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Résumé 
 
Le psoriasis est une maladie de peau auto-immune et chronique. Le rhumatisme psoriasique 
est une de ses principales complications qui est très invalidante pour les patients. Cette 
pathologie reste encore incurable à ce jour. L’usage des médicaments disponibles 
actuellement dans le psoriasis est limité par leurs effets secondaires dépendant de la dose et de 
la durée d’utilisation. 
Le but de ce travail était de développer des nanovecteurs médicamenteux à base de lipides 
pour un usage topique, en particulier ciblant l'épiderme viable qui est le site principal de la 
physiopathologie du psoriasis, mais aussi le derme et au-delà pour atteindre les articulations 
endommagées. 
Grâce à une nouvelle technique que nous avons développé et optimisé, le double déplacement 
de solvants, basée sur une organisation des phospholipides en deux temps, nous avons préparé 
des vésicules lipidiques encapsulant du diclofénac d’une part et de la ciclosporine A d’autre 
part. Ensuite, nous avons évalué leur aptitude à traverser la peau et cibler les régions d'intérêt. 
 Après une étude systématique permettant d’optimiser les paramètres de préparation, les 
vésicules lipidiques encapsulant le diclofénac et la cyclosporine A ont montré une efficacité 
d'encapsulation (EE%) comprise entre 50% et 90% respectivement, selon la concentration en 
phospholipides. Après réalisation des études in vitro sur peau de cochon, nous avons observé 
que la formulation contenant une concentration basse en phospholipides (8,5 mg / mL) 
permettait d'encapsuler plus de 80% du diclofénac et de cibler le derme et au-delà. La 
formulation de vésicules lipidiques chargées de cyclosporine A qui encapsule la quantité la 
plus élevée (environ 80%) était également celle contenant la concentration basse de 
phospholipides. Contrairement au diclofénac, cette formulation n'était pas la meilleure pour 
cibler une couche profonde de la peau comme l'épiderme viable, alors que c’était le cas pour 
la formulation avec une concentration élevée de phospholipides (15 mg / mL), bien que l'EE% 
était d'environ 55%. 
Le double déplacement de solvant est une technique très prometteuse de préparation de 
vésicules lipidiques, capable de produire une population monodisperse d’échelle 
nanométrique. Cette méthode n'est que légèrement impactée lors d’une transposition d’échelle 
et serait donc facile à mettre en œuvre à l'échelle industrielle. Cette méthode a été conçue dès 
le début pour utiliser des solvants favorisant la pénétration cutanée mais l’étendue de ces 
applications reste à explorer. 
  
MOTS CLES 
Vésicule lipidique, Liposome, Préparation, Diclofénac, Ciclosporine A, Encapsulation, 

Phospholipide, système d’administration cutanée 
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Abstract 
 
Psoriasis is an auto-immune and chronic skin disease. Psoriatic arthritis is the main 
complication which is very disabling for patients. This pathology still remains incurable to 
date. The currently psoriasis indicated medicines use is limited by their side effects which are 
dose and use duration dependent.  
The aim of this work was to develop lipid based nanocarriers for skin targeting, especially the 
viable epidermis which is the main site of psoriasis physiopathology but also the dermis and 
beyond in order to reach the damaged articulations. 
Thanks to a new technique we developed and optimized called the double solvent 
displacement, based on a two-step phospholipid organization, we prepared diclofenac and 
cyclosporine A loaded lipid vesicles. Then, we evaluated their potential to cross the skin and 
target the skin layers of interest. 
 After a systematic study to optimize preparation parameters, diclofenac and cyclosporine A 
loaded lipid vesicles displayed an encapsulation efficiency (EE %) between 50% and 90% 
respectively, according to the phospholipid concentration. After in vitro skin studies, we 
observed that the formulation containing the lower phospholipid concentration (8.5 mg/mL) 
allowed to encapsulate more than 80% of diclofenac and also to target the dermis and beyond. 
The formulation of cyclosporine A loaded lipid vesicles which encapsulates the higher 
amount (around 80%) is also the one containing the lower phospholipid concentration. Unlike 
to diclofenac, this formulation was not the better to target the viable epidermis whereas the 
formulation with the higher phospholipid concentration (15 mg/mL) was even though the 
EE% was of around 55%.  
The double solvent displacement is a very promising technique of lipid vesicle preparation, 
capable to produce monodisperse population of nanoscale carriers. This method is hardly 
impacted during scale-up and would be easy to implement at an industrial scale. This method 
was designed from the beginning to use skin penetration enhancer solvents but the scope of its 
applications still remains to be explored. 
 
KEY-WORDS 
Lipid vesicles, Liposome, Preparation, Diclofenac, Ciclosporine A, Encapsulation, 
Phospholipid, Skin Drug delivery systems 
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Les pathologies de la peau chroniques, inflammatoires et auto-immunes sont des maladies en 
recrudescence principalement dans les pays développés. Le psoriasis est une de ces maladies 
de la peau caractérisée par des lésions inflammatoires et hyperkératosiques en plaque qui se 
manifestent sous forme d’épisodes récurrents. Le psoriasis est une affection qui affecte 2 à 5% 
de la population mondiale. Les lésions sont localisées généralement au niveau des 
articulations (coudes, genoux) et du cuir chevelu, mais toute localisation est envisageable. Les 
signes cliniques de cette maladie complexe peuvent varier en intensité et se développer sur 
une surface plus ou moins étendue. 

De plus, ces lésions cutanées peuvent évoluer soit de façon progressive ou en poussée. Tous 
ces éléments permettent de caractériser la sévérité de la maladie qui pourrait imposer ou non 
des soins hospitaliers. Son origine est actuellement inconnue, mais elle semble être causée par 
une combinaison de facteurs génétiques et environnementaux (alcool, tabac, infections, 
médicaments, stress). Chez les patients atteints de psoriasis, le pronostic est rarement engagé. 
C'est plutôt l'impact sur la qualité de vie qui est problématique. Les stigmates physiques 
visibles contribuent à accroître les difficultés rencontrées par les patients dans leurs vies 
socioprofessionnelle et personnelle. Une complication importante dans le psoriasis qui n'est 
pas le moins commun et qui renforce davantage la détérioration de la qualité de vie des 
patients est l'arthrite psoriasique ou rhumatisme psoriasique (RP). C'est une arthropathie 
inflammatoire chronique avec une prévalence allant de 6% à 39%. Cette maladie articulaire 
entraîne une érosion du cartilage articulaire et donc une destruction irréversible de 
l'articulation due à l'inflammation prolongée qui rend l'environnement propice au 
développement précoce des dommages articulaires et leur évolution. 

Il n’existe pas à ce jour de traitement guérissant le psoriasis. Les traitements disponibles 
consistent principalement à atténuer les symptômes et contenir leur évolution, de façon à 
améliorer la qualité de vie des patients. Le traitement sélectionné par le clinicien sera fonction 
de nombreux éléments (le type de lésions, leur étendue et localisation, la tolérance du patient, 
les éventuels échecs thérapeutiques passés). Différentes stratégies thérapeutiques sont 
classiquement utilisées, qui parfois sont combinées pour obtenir une meilleure efficacité. On 
retrouve le traitement local notamment avec les dermocorticoïdes, la photothérapie, le 
traitement systémique avec des molécules telles que la ciclosporine A (CsA), le méthotrexate 
et les biothérapies anti-TNF alpha pour la majorité. Cependant, une démarche hiérarchique est 
généralement adoptée. Du fait du caractère chronique du psoriasis et de l’absence de cure 
disponible, ces traitements sont pris à vie, ce qui fait d’eux un véritable enjeu économique 
pour les laboratoires pharmaceutiques et les systèmes de santé des différents pays. Mais aucun 
ne garantit un succès dans la prise en charge des symptômes, et aucun ne prétend guérir. 
Ainsi, la découverte de nouvelles thérapeutiques dans le traitement du psoriasis est un énorme 
challenge. L’essoufflement de l’industrie pharmaceutique dans la proposition de nouvelles 
molécules oriente aussi vers une optimisation des molécules déjà existantes en utilisant des 
systèmes vecteurs innovants. 

Un des domaines de pointe en pleine expansion dans le secteur pharmaceutique est la mise au 
point de vecteurs médicamenteux innovants basés sur l’encapsulation des médicaments. 
Depuis ces dernières années, peu de nouvelles molécules ont été découvertes. En effet, les 
échecs successifs, véritable gouffre financier, découragent les investissements. A l’heure 
actuelle, les activités de recherche sont plus orientées vers l’amélioration des thérapeutiques 
déjà existantes, ce qui est moins risqué et moins coûteux pour l’industrie pharmaceutique, 
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mais pas sans intérêt pour les patients. Différents avantages sont mis en avant comme la 
protection contre les effets indésirables grâce à l’administration de doses plus faibles, une 
amélioration de l’efficacité de médicaments de faible biodisponibilité ou de métabolisme trop 
rapide, mais aussi un meilleur confort pour les patients (prises répétitives, injections). Ainsi, 
les vecteurs médicamenteux apparaissent comme une réponse à de nombreux problèmes posés 
par les molécules actives pour améliorer la prise en charge des pathologies. Mais, plus encore, 
ils permettent de redécouvrir des molécules thérapeutiques à fort potentiel qui ont pu montrer 
une efficacité lors des essais précliniques mais rejetées du fait d’une toxicité trop importante 
au cours des essais cliniques. Les principales méthodes d’encapsulation des molécules actives 
font beaucoup appel aux polymères biodégradables (poly(lactic-co-glycolic acid (PLGA), 
polycaprolactone (PLC), chitosane, eudragit, ect). Par ailleurs, les vecteurs médicamenteux à 
base de lipides comme les vésicules lipidiques et les nanoparticlules lipidiques (solid lipid 
nanoparticle (SLN) / nanostructures lipid carrier (NLC)) sont également connus comme ayant 
un fort potentiel dans la délivrance de médicaments par voie cutanée.  
 
Les vésicules lipidiques consistent en l’auto-assemblage de phospholipides en milieu aqueux 
résultant en une ou plusieurs bicouches délimitant des compartiments. La variation de la 
composition par l'ajout d'un promoteur de la pénétration cutanée (PE : penetration enhancer) 
comme l'éthanol, le glycérol ou d’un « edge activator » comme le cholate de sodium conférant 
une ultradéformabilité à l’ensemble conduit à de nouvelles générations de vésicules lipidiques 
comme les éthosomes, les transfersomes et les « Penetration Enhancer lipid Vesicles » 
(PEVs).  
Parmi les techniques conventionnelles utilisées pour préparer des liposomes, nous retrouvons 
la technique dite de l'hydratation du film lipidique connue sous le nom de méthode de 
Bangham, la technique d'évaporation en phase inverse (REV), la technique de l’injection de 
solvant (éther ou éthanol) ou la dialyse détergente. Ces techniques nécessitent une grande 
quantité de solvant et ne sont pas adaptées à une transposition d’échelle industrielle car 
diverses étapes d'homogénéisation supplémentaires sont requises. D'autres techniques ont été 
développées, telles que l’évaporation en phase inverse super critique (SCRPE), la technique 
d'injection à écoulement croisé, la focalisation hydrodynamique microfluidique ou le 
contacteur à membrane. 
 
Outre les vésicules lipidiques, les nanoparticules lipidiques sont basées sur l'utilisation d'un 
lipide solide ou d'un mélange de lipides solides dispersé dans un milieu aqueux pour obtenir 
des SLNs et un mélange de lipides solides et liquides (huiles) dans un rapport habituellement 
de 70:30 utilisé pour préparer les NLCs. Ces nanoparticules lipidiques peuvent être produites 
par de nombreuses méthodes comme la technique de la microémulsion, l'émulsification-
évaporation de solvant, l’émulsification-diffusion de solvant, la méthode d'injection de 
solvants, l’inversion de phase, la technique d'émulsion multiple et la technique du contacteur 
de membrane. Mais la plus répandue reste l'homogénéisation à haute pression qui permet une 
production rapide sans solvant organique. 
 
