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Abstract

Atopic dermatitis is a chronic cutaneous pathology, which requires intensive skin care and pharmacological therapy;
current available treatments still need urgent improvements, especially for long-term use and specific groups (e.g.
children). Nanotechnology has contributed with innovative drug delivery systems and can offer effective targeted
therapies. Study purposes were to prepare and to characterize hydrocortisone acetate-loaded polycaprolactone
nanoparticles in terms of their physicochemical properties, encapsulation efficiency, in vitro drug release and in vivo
safety studies of the used excipients in human subjects. Resultant nanoparticles had a mean size of 258.4 24.5 nm
and polydispersity index of 0.084. Zeta potential was -4.39 0.62 mV and the efficiency encapsulation was 36.32
0.03 %. In addition, in vitro release studies demonstrated a prolonged release of drug from the nanoparticles over
time. Moreover, preliminary safety studies indicated that the formulation was well tolerated.

This study demonstrates that acetate hydrocortisone-loaded nanoparticles are stable systems that can lead to a
prolonged release of the drug with promising results in terms of safety when applied to the human skin.
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Resumo

A dermatite atdpica é uma patologia cutdnea crénica que requer cuidados intensivos da pele e tratamento
farmacologico; contudo, os tratamentos disponiveis necessitam urgentemente de ser melhorados, especialmente
quando utilizados por periodos longos ou em grupos especificos (ex: criangas). A nanotecnologia tem contribuido
com sistemas de veiculagdo inovadores e pode oferecer terapias efectivas e direcionadas. Os objectivos deste estudo
centraram-se na preparagdo caracterizacdo das nanoparticulas de policaprolactona carregadas com acetato de
hidrocortisona em termos das propriedades fisico-quimicas, eficiéncia de encapsulagdo, ensaios de libertagdo in
vitro e ensaios de seguranca dos excipientes utilizados em voluntarios humanos. As nanoparticulas produzidas
apresentaram um tamanho médio de 258,4 24,5 nm e um indice de polidispersao de 0,084. O potencial zeta foi -4,39
0,62 mV eaeficiéncia de encapsulacdo foi 36,32 0,03 %. A libertagdo in vitro do farmaco foi controlada ao longo do
tempo. Além disso, os testes de seguranga indicaram que os excipientes foram bem tolerados. Este estudo demonstra
que as nanoparticulas de policaprolactona sdo sistemas estaveis para veiculacdo de acetato de hidrocortisona que
poderdo conduzir a uma libertagao prolongada do farmaco, com resultados promissores ao nivel da sua seguranca
quando aplicados na pele humana.
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Introduction

Atopic dermatitis is a complex chronic dermatological
disease, characterized by a multifactorial etiology (e.g.
genetics factors, environmental factors and impaired
immune responses), which involves inflammatory and
pruriginous responses ' . This pathology has a
considerable impact on the quality of life since it
requires intensive skin care and continuous
pharmacological measures """,

Currently, there is a broad spectrum of therapeutic
approaches including topical corticosteroids, such as
the hydrocortisone acetate (HCA), which has anti-
inflammatory, antipruritic and vasoconstrictive
properties[1,4,8,9,12,13]. The mechanism of action of
this topical therapeutic class is based on the drug's
ability to cross the stratum corneum. The percutaneous
absorption is related to numerous factors such as the
integrity of epidermal tissue, occlusive state and
formulation vehicle [16]. Although topical
corticosteroids are still important therapeutic agents
especially in intermittent immunological
hyperreactivity periods, they have demonstrated
significant side effects that can limit patient
compliance[1,4,8,9,12,13,17].

