® 80, and BD were
mixed and stirred until complete dissolution. This oil phase was mixed with the previous
aqueous phase, using mechanical stirring for 5 min, to obtain the emulgel.

2.2.5. Characterization of the Emulgel

The prepared emulgel formulation was visually inspected and its textural properties
and flow behavior were determined. Its evaporation rate and ability to stain clothes were
also evaluated. Petrolatum (which is the main component of ointments) was similarly
evaluated in all tests for comparison purposes.

Texture Analysis

The textural properties of the emulgel were measured using a TA-XT2iHR texturometer
(Stable Micro Systems, Godalming, UK) in the compression mode, using a TTC spreadability
rig (velocity 3 mm/s; penetration distance 23 mm). Measurements were performed in
triplicate at 20 °C. The parameters maximum force (correlated with firmness) and negative
area (correlated with stickiness) [26] were calculated from the texturogram.

Flow Analysis

Rheological measurements were performed on a rheometer (Malvern, Worcestershire,
UK fitted with a cone—plate configuration with a 0.14 mm gap. The samples were placed
in appropriate amounts to entirely fill the space between the cone and dish. The data
were collected using the rSpace software (Kinexus 1.75: PSS0211-17). Flow analysis was
performed in the shear rate range from 0.5 to 250 s~ !, with 10 samples per decade.

Measurements were performed in triplicate at 20 °C. The power law model was fitted
to the results and its parameters, consistency coefficient (K) and power law index (1), were
calculated with the Solver add-in Excel program (Microsoft Office™, 2016):

T=Kq"

Evaluation of the Evaporation Rate and Residue

Evaporation rate and residue were determined after the application of the emulgel on
polymethyl methacrylate plates (1.5 mg/cm?) and weighing the plates every 5 min over 1 h.

Evaluation of the Ability to Stain Clothes

Ability to stain clothes was assessed by spreading the emulgel on the roughness
surface of polymethyl methacrylate plates (1.5 mg/cm?) and then covering the plates with
a polyester fabric. A new plate was placed on the top of the fabric for 30 min. Then, the
plates and the fabric were weighed to evaluate the amount of product that evaporated
from the plate and the amount of product that was transferred to the fabric. Photographic
records were obtained using a smartphone camera.

Evaluation of the Physical Stability and pH

Physical stability was evaluated by centrifugation (Eppendorf Centrifuge 5804, Ep-
pendorf, Hamburg, Germany). The centrifugation test was carried out by placing 5 gof
emulgel in a 14 mL centrifuge tube which was centrifuged for 30 min at 3500 rpm. At
the end, tubes were examined macroscopically to determine the presence of any possible
phase separation.

The pH was measured using a Hanna HI 207 pH meter (Hanna Instruments, Woonsocket,
RI, USA) at room temperature.
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3. Results

In this study, new topical formulations containing BD, based on vehicles with an
aqueous external phase, were designed in order to improve sensory characteristics, focusing
on patient preferences.

3.1. HP-B-CD Hydrogel

The specific recognition and binding of CDs and various guest molecules have been
used as a strategy to alter the release profiles of soluble and poorly soluble active ingredients
from hydrogels. Although the natural CDs are hydrophilic, their aqueous solubility is
limited, as is the case with 3-CD. The physicochemical properties and, consequently, the
inclusion capacity of native CDs have been improved over time through the chemical
modification of their hydroxyl groups, giving rise to different CD derivatives, such as Me-
3-CD and HP-3-CD. These substituted CDs have better water solubility and are suitable
for the formation of inclusion complexes with poorly water-soluble “guest” molecules.
As the incorporation of a BD—cyclodextrin inclusion complex into the hydrogel matrix
can enhance the aqueous solubility of the corticosteroid drug, the solubilizing potential
and complexing ability of Me-f3-CD and HP-3-CD with BD was evaluated using a phase
solubility method [25]. Phase-solubility study is a very efficient method and involves
an examination of the effect of cyclodextrin on the substrate (BD). Thus, the equilibrium
concentrations of BD were plotted against the concentration of each CD and in this way
the phase solubility diagrams were established. The aqueous solubility of BD increased
linearly as a function of CDs showing, in both cases, an Ap-type solubility profile [26]. As
the slope of the plot is less than unity, a 1:1 molecular complex is formed for the BD and
CDs [26]. The determination of the stability constant (Ks) is a useful index to estimate the
binding strength of the host—guest and the changes in the physicochemical properties of
the guest in the complex. The Kg value of the complexation was calculated from the phase
solubility diagram according to (1) (see Materials and Methods). The stability constants,
Ks, calculated for Me-3-CD and HP-f3-CD inclusion complexes, were 6603.7 £ 325.0 M1
and 5990.0 + 275.4 M, respectively. Phase solubility studies indicate that the solubility
of BD is considerably improved in the presence of CDs. Considering the data found
and that HP-3-CD is nowadays one of the most versatile excipients among the cyclic
oligosaccharides, being used in oral, dermal, and parenteral formulations, this CD was
selected for the preparation of the hydrogel. Although encapsulation in cyclodextrin has
been shown to be effective in increasing BD solubility, it was not possible to achieve the
active pharmaceutical ingredient dosage commonly found in marketed formulations for
topical application. In fact, during the hydrogel preparation, complete solubilization of
BD was not obtained (it was only possible to dissolve about 15 mg of the 64 mg of BD),
meaning that HP-3-CD complexation capacity does not sufficiently enhance the solubility
of the poorly soluble drug. New techniques and approaches are currently under study in
order to improve the aqueous solubility of BD.