Actuellement, il n'existe qu'une seule méthode rapportée dans la littérature qui est directement 
utilisée pour préparer à la fois les vésicules lipidiques et les nanoparticules lipidiques: la 
technique des contacteurs à membrane. La littérature est riche d’exemples aussi variés les uns 
que les autres faisant état de formulations encapsulant des molécules d’intérêt dans la prise en 
charge du psoriasis. Toutes les formes ont été utilisées, de la forme polymérique à la 
lipidique, dans des micro- ou nano-vecteurs mais rares sont les formulations dépassant le 
stade de la recherche en laboratoire. Ceci est peut être lié à de mauvais résultats lors des 
études in vivo ou un problème de production à l’échelle industrielle, ce qui est souvent le cas. 
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En effet, un des problèmes souvent rencontré lors de la production de ces vecteurs est la 
difficulté d’obtenir des produits de qualité constante et aussi l’usage d’une quantité trop 
importante de solvants organiques. L’objectif principal était toujours le même : faire passer à 
travers les différentes couches de la peau le principe actif pour un accès direct au site d’action 
et ainsi éviter une administration per os ou parentérale qui est limitée du fait des effets 
indésirables au long cours.  
On s’intéresse, dans notre projet de recherche, à deux molécules actives très différentes, la 
ciclosporine A et le diclofénac dont on cherche à améliorer le ratio bénéfice/risque pour le 
patient. 
 

La ciclosporine A est un immunosuppresseur largement utilisé dans le domaine de la 
transplantation et des pathologies auto-immunes. Mais son usage est également fréquent dans 
les formes avancées de psoriasis. Sa structure est un peptide cyclique de 11 acides aminés 
capable d’agir sélectivement sur les cellules T. Son mécanisme d’action passe par la 
formation d’un complexe avec la cyclophiline, une immunophiline intracellulaire, qui inhibe 
l’activité de la phosphatase calcineurine. Cela a pour conséquence une déplétion en 
lymphocytes et en macrophages et une inhibition de l’activation des lymphocytes T, des 
cellules NK et des cellules présentatrices de l’antigène. Par ailleurs, la ciclosporine A permet 
aussi d’inhiber la prolifération des kératinocytes et l’histamino-libération des mastocytes. Elle 
est également à l’origine d’une régulation négative de l’expression des molécules d’adhésion 
cellulaire à l’endothélium des capillaires du derme. Cependant, la ciclosporine A peut causer 
l’apparition d’effets indésirables majeurs empêchant son usage à forte dose et/ou au long 
cours. En effet, elle peut être responsable d’une néphrotoxicité et d’une hypertension artérielle 
qui sont gérées dans la mesure du possible par une adaptation de posologie (donc une 
réduction de l’efficacité) et la mise en place d’un traitement antihypertenseur. Il en existe 
d’autres, tels que l’hypertrophie gingivale, le diabète, etc. De plus, il est important de relever 
que la ciclosporine est également impliquée dans de nombreuses interactions 
médicamenteuses. En effet, elle est à la fois substrat et inhibiteur du cytochrome 3A4 et de la 
glycoprotéine P (Pgp). Par conséquent, malgré son efficacité clinique dans le psoriasis, du fait 
de son usage par vois systémique, son utilisation est fortement limitée. 
 
Le diclofénac appartient à la catégorie des antiinflammatoires non stéroïdiens (AINS) 
capables d'inhiber à la fois les enzymes COX-1 et COX-2. Sa fixation aux isoenzymes COX 
bloque la synthèse de diverses prostanoïdes comme les prostaglandines (PG) (la PGE2, la 
PGD2, la PGF2], les prostacyclines [PGI2] et le thromboxane [TX] A2). Diverses études ont 
rapportés que la PGE2 est la PG dont  l'inhibition par les AINS serait le principal mécanisme 
de l'effet analgésique et anti-inflammatoire. 
Le diclofénac présente une plus grande sélectivité pour la COX-2 par rapport à la COX-1, 
contrairement à la plupart des AINS traditionnels. Son degré de sélectivité pour la COX-2 
serait comparable à celui du célécoxib. Le diclofénac est associé à divers effets indésirables 
(EI) classiquement décrits pour la classe des AINS. Ces EI sont d’ordres gastro-intestinaux, 
cardiovasculaires et rénaux. Leur gravité est corrélée à la dose administrée. Le diclofénac est 
classé comme étant à faible risque de complications gastro-intestinales en raison de sa plus 
grande sélectivité pour la COX-2. L'administration per os du diclofénac permet une 
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absorption systémique rapide qui est directement proportionnelle à la dose. Une variabilité 
importante des paramètres de l'absorption du diclofénac a été observée (comme la forme du 
sel, la formulation galénique et le moment de la prise par rapport au repas). Le diclofénac 
s’accumule facilement au niveau des tissus inflammés et du liquide synovial. Le 
développement de formulations topiques à base de diclofénac a pour objectif de traiter 
localement la douleur et ce, pour minimiser l'exposition systémique exposant les patients à 
des effets indésirables potentiellement graves dans les traitements aux long cours. Sous forme 
de sel (sodique ou potassique), le diclofénac est hydrosoluble à pH neutre alors que la forme 
acide est lipophile. Cette propriété physico-chimique est un atout pour le passage des 
membranes telles que la muqueuse synoviale ou la barrière cutanée.  
 
Notre but dans ce travail est de proposer une formulation galénique encapsulant la 
ciclosporine et le diclofénac dans des vecteurs médicamenteux en vue d’une application 
topique pour traiter d’une part la composante fondamentale du psoriasis par un accès direct à 
son site physiopathologique et d’autre part, sa complication la plus fréquente et la plus grave, 
le rhumatisme psoriasique.  
 
Dans ce travail, la première partie bibliographique est consacrée à l’état de l’art en matière 
des dernières avancées dans la compréhension de la physiopathologie du psoriasis et de sa 
complication principale qu’est le rhumatisme psoriasique. Nous avons passé en revue les 
divers mécanismes impliqués pour identifier les cibles thérapeutiques les plus importantes. 
Nous avons également fait un état des lieux des stratégies thérapeutiques qui ont cours à 
l’heure actuelle dans le traitement du psoriasis et des nouveaux axes de recherche qui 
pourraient permettre une avancée significative dans la vie des patients.  
 
Dans un deuxième temps, nous avons fait un focus sur la stratégie qui consiste en 
l’encapsulation de molécules actives déjà connues en vue d’en améliorer le profil 
bénéfice/risque par un usage topique optimisé. Nous avons passé en revue les différents 
systèmes de vectorisation à base lipidique qui ont été développés et étudiés pour améliorer la 
délivrance de médicaments par voie cutanée. L'objectif a été de souligner les avancées 
récentes dans ce domaine en tant que technologies médicamenteuses pour traiter les maladies 
de la peau notamment. Nous avons également exposé les récents progrès réalisés dans la 
compréhension des mécanismes de pénétration à travers la peau. 
 
Quant à la partie expérimentale, elle se décline en trois parties toutes faisant état de 
l’introduction d’une nouvelle méthode de préparation des vésicules lipidiques : « le double 
déplacement de solvant ».  La première partie consiste en une étude systématique du double 
déplacement de solvant pour identifier les paramètres à maîtriser en vue de la préparation des 
liposomes aux propriétés colloïdales (taille, distribution de taille, charge de surface)  
optimisées pour une application cutanée. Le diclofénac a été sélectionné comme molécule 
active modèle pour l’encapsulation notamment parce qu’il peut être utilisé en vue du 
traitement symptomatique du rhumatisme psoriasique. Une étude in vitro sur peau de cochon 
a été réalisée avec plusieurs formules pour identifier celle ayant le plus fort potentiel pour un 
passage transcutané. 
 
Dans la deuxième partie expérimentale, nous avons réalisé une évaluation du potentiel de 
notre méthode de préparation de vésicules lipidiques « Double Solvent Displacement » en vue 
d’une transposition d’échelle. Cette méthode a été comparée à une méthode classiquement 
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utilisée : la méthode d’injection à l’éthanol. Nous avons étudié l’influence de la variation de 
divers paramètres pour savoir quelle méthode offrait une meilleure stabilité des propriétés 
colloïdales lors d’études de scale-up et les meilleurs rendements. 
 
La troisième partie expérimentale consiste à encapsuler la ciclosporine A par double 
déplacement de solvant. Lors de ce travail, nous avons découvert qu’en modifiant les 
conditions opératoires, nous pouvions à la fois produire des liposomes mais également des 
SLN. Dans cette dernière partie, nous avons préparé et caractérisé différentes formulations 
lipidiques encapsulant la ciclosporine A (liposomes et SLN). Puis nous avons sélectionné 
celles qui nous paraissaient les plus prometteuses pour ensuite réaliser une étude in vitro et 
identifier quelle type de vecteur permettait une pénétration optimale de la ciclosporine A au 
niveau de l’épiderme viable en vue d’une application dans la prise en charge topique du 
psoriasis. 
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Pour pouvoir répondre au mieux à l’objectif initial qui concerne principalement l’amélioration 
de la prise en charge du psoriasis, il a fallu commencer par réaliser une revue de la littérature 
afin d’avoir une compréhension aussi exhaustive que possible des mécanismes mis en jeu 
dans la physiopathologie du psoriasis. Il était essentiel de faire ce travail pour préciser le plus 
en amont possible quelles sont les objectifs que l’on doit absolument fixer à une formulation 
pour en espérer le maximum d’efficacité. A travers ce travail bibliographique, nous avons pu 
identifier les différents acteurs à l’origine des manifestations cliniques dermatologiques, mais 
également l’une des principales complications associées, l'arthrite psoriasique ou rhumatisme 
psoriasique. Les prises en charge du psoriasis actuelles ont été passées en revue. Ici, nous 
avons également tenté de donner une vision globale des perspectives d'avenir dans le 
traitement du psoriasis en abordant le domaine de l’encapsulation de molécules actives  dans 
des vecteurs, axe innovant développé ces dernières années pour améliorer la prise en charge 
par voie topique notamment en vue d’améliorer le ratio bénéfice/risque et le confort des 
patients. 

Les interactions entre différents acteurs (kératinocytes, cellules immunitaires, cellules 
endothéliales vasculaires) sont essentielles pour comprendre la pathogenèse. À ce jour, 
l'élément principal de déclenchement (génétique ou externe) n'est toujours pas clairement 
identifié. En résumé, la pathogenèse du psoriasis repose sur  trois éléments clés 
fondamentaux: 

1) Une prolifération excessive et une différenciation anormale des kératinocytes  
2) Une multiplication et une croissance des vaisseaux sanguins  
3) Une infiltration de la peau par les cellules immunitaires et la production de 

cytokines pro-inflammatoires,  

Pour ce qui est de la compréhension des mécanismes menant au rhumatisme psoriasique, ils 
en découleraient des mécanismes précédemment résumés. Le syndrome inflammatoire 
localisé au niveau de la peau qui ne cesse de s’amplifier aurait des effets qui s’étendraient au 
niveau des articulations et qui se manifesteraient par une synovite évolutive destructrice.  

De cette étude de la littérature, il en est ressorti que la physiopathogenèse du psoriasis est 
localisée principalement dans le tissu cutané. Une action directe sur cette région cible offrirait 
une réponse thérapeutique plus rapide et plus efficace. Les kératinocytes anormaux proliférant 
sont des cellules présentatrices de l'antigène inconnu qui sont à la base de l'activation des 
lymphocytes CD4+ et CD8+. Les kératinocytes sont les cellules constituant l'épiderme dit 
viable. On peut ainsi considérer que si l'on souhaite une prise en charge efficace du psoriasis à 
un niveau précoce, cibler l'épiderme viable  avec des molécules actives comme la ciclosporine 
A qui a un effet à la fois sur l'activation des lymphocytes T et la prolifération des 
kératinocytes serait prometteur.  

Outre l’un des principaux axes de recherche destinés à la découverte de nouveaux anticorps 
monoclonaux dans la prise en charge du psoriasis, une autre stratégie consiste à enrichir 
l'arsenal thérapeutique existant en tirant partie des progrès dans le domaine de l'encapsulation 
pour offrir des systèmes innovants de distribution de médicaments visant à améliorer la 
pénétration cutanée et / ou transdermique d'agents actifs déjà connus mais dont l'utilisation 
reste limitée en raison des effets secondaires associés. Dans notre cas, envisager 
l’encapsulation de la ciclosporine A pourrait permettre un accès direct par voie cutanée au site 
d’action. Cela permettrait d’avoir une plus grande efficacité et de ne plus utiliser le passage 
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systémique à l’origine d’effets indésirables graves et plus encore d’utiliser la ciclosporine A 
pendant plus longtemps. Considérant la grande lipophilie de la ciclosporine A, il nous est 
apparu plus cohérent de nous orienter vers l’utilisation des vecteurs lipidiques qui par ailleurs, 
sont souvent composés de lipides comme les phospholipides déjà autorisés pour un usage 
chez l’Homme. 

