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Abstract

Azelaic acid shows bacteriostatical activity against many microorganism species and is commonly used in the
treatment of acne. However, some technical issues and a reduced patient compliance have been associated with its
topical application forms. Thus, nanotechnology may represent an innovative strategy that might help to overcome
these problems. The objective of this study was to develop and to characterize PLGA nanoparticles containing
azelaic acid. Nanoparticles were produced by a modified spontaneous emulsification/solvent diffusion method and
then included into a gel of Carbopol 940. Several parameters were characterized such as zeta potential, particle size
and encapsulation efficiency. Particle mean size was 378.63 nm (with PI around 0.09) and zeta potential was -7.82
mV. The encapsulation efficiency of azelaic acid was 76 £ 3.81%. Consequently, these PLGA nanoparticles can be
considered a useful tool for azelaic acid delivery.
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Resumo

O acido azelaico ¢ um farmaco com actividade bacteriostatica para muitos microorganismos sendo por isso
frequentemente aplicado no tratamento do acne. Porém, as formulagdes topicas deste farmaco estdo geralmente
associados alguns efeitos adversos e fracas adesdes a terapéutica. Assim, a nanotecnologia pode ser aqui considerada
como uma estratégia inovadora para ultrapassar os obstaculos anteriores. O objectivo deste estudo centrou-se no
desenvolvimento e caracterizagdo de nanoparticulas de PLGA contendo o 4cido azelaico. As nanoparticulas foram
produzidas através do método modificado de emulsificacao/difus@o do solvente e posteriormente incluidas num gel
de Carbopol 940. Foram caracterizados varios parametros da formulagdo tais como potencial zeta, tamanho da
particula e eficiéncia de encapsulacdo. O tamanho médio das particulas foi de 378,63 nm (com L.P. cerca de 0,09) e o
potencial zeta foi de -7,82 mV. A eficiéncia de encapsulagdo do acido azelaico foi de 76 £+ 3,81%. Consequentemente,
estas nanoparticulas poderdo ser consideradas ferramentas uteis para a veiculagao do acido azelaico.
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Introduction

Polymeric nanoparticles show great promise in the
treatment of a wide range of diseases due to the
flexibility in which their structures can be modified.
These delivery systems have been proven to enhance
the effectiveness of many drugs " and have shown
some benefits in skin permeation ", The skin, the
largest and heaviest human organ, provides a barrier to
exogenous chemicals such as drugs. The outermost
layer of the skin is the stratum corneum. There are two
different ways for drugs to permeate the stratum
corneum - through the transepidermal route or via
pores. The pores' route includes skin appendages .
Pilosebaceous units are composed of hair follicles and
sebaceous glands . A problem commonly associated
with skin topical drug formulations is the lack of
permeation mainly due to reduced contact time,
solubilization problems and drug stability. Polymeric
nanoparticles are expected to increase the drug's
stability, the residence time of the formulation, and
consequently, to increase the drug absorption
probability. A previously published study " has shown
that the particle permeation through hair follicles was
associated with the pores via absorption.

In this study, azelaic acid (AzA) was used as a model
drug. AzA possesses bacteriostatical, anti-
inflammatory and antikeratinizing properties, and is
commonly applied in acne treatment . AzA has
shown no bacterial resistance even after long exposure
and has also a favorable tolerability profile ™" .
However, this drug may require several daily
applications and, furthermore, solubilization is
generally the rate-limiting step in percutaneous
absorption of AzZA"". The objective of this study was to
develop a delivery system based on PLGA
nanoparticles containing azelaic acid. PLGA (Poly-
DL-Lactide/Glycolide copolymer), a biodegradable
polymer, has been broadly used for controlled release
formulations and displays a very favourable
degradation profile "?. In the present study, several
parameters were evaluated such as particle size, zeta
potential and encapsulation efficiency.
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Introducao

As nanoparticulas poliméricas surgem como uma
alternativa promissora no tratamento de muitas
doencas principalmente devido a flexibilidade de
alteracdo das suas estruturas. Estes sistemas de
veiculacdo ja demonstraram um aumento de eficacia
de muitos farmacos '™ e tém vindo a demonstrar algum
progresso na permeacdo cutinea " . A pele, o maior e
mais pesado orgdo, é responsavel pela barreira que
possibilita a entrada de farmacos no organismo. A
camada mais externa da pele € o estrato cdrneo.
Existem duas vias de permeagdo através do SC: via
transepidérmica ou através dos poros. A via dos poros
inclui os anexos da pele . As unidades pilosebaceas
sdo compostas por foliculos pilosos e glandulas
sebaceas . Um dos problemas geralmente associado
as formulagdes topicas de farmacos € a sua fraca
permeacao, além dos problemas de solubilizagao e até
mesmo de estabilidade. Com as nanoparticulas
poliméricas ¢ esperado um aumento na estabilidade do
farmaco, um aumento do tempo de residéncia da
formula¢do e, consequentemente, um aumento da
probabilidade da absorcéo do farmaco. Foi descrito em
estudos anteriores ' que a permeacgdo de particulas
através da pele estava associada aos poros através dos
foliculos pilosos.