Nanotechnology has been applied in the context of
medicine and pharmaceutical sciences for diagnostic
purposes, treatment and prevention of a diversity of
pathologies [18,19]. Indeed, several groups
demonstrated that biodegradable polymeric
nanoparticles (NPs) are particularly relevant drug
delivery systems due to their great potential to deliver
the pharmacologically active compound to a specific
therapeutic target (increased specificity), to protect
pharmacological agents from degradation (increased
stability), to control their release rate and show a
reduced toxicological profile (safety and increased
biocompatibility) ~ "*****). Moreover, NPs are
distinguished drug delivery systems due to their small
size (increased surface-area-to-volume ratio) as well as
strong adhesion to inflamed tissues[18,20,21,23].
Poly(-caprolactone) (PCL) is an interesting
biodegradable and biocompatible polymer, which
presents a significantly slower degradation than other
available biodegradable polymers (e.g. PLGA, PLA).
This fact is generally attributed to the resistance of
chemical hydrolysis and to the high permeability of
many drugs which leads to a significant retention
inside the NPs core “*”. Due to these properties, PCL is
a good candidate for developing long-term use and safe
drug delivery systems. We expect that encapsulation of
HCA into PCL NPs can enable a prolonged drug
release, associated with targeting action to
inflammatory skin cells (e.g. epidermal keratinocytes).
Ifthis hypothesis is confirmed, HCA-loaded NPs could
reduce the adverse side effects associated with the
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Introducao

A dermatite atopica ¢ uma doenca dermatologica
cronica complexa - caracterizada por uma etiologia
multifactorial (ex: factores genéticos, factores
ambientais e respostas imunitaria exacerbadas) - que
envolve uma resposta inflamatdria e pruriginosa
[1,2,5,6,8.,10,12] . . . .

. Esta patologia tem um impacto consideravel
na qualidade de vida, uma vez que requer cuidados

intensivos da pele e medidas farmacoldgicas continuas
[1,2,7,8,10,11,1315]

Actualmente existe um vasto espectro de abordagens
terapéuticas, incluindo os corticosterdides topicos tais
como o acetato de hidrocortisona (AHC) que apresenta
propriedades anti-inflamatorias, antipruriticas e
vasoconstrictoras  "“**"*"¥. O mecanismo de acgdo
desta classe terapéutica a nivel topico ¢ baseado na
capacidade do farmaco permear o estrato corneo. A
absor¢ao percutanea esta relacionada com uma série de
factores como a integridade do tecido epidérmico, o
estado oclusivo e o veiculo da formulagdo "”. Apesar
dos corticosterdides topicos serem agentes
terapéuticos importantes, especialmente nos periodos
de hiper-reactividade imunolodgica intermitente, tém
demonstrado reacgdes adversas significativas que
podem comprometer a adesao terapéutica***'**"",

A nanotecnologia tem sido aplicada no contexto da
medicina ¢ das ciéncias farmac€uticas para fins de
diagnostico, tratamento e prevengdo de uma
diversidade de patologias "*". De facto, varios grupos
de investigagdo tém demonstrado que as
nanoparticulas poliméricas (NPs) biodegradaveis sdo
sistemas de veiculagdo de fairmacos particularmente
relevantes devido ao seu grande potencial para
direccionar e distribuir o composto
farmacologicamente activo para o alvo terapéutico
especifico (maior especificidade), proteger os agentes
farmacologicos da degradag@o (maior estabilidade),
controlar a sua libertacdo e apresentam um perfil
toxicologico reduzido (maior seguranga e
biocompatibilidade) ~ "***. Além disso, as NPs
constituem um sistema terapéutico distinto devido ao
seu pequeno tamanho (razdo area de superficie-volume
aumentada), assim como uma forte adesdo aos tecidos
inflamados"**"*"*¥,

A poli(-caprolactona) (PCL) ¢ um polimero
biodegradavel e biocompativel interessante pois
apresenta uma degradacdo mais lenta do que outros
polimeros biodegradaveis disponiveis (ex: PLGA,
PLA). Este facto pode ser atribuido a uma possivel
resisténcia a hidrolise quimica e a elevada
permeabilidade a muitos farmacos, o que promove a
retengio destes ultimos no niicleo das NPs ****. Devido
a estas propriedades, este polimero ¢ considerado um
bom candidato para o desenvolvimento de sistemas de
veiculacdo de farmacos a longo prazo e seguros.



corticosteroid therapy, increase the efficiency of the
treatment and, eventually, reduce the number of
applications during the treatment, which may increase
the patients' compliance™”

The objectives of this study are the preparation and
characterization of HCA-loaded PCL NPs and
evaluation of their physicochemical properties,
encapsulation efficiency (EE), drug release and safety
of NPs formulation.