Ainsi, dans un deuxième temps, nous avons fait un focus sur la stratégie qui consiste en 
l’encapsulation de molécules actives déjà connues en vue d’en améliorer le profil 
bénéfice/risque par un usage topique optimisé. Nous avons répertorié et analysé les différents 
systèmes de vectorisation lipidique qui ont été développés et étudiés pour améliorer la 
délivrance de médicaments par voie cutanée. L'objectif de cette seconde revue est de 
souligner les avancées récentes dans ce domaine en tant que technologies médicamenteuses 
pour traiter les maladies de la peau, entre autres. Mais plus encore, nous nous sommes attelés 
à étudier leur structure, leur composition et les propriétés qui en découlent. Nous avons 
également exposé les récents progrès réalisés dans la compréhension des mécanismes de 
pénétration à travers la peau. Pour analyser au mieux l’ensemble des facteurs qui peuvent 
conditionner ou influer le passage cutané de médicaments grâce à l’encapsulation de 
molécules actives, il nous a tout d’abord fallu comprendre comment le tissu cutané 
fonctionnait, aborder sa composition et ses particularités. 
 
Il en ressortait notamment que la fonction protectrice de la peau est due à ses propriétés 
physiques (pH, desquamation), aux enzymes métaboliques localisées dans les espaces 
interstitiels de l'épiderme viable et également dans les régions des follicules capillaires et des 
glandes sébacées (production d'acide gras et de lysozyme) sans oublier le rôle des cellules du 
système immunitaire. L’ensemble constitue une barrière quasi infranchissable pour les 
xénobiotiques tels que les microorganismes et les composés toxiques. Compte tenu de la 
complexité du stratum corneum (SC) et de son renouvellement constant, il apparaissait 
clairement que cette couche serait un des principaux facteurs limitant le passage cutané des 
médicaments. 

A l’issu de la première revue, nous nous sommes orientés vers une utilisation des vecteurs 
lipidiques pour une encapsulation de la ciclosporine A. Cependant, il existe un large choix de 
ce type de vecteurs décrits dans la littérature scientifique : les vésicules lipidiques telles que 
les liposomes et leurs variantes et les nanoparticules lipidiques. Nous avons donc mené ce 
travail de revue pour mieux les comprendre, connaître leurs applications, comprendre leurs 
mécanismes de pénétration et leur potentiel respectif pour une application topique.  

De ce travail bibliographique, il en ressort que la molécule active à encapsuler doit être 
parfaitement connue car elle pourra orienter les types de vecteurs lipidiques à utiliser. De 
plus, il est important de noter que la composition des vecteurs n’étant pas la même, il est 
préférable de s’orienter vers des lipides bien connus et dont l’usage dans les formulations 
pharmaceutiques est autorisé comme pour le cas des phopholipides. Selon notre appréciation, 
s’orienter vers les vésicules lipidiques serait plus intéressant pour un passage cutané car ils 
possèdent une flexibilité structurelle qui dans notre cas nous apparait indispensable. Nous 
souhaitons développer des formulations pour la prise en charge par voie topique du psoriasis. 
En se référant à notre première revue, il en ressortait que l’un des principaux aspects de cette 
pathologie est l’hyperkératose. Un stratum corneum très épais sera très difficile à franchir 
sans déformabilité du vecteur.  
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A travers cette revue de la littérature, nous avons tenté d’avoir une compréhension aussi 
exhaustive que possible des mécanismes en jeu dans la physiopathologie du psoriasis. Il était 
essentiel de faire ce travail pour préciser le plus en amont possible quelles sont les objectifs 
que l’on doit absolument fixer à une formulation pour en espérer le maximum d’efficacité. A 
travers ce travail bibliographique, nous avons fait un focus sur l’identification des différents 
acteurs à l’origine des manifestations cliniques dermatologiques, mais également un focus sur 
l’une des principales complications associées, l'arthrite psoriasique ou rhumatisme 
psoriasique. Les prises en charge du psoriasis actuelles ont été passées en revue. Ici, nous 
avons également tenté de donner une vision globale des perspectives d'avenir dans le 
traitement du psoriasis en abordant le domaine de l’encapsulation de molécules actives  dans 
des vecteurs, axe innovant développé ces dernières années pour améliorer la prise en charge 
par voie topique notamment en vue d’améliorer le ratio bénéfice/risque et le confort des 
patients. 

Les interactions entre différents acteurs (kératinocytes, cellules immunitaires, cellules 
endothéliales vasculaires) sont essentielles pour comprendre la pathogenèse. À ce jour, 
l'élément principal de déclenchement (génétique ou externe) n'est toujours pas clairement 
identifié. En résumé, la pathogenèse du psoriasis repose sur  trois éléments clés 
fondamentaux: 

1) Une prolifération excessive et une différenciation anormale des kératinocytes (cellules 
épidermiques) qui conduisent à un épaississement de la couche épineuse de l'épiderme 
(couche qui produit la kératine à l’origine de la dureté de la peau) qu’on appelle 
acanthose, mais également à une hyperkératose (épaississement du stratum corneum) 
et une parakératose (maturation anormale du SC). 

2) Une multiplication et une croissance des vaisseaux sanguins suite à une production de 
facteurs de croissances (VEGF et PDGF) par les kératinocytes, ce qui favorise les 
phénomènes de vasodilation et l’attraction des cellules immunitaires. 

3)  Une infiltration de la peau par les cellules immunitaires et la production de 
cytokines pro-inflammatoires, entre autres, qui conduisent à la présence d’un 
syndrome inflammatoire chronique. L’épiderme est caractérisé par une présence 
anormale de  lymphocytes TCD8+ alors qu’au niveau du derme, ce sont les 
lymphocytes TCD4+ qui prédominent. Ces deux types cellulaires jouent un rôle 
fondamental dans la pathogenèse du psoriasis, à la fois dans l'initiation et dans le 
maintien du processus inflammatoire. 

Pour ce qui est de la compréhension des mécanismes menant au rhumatisme psoriasique, ils 
en découleraient des mécanismes précédemment résumés. Le syndrome inflammatoire 
localisé au niveau de la peau qui ne cesse de s’amplifier aurait des effets qui s’étendrait au 
niveau des articulations et qui se manifesterait par une synovite évolutive. Les mécanismes 
restent à ce jour non clairement identifiés mais le tissu synovial est profondément affecté avec 
une hyperplasie de sa membrane. Les lymphocytes T CD4+ jouent un rôle clé dans l’érosion 
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osseuse car ils induisent une production importante de RANKL, un ligand qui active les 
ostéoclastes, cellules assurant la destruction du tissu osseux.  

 

À ce jour, il n'existe aucun traitement qui guérisse le psoriasis. Les traitements disponibles 
consistent principalement à atténuer les symptômes et à prévenir l'évolution de la maladie, 
afin d'améliorer la qualité de vie des patients. Différentes stratégies thérapeutiques sont 
classiquement utilisées, parfois combinées pour une plus grande efficacité: traitement local, 
photothérapie, traitement systémique. En raison de la nature chronique du psoriasis et de 
l'absence de cure disponible, ces traitements sont pris à vie, ce qui en fait un véritable défi 
économique pour les entreprises pharmaceutiques et les systèmes de santé de différents pays. 

Les traitements locaux sont indiqués dans des formes légères de psoriasis. Il existe différents 
groupes (émollients, agents kératolytiques, analogues de la vitamine D, rétinoïdes), mais les 
dermocorticostéroïdes restent les principaux médicaments prescrits. Ces derniers ciblent la 
prolifération des kératinocytes et l'inflammation. Cependant, ces traitements locaux peuvent 
avoir des effets secondaires importants limitant leur usage au long cours (atrophie de la peau, 
amincissement de la peau, ect). Les traitements systémiques sont considérés comme le dernier 
recours pour faire face à l'échec des traitements antérieurs. Parmi les traitements classiques, 
deux médicaments sont souvent  prescrits : le méthotrexate et la cyclosporine A. Le 
méthotrexate (un analogue de l'acide folique) a un effet inhibiteur de la prolifération cellulaire 
qui peut conduire à divers effets secondaires importants (nausées et vomissements, toxicités 
hépatique et pulmonaire). La cyclosporine A est un immunosuppresseur entraînant  une 
dépletion en macrophages et lymphocytes, une inhibition de l'activation des cellules T, des 
cellules NK et des cellules présentatrices d'antigène ainsi qu’un blocage de la prolifération des 
kératinocytes. La cyclosporine A est également à l'origine d'effets indésirables majeurs 
(néphrotoxicité, hypertension, hyperplasie gingivale) qui empêchent son utilisation à haute 
dose et / ou au long cours. D'autres médicaments peuvent également être considérés en cas 
d'inefficacité ou d'intolérance: les biothérapies. Ces produits biologiques sont très coûteux, 
leur efficacité ne peut être garantie et l'utilisation à long terme n'est pas recommandée en 
raison de leur potentiel immunosuppresseur (risque d'infections, de lymphomes, etc.). 

La stratégie thérapeutique du rhumatisme psoriasique repose sur trois familles de 
médicaments: les AINS, les glucocorticoïdes, les Disease-modifying antirheumatic drugs 
(DMARD) synthétiques (renfermant des molécules comme le méthotrexate et la ciclosporine 
A) et biologiques (anti-TNF alpha) en fonction du nombre d’atteintes articulaires. Les AINS 
sont le traitement de première intention chez les patients atteints d'arthrite psoriasique 
périphérique légère.  

À l'heure actuelle, les axes de recherche dans la mise à disposition de nouvelles gammes de 
produits dans la prise en charge du psoriasis sont essentiellement doubles. L'une des 
principales lignes est destinée à la découverte de nouveaux anticorps monoclonaux. Un autre 
axe consiste à enrichir l'arsenal thérapeutique existant en tirant parti des progrès dans le 
domaine de l'encapsulation pour offrir des systèmes innovants de distribution de médicaments 
en améliorant la pénétration cutanée et / ou transdermique d'agents actifs déjà connus mais 
dont l'utilisation reste prudente en raison des effets secondaires associés. A travers cette revue 
de la littérature, nous avons étudié les nombreux vecteurs médicamenteux formulés ces 
dernières années pour augmenter l'absorption percutanée d’agents actifs  dans le psoriasis.  Ils 
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peuvent être composés de polymères / copolymères biodégradables (PLA, PLGA, PCL, 
chitosane, etc.) ou de lipides bien connus pour leur biocompatibilité. Ils sont classés en deux 
types: les vecteurs polymériques (microsphère / nanosphère, microcapsule / nanocapsule, 
micelle, niosome, hydrogel) et les vecteurs lipidiques (solid lipid nanoparticles (SLN), 
nanostructures lipid carriers (NLC), microémulsion/nanoémulsion, 
liposome/éthosome/transfersome). 
 
La physiopathogenèse du psoriasis est localisée principalement dans le tissu cutané. Une 
action directe sur la région cible offrirait une réponse thérapeutique plus rapide et plus 
efficace. Les kératinocytes anormaux proliférants sont des cellules présentatrices de l'antigène 
inconnu qui sont à la base de l'activation des lymphocytes CD4+ et CD8+. Les kératinocytes 
sont les cellules constituant l'épiderme dit viable. On peut ainsi considérer que si l'on souhaite 
une prise en charge efficace du psoriasis à un niveau précoce, cibler l'épiderme viable  avec 
des molécules actives comme la ciclosporine A qui a un effet à la fois sur l'activation des 
lymphocytes T et la prolifération des kératinocytes est judicieux. Envisager l’encapsulation de 
la ciclosporine A pourrait permettre un accès direct par voie cutanée au site d’action. Cela 
permettrait d’avoir une plus grande efficacité et de ne plus utiliser le passage systémique à 
l’origine d’effets indésirables graves et plus encore d’utiliser la ciclosporine A pendant plus 
longtemps. Se tourner vers l’utilisation des vecteurs lipidiques paraît également plus 
intéressant car la ciclospsorine A est très lipophile et que divers lipides comme les 
phospholipides sont autorisés pour un usage chez l’Homme. 
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Abstract: 

Psoriasis is a chronic inflammatory disease affecting mainly the skin but which can be 
complicated by psoriatic arthritis (PsA).This autoimmune skin disorder concerns 2-5% of the 
world population. To date, the physiopathology of psoriasis is not still completely elucidated 
but many researches are ongoing which have led for example to the discovery of the Th17 / 
Th22 pathway. The conventional therapeutic approaches (local or systemic route) appeal to 
various classes of drugs with complex mechanisms of action and non negligible side effects. 
Although there is no therapy capable to cure psoriasis, the current goal is to relieve symptoms 
as longer as possible with a good benefit/risk ratio. That is one of the principal limits of 
conventional antipsoriatic drugs. New formulations based on nanoencapsulation are a 
promising opportunity to answer to this limit by offering an optimization of the conventional 
antipsoriatic drug use (higher activity, lower side effects and frequency of application, ect). 
Herein, we tried to put in perspective the mechanistic insights (histological and 
immunological views) proposed into scientific literature these last years in order to have a 
better comprehension of psoriasis physiopathology resulting in skin lesions and PsA. The 
therapeutic armamentarium and the different strategies in the management of psoriasis are 
discussed in greater details. To finish, the field of encapsulation in nanoparticles is broached 
in order to put forward recent advances in innovative skin drug delivery systems (ISDDSs) of 
antipsoriatic active agents for a better efficacy, safety and compliance.  