Neste estudo foi utilizado o acido azelaico como
farmaco modelo. O AzA possui propriedades
bacteriostaticas, anti-inflamatdrias, anti-
queratinazantes e é utilizado no tratamento do acne "*”.
Até ao momento, este farmaco nao apresentou
resisténcia bacteriana ap6s tratamentos longos e
demonstrou uma tolerabilidade favoravel ™"’ Porém, a
este farmaco estd normalmente associada a
necessidade de aplicagdes didrias e alguns problemas
relacionados com a sua solubilidade "". O objectivo
deste estudo centrou-se no desenvolvimento e
caracteriza¢ao de nanoparticulas de PLGA contendo
acido azelaico. O PLGA (copolimero do acido poli(-
DL-lactico-co-glicélico), um polimero biodegradavel,
tem sido vastamente utilizado em formulagdes de
libertacdo controlada e tem demonstrado um perfil de
degradagao bastante favoravel '”. Neste estudo foram
avaliados véarios parametros tais como tamanho da
particula, potencial zeta e eficiéncia de encapsulacao.



Materials and Methods
Chemicals

Azelaic Acid (AzA) was obtained from SIGMA-
ALDRICH™ (Germany). PURASORB" PLDG 5002-
PLGA (ratio L/G% 50:50 and MW 45.000-75.000 Da)
was obtained from PURAC (Netherlands). Pluronic®
F68 (POLX) was obtained from SIGMA-ALDRICH™
(USA) and Carbopol 940 was obtained from BF
GOODRICH (Germany). All other reagents were of
reagent grade.

Nanoparticle preparation
AzA-loaded PLGA nanoparticles

PLGA nanoparticles containing AzA were prepared by
modified-spontaneous emulsification / solvent
diffusion (m-SESD) method. A quasi-emulsification
was prepared by dissolving 50 mg of AzA and 100 mg
of PLGA in 5 mL of a solvent mixture of
acetone:ethanol (8:2). The organic solution was added
drop-by-drop with constant stirring (400 rpm) to
aqueous solution with 0.1% of POLX at room
temperature. The nanoparticle suspension was formed
immediately as the aqueous phase turned milky. After
the last drop, the organic solution was removed by
rotary evaporation at 35-42°C for 10-15 min until a
nanoparticle precipitation was evident.

Extraction Method

To recover nanoparticles, the colloidal suspension was
centrifuged at 40000 x g for 40 min using a High Speed
Table Top Centrifuge (Z36 HK, Hermle Labortechnik,
Germany).

Nanoparticle characterization

Particle size and zeta potential measurements

The particle size and zeta potential of empty and AzA-
loaded PLGA nanoparticles (Figure 1) were measured

by photon correlation spectroscopy and
electrophoretic mobility with a Delsa’™ NanoC
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Materiais e Métodos
Reagentes

Acido azelaico (AzA) foi obtido a SIGMA-
ALDRICH™ (Alemanha). O polimero PURASORB"
PLDG 5002-PLGA (razdo L/G% 50:50 e PM 45000-
75000 Da) foi adquirido a PURAC (Holanda).
Pluronic® F68 (POLX) foi adquirido & SIGMA-
ALDRICH™ (EUA) e Carbopol 940 a BF
GOODRICH (Alemanha). Todos os restantes
reagentes foram de grau analitico.

Preparacdo das nanoparticulas
Nanoparticulas de PLGA contendo AzA

As nanoparticulas contendo AzA foram preparadas
através do método modificado de emulsificacdo
espontanea/difusdo do solvente (m-SESD). Foi
preparada uma emulsdo através da dissolucdo de 50
mg de AzA e 100 mg de PLGA em 5 mL de uma
mistura de acetona: etanol (8:2). A solugdo organica foi
adicionada gota-a-gota, a uma velocidade de agitacao
constante (400 rpm), a uma solugao aquosa de POLX a
0,1%, a temperatura ambiente. A suspensdo das
nanoparticulas formou-se instantaneamente e a fase
aquosa tornou-se leitosa. Apos a tltima gota, a solucao
organica foi removida recorrendo a um evaporador
rotativo a 35-42°C durante 10 a 15 min até precipitacao
das nanoparticulas.