Material and methods

Chemical compounds

Hydrocortisone 21-acetate (MW: 404.50 gmol ') and
poly(-caprolactone) (MW: 14000 gmol ') were
obtained from Sigma-Aldrich (China and Japan,
respectively). Polysorbate 80 (TWEEN 80) was
supplied by Fluka Analytical/Sigma-Aldrich
(Switzerland). Dexamethasone (DM) (MW: 392.47
gmol ” was supplied by AppliChem (Germany) and
cortisone acetate (CA) (MW: 402.48 gmol') was
obtained from The Laboratory Labor Dr. Ehrenstorfer-
Schafers (Germany). Hydrocortisone (MW: 362.46
gmol ') was provided from Sanofi Aventis (Portugal).
All other chemicals were of reagent analytical grade.

NPs production and extraction methods
HCA-loaded PCLNPs production

Empty and HCA-loaded PCL NPs were prepared by
modified solvent displacement method previously
referenced in the literature . In brief, 10 mg of HCA
were suspended in 20 mL of methanol and,
simultaneously, 250 mg of PCL were dissolved in 50
mL of acetone for approximately 30 min. These
preparations were added to 100 mL of external aqueous
phase that include 2% (v/v) of TWEEN 80 under
stirring rate of 100 rpm (IKA Labortechnik, RW 20n,
Germany). Particles were instantaneously formed.
Empty NPs were also prepared.

NPsrecovery method

Acetone was removed in a rotary evaporator at 40C and
the NPs obtained were then recovered from the
aqueous phase by centrifugation (High Speed Table
Top Centrifuge Z 36 HK, Hermle Labortechnik,
Germany) at37130 g, -4C for 40 min.
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Espera-se que encapsulagao do AHC em NPs de PCL
conduza a uma libertagdo de farmaco controlada e
prolongada no tempo, associada a uma acgdo
direcionada para células inflamatorias da pele (ex:
queratinocitos epidermais). Se a nossa hipotese se
confirmar, as NPs com AHC poderdo reduzir os efeitos
secundarios relacionados com a terapéutica com
corticosterdides, aumentar a eficacia do tratamento e,
em ultima instincia, reduzir o niimero de aplicagdes
durante o tratamento, aumentando a adesdo do doente a
terapéutica'””

Os objectivos deste estudo sdo a preparagdo e
caracterizacdo das NPs de PCL carregadas com AHC e
avaliacdo das suas propriedades fisico-quimicas,
eficiéncia de encapsulacao (EE), ensaios de libertacao
e seguranca das Nps.

Materiais e métodos

Compostos quimicos

21-Acetato de hidrocortisona (MM:404,50 gmol ') e
poli(-caprolactona) (MM:14000 gmol ') foram
obtidos a Sigma-Aldrich (China e Japao,
respectivamente). Polissorbato 80 (TWEEN 80) foi
fornecido pela Fluka Analytical/Sigma-Aldrich
(Suica). Dexametasona (DM) (MM:392,47 gmol ') foi
fornecida pela AppliChem (Alemanha) e o acetato de
cortisona (AC) (MM:402,48 gmol ') foi obtido do
Laboratory Labor Dr. Ehrenstorfer-Schafers
(Alemanha). A hidrocortisona (HC) (MM:362,46
gmol ') foi obtida da Sanofi Aventis (Portugal). Os
restantes reagentes foram de grau analitico.