Keywords: 

Psoriasis, physiopathology, novel treatments, nanocarriers, ISDDS (innovative skin drug 
delivery systems). 
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1. Introduction: 
Psoriasis is an autoimmune chronic inflammatory disease whose main clinical feature consists 
of erythematous scaly skin lesions well-defined. Psoriasis is a condition affecting 2-5% of the 
world population. The main clinical feature of psoriasis is an erythematous and scaly skin 
lesion wich is generally located in the joints (elbows, knees) and scalp, but any localization is 
possible. Signs of this complex disease can vary in intensity and develop on a more or less 
widespread surface. Moreover, these skin lesions may progress either in a progressive mode 
or in spurts. All these elements allow to define the severity of the disease which can require or 
not hospital care [1].Its origin is currently unknown, but it seems to be triggered by a 
combination of genetic (family background) and environmental factors (alcohol, tobacco, 
infections, medications, stress).  In psoriasis patients, the prognosis is rarely engaged. It is 
rather the impact on quality of life which is problematic. Visible physical stigmata contribute 
to increase the psychological difficulties faced by patients in their socio-professional and 
emotional life [2]. An important complication in psoriasis that is not the least common and 
that accentuates even more deterioration of patient quality of life is psoriatic arthritis (PsA). 
That is a chronic inflammatory arthropathy with a prevalence ranging from 6% to 39% [3]. 
This joint disease leads to erosions of articular cartilage and therefore irreversible joint 
destruction because of the sustained inflammation making the environment suitable for early 
development of joint damages and their evolution [4]. 

Nowadays, treatments prescribed in psoriasis are effective only to stop the disease progression 
especially toward complications even more disabling and to relieve clinical symptoms. No 
therapy is known to heal psoriasis but the quality of life is enhanced. In function of the 
severity (from mild to severe psorisis form), there are three conventional therapeutic 
strategies: local treatment, phototherapy, systemic therapy. The different drug classes may be 
combined to improve the effectiveness [5–10]. The management of psoriatic arthritis require 
more stronger strategies thus excluding often topical treatment [11]. Psoriasis is an incurable 
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chronic disease involving a drug use for lifetime. That is a considerable challenge for national 
health systems and pharmaceutical firms. The understanding of the physiopathological 
mechanisms involved in psoriasis and the identification of the different triggering items are 
always major issues. These findings will be the basis of development of new therapies. For 
these last decades, new anti-psoriatic therapies which have been launched on the market are 
monoclonal antibodies targeting different items involved in psoriasis physiopathology. 
Currently, many researchers attend to development of innovative skin drug delivery systems 
(ISDDS) in order to improve skin penetration of conventional drugs leading to a reduction of 
the administered dose and therefore their side effects. This present review deals with psoriasis 
and is a focus on the last mechanistic insights involving especially immunological 
perturbations in skin lesions and also psoriatic arthritis. The conventional therapies are 
displayed. Here, we have also attempted to give a global vision of the various ISDDS as 
future prospects developed these last years to enhance skin drug delivery. 

2. Pathogenesis: three basic elements 
Various studies dealing with psoriasis pathogenesis show that this condition is characterized 
by three basic elements: 
• Proliferation and abnormal differentiation of keratinocytes (histology). 
• Vascular changes. 
• Skin infiltration by inflammatory cells and cytokine production. 
Interactions between different actors (keratinocytes, immune cells, vascular endothelial cells) 
are central to understand the pathogenesis. To date, the primary trigger (genetic or external) 
element is still not clearly identified. 
 

2.1 Histopathology: Proliferation and abnormal differentiation of keratinocytes   

Excessive proliferation of keratinocytes (epidermal cells) was observed in histological 
examinations of patient’s skin with psoriasis. It is commonly called acanthosis describing a 
thickening of the spinous layer of the epidermis [12]. 

The process leading to the differentiation of keratinocytes (desquamation) is accelerated. 
Usually, 4-6 weeks are enough in normal skin but in psoriasis, just 3-4 days are required [13]. 
At the cellular level, in the basal layer of the epidermis, it can be observed an increased 
number of dividing keratinocytes. The stratum corneum is characterized by hyperkeratosis 
(thickening of the stratum corneum) and parakeratosis (abnormal maturation of the SC). This 
was evidenced by the presence in keratinocytes of nuclei and the loss more or less total of the 
cornified layer responsible of the squamous aspect [12]. That is well correlated with what 
Ortonne et al. highlighted in 1999 observing a shorter length of the cell cycle [14]. Several 
genetic studies on abnormal keratinocytes in psoriasis have shown dysregulation of several 
genes, including those coding for insulin-like growth factor receptor-1 and b-1 integrins 
[15,16]. In psoriatic lesions, their expression is too precoce taking place in the spiny layer 
while normally this occurs in the granular layer [13].  

In psoriasis, abnormal epidermal barrier exhibits a structure fault due to a lack of normal 
corneocytes hindering the good cohesion of the stratum corneum which depends mainly on 
the interaction between corneocytes and synthesis of extracellular lipids produced by these 
cells [17]. The fig.1 summarizes all epidermis changes in psoriatic skin compared to healthy 
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skin either in terms of maturation and / or differentiation of keratinocytes with a focus on the 
protein expression profile. 

 

 

Fig. 1 Major differences between the protein expression profile of normal epidermis and psoriatic epidermis 
[13]: In psoriasis, keratinocytes of the basal layer have persistent nuclei. That favors expression of different 
proteins leading to keratinocyte multiplication and therefore hyperkeratosis. The main proteins that are involved 
are presented in this figure. Some of them play a role in the immunological dysfunctions: b-defensin, ICAM-
1(intercellular adhesion molecule-1), MHC class 1 (Major histocompatibility complex class 1). Others can 
participate in keratinocyte proliferation (S100A7, protease, transglutaminase, SPRR) and abnormal 
differenciation (Small proline-rich protein). 
 

 
2.2 Vascular changes 

Besides, keratinocytes produce cell mitogens (VEGF (vascular endothelial growth factor) and 
PDGF (platelet derived growth factor) which stimulate the formation and growth of blood 
vessels [18,19]. Endothelial cells are activated and then synthesize agents promoting 
keratinocyte proliferation as KGF (keratinocyte growth factor) but also leading to vasodilation 
of the capillaries in the dermis, thereby allowing the extravasation of circulating immune 
cells. Thus, lymphocytes and neutrophils pass through the vascular endothelium barrier and 
migrate into the skin. That is performed via the surface expression of receptors having high 
affinity for markers (called adhesion molecules) localized on the surface of vascular 
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endothelial cells (VCAM-1 (vascular cell adhesion molecule-1 or CD106), ICAM-1 
(intracellular adhesion molecule-1 or CD54), E-selectin (CD62E) [20]. 

 
2.3 Skin infiltration by inflammatory cells and cytokine production 

Psoriatic lesions are characterized by infiltration of the dermis and the epidermis by cells of 
the immune system which excrete proinflammatory cytokines capable to maintain and 
amplify the inflammatory reaction [21]. Studies on the subject have shown the abnormal 
infiltration of the dermis by CD4 + T cells, but also by dendritic cells (DC) (phagocytic and 
antigen-presenting cells) like CD11c + myeloid dendritic cells (MDC), langerhans cells. In 
the epidermis, a large amount of CD8+ T lymphocytes was detected and the presence of 
Langerhans cells and CD11c+ myeloid dendritic cells. It has been detected mainly neutrophils 
in the region of the horny layer [17,20]. The CD4+ and CD8+ T cells play a fundamental role 
in the pathogenesis of psoriasis, both in the initiation and in the maintenance of the 
inflammatory process. Many studies have shown the importance of T cells in psoriasis [22–
32]. The T cells are activated after recognition of an antigen as a peptide combined with 
molecules of the class I (by CD8 +,) or II (by CD4 +) major histocompatibility complex 
(MHC) expressed on the surface of the antigen presenting cell, mainly dendritic cells in the 
skin lesions.  

 
Fig 2. Scheme of the interactions between the different cells and cytokines involved in psoriasis 
physiopathology: MDCs (Myeloid dendritic cells) are key elements because they can interact with CD8+ T cells 
to secrete IL-13, IL-22 and IL-17, INF gamma; with NK-T cells which produce IL-13, INF gamma and with 
naïve CD4+ T cells leading to different possibilities of cell differenciation: Th1cells (via IL-12) which secrete 
TNFalpha, INF gamma; Th22 cells and Th17 cells (via IL-23) which secrete IL-22 and IL-17 respectively 
leading to abnormal proliferation and epidermal hyperplasia. Moreover, activation of MDCs produces several 
other cytokines: IL-20, IL-8, iNOS, TNFalpha. MDCs are stem from the maturation of PDCs (plasmocytoid 
dendritic cells) related to their own activation via the complex formation (LL-37/self-ADN or self-ARN) and 
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secretion of INFalpha. INFalpha can also upregulate the expression of IL-22 receptor increasing more the effect 
of IL-22. Moreover, a loop of amplification has been observed: activated keratinocytes by cytokines (TNF alfa, 
INF gamma, IL-22, IL-17) or NK-T cell interaction release IL-36 which stimulate MDCs secretion of IL-23, 
then the differenciation into Th17 cell and so a higher keratinocyte impact. Growth factors are produced by 
activated keratinocytes leading to vasodilatation, but also chemokines: MCP-1, IL-8, CXCL1, CXCL2, 
CXCL3,CXCL9,CXCL10,CXCL11, CCL20 and IL-36 that attract different cellular types involved in the 
chronical inflamatory phenomenon as lympocytes, neutrophils, monocytes. 

 

2.3.1 Interplay between Myloïd dendritic cells (MDCs), naïve CD4+ T cell, Th1, 
Th17, Th22 

The DC / T cell interaction through several synapses (CD40L / CD40 and MHC II / TCR for 
CD4 + T cell; CD80-86 / CD28 and MHC I / TCR for CD8 + T cell, CD40L / CD40 and 
CD1d / TCR for NK-T cell) leads to co-stimulation of the both cells which produce different 
types of cytokines . However, the responsible antigens have not yet been identified. It has 
been reported that peptides derived from proteins encoded by the virus HPV5 [33] or 
microbial antigens from streptococci [34] contribute to the development of psoriasis. Besides, 
it was also reported by Torres et al. [35] that the superantigens as staphylococcal enterotoxin 
A [36] or certain streptococcal antigens [37] play an important role in psoriatic lesions. These 
are antigens capable of binding MHC class II beta chain of the TCR of CD4 + lymphocytes 
inducing therefore a strong activation and selective proliferation of T lymphocytes, regardless 
of their specificity [13]. The different interplays between cells and cytokines involved in 
psoriasis pathogenesis are presented in figure 2. 

Although the autoantigen enabling the MDC/T cell co-stimulation is still not known, it has 
been demonstrated that it is a common antigen for autoimmune T cells leading to an 
oligoclonal expansion [38,39]. Autoreactive T cell migration into the epidermis is controlled 
by alpha 1 beta 1 integrin displaying on effector T cells [40]. MDCs exhibit inflammatory 
elements as TLR (Toll like receptors)) and release mediators (IL-12, IL-23, TNF alpha, IL-20, 
IL-8, iNOS) playing essential roles in the activation, polarization and expansion of T cells and 
keratinocyte abnormalities [21]. MDCs induce naïve CD4+ T cell polarization into Th1 via 
IL-12, and into Th17 and Th22 via IL-23 respectively. Then, Th1 cells secrete INFg and 
TNFa, Th17 cells secrete IL-17 and TNFa, and Th22 cells secrete IL-22 respectively [12,41]. 