Método de recuperagdo

Para recuperar as nanoparticulas, a suspensao coloidal
foi centrifugada a 40000 x g durante 40 min recorrendo
a uma centrifuga High Speed Table Top Centrifuge
(Z36 HK, Hermle Labortechnik, Alemanha).

Caracterizacgdo de nanoparticulas
Avaliag¢do do tamanho da particula e potencial zeta

A determinagdo do tamanho e o potencial zeta das
nanoparticulas de PLGA com e sem farmaco (Figura 1)
foi feita através de espectroscopia de fotdes e
mobilidade electroforética, respectivamente,
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(Beckman Coulter, UK), respectively. Triplicate
measurements were made before centrifugation. The
Polydispersity index (P.I.) was also evaluated.

Encapsulation efficiency

The encapsulation efficiency was determined after the
supernatant centrifugation. Three batches were
analyzed for free AzA by HPLC using the preservative
benzoic acid as an internal standard (measured in

triplicate) using a previously validated method""”.

Production of a hydrophilic gel
Gel formulation

The hydrophilic gel was prepared by dissolving 500
mg of Carbopol 940 (1.5%, w/w) in 100 mL of water.
The solution was left stirring at room temperature to
obtain an homogeneous solution. An aqueous solution
of NaOH was carefully added, drop-by-drop, until gel
consistency was observed.

PLGA nanoparticle incorporation

PLGA nanoparticles were incorporated into the
Carbopol gel (11%, w/w). A few drops of glycerol were
added to the nanoparticles to facilitate incorporation.
This formulation was stirred at room temperature at
13000 pulses per min for 15 min using ULTRA-
TURRAX" (Ika, Germany). The pH of the final gel
was measured.
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recorrendo a um Delsa’ NanoC (Beckman Coulter,
Reino Unido). As determinagdes foram realizadas
antes do processo de recuperacdo e em triplicado. O
indice de polidispersividade (I.P.) foi igualmente
avaliado.

Figure 1 - AzA-loaded PLGA nanoparticles view.
Figura 1 - Aspecto das nanoparticulas de PLGA contendo AzA.

Eficiéncia de encapsulacdo

A eficiéncia de encapsulacio foi determinada apods
centrifugacdo do sobrenadante. Foram analisados trés
lotes recorrendo a um método de HPLC, tendo como
padrao interno o acido benzodico (leituras feitas em

triplicado), baseado em método previamente validado .

Producdo deum gel hidrofilico
Formulagao do gel

O gel hidrofilico foi preparado dissolvendo 500 mg de
Carbopol 940 (1,5%, m/m) em 100 mL de agua. Esta
solucdo foi agitada a temperatura ambiente até ficar
homogénea. Posteriormente, foi adicionada uma
solucdo aquosa de NaOH até a formagao de um gel.

Incorporagao das nanoparticulas de PLGA no gel

As nanoparticulas de PLGA foram incorporadas no gel
de Carbopol (11%, m/m). Foram adicionadas umas
gotas de glicerina para facilitar a incorporacgdo. Esta
formulacao foi ainda submetida a uma agitacdo com
13000 pulsos por min durante 15 min no ULTRA-
TURRAX" (Ika, Alemanha) e & temperatura ambiente.
Foiavaliado o pH final do gel.



Results

Nanoparticle characterization
Particle size and zeta potential

AzA-loaded PLGA and empty nanoparticle dimensons
were 378.63 nm (P.I. 0.094) and 332.3 nm (P.I. 0.007),
respectively. The surface zeta potential of the
nanoparticles was -7.82 mV and -14.92 mV for drug-
loaded and empty nanoparticles respectively.

Encapsulation efficiency

Free AzA present in the supernatant was measured by
HPLC and the value was 76.27 = 3.81%. The method
used was linear in the range of 100-500 ppm of azelaic
acid. This method was linear and specific and, as seen
in Figure 2, the peaks were completely baseline
resolved.
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Resultados

Caracaterizacao das Nanoparticulas
Tamanho das particulas e potencial zeta

Os tamanhos das nanoparticulas de PLGA com e sem
farmaco foram 378,63 nm (I.P. 0,094) e 332,3 nm (L.P.
0,007), respectivamente. O potencial zeta da superficie
das nanoparticulas foi de -7,82 mV e -14.92 mV para
as nanoparticulas com e sem farmaco, respectivamente

Eficiéncia de encapsulagdo

O AzA presente no sobrenadante foi quantificado por
HPLC e o valor obtido foi 76,27 + 3,81%. O método de
quantificagdo do acido azelaico por HPLC demonstrou
ser linear entre 100-500 ppm. Este método ¢ linear e
especifico e, como demonstra a Figura 2, os picos estdo
completamente resolvidos na linha de base.