Métodos de producio e extraccio das NPs
Producao das NPs de PCLcom AHC

As NPs de PCL vazias e as carregadas com AHC foram
produzidas pelo método de deslocamento do solvente
modificado previamente referenciado na literatura “"
Resumidamente, 10 mg de AHC foram suspensos em
20 mL de metanol e, simultaneamente, 250 mg de PCL
foram dissolvidos 50 mL de acetona durante
aproximadamente 30 min. Estas preparacdes foram
adicionadas sob agitacdo a 100 rpm (IKA Labortechnik
RW 20n, Alemanha) a 100 mL de fase aquosa externa
que continha 2% (v/v) de TWEEN 80. As particulas
formaram-se instantaneamente. Foram também
produzidas NPs vazias.

Método de recuperacio das NPs

A acetona foi removida num evaporador rotativo a 40C
¢ as NPs obtidas foram depois recuperadas da fase
aquosa por centrifugagdo (Centrifuga High Speed Table
Top Z 36 HK, Hermle Labortechnik, Alemanha) a uma
velocidade agitacdo de 37130 g, -4C durante 40 min.
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Nps characterization

Empty and HCA-loaded PCL NPs were characterized
in terms of the mean particle size and zeta potential.
These parameters were measured in triplicate and were
determined by photon spectroscopy and
electrophoretic mobility with the Coulter Nano-sizer
(Delsa NanoTM C, Beckman Coulter, Inc., USA),
respectively. Polydispersity index was also evaluated.

Encapsulation efficiency (EE) of HCA into NPs

The non-encapsulated HCA (or free-HCA) was
recovered from HCA-loaded PCL NP by
centrifugation (37197 g during 40 min). The EE was
determined in triplicate by HPLC analysis of the free-
HCA present in the supernatant using an optimization
of a previously described HPLC method [28]. The
HPLC system (Agilent 1100 series) includes a RP-18
column (250x4 mm internal diameter with a pore size
of 5 um). The experimental conditions were: an
injection volume of 10 L and flow rate of 1.2 mL/min at
room temperature. The mobile phase was a mixture of
deionized water, acetonitrile and methanol (58:32:10,
v/v/v) and elution was carried out in isocratic
conditions with detection at 238 nm. All standard
solutions were dissolved in methanol. DM was used as
internal standard. HC and CA were used in the
optimization stages of method development to assure
baseline resolution of DM, HCA and its two main
degradation products. The method was validated for
linearity in the range 5-100 ppm and accuracy and
precision (intra- and interday) at two different levels of
concentration, in agreement with international

guidelines ™.

Invitro drug release assay

HCA-loaded NPs (10 mg) were placed in a recipient
containing 20 mL of PBS (pH 7.4) (USP XXX) without
enzymes and incubated at room temperature under
constant stirring (130 rpm). At appropriated time
intervals, aliquots were collected and replaced
immediately with fresh solution. A clear supernatant
was obtained after an ultracentrifugation (68600 g for
30 min). HCA concentration in the supernatant was
determined in triplicate using a UV-visible
spectrophotometer (Evolution 600, UK). A standard
calibration curve was performed with the HCA
solution in PBS 7.4. The established range was 1-25
pgmL™’ (R*>0.999).

Hydrophobic ointment preparation

In short, white vaseline and white beeswax were placed
together in a metallic capsule put previously in a water
bath (J.P. Selecta, Spain) at 70C. The melted
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Caracterizacao das NPs

As NPs de PCL vazias e carregadas com HCA foram
caracterizadas em termos do tamanho médio de
particula e potencial zeta. Estes parametros foram
medidos em triplicado por espectroscopia de fotdo e
mobilidade electroforética com o Coulter Nano-sizer
(Delsa NanoTM C, Beckman Coulter, Inc., EUA),
respectivamente. O indice de polidispersdo foi também
avaliado.