2.3.2 Plasmacytoid dendritic cells (pDCs) 

 pDCs have a key place in the psoriasis physiopathology. Unlike MDCs which are found in 
interstitial tissues as dermis and epidermis, the pDCs do not express CD11 on their surface 
and are located in  blood and lymphoid organs [13]. pDCs secrete  INFa after stimulation by a 
complex constituted by LL-37 (a cathelicidin belonging to the antimicrobial peptide family) 
with self-DNA or self-RNA from dying cells [42]. An external stimuli such as trauma (known 
as Koebner phenomenon), infections, stress, drugs, and alcohol can be the cause of 
antimicrobial peptide LL-37 release [43,42]. In psoriasis, keratinocytes express a large 
amount of antimicrobial peptides under the action of IL-17 and IL-22 [44]. This IFNa 
response is considered as the essential step at the MDC/T cell co-stimulation and the 
sustained production conducts to uncontrolled activation of MDCs until autoimmunity [42]. 
INFa can induce the maturation of pDCs into MDC [45]. Moreover, it has been observed that  
the LL-37- self-RNA complex could trigger a direct maturation into MDCs [46].More 
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recently, it has been found that IFNa is capable to upregulate IL-22-receptor expression on 
keratinocytes and therefore amplify the IL-22 related response [47]. Moreover, it has been 
shown that IFNa improve major histocompatibility complex class I (MCH I) expression on 
keratinocytes,which reinforce the CD8+ T cell activation [48].   

2.3.3 The LL-37-IFN-Th17/Th22 axis 

Keratinocytes are activated by TNFa and INFg leading to secretion of different cytokines, 
especially chemokines ((MCP-1, IL-8, CXCL1, CXCL2, CXCL3, CCL20, CXCL9, CXCL10, 
CXCL11)) which attract many leukocytes (Monocytes, Neutrophils, PDCs, CCR6+ Th1, 
CXCR3+ Th1) from the blood circulation to the skin area. This recruiting participates in 
amplifying and maintaining inflammation response that provoke lesions. The abnormal 
proliferation and epidermal hyperplasia involve mainly IL-17, IL-22 and INFg [49][12,50,51] 
but also to a lesser extent IL-19, IL-20 and keratinocyte-derived IL-36 [52,53]. Thus, the 
accent is put on the LL-37-IFN-Th17/Th22 axis as central element in the psoriasis 
pathogenesis [12,42]. Recently, an interesting keratinocyte-derived cytokines, the IL-36, have 
been involved in psoriasis as acting in synergy wtih the LL-37-IFN-Th17/Th22 axis, 
specifically with an important role in both psoriatic lesion inititation and maintenance. Many 
studies have described mutations in IL36RN, the gene encoding the IL-36R antagonist (IL-
36Ra)   in familial systemic pustular psoriasis [43,54,55]. IL-36 cytokines (IL-36a, IL-36b, 
and IL-36g) belonging to the IL-1 family are produced by keratinocytes and upregulated in 
psoriasis [56][57]. They participate in the abnormal proliferation and epidermal hyperplasia. 
Moreover, IL-36 cytokines induce IL-23 gene expression from DCs [58] which generates an 
amplifying loop via the IL-23/IL-17 pathway involving MDCs/Th17 cells /keratinocytes and 
therefore maintain the state of chronic inflammation in psoriasis. IL-36Ra is a natural 
antagonist which regulates the proinflammatory effects of the IL-36 cytokines by competition 
to the IL-36R stimulation. Because of the mutations in IL36RN, IL-36Ra is inactive. The IL-
36/IL-36Ra balance is broken in favor of a more intense activity of IL-36 cytokines leading to 
a strong recruiting of neutrophils and the set up of a positive feedback loop of inflammation in 
psoriasis [12]. 

2.3.4 CD8+ T cells 

Although CD8+ T cells have been underappreciated in the psoriasis pathogenesis, Hijnen et 
al. 2013 have demonstrated that they are a great source of proinflammatory cytokines 
including   IFN-g, IL-13, IL-22 and IL-17. The rôle of IL-13 in psoriasis is to induce 
macrophage-derived chemokine (CCL22) expression in keratinocytes and matrix 
metalloproteinase-9 activation, leading to leukocyte migration into the epidermis  [59,60]. 

2.3.5 NK-T (Natural killer-T))cells 

Other cells could be also involved in psoriasis pathogenesis. NK-T cells were found in large 
amounts in acute and chronic psoriatic lesions [27]. Activation of these cells is through the 
recognition of an unknown antigen related to the CD1d molecule on the surface of 
keratinocytes and MDCs. In psoriasis, CD1d is overexpressed on keratinocyte surface [61,62]. 
Several in vivo-studies in rats have concluded to a potential role of NK-T cells in the 
formation of psoriatic plaques which would be due to the production of IFNg and IL-13 
[27,63]. 
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3. Psoriatic arthritis (PsA): a psoriasis complication  
Between 6-39% of individuals with psoriasis present also a joint disease related to an 
inflammatory arthritis affecting mainly isolated joints. This is due to systemic inflammation 
and extensive synovitis resulting in erosions of articular cartilage leading to joint destruction 
[64]. Although pathogenesis is only partly elucidated, PsA is frequently regarded as an 
enthesal disease [65] caused by a mix of genetic and environmental (stress, infections, 
trauma) factors which participates in triggering and maintaining of 
inflammatory/immunological processes in joints. The synovial tissue is the main one affected 
by these factors in the PsA development. It is characterised by synovial lining layer 
hyperplasia which is composed by two types of cells: type A-mononuclear phagocyte, type B-
fibroblast like synoviocytes (FLS) [66,67]. This is reflected, in particular, in the stimulation of 
the FLSs resulting in 3 effects. 

 

3.1 Secretion of inflammatory cytokines: MCP-1 (monocyte chemotactic protein-
1) and IL-8.  

They allow the chemotaxis and activation of monocytes/macrophage, which thereafter 
produce a variety of cytokines. TNF alpha, IL-1 and IL-6 have roles well known in 
inflammatory processes, stimulating synoviocyte hyperproliferation [68]. Besides, MDC 
(macrophage-derived chemokine) is also secreted in the synovial fluid and the synovial 
membrane with the particularity to be the ligand of the CCR4 receptor which is expressed by 
memory T cells. Via MDC, these latter are chemoattracted in the synovial tissue from the 
skin. Monocytes and neutrophils produce a large amount of specific molecules participating in 
the complex immune response. Myeloid-related protein 8 (MRP8; S100A8) and MRP14 
(S100A9) belongs to the S100 family of proteins. These two calcium-binding proteins have 
both intracellular functions (cell differentiation and cell cycle progression, regulation of 
kinase activities and cytoskeleton–membrane interactions) and extracellular functions 
(neutrophil extension, chemoattraction, arachidonic acid metabolism and the induction of 
adhesion molecule expression) positioning them as major players in the cascade of 
inflammatory stimuli and communication between skin and joint [69].     

3.2 SelfDNA expression  

The innate immunity may be involved precocely. The joint and the skin are environments rich 
in endogenous ligands of the innate immune system as cathelicidin (LL37), an antimicrobial 
peptide, which could form a complexe with selfDNA taken in charged by pDC which is going 
to secrete INF a. As described previously, the CD4+ T cell responses lead to the production of 
many cytokines (IL-17, TNFa, IL-22). IL-17 induces the secretion of proinflammatory 
cytokines, stimulates osteoclast formation and bone resorption, recruits neutrophils and 
monocytes (producers of S100A8/A9), and triggers the production of granulocyte–
macrophage colony-stimulating factor [70]. Otherwise, CD4 activation causes RANKL 
production having for effect to activate osteoclasts and subsequently provoke bone erosion, 
but also VEGF (vascular endothelial growth factor) production which activates endothelial 
cells and the formation of HEV (high endothelial venules) [64].  

3.3 Production of complement system factors  
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FLSs have a stimulated production of C3 and C4 complement system factors. When activated, 
the complement system generates a release anaphylotoxins (C5a) and the formation of MAC 
(membrane attack complex). That induces cell lysis and immune cell recruitment. Moreover, 
the lower expression of the CD59, an inhibitor of complement system activation, accentuates 
further the complement system activation [66,71,67]. 

 
4. Psoriasis treatment 

To date, there is no treatment healing psoriasis. Available treatments consist primarily to 
alleviate symptoms and prevent the evolution of the disease, in order to improve the quality of 
life of patients. Different therapeutic strategies are conventionally used, which are sometimes 
combined for greater efficiency: local treatment, phototherapy, systemic therapy. Due to the 
chronic nature of psoriasis and no cure available, these treatments are taken for life, which 
makes them a real economic challenge for pharmaceutical firms and health systems of 
different countries [6]. 

 
4.1. Local treatments 

They are indicated in mild forms of psoriasis, usually defined by a skin disease affecting less 
than 20% of the body surface. There are different groups (table 1) (emollients, keratolytic 
agents, vitamin D analogues, retinoids) but dermocorticosteroids remain the main drugs 
prescribed. The latter group is also the richest, offering a range of different classes, the level 
of activity varies from very potent to mild. The primary targets of these agents are the 
proliferation of keratinocytes / hyperkeratosis, the immune cells, inflammation. However, 
these local treatments can have significant side effects that may lead to stop the treatment. 
Topical corticosteroids are never used for long periods. The treatment lasts up to one month 
because side effects may occur (skin atrophy, thin skin, skin conditions ...) in a more or less 
severe degree according to the dermocorticoid group. One of the drawbacks of topical 
corticosteroids is that after cessation of treatment, there is often a recurrence. And if 
discontinuation is abrupt, a severe rebound effect could be generated [8]. 

 
4.2.Phototherapy  

This type of treatment is considered when local treatment is not sufficient or that the extent of 
damage is more than 20% of the body surface. Phototherapy is based on the use of broad-
spectrum UVB and narrow-spectrum UVA. 
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e 
(P

U
V

A
/N

B
-U

V
B

) 
se

ss
io

n 
is 

lim
ite

d 
to

 2
50

-3
00

 f
or

 a
 l

ife
tim

e.
 O

th
er

 r
isk

s 
ha

ve
 b

ee
n 

re
po

rte
d 

es
pe

ci
al

ly
 f

or
 P

U
V

A
 a

s 
oc

ul
ar

 d
am

ag
e,

 l
en

tig
in

es
, 

ac
ce

le
ra

te
d 

ph
ot

oa
ge

in
g 

w
hi

ch
 c

an
 b

e 
pr

ev
en

te
d 

w
ith

 g
oo

d 
pr

ot
ec

tio
n 

an
d 

tre
at

m
en

t a
da

pt
at

io
n.

  
Th

at
 is

 a
 s

af
e 

an
d 

ef
fe

ct
iv

e 
tre

at
m

en
t 

fo
r 

m
od

er
at

e 
to

 s
ev

er
e 

ps
or

ia
si

s 
an

d 
co

ns
id

er
ed

 a
s 

fir
st

-li
ne

 
tre

at
m

en
t w

he
n 

to
pi

ca
l t

re
at

m
en

t r
es

po
ns

e 
is

 in
ad

eq
ua

te
. 
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er

ap
y 

Ps
or

al
en

s 
as

so
ci

at
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ra
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at
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w
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bi
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N
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 b
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ng
ly

 to
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e 
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ub
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al
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N
A
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 e
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in
g 
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on
tro

l 
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er
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 c
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 Ta
bl

e 
3.