3.2. Emulgel

The emulgel prepared had a shiny, white and homogeneous appearance (Figure 1). The
emulgel’s pH was 6.97 £ 0.01, since the emulgel was neutralized to obtain the semisolid
texture typical of gels containing polyacrylic acids. This result is beneficial regarding
skin compatibility. Skin pH is around 5.5, and formulations with a pH in the range of
4-8 are considered appropriate for topical application. Regarding physical stability, no
phase separation was observed after centrifugation. This result regarding physical stability,
although preliminary, is important, and should be confirmed in long-term stability studies.
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Figure 1. Emulgel appearance.

The developed emulgel presented much lower firmness and adhesiveness than petro-
latum (Figure 2).
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Figure 2. Firmness and adhesiveness of the emulgel and petrolatum at 20 °C. (mean values + SD,
n=3).

A decrease in the apparent viscosity of the emulgel was observed, with the increase
in the shear rate (Figure 3) suggesting a non-Newtonian behavior, namely shear thinning.
The power law model showed a good fit to the results (R > 0.98) and confirmed the shear
thinning behavior (n < 1) since the flow index was 0.201 & 0.01. The consistency coefficient
was 94.6 + 5.3 Pa.s".
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Figure 3. Viscosity curve of the emulgel. The shear rate ranges from 0.5 to 250 s~1at20°C.
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Regarding evaporation results, after 1 h, only 30% of the emulgel remained on the
plate, in opposition to 100% for petrolatum (Figure 4).

120.0
100.0 —i #—i &
80.0 -
N 60.0 -
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t+ +H F—F T
L T T
20.0 -+
0.0 T T T T T T 1
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Figure 4. Evaporation rate obtained for (O) emulgel and (M) petrolatum. Results are expressed as
mean values £ SD (n = 3).

Regarding the evaluation of the emulgel’s ability to stain clothes, a relevant improve-
ment was observed in comparison with petrolatum (Table 2, Figure 5).

Table 2. Evaluation of the ability to stain clothes.

Sample Transference to the Fabric (%) Evaporation from the Plate (%)
Emulgel 26.6 63.8
Petrolatum 38.7 40.8

Figure 5. Ability to stain clothes: (A) control (only fabric); (B) petrolatum; (C) emulgel.