Eficiéncia de encapsulacio (EE) do AHC nas NPs

A AHC livre ou ndo encapsulada foi isolada através de
centrifugacdo (37197 g duante 40 min) e a EE foi
determinada em triplicado através da quantificagdo do
AHC livre, presente no sobrenadante por optimizagao
de um método de HPLC previamente descrito [28]. O
sistema HPLC (Agilent série 1100) incluiu uma coluna
RP-18 (250x4mm diametro interno com 5 pm de
tamanho do poro). Utilizou-se um volume de injeccao
de 10 L e um fluxo de 1,2 mLmin"' com elui¢do a
temperatura ambiente. A fase méovel era composta por
uma mistura de agua desionizada, acetonitrilo e
metanol (58:32:10, v/v/v) e a eluigdo foi desenvolvida
sob condigdes isocraticas. O comprimento de onda de
detecdo foi 238 nm. Todas as solu¢des padrdo foram
dissolvidas em metanol. A DM foi utilizada como
padrao interno. O HC e a AC foram usados unicamente
no desenvolvimento no método, para assegurar
resolucdo na linha de base da DM, do AHC livre ¢ dos
seus produtos de degradacdo. O método analitico foi
validado para linearidade na gama 5 a 100 ppm e
precisdo e exactiddo (intra- e interdia) a dois niveis de

concentracdo, de acordo com directrizes internacionais
[29]

Ensaio delibertacao in vitro

As NPs carregadas com AHC (10 mg) foram colocadas
num recipiente com 20 mL de PBS pH 7,4 (USP XXX)
sem enzimas e incubadas a temperatura ambiente, sob
agitagdo constante (130 rpm). Em intervalos
apropriados, foram colhidas aliquotas e substituidas
imediatamente por tampao fresco. Obteve-se um
sobrenadante limpido apos ultracentrifugagido (68600
g durante 30 min). A concentracdo de AHC no
sobrenadante foi determinada em triplicado usando um
espectrofotometro UV-visivel (Evolution 600, Reino
Unido). Foi construida uma curva de calibragéo para a
solugdo de AHC em PBS pH 7.,4. Estabeleceu-se um
intervalo de concentragdes entre 1— 25 pgmL™" (R’
>0,999).

Preparacio da pomada hidrofébica

Resumidamente, a vaselina branca e a cera de abelha
branca foram colocadas numa capsula metalica
colocada previamente num banho de agua (J.P. Selecta,



compounds were mixed and then the mixture was
removed from a thermostatic bath with continuous
stirring until a suitable consistency was obtained.
Finally, the ointment was placed into a sterile flask.

Incorporation of NPs into hydrophobic ointment

In summary, 1% (means 0.0256 g HCA) of empty PCL
NPs (0.1761 g) (Figure 1) was incorporated in 2.5 g of
prepared white ointment (Figure 2) taking into
consideration the EE value.

Figure 1 - Aspect of PCL Nps
Figura 1 - Aspecto NPs de PCL

Occlusive patch tests for safety evaluation of the
NPs excipients

Our previous in vitro results showed that these HCA-
loaded PCL NPs were not cytotoxic ", Thus, occluded
patch tests were performed with 2 distinct formulations
(white ointment and white ointment with incorporated
empty PCL NPs) in an occlusive system and applied in
10 female human volunteers with different fototypes
(IT and III) during 48 hours. During this study, all
human volunteers were questioned about their current
medication and in all cases there was not reported use
of anti-inflammatory or antihistaminic medicines.
Informed written consent was obtained from all
participants and the in vivo tests were performed in
accordance with the approval of the local Ethical
Committee. This dermatological test evaluated the
occurrence of any possible skin reaction, such as
allergic contact dermatitis, in accordance with
international accepted literature **
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Espanha) a 70C. Os compostos fundidos foram
misturados e, de seguida, a mistura foi removida do
banho termostatico com agitacdo continua até se obter
uma consisténcia adequada. Finalmente, a pomada
obtida foi colocada num frasco estéril.