 C
on

ve
nt

io
na

l s
ys

te
m

ic
 a

nt
i-p

so
ria

tic
 th

er
ap

ie
s 

C
la

ss
 o

f d
ru

g 
D

ru
g 

M
ec

ha
ni

sm
 o

f a
ct

io
n 

R
em

ar
ks

 
R

ef
er

en
ce

 

Fo
lic

 a
ci

d 
an

al
og

ue
 

        

M
et

ho
tre

xa
te

 

  

It 
in

hi
bi

ts
 c

om
pe

tit
iv

el
y 

th
e 

di
hy

dr
of

ol
at

e 
re

du
ct

as
e 

an
d 

se
ve

ra
l o

th
er

 fo
la

te
 

de
pe

nd
en

t e
nz

ym
es

. T
he

 in
hi

bi
tio

n 
of

 th
ym

id
yl

at
e 

an
d 

pu
rin

e 
sy

nt
he

si
s, 

su
bs

eq
ue

nt
ly

 th
e 

in
hi

bi
tio

n 
of

 th
e 

sy
nt

he
si

s o
f D

N
A

 a
nd

 R
N

A
, i

s t
he

 p
rin

ci
pa

l 
ef

fe
ct

 w
hi

ch
, w

he
n 

it 
af

fe
ct

s a
ct

iv
at

ed
 T

 c
el

ls 
an

d 
ke

ra
tin

oc
yt

es
, l

ea
ds

 to
 

an
tip

ro
lif

er
at

iv
e 

an
d 

im
m

un
om

od
ul

at
or

y 
pr

op
er

tie
s. 

 

Fo
r o

ra
l a

dm
in

is
tra

tio
n,

 th
e 

do
se

 is
 a

dm
in

is
te

re
d 

on
ce

 a
 w

ee
k 

in
 a

 si
ng

le
 d

os
e 

or
 d

iv
id

ed
 in

to
 th

re
e 

in
di

vi
du

al
 d

os
es

 a
t 1

2 -
h 

in
te

rv
al

s. 
It 

is 
re

co
m

m
en

de
d 

no
t t

o 
ex

ce
ed

 3
0 

m
g 

pe
r w

ee
k.

 T
hi

s d
os

in
g 

re
gi

m
en

 is
 d

es
ig

ne
d 

to
 p

re
ve

nt
 a

dv
er

se
 e

ffe
ct

s. 
Th

e 
in

iti
al

 d
os

e 
is 

ra
ng

ed
 fr

om
 5

 to
 1

0 
m

g;
 

su
bs

eq
ue

nt
ly

, t
he

 d
os

e 
is 

in
cr

ea
se

d 
pr

og
re

ss
iv

el
y 

in
 fu

nc
tio

n 
of

 th
e 

th
er

ap
eu

tic
 re

sp
on

se
. T

he
 te

st
 

do
se

 u
se

d 
in

 se
ni

or
s a

n d
 re

na
l i

m
pa

irm
en

t p
at

ie
nt

s i
s 2

.5
 m

g 
be

ca
us

e 
of

 th
e 

ris
k 

of
 m

et
ho

tre
xa

te
 

ac
cu

m
ul

at
io

n.
 S

ev
er

al
 w

ee
ks

 o
f t

re
at

m
en

t a
re

 n
ec

es
sa

ry
 to

 a
ch

ie
ve

 th
e 

en
tir

e 
cl

in
ic

al
 re

sp
on

se
.  

Th
is 

dr
ug

 is
 n

ot
 a

dv
isa

bl
e 

fo
r s

ho
rt -

te
rm

 in
du

ct
io

n 
th

er
ap

y 
be

ca
us

e 
of

 it
s s

lo
w

 o
ns

et
 o

f a
ct

io
n,

 b
ut

 m
or

e 
ad

ap
te

d 
fo

r l
on

g -
te

rm
 th

er
ap

y 
se

ei
ng

 th
at

 th
e 

ef
fic

ac
y 

of
 m

et
ho

tre
xa

te
 c

on
tin

ue
s t

o 
in

cr
ea

se
 w

ith
 

lo
ng

er
 tr

ea
tm

en
t. 

Pr
oc

ol
la

ge
n 

ty
pe

 II
I N

-te
rm

in
al

 p
ep

tid
e 

(P
II

IN
P)

 m
ea

su
re

m
en

t  
in

 se
ru

m
 s

ho
ul

d 
be

 
pe

rfo
rm

ed
 b

ef
or

e 
in

iti
at

in
g 

m
et

ho
tre

xa
te

 a
nd

 su
bs

eq
ue

nt
ly

 e
ve

ry
 3

 m
on

th
s.T

he
 m

os
t f

re
qu

en
t s

id
e 

ef
fe

ct
s a

re
 m

ye
lo

su
pp

re
ss

io
n 

an
d 

he
pa

to
to

xi
ci

ty
, g

as
tro

in
te

st
in

al
 u

lc
er

at
io

ns
, a

nd
 a

lso
 v

er
y 

ra
re

, b
ut

 
se

ve
re

 id
io

sy
nc

ra
tic

 re
ac

tio
ns

; t
he

y 
ca

n 
be

 p
re

ve
nt

ed
 b

y 
in

tro
du

ci
ng

 fo
lic

 a
ci

d.
 C

om
bi

na
tio

n 
w

ith
 

U
V

B 
or

 P
U

V
A

 th
er

ap
y 

in
cr

ea
se

s t
he

 e
ffi

ca
cy

, b
ut

 w
ith

 a
 p

ot
en

tia
l r

isk
 o

f g
re

at
er

 p
ho

to
to

xi
ci

ty
, 

es
pe

ci
al

ly
 fo

r P
U

V
A

. C
om

bi
na

tio
n 

w
ith

 c
yc

lo
sp

or
in

e 
or

 fu
m

ar
ic

 a
ci

d 
is 

po
ss

ib
le

, b
ut

  
im

m
un

os
up

pr
es

si
on

 in
cr

ea
se

s. 
C

om
bi

na
tio

n 
w

ith
 re

tin
oi

ds
 is

 p
os

sib
le

 b
ut

 h
ep

at
ot

ox
ic

ity
 in

cr
ea

se
s. 
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Im
m
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or
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or
in
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ct

s b
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nd

in
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 im

m
un
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 c
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lo
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e 
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m
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hi
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 c
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hi
ch
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as
e 
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tiv
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f t
he

 c
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um

 c
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m
od
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in

- c
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in

 c
om
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 tr
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oc
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n 
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at
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 c
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t c
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 T
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s 
m
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y 
in
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 m
ak

in
g 
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po

rin
e 

a 
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e 
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m
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up
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nt
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C
ic

lo
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or
in

e 
is 
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er

m
 th

er
ap

y 
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r 2
 to

 4
 m

on
th

s w
ith

 th
e 

po
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ib
ili
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 to
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pe

at
 c

ou
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 tr

ea
tm

en
t a

t i
nt

er
va

ls.
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on
tin

uo
us

 lo
ng

-te
rm

 th
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ap
y 

ov
er
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 p

er
io

d 
of
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 to
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 c
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de
re

d 
m

or
e 
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. T
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bi
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y 
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 c
ic

lo
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in
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tio

n 
of

 se
ve
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l p

ar
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et
er

s (
th

e 
in

te
st

in
al

 
tra

ns
po

rte
r p

ro
te

in
 p

-g
ly

co
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ot
ei
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(P

-g
p)

 a
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iv
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, m
et
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is
m

 b
y 

C
Y
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A

4 
an

d 
C

Y
P3

A
5 

iso
en

zy
m

es
) s

ub
je

ct
ed

 to
 g

en
et

ic
 p

ol
ym

or
ph

is
m

 th
at

  h
av

e 
to

 b
e 

ta
ke

n 
in

to
 a

cc
ou

nt
 to

 d
et

er
m

in
e 

th
e 

op
tim

al
 d

os
e.

 B
ec

au
se

 o
f t

he
se

 p
ar

am
et

er
s, 

dr
ug

 in
te

ra
ct

io
ns

 a
re

 fr
eq

ue
nt

. I
ts

 e
ffe

ct
 is

 re
ve

rs
ib

le
, a

nd
 

it 
ha

s 
ne

ith
er

 m
ye

lo
to

xi
c 

no
r m

ut
ag

en
ic

 p
ro

pe
rti

es
. T

he
 re

co
m

m
en

de
d 

in
iti

al
 d

os
ag

e 
of

 c
ic

lo
sp

or
in

 
is 

ge
ne

ra
lly

 2
.5

 to
 3

 m
g/

kg
 d

ai
ly

 a
dm

in
is

te
re

d 
in

 tw
o 

di
vi

de
d 

do
se

 d
ur

in
g 

4 
w

ee
ks

 to
 o

bs
er

ve
 a

 
cl

in
ic

al
 im

pr
ov

em
en

t.T
he

 m
ax

im
um

 re
sp

on
se

 is
 o

bt
ai

ne
d 

af
te

r a
bo

ut
 8

-1
6 

w
ee

ks
. 5

 m
g/

kg
 d

ai
ly

 
co

ul
d 

be
 u

se
d 

in
 se

ve
re

 p
so

ria
si

s w
he

re
 a

 ra
pi

d 
ef

fe
ct

 is
 w

an
te

d 
bu

t t
he

 ri
sk

 o
f s

id
e 

ef
fe

ct
s i

s h
ig

he
r. 

Th
e 

ab
ru

pt
 st

op
 o

f c
ic

lo
sp

or
in

e 
m

us
t b

e 
av

oi
de

d 
be

ca
us

e 
it 

ha
s b

ee
n 

re
po

rte
d 

an
 in

cr
ea

se
 o

f t
he

 
re

la
ps

e 
ra

te
 a

nd
 a

 re
du

ct
io

n 
of

 th
e 

pe
rio

d 
un

til
 re

la
ps

e.
 A

 g
ra

du
al

 re
du

ct
io

n 
of

 th
e 

do
se

 is
 

re
co

m
m

en
de

d 
by

 1
m

g/
kg

 in
cr

em
en

ts
 e

ve
ry

 w
ee

k 
o v

er
 4

 w
ee

ks
, o

r a
 re

du
ct

io
n 

of
 0

.5
 to

 1
 m

g/
kg

 
ev

er
y 

2 
w

ee
ks

. L
on

g-
te

rm
 th

er
ap

y 
is 

us
ed

 in
 e

xc
ep

tio
n 

ca
se

s a
fte

r o
th

er
 th

er
ap

eu
tic

 o
pt

io
ns

 fa
ile

d 
be

ca
us

e 
of

 p
os

sib
le

 a
dv

er
se

 e
ffe

ct
s, 

es
pe

ci
al

ly
 c

ut
an

eo
us

 m
al

ig
na

nc
ie

s. 
Th

e 
do

si
ng

 re
gi

m
en

 
pr

op
os

ed
 is

 a
n 

in
iti

al
 tr

ea
tm

en
t w

ith
 3

.0
–5

.0
 m

g/
kg

/d
ay

, a
fte

r r
em

iss
io

n 
ev

er
y 

2 
w

ee
ks

 d
ec

re
as

e 
to

 a
 

m
ai

nt
en

an
ce

 d
os

ag
e 

of
 0

.5
–3

.0
 m

g/
kg

/d
ay

. T
he

 m
os

t f
re

qu
en

t a
dv

er
se

 e
ff

ec
ts

 a
re

 n
ep

hr
ot

ox
ic

ity
 

(d
os

e 
de

pe
nd

en
t, 

irr
ev

er
si

bl
e 

w
ith

 lo
ng

 te
rm

 th
er

ap
y)

, h
yp

er
te

ns
io

n,
 g

in
gi

va
l h

yp
er

pl
as

ia
; r

ev
er

si
bl

e 
he

pa
to

ga
st

ric
 c

om
pl

ai
nt

s (
do

se
 d

ep
en

de
nt

); 
tre

m
or

; w
ea

rin
es

s;
 h

ea
da

ch
e;

 b
ur

ni
ng

 se
ns

at
io

n 
in

 h
an

ds
 

an
d 

fe
et

; r
ev

er
si

bl
e 

el
ev

at
ed

 b
lo

od
 li

pi
ds

 (e
sp

ec
ia

lly
 in

 c
om

bi
na

tio
n 

w
ith

 c
or

tic
os

te
ro

id
s)

; 
hy

pe
rtr

ic
ho

si
s. 