4. Discussion

The composition of the emulgel was established considering multiple properties in
order to match TPP. Hyaluronic acid was incorporated to ensure moisturization, which is an
essential attribute for psoriasis management [27]. Adding an oily phase also has the ability
to reduce transepidermal water loss thus contributing to skin moisturization via a passive
mechanism, unlike hyaluronic acid, which retains water. Humectants such as glycerin
also reinforce the ability to increase water content in the upper skin layers. Moisturization
stood out as a preferred attribute of psoriasis patients in a previous study [9] which could
be explained by the typical dryness of psoriatic lesions and the recognized contribution
of moisturizers and emollients to disease improvement [28,29]. The use of a non-irritant
surfactant (Tween® 80) has the advantage of avoiding skin irritation, especially considering
the application on inflamed skin, as in psoriasis.
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Texture analysis can be used to predict real life usage [30]. This technique has been ex-
tensively employed in the food sector [31] but seldom applied in the pharmaceutical indus-
try [32-36]. These mechanical measurements serve as a tool to predict product performance
and are relevant for understanding treatment preference and adherence. Our group studied
the topical formulations for the treatment of psoriasis using this technique [37]. A wide
range of results was described which supports the possibility of preferences for a subset of
products with similar textural properties. Psoriasis patients have rated their satisfaction for
topical formulations according to their past experience and reported higher satisfaction
for products which were then analyzed using the spreadability test and exhibited low
firmness and stickiness [37]. The superiority of a topical calcipotriene/betamethasone
dipropionate cream was demonstrated in two phase 3 clinical trials comparing efficacy,
safety, and quality of life (QoL) and treatment preferences against the same actives in an
oily vehicle [12,38]. Furthermore, skin feel appreciation of topical formulations has been
correlated with descriptive sensory attributes using partial least squares (PLS) regression,
and it was found to be higher for formulations with lower stickiness and residue [13].
The developed emulgel presented much lower firmness and stickiness than petrolatum
(Figure 2) and, in view of the aforementioned findings, it is expected to exhibit high patient
acceptability. Flow analysis also revealed that the emulgel has shear thinning behavior
(Figure 3). This behavior is favorable for skin application since the force required to allow
the spreading of the formulation drops when it is applied to the skin. Skin feel has been
described as an important feature for satisfaction with treatment. In fact, about 79% of a
panel of patients with psoriasis identified “pleasant consistency”, and 83% picked “easy to
apply” as preferred attributes; both are related to the sensory/mechanical profile [9].

Regarding evaporation results, after 1 h, only 30% of the emulgel remained on the
plate, in opposition to 100% for petrolatum (Figure 3). A minimum residue is therefore
expected upon topical application, which is regarded as a positive attribute [13]. As the
emulgel has a high evaporation rate, it will evaporate more rapidly from the patient’s
skin, allowing them to dress faster, compared with the application of ointments containing
petrolatum. The preference for a low skin residue that will contribute to a minimum
set period before dressing was put in evidence in a previous study addressing topical
formulations for psoriasis [9]. The quick evaporation observed is also beneficial since the
drug’s concentration on the skin surface will increase, which favors its absorption.

A relevant improvement was observed with respect to fabric staining, in comparison
with petrolatum (Table 2, Figure 4). The lower amount transferred to the fabric results in
lower staining, which is regarded as a critical attribute of topical medicines. In fact, 90% of
a panel of psoriasis patients surveyed in a previous study identified “does not leave stains”
as a relevant attribute of topical anti-psoriatic formulations [9].

The results obtained for the emulgel correspond to the TPP previously defined and
thus the PCDPD strategy was successfully implemented. Additionally, all the experimental
results of this work point to the high acceptability of the developed emulgel by psoriasis
patients. However, this vehicle may not fit every patient’s preference since a global profile
is difficult to establish [13]. Offering a personalized product for each patient is also not fea-
sible from the industrial point of view. This goal can, however, be easily accomplished with
compounding practices in pharmacy settings. Patient-centric compounding of dermatologi-
cal products associates both flexibility and personalization, thus representing an invaluable
treatment option to improve patient satisfaction and ultimately clinical outcomes. The
potential to improve care through compounding medicines based on patient preferences
has been, however, largely ignored. Standard questionnaires are needed to objectively eval-
uate preferences regarding topical products, and to support the personalized design of the
topical medicines, optimizing sensory appreciation. To further confirm the role of PCDPD
on treatment adherence, studies with different vehicles in real clinical settings are required
to draw conclusions on whether the use of topical formulations designed to match patient
preferences, such as the developed emulgel, translates into higher treatment adherence.



Appl. Sci. 2022,12, 3260 90f11

5. Conclusions

An HP-3-CD hydrogel and an emulgel have been prepared as vehicles for BD for
psoriasis treatment. Although encapsulation in cyclodextrin has been shown to be effec-
tive in increasing solubility, complete solubilization of BD was not achieved and further
studies were only performed with the emulgel. The latter had a white, shiny appearance,
and was physically stable. Lower residue, lower stickiness, and reduced ability to stain
polyester fabric were observed in comparison with petrolatum. These results match the
TPP established based on psoriasis patient preferences described in the literature. This
insight supports a higher treatment satisfaction with the emulgel than with ointments,
which can have a positive effect on medication adherence and, therefore, on the clinical
outcomes of the anti-inflammatory therapy. The impact of this new vehicle on adherence to
the topical treatment of psoriasis should be further confirmed in real clinical settings.

In the dermatological field, patient-reported preferences represent invaluable data to
guide the development process in the pharmaceutical industry but also in compounding
pharmacies. Patient-centric pharmaceutical drug product design can be thus regarded as a
promising strategy to be taken into account in a global strategy to promote adherence to
topical medication.
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