Incorporacao das NPs em pomada hidréfoba
Sumariamente, 1% (correspondente a 0,0256 g AHC)
das NPs de PCL vazias (0.1761 g) (Figura 1) foram
incorporadas em 2.5 g pomada branca (Figura 2)
preparada tendo em consideragao a sua EE.

Figure 2 - Empty PCL NPs in an oinment
Figura 2- NPs de PCL vazias incorporadas numa pomada.

Testes oclusivos para avaliacao da seguranca dos
excipientes das NPs

Os nossos anteriores resultados in vitro demonstraram
que as NPs de PCL carregadas com AHC ndo foram
citotoxicas *”. Por conseguinte, foram desenvolvidos
testes oclusivos com 2 formulagdes distintas (pomada
branca e pomada branca com NPs de PCL vazias) e
aplicadas em 10 voluntarios humanos do sexo
feminino com diferentes fototipos (II e I1I) durante 48
horas. Durante este estudo, todos os voluntarios
humanos foram questionados acerca da sua presente
medicagdo e, em todos os casos, nao foram relatados
quaisquer usos de medicamentos anti-inflamatdrios e
anti-histaminicos. Para a realizacdo dos testes in vivo,
todos os voluntarios assinaram um consentimento
informado por escrito. Além disso, os ensaios foram
realizados com aprovagio do Comité Etico local. Estes
testes dermatoldgicos avaliaram a ocorréncia de
eventuais reacgdes na pele, tal como dermatite de
contacto alérgica, de acordo com a literatura
internacionalmente reconhecida .
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Statistical analysis

All data were statistically treated by t-student test and
one-way ANOVA analysis (GraphPad Prism version
6.0a Software). Differences were considered
statistically significant when p<< 0.05 and the
confidence level used was 95%.

Results and discussion

NPs characterization

HCA-loaded PCL NPs mean size was 258.4 24.5 nm
and lies within the size range considered adequate to
penetrate the stratum corneum . The encapsulation of
HCA significantly increased the particle size as seen in
Figure 3. The polydispersity index was 0.084. This
value indicates that the resultant NPs are very
homogenous in terms of size """ In addition, regarding
the nanosystems' stability, Fourier transform infrared
(FTIR) spectroscopy conducted in our previous work
® demonstrated that drug and NPs interacted by
hydrogen bonding after encapsulation, with small
spectrum variations over one week and reorientation to
their original structures, as the drug was released from
the NPs. On the other hand, zeta potential of NPs was -
4.39 0.62 mV (Figure 4). The encapsulation of HCA
also significantly changed the zeta potential of the NPs.
This negative charge of NPs may be crucial in the
interaction with the positive charge of the human skin
(+ 23 mV) “? and, thus, increases the time the NPs
formulation remains in the target tissue. However,
some studies suggest that nanosystems with positive
surface charge also interact with skin lipidic
constituents and hair follicles negatively charged;
therefore, NPs penetration are promoted until they
reach deep skin layers such as the dermis " **.
Consequently, further studies should focus on NPs
penetration through the skin and measure their skin
depth penetration.
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Analise estatistica

Os dados foram tratados estatisticamente por analise ¢
teste t-student e one-way ANOVA (software GraphPad
Prism versdo 6.0a). Foram consideradas diferencas
significativas quando p < 0,05 com um limite de
confianca de 95%.