Th
e 

ris
k 

of
 d

ev
el

op
in

g 
ly

m
ph

op
ro

lif
er

at
iv

e 
di

so
rd

er
s a

nd
 o

th
er

 m
al

ig
na

nt
 tu

m
ou

rs
 

af
fe

ct
in

g 
of

te
n 

th
e 

sk
in

 h
as

 to
 b

e 
ta

ke
n 

in
to

 a
cc

ou
nt

. T
he

 tr
ea

tm
en

t m
od

al
iti

es
 (d

os
e,

 d
ur

at
io

n)
 a

nd
 

pr
ev

io
us

/c
on

co
m

ita
nt

 th
er

ap
ie

s (
m

et
ho

tre
xa

te
, p

ho
to

ch
em

ot
he

ra
py

) i
nc

re
as

e 
th

is 
ris

k.
 N

o 
in

cr
ea

se
d 

ris
k 

of
 in

fe
ct

io
ns

 in
 p

so
ria

si
s 

vu
lg

ar
is 

ha
s b

ee
n 

id
en

tif
ie

d 
al

th
ou

gh
 c

as
e 

re
po

rts
 h

av
e 

 b
ee

n 
de

sc
rib

ed
 

in
 p

at
ie

nt
s w

ith
 p

so
ria

tic
 a

rth
rit

is.
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R
et

in
oi

d 

          

A
ci

tre
tin

 
R

et
in

oi
ds

 m
od

ul
at

e 
th

e 
pr

ol
ife

ra
tio

n 
an

d 
fa

vo
ur

 th
e 

di
ffe

re
nc

ia
tio

n 
of

 e
pi

de
rm

al
 

ke
ra

tin
oc

yt
es

. 
Th

ei
r 

an
tip

ro
lif

er
at

iv
e 

ac
tio

n 
re

du
ce

s 
de

sq
ua

m
at

io
n,

 e
ry

th
em

a,
 

an
d 

th
e 

ov
er

al
l 

th
ic

kn
es

s 
of

 t
he

 p
so

ria
si

s 
pl

aq
ue

s. 
Th

ey
 h

av
e 

a 
ro

le
 i

n 
th

e 
m

od
ul

at
io

n 
of

 t
he

 T
-c

el
l 

re
sp

on
se

, 
th

e 
in

hi
bi

tio
n 

of
 c

he
m

ot
ax

is,
 a

nd
 t

he
 

ac
tiv

at
io

n 
of

 p
ol

ym
or

ph
on

uc
le

ar
 le

uk
oc

yt
es

. T
he

ir 
an

ti-
in

fla
m

m
at

or
y 

pr
op

er
tie

s 
al

lo
w

 th
e 

re
du

ct
io

n 
of

 in
tra

ep
id

er
m

al
 m

ig
ra

tio
n 

of
 n

eu
tro

ph
ils

. T
he

y 
in

hi
bi

t I
L-

6 -
dr

iv
en

 
in

du
ct

io
n 

of
 

Th
17

 
ce

lls
 

w
hi

ch
 

pr
om

ot
e 

th
e 

T 
re

gu
la

to
ry

 
ce

lls
 

di
ffe

re
nc

ia
tio

n.
 T

he
y 

bi
nd

 to
 R

A
R

 a
nd

 R
X

R
 n

uc
le

ar
 r

ec
ep

to
rs

, a
ct

iv
at

in
g 

al
l 3

 
su

bt
yp

es
 (

 α
,β

,ɣ
 )

 a
nd

 m
od

ul
at

in
g 

th
e 

ge
ne

s 
tra

ns
cr

ip
tio

n 
co

di
ng

 f
or

  
pr

ot
ei

ns
 

in
vo

lv
ed

 i
n 

ps
or

ia
si

s 
le

sio
ns

. 
 T

he
y 

an
ta

go
ni

ze
 a

lso
 t

ra
ns

cr
ip

tio
n 

fa
ct

or
s,

 
co

m
pe

tin
g 

w
ith

 c
oa

ct
iv

at
or

 p
ro

te
in

s 
w

hi
ch

 a
re

 e
ss

en
tia

l 
fo

r 
th

e 
ac

tiv
at

io
n 

of
 

ge
ne

s 
(s

pe
ci

fic
 to

 a
ci

tre
tin

, n
ot

 to
 a

ll 
re

tin
oi

ds
). 

Th
ey

 e
xe

rt 
an

 in
di

re
ct

 e
ffe

ct
 b

y 
in

hi
bi

tin
g 

ce
rta

in
 

ge
ne

s 
th

at
 

re
gu

la
te

 
pr

ol
ife

ra
tio

n,
 

an
gi

og
en

es
is,

 
an

d 
in

fla
m

m
at

io
n 

in
 p

so
ria

si
s.

 

Th
es

e 
m

ol
ec

ul
es

 a
re

 n
ot

 c
on

si
de

re
d 

to
 b

e 
cy

to
to

xi
c 

or
 i

m
m

un
os

up
pr

es
si

ve
. 

Th
at

 i
s 

th
e 

fir
st

-li
ne

 
op

tio
n 

in
 p

us
tu

la
r p

so
ria

si
s 

an
d 

ps
or

ia
tic

 e
ry

th
ro

de
rm

a.
 T

he
 re

co
m

m
en

de
d 

in
iti

al
 d

os
e 

of
 a

ci
tre

tin
 to

 
tre

at
 p

la
qu

e 
ps

or
ia

si
s 

is 
10

 to
 2

0 
m

g/
d 

du
rin

g 
4 

w
ee

ks
. T

he
n,

 t
he

 t
re

at
m

en
t 

re
sp

on
se

 is
 a

ss
es

se
d.

 
U

su
al

ly
, 

th
e 

do
se

 i
s 

gr
ad

ua
lly

 i
nc

re
as

ed
 t

o 
ac

hi
ev

e 
th

e 
m

in
im

al
 e

ffe
ct

iv
e 

do
se

. T
he

 m
ai

nt
en

an
ce

 
re

gi
m

en
 ra

ng
es

 b
et

w
ee

n 
25

 a
nd

 5
0 

m
g/

d.
 P

so
ria

tic
 le

si
on

s 
cl

ea
ra

nc
e 

is
 ra

pi
d 

w
he

n 
th

e 
st

ar
tin

g 
do

se
 

is 
hi

gh
er

, 
bu

t 
th

e 
ris

k 
of

 m
uc

oc
ut

an
eo

us
 a

dv
er

se
 e

ffe
ct

s 
in

cr
ea

se
s. 

C
om

bi
na

tio
n 

w
ith

 t
op

ic
al

 
tre

at
m

en
ts

 (
ca

lc
ip

ot
rio

l) 
or

 p
ho

to
(c

he
m

o)
th

er
ap

y 
is

 o
fte

n 
us

ed
 i

n 
ch

ro
ni

c 
pl

aq
ue

 p
so

ria
si

s 
fo

r 
op

tim
al

 e
ff

ic
ac

y.
 M

on
ot

he
ra

py
 i

s 
ad

vi
se

d 
fo

r 
er

yt
hr

od
er

m
ic

 o
r 

pu
st

ul
ar

 p
so

ria
si

s. 
V

ita
m

in
 A

 
to

xi
ci

ty
, c

on
ju

nc
tiv

al
 in

fla
m

m
at

io
n,

 h
ai

r l
os

s, 
se

ns
iti

vi
ty

 a
nd

 h
yp

er
lip

id
ae

m
ia

 a
re

 th
e 

m
os

t f
re

qu
en

t 
sid

e 
ef

fe
ct

s. 
A

 ri
sk

 o
f b

on
e 

to
xi

ci
ty

 a
nd

 te
ra

to
ge

ni
ci

ty
 im

po
se

 a
 c

ar
ef

ul
 in

iti
at

io
n.

 E
tre

tin
at

e 
ha

s b
ee

n 
re

po
rte

d 
as

 m
or

e 
ef

fe
ct

iv
e 

th
an

 a
ci

tre
tin

,b
ut

 l
on

ge
r 

ha
lf-

lif
e,

 l
ow

er
 l

ip
op

hi
lia

 m
ak

e 
its

 u
se

 m
or

e 
co

m
pl

ic
at

ed
.  

[8
3,

84
]  

 

        

Et
re

tin
at

e 
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Fu
m

ar
ic

 a
ci

d 
es

te
rs

 

                    

D
im

et
hy

l f
um

ar
at

e 
(D

M
F)

 

                    

D
M

F 
in

te
ra

ct
s 

w
ith

 i
nt

ra
- 

an
d 

ex
tra

ce
llu

la
r 

th
io

l 
gr

ou
p 

of
 g

lu
ta

th
io

ne
 w

hi
ch

 
be

co
m

es
 o

xi
di

ze
d.

 R
eb

al
an

ci
ng

 t
o 

th
e 

re
du

ce
d 

fo
rm

 i
nh

ib
its

 r
ed

ox
-s

en
si

tiv
e 

ki
na

se
s, 

an
d 

by
 d

om
in

o 
ef

fe
ct

, h
in

de
rs

 p
ho

sp
ho

ry
la

tio
n 

an
d 

ub
iq

ui
tin

at
io

n 
of

 th
e 

in
hi

bi
to

r 
of

 n
uc

le
ar

 f
ac

to
r 

ka
pp

a 
B

 (
I -

κB
), 

w
hi

ch
 r

ed
uc

es
 t

ra
ns

lo
ca

tio
n 

of
 

nu
cl

ea
r 

fa
ct

or
 

ka
pp

a 
B

 
(N

F -
κB

) 
fro

m
 

th
e 

cy
to

so
l 

in
to

 
th

e 
nu

cl
eu

s.
 

Su
bs

eq
ue

nt
ly

, 
Th

e 
N

F -
κB

-m
ed

ia
te

d 
tra

ns
cr

ip
tio

n 
of

 
in

tra
ce

llu
la

r 
m

ed
ia

to
rs

 (t
um

ou
r 

ne
cr

os
is 

fa
ct

or
 a

lp
ha

 (T
N

F -
α)

 o
r i

nt
er

le
uk

in
 8

 (I
L-

8)
) a

nd
 o

f 
ad

he
si

on
 m

ol
ec

ul
es

 (
E -

se
le

ct
in

, I
C

A
M

-1
, a

nd
 V

C
A

M
-1

) 
is 

bl
oc

ke
d.

 D
M

F 
an

d 
its

 m
et

ab
ol

ite
 (

m
on

om
et

hy
l 

fu
m

ar
at

e)
 i

nh
ib

it 
th

e 
m

at
ur

at
io

n 
of

 d
en

dr
iti

c 
ce

lls
, 

w
hi

ch
 a

re
 r

es
po

ns
ib

le
 f

or
 i

ni
tia

tio
n 

of
  

th
e 

in
fla

m
m

at
or

y 
re

sp
on

se
 v

ia
 t

he
 

tri
gg

er
in

g 
an

d 
th

e 
m

ai
nt

en
an

ce
 o

f i
m

m
un

ol
og

ic
 re

ac
tio

ns
 .A

n 
im

po
rta

nt
 p

ro
pe

rty
 

of
 D

M
F 

 c
an

 a
lso

 in
du

ce
 a

po
pt

os
is,

 e
sp

ec
ia

lly
 in

 a
ct

iv
at

ed
 T

 c
el

ls.
 

Th
e 

re
co

m
m

en
de

d 
m

ax
im

al
 d

os
e 

is 
1.

2 
g 

da
ily

 F
um

ad
er

m
®

 (
eq

ua
ls 

72
0 

m
g 

D
M

F)
. 

Th
e 

do
si

ng
 

re
gi

m
en

 i
s 

es
ta

bl
is

he
d 

sp
ec

ifi
ca

lly
 t

o 
a 

pa
tie

nt
 i

n 
fu

nc
tio

n 
of

 t
he

 e
ffe

ct
iv

e 
m

in
im

al
 d

os
e 

an
d 

th
e 

cl
in

ic
al

 to
le

ra
nc

e.
 C

lin
ic

al
ly

 s
ig

ni
fic

an
t i

m
pr

ov
em

en
t s

ee
n 

af
te

r 6
 to

 8
 w

ee
ks

 o
f t

he
ra

py
; m

ai
nt

ai
ne

d 
du

rin
g 

pr
ol

on
ge

d 
tre

at
m

en
t. 

Bo
th

 
in

du
ct

io
n 

an
d 

lo
ng

-te
rm

 
th

er
ap

y 
ar

e 
ef

fe
ct

iv
e.

  
N

o 
ris

k 
of

 r
eb

ou
nd

 p
he

no
m

en
a 

or
 p

us
tu

la
r 

ex
ac

er
ba

tio
ns

 a
fte

r 
ab

ru
pt

 s
to

p 
ha

s 
be

en
 r

ep
or

te
d.