3472
$4.316

Figure 2 - HPLC chromatogram of AzA and benzoic acid. Peak 1 is AzA (350 ppm; Rt=3.472 min) and peak 2 is

benzoicacid (100 ppm; Rt=4.316 min).

Figura 2 .- Cromatograma do AzA e acido benzoico obtido através de HPLC. O pico 1 ¢ AzA (350 ppm; Rt=3,472

min) e o pico 2 ¢ o acido benzdico (100 ppm; Rt=4,316 min).

PLGAnanoparticle incorporation

After PLGA nanoparticle incorporation at a
concentration of 11%, the gel became white with
visible small agglomerates, and odourless. The gel was
easily spread and washable as seen in Figure 3. The
final gel pH was 3.52.

Incorporacdo das nanoparticulas de PLGA

Ap6s incorporagdo das nanoparticulas de PLGA numa
concentracao de 11%, o gel tornou-se branco, com
pequenos aglomerados e sem cheiro. O gel
apresentava boa espalhibilidade e era de facil remocéao
como demonstra a Figura 3. O pH final do gel foi de
3,52.
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Higher concentration of nanoparticles into the gel did
not demonstrate any technological advantage in terms
of macroscopic characterization. For example, a 44%
concentration was tested but the formulation became
very stiffand pasty (Figure 4).

Discussion

Small, anionic and uniform particles were obtained by
the m-SESD method. As shown in previous studies,
these characteristics are crucial mainly because small,
anionic nanoparticles have demonstrated better
permeation in hair follicles "*. In terms of skin
permeation, Schneider et al. found that the optimum
particle size for follicular permeation lies between
400-700 nm "', thus easily promoting transcutaneous
permeation through pores. In terms of zeta, since skin
has +23 mV, negative particle charge, it may also
increase the formulation residence time and increase
the probability of drug absorption. The particle size
and zeta potential revealed in this study also suggests that
the AzA encapsulation occurred because a higher particle
108

Figure 3 - Gel before (A) and after (B) the incorporation of
the nanoparticles.

Figura 3 - Gel antes (A) e apods (B) incorporagdo das
nanoparticulas.

Concentragdes mais elevadas de nanoparticulas no gel
ndo demonstraram nenhuma vantagem tecnoldgica em
termos de caracterizacdo macroscopica. Exemplo, foi
testada uma concentragdo de 44% e a formulagdo
tornou-se muito compacta e pastosa (Figura 4).

Figure 4 - Formulation with 44% of nanoparticles in gel.
Figura 4 - Formulagdo com 44% de nanoparticulas no gel.

Discussao

Foram obtidas particulas pequenas, anidnicas e
uniformes através do método m-SESD. Baseado em
estudos anteriores ", ¢ de facto importante que as
nanoparticulas apresentem um tamanho pequeno e um
potencial zeta negativo uma vez que nestas condigdes
poderdo apresentar uma maior permeagio nos
foliculos pilosos. Em termos de permeacdo cutanea,
Schneider et al. demonstraram que o tamanho
particular Optimo para a permeacdo folicular se
encontra compreendido entre 400-700 nm ", A ser
assim, o tamanho das nanoparticulas obtido neste
estudo poderd conduzir a uma maior permeagao na
pele através dos poros. Em termos do potencial zeta,
considerando que a pele apresenta um potencial zeta de +23



size and zeta potential were observed. Additionally, a
significant part of AzA was efficiently encapsulated into
PLGA nanoparticles. This value was confirmed in
triplicate using an HPLC method. This HPLC method
proved to be linear and two isolated peaks for AzA and
benzoic acid were obtained.

Conclusion

AzA-loaded nanoparticles were developed in this study
and these polymeric nanoparticles were shown to be an
efficient encapsulation system for AzA. Future studies
will include pH adjustment, evaluation of the permeation
profile of the nanoparticle gel formulation by in vitro
studies, efficacy against propionibacterium acnes,
staphylococcus epidermis and staphylococcus aureus
and excipient safety for human use.

Conflict of interests
The authors declare that there are no financial and

personal relationships that could be viewed as presenting
apotential conflict of interests.

References / Referéncias

Nanotechnology to improve drug delivery
A nanotecnologia para melhorar veiculagdo de farmacos

mV, uma particula com carga negativa podera aumentar
ainda o tempo de residéncia da formulacdo e,
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Conclusao

Neste estudo foram desenvolvidas nanoparticulas com
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ser um sistema de encapsulacdo eficiente do AzA.
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avaliacdo da permeagdo das nanoparticulas no gel através
de estudos in vitro e estudos de eficacia contra
propionibacterium acnes, staphylococcus epidermis e
staphylococcus aureus e ensaios de seguranga para uso
em humanos.
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