Resultados e discussao

Caracterizacio das NPs

O tamanho médio das NPs com AHC foi 258,4 24,5
nm e encontra-se dentro da gama de tamanhos
considerados suficientes e adequados para penetrar o
estrato corneo ™. A encapsulagio do AHC conduziu a
um aumento significativo do tamanho das NPs
conforme demonstra a Figura 3. O indice de
polidispersao foi de 0,084. Este valor indica que as NPs
produzidas sdo muito homogéneas em termos de
tamanho . Além disso, em termos da estabilidade dos
nanosistemas, a espectroscopia no infravermelho por
transformada de Fourier (FTIV) conduzida no nosso
estudo anterior””, demonstrou que, apds encapsulagio,
o farmaco e as NPs interagiram através de pontes de
hidrogénio, com pequenas variagdes do espectro ao
longo de uma semana e com reorientagdo para as suas
estruturas originais, a medida que o farmaco era
libertado das NPs. Por outro lado, o potencial zeta das
NPs foi de -4.39 0.62 mV para as NPs (Figura 4). A
encapsulagdo do AHC também influenciou
significativamente o potencial zeta das NPs. Esta carga
negativa das NPs podera ser crucial para a interacg¢ao
com pele humana, que geralmente apresenta uma carga
geral positiva (+23 mV) e tal facto podera aumentar o
tempo de residéncia da formulagdo de NPs no tecido
alvo ™. Contudo, alguns estudos sugerem também que
nanosistemas com carga superficial positiva interagem
com os constituintes lipidicos da pele e os foliculos
pilosos carregados negativamente. Por esse motivo, a
penetracdo de NPs é promovida até estas chegarem as
camadas profundas da pele, tais como a derme ** *,
Consequentemente, estudos futuros deverdo avaliar a
penetracao das NPs de PCL na espessura total de uma
amostra de pele e medir a sua profundidade de
penetracdo através das camadas da pele.
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Figure 3 - Mean particle size of empty and
HCA-loaded PCL NPs (n=3).

HCA-lpaded NPs/MPs com AHCH

Figura 3 -Tamanho médio das NPs de PCL
vazias e carregadas com AHC (n=3).
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Figure 4 - Mean zeta potential of empty and HCA-loaded PCL

/Figura 4 - Potencial zeta médio das NPs de PCL vazias e
carregadas com AHC (n=3).

0 'IEICI ZEIU
Size (nm)
0
5
'E =5 pre— —
=
g
L o4
= NPs (n=3).
&
T 1549
(=N
% le—
N 20 . r
%) n
@‘? ~‘-""4}$J
& &
't;e‘ @‘-3'&
& &
:E;zf‘:'
X
EE of HCAinto NPs

HPLC parameters are outlined in Tables 1 and 2. The
HPLC method was linear with R* 0.9995 within the
concentration range. The average retention time + SD
for HCA and DM were 10.41 + 0.16 min and 6.91 +
0.09 min, respectively. The peaks were fully resolved
at the baseline. The EE was 36.32 0.03 %. A higher
value of EE was expected since both PCL and HCA
present lipophilic characters and PCL has generally
demonstrated higher values for EE of lipophilic drugs
! However, similarly to previous studies, our value of
EE could be due to the high solubility of PCL in the
organic phase which was later removed"”.

EE doAHC nas NPs

Os parametros de HPLC estdo descritos nas Tabelas 1 e
2. O método de HPLC revelou-se linear na gama das
concentragdes estudadas com R’ 0,9995. O tempo
médio de retencdo da ACH e da DM foide 10.,41+0,16
min ¢ 6,91 £ 0,09 min, respectivamente. Os picos
apresentam boa resolugdo. Neste estudo, a EE foi 36,32
0,03 %. De acordo com os resultados, era expectavel
obter um valor superior, uma vez que tanto a PCL como
o AHC apresentam um caracter lipofilico como
previamente descrito ™. Contudo, o valor obtido da EE
podera estar relacionado com a elevada solubilidade da
PCL na fase organica que foi posteriormente
eliminada, tal como observado em outros estudos

: [36]
anteriores .
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Table 1 - Linear regression parameters related to HCA

standard solutions used in HPLC analysis
Tabela 1 - Parametros da Regresséo linear relacionadas com
as solugdes padrao de HCA usadas na analise em HPLC.

m (Slope)

0,1128 £ 0,0009
m (Declive)

y (HCA Area/DM Area)
, , -0,061+ 0,049
v (AHC Area/DM Area)
x (HCA Concentration)
0,541
x (AHC Concentragdo)
R (Correlation coefficient)
0,9995

R (Coeficiente de Correlagdo

Invitro release studies

PCL NPs showed a prolonged drug release as
demonstrated in Figure 5. It was observed that only 7%
of the drug was released from the NPs after 24 h. This
low cumulative amount of released HCA can be
explained by the fact that hydrophobic polymer PCL
canretain hydrophobic drugs such as HCA.