 T
he

 
m

os
t 

fr
eq

ue
nt

 
ad

ve
rs

e 
ef

fe
ct

s 
ar

e 
ga

st
ro

in
te

st
in

al
 

an
d 

flu
sh

 
sy

m
pt

om
s, 

ly
m

ph
oc

yt
op

en
ia

, 
eo

si
no

ph
ili

a.
 T

he
 r

isk
–b

en
ef

it 
an

al
ys

is
 o

f 
fu

m
ar

at
es

 is
 c

le
ar

ly
 p

os
iti

ve
 (

no
 d

ru
g–

dr
ug

 i
nt

er
ac

tio
ns

 
id

en
tif

ie
d,

 a
bs

en
ce

 o
f 

im
m

un
os

up
pr

es
si

ve
 e

ffe
ct

s, 
sa

fe
 l

on
g -

te
rm

 t
re

at
m

en
t 

be
ca

us
e 

no
 i

nc
re

as
ed

 
ris

k 
of

 i
nf

ec
tio

ns
 o

r 
m

al
ig

na
nc

ie
s)

. 
C

om
bi

na
tio

n 
th

er
ap

y 
w

ith
 a

no
th

er
 s

ys
te

m
ic

 t
re

at
m

en
t 

is 
no

t 
re

co
m

m
en

de
d 

be
ca

us
e 

of
 a

 
la

ck
 o

f 
ex

pe
rie

nc
e.

 H
ow

ev
er

, 
th

e 
su

cc
es

sf
ul

 c
om

bi
na

tio
n 

w
ith

 
m

et
ho

tre
xa

te
 o

r c
ic

lo
sp

or
in

 h
as

 b
ee

n 
re

po
rte

d 
as

 b
ei

ng
 e

ffe
ct

iv
e 

in
 c

as
e 

re
po

rts
. F

um
ad

er
m

®
 m

ay
 b

e 
co

m
bi

ne
d 

w
ith

 a
ny

 t
op

ic
al

 a
nt

i -p
so

ria
tic

 m
ed

ic
at

io
n.

 C
om

bi
na

tio
n 

w
ith

 t
op

ic
al

 t
re

at
m

en
ts

 i
s 

re
co

m
m

en
de

d,
 e

sp
ec

ia
lly

 w
ith

 c
al

ci
po

tri
ol

 w
ho

se
 a

ss
oc

ia
tio

n 
is 

de
sc

rib
ed

 l
ik

e 
sy

ne
rg

is
tic

al
ly

 
be

ne
fic

ia
l. 

C
om

bi
na

tio
n 

w
ith

 U
V

 l
ig

ht
 (

U
V

B,
 P

U
V

A
) 

is 
po

ss
ib

le
 d

ur
in

g 
th

e 
fir

st
 3

 w
ee

ks
 o

f 
tre

at
m

en
t. 

[8
5]

  

                    

Im
m

un
os

up
pr

es
so

r 

      

A
za

th
io

pr
in

e 

      

Th
is 

dr
ug

 a
ct

s b
y 

su
pp

re
ss

in
g 

ac
tiv

at
ed

 T
 ly

m
ph

oc
yt

e 
ce

lls
 le

ad
in

g 
to

 a
 c

yt
ok

in
e 

pr
od

uc
tio

n 
st

op
 a

nd
 th

er
ef

or
e 

a 
re

gu
la

tio
n 

of
 th

e 
pr

ol
ife

ra
tio

n 
of

 k
er

at
in

oc
yt

es
. 

A
za

th
io

pr
in

e 
w

as
 u

se
d 

as
 in

te
rm

itt
en

t h
ig

h 
do

se
 o

f 5
00

 m
g 

on
 3

 c
on

se
cu

tiv
e 

da
ys

, r
ep

ea
te

d 
ev

er
y 

m
on

th
 o

n 
th

e 
sa

m
e 

da
te

 a
lo

ng
 w

ith
 c

on
tin

uo
us

 lo
w

 d
os

e 
of

 1
00

 m
g 

or
al

ly
 g

iv
en

 d
ai

ly
 b

et
w

ee
n 

hi
gh

 
do

se
s. 

Fe
w

 w
ee

ks
 a

re
 re

qu
ire

d 
to

 se
e 

ef
fe

ct
iv

en
es

s b
ut

 a
 p

ro
lo

ng
ed

 a
nd

 d
ur

ab
le

 re
m

is
si

on
 u

nt
il 

3 
ye

ar
s 

m
ay

 b
e 

ob
ta

in
ed

.  

[8
6]

  

      

     Ta
bl

e 
4.

 B
io

lo
gi

c 
an

ti-
ps

or
ia

tic
 th

er
ap

ie
s 

C
la

ss
 o

f d
ru

g 
D

ru
g 

M
ec

ha
ni

sm
 o

f a
ct

io
n 

R
em

ar
ks

 
R

ef
er

en
ce
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A
nt

i-T
N

Fα
 

            

A
da

lim
um

ab
 

    

Th
at

 is
 a

 re
co

m
bi

na
nt

 h
um

an
 im

m
un

og
lo

bu
lin

 G
1 

(I
gG

1)
 m

on
oc

lo
na

l a
nt

ib
od

y.
 It

 
bi

nd
s w

ith
 h

ig
h 

af
fin

ity
 a

nd
 sp

ec
ifi

ci
ty

 to
 so

lu
bl

e 
TN

F-
α 

(tu
m

or
 n

ec
ro

si
s 

fa
ct

or
 

al
ph

a)
 in

 o
rd

er
 to

 b
lo

ck
 it

s b
io

lo
gi

ca
l f

un
ct

io
n.

 T
N

F 
be

co
m

es
 in

ca
pa

bl
e 

to
 

in
te

ra
ct

 w
ith

 th
e 

p5
5 

an
d 

p7
5 

ce
ll 

su
rfa

ce
 T

N
F 

re
ce

pt
or

s. 
It 

al
so

 m
od

ul
at

es
 T

N
F 

de
pe

nd
en

t b
io

lo
gi

ca
l p

ro
ce

ss
us

 th
at

 a
re

 in
du

ce
d 

or
 re

gu
la

te
d 

by
 T

N
F.

 It
s e

ffe
ct

 
re

su
lts

 in
 a

 d
ec

re
as

e 
of

 se
ru

m
 c

yt
ok

in
es

 a
nd

 a
cu

te
-p

ha
se

 re
ac

ta
nt

s o
f 

in
fla

m
m

at
io

n 
(C

-re
ac

tiv
e 

pr
ot

ei
n 

[C
R

P]
, e

ry
th

ro
cy

te
 se

di
m

en
ta

tio
n 

[E
SR

]).
 

Th
e 

re
co

m
m

en
de

d 
in

iti
al

 d
os

e 
is 

80
 m

g 
th

e 
fir

st
 w

ee
k 

w
ith

 a
 m

ai
nt

en
an

ce
 d

os
e 

of
 4

0 
m

g 
pe

r w
ee

k.
 

Th
e 

cl
in

ic
al

 re
sp

on
se

 is
 e

xp
ec

te
d 

af
te

r 4
 w

ee
ks

. T
he

 m
os

t f
re

qu
en

t s
id

e 
ef

fe
ct

s a
re

 in
je

ct
io

n-
si

te
 

re
ac

tio
ns

, u
pp

er
 re

sp
ira

to
ry

 tr
ac

t i
nf

ec
tio

n,
 h

ea
da

ch
e,

 ra
sh

, a
nd

 si
nu

si
tis

. I
nf

ec
tio

ns
 a

re
 v

er
y 

ra
re

 
bu

t s
ev

er
e.

 C
om

bi
na

tio
n 

w
ith

 to
pi

ca
l a

nt
ip

so
ria

tic
 th

er
ap

ie
s (

co
rti

co
st

er
oi

ds
 a

nd
 v

ita
m

in
 D

) a
re

 
po

ss
ib

le
 d

ur
in

g 
ad

al
im

um
ab

 th
er

ap
y 

an
d 

so
m

e 
ca

se
 re

po
rts

 m
en

tio
n 

th
e 

as
so

ci
at

on
 w

ith
 re

tin
oi

ds
. 

Th
e 

co
m

bi
na

tio
n 

w
ith

 p
ho

to
th

er
ap

y 
is 

lim
ite

d 
be

ca
us

e 
of

 th
e 

p o
te

nt
ia

l r
isk

 o
f s

ki
n 

m
al

ig
na

nc
ie

s 
de

ve
lo

pm
en

t. 

[8
3]

   

    

Et
an

er
ce

pt
 

It 
is 

a 
hu

m
an

 d
im

er
ic

 fu
si

on
 p

ro
te

in
 fo

rm
ed

 b
y 

th
e 

ex
tra

ce
llu

la
r l

ig
an

d-
bi

nd
in

g 
do

m
ai

n 
of

 th
e 

TN
F -

α 
re

ce
pt

or
 a

nd
 th

e 
Fc

 p
or

tio
n 

of
 h

um
an

 im
m

un
og

lo
bu

lin
 G

1.
 

Et
an

er
ce

pt
 b

in
ds

 to
 th

e 
TN

F -
α 

to
 in

hi
bi

t i
ts

 p
ro

in
fla

m
m

at
or

y 
ac

tiv
ity

 b
y 

bl
oc

ki
ng

 
in

te
r a

ct
io

ns
 w

ith
 it

s c
el

l s
ur

fa
ce

 re
ce

pt
or

s. 
 

Th
e 

re
co

m
m

en
de

d 
in

iti
al

 d
os

e 
is 

2 
× 

25
 o

r 2
 ×

 5
0 

m
g 

w
ee

kl
y 

du
rin

g 
12

 w
ee

ks
 w

ith
 a

 m
ai

nt
en

an
ce

 
do

se
 o

f 2
 ×

 2
5 

or
 2

 ×
 5

0 
m

g 
w

ee
kl

y 
du

rin
g 

24
 w

ee
ks

 m
ax

im
um

 d
ef

in
ed

 in
 fu

nc
tio

n 
of

 th
e 

th
er

ap
eu

tic
 re

sp
on

se
 d

ur
in

g 
th

e 
in

du
ct

io
n 

th
er

ap
y.

 T
he

 m
os

t f
re

qu
en

t a
dv

er
se

 e
ffe

ct
s a

re
 In

je
ct

io
n-

sit
e 

re
ac

tio
ns

, i
nf

ec
tio

ns
 (u

pp
er

 re
sp

ira
to

ry
 tr

ac
t, 

br
on

ch
iti

s, 
sk

in
 in

fe
ct

io
ns

) a
nd

 p
ru

rit
us

. 
C

om
bi

na
tio

n 
w

ith
 m

et
ho

tre
xa

te
 is

 u
nd

er
 in

ve
st

ig
at

io
n 

in
 p

so
ria

si
s, 

bu
t c

om
m

on
 in

 rh
eu

m
at

ol
og

y.
 

C
om

bi
na

tio
n 

w
ith

 fu
m

ar
ic

 a
ci

d 
es

te
rs

 is
 p

os
sib

le
 w

ith
 a

 ri
sk

 o
f  

ly
m

ph
op

en
ia

.C
om

bi
na

tio
n 

w
ith

 
ph

ot
ot

he
ra

py
 p

re
se

nt
 a

 p
ot

en
tia

l i
nc

re
as

ed
 ri

sk
 o

f s
ki

n 
ca

nc
er

, e
sp

ec
ia

lly
 w

ith
 P

U
V

A
.  

In
fli

xi
m

ab
 

It 
is 

a 
ch

im
er

ic
 a

nt
ib

od
y 

w
ith

 v
ar

ia
bl

e 
re

gi
on

s o
f 

m
ur

in
e 

or
ig

in
 c

ou
pl

ed
 to

 h
um

an
 Ig

G
1 

an
d 

ka
pp

a 
co

ns
ta

nt
 d

om
ai

ns
. T

N
F-

α 
m

ay
 

be
 a

 k
ey

 c
yt

ok
in

e 
bo

th
 in

 th
e 

in
iti

al
 d

ev
el

op
m

en
t p

ha
se

 o
f p

so
ria

sis
 a

nd
 th

e 
m

ai
nt

ai
ni

ng
 o

f t
he

 p
at

ho
lo

gi
c 

pr
oc

es
s v

ia
 a

 c
as

ca
de
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This treatment can be used in combination with topical treatments (emollients or retinoids) to 
promote the penetration of UVB. These rays are very erythematic and impose a strict 
surveillance. UVA phototherapy is also used almost systematically associated with psoralens 
(photo-sensitizing agents). This association is commonly called photochemotherapy or 
PUVA. However, they are considered as second line treatment because of their 
contraindications (hypersensitivity to light, cataracts, liver / renal failure)[9]. 

4.3 Systemic therapy  
Systemic treatments are considered as the