Table 2 - Retention times of HCA and DM.
Tabela 2 -Tempos de retengdo do AHC e DM.

Retention time of HCA
Tempo de Reteng¢do do AHC

10.41 £0.16 min

Retention time of DM/
Tempo de Reten¢do da DM

6.91 = 0.09 min

Estudos de libertacio in vitro

As NPs de PCL conduziram a um perfil de libertagdo
prolongado do AHC como demonstrado na Figura 5.
Foi observado que apenas 7% do farmaco foi libertado
a partir das NPs apos 24 h. A quantidade de AHC
libertado ¢ de facto muito baixa e pode estar
relacionada com a capacidade de retengéo de farmacos
hidrofdbicos, tais como o AHC, por parte do polimero
usado.

10,00
9,00 -
8,00 -
7,00
6,00 -
5,00 -
4,00 -
3,00 ~
2,00 ~
1,00 -

(%)

Percentage Cumulative
Release

0,00 .

0 5 10 15 20

Time (h)

Figure 5 - In vitro cumulative release of HCA from PCL NPs in PBS buffer (pH 7.4) (Mean + SD, n=3)
Figura 5 - Perfil de libertagdo in vitro do AHC das NPs de PCL em tampao PBS (pH 7,4) (Média + SD, n=3)
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Occluded patch test for safety evaluation of NPs
excipients

The assessment of excipients safety of empty PCL NPs
demonstrated total absence of adverse side effects in all
human volunteers, as seen in Figure 6.

Hydrocortisone te-loaded PCL particles as an innovative Therapy
Nanoparticulas de PCL como uma terapia dermatologica inovadora

Testes oclusivos para avaliacdo da seguranca de
excipientes das NPs

A avaliacdo da seguranga dos excipientes de NPs de
PCL sem farmaco demonstrou total auséncia de
reagOes secundarias em todos os voluntarios humanos,
como demonstrada a Figura 6.

Figure 6 - Human skin appearance: (a) Before and (b) After occluded patch test: A
- Empty PCL NPs formulation and B - Hydrophobic ointment.
Figura 6 - Aparéncia da pele humana: (a) Antes e (b) Apds os testes oclusivos: A -
Formulacao de NPs de PCL vazias e B - Pomada hidrofobica.

Conclusions

We successfully prepared and characterized the HCA-
loaded PCL NPs since these NPs were demonstrated to
be a potential drug delivery system with uniform
particle size that increases the probability of skin
penetration. The negative surface charge may also be
an effective way of achieving a prolonged drug release
due to established electrostatic interactions between
the NPs and the human skin. In addition, HCA was
released from NPs in a prolonged manner. Concerning
safety, blank NPs did not show adverse effects.
However, further studies should be performed in order
to optimize EE.
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Conclusoes

Os objectivos deste estudo foram alcangados uma vez
que estas NPs demonstraram ser um sistema de
veiculagdo de farmaco adequado com um tamanho de
particulas uniforme e que aumenta a probabilidade de
penetracdo na pele. A carga de superficie negativa
podera ainda conferir uma forma eficaz de alcancgar
uma libertagdo de farmaco prolongada devido as
interaccgoes electrostaticas estabelecidas entra as NPs e
a pele humana. O AHC foi ainda libertado das NPs de
uma forma prolongada. Em termos de seguranca, as
NPs nao conduziram a nenhum efeito adverso. Porém,
estudos futuros deverdo ser desenvolvidos de forma a
optimizara EE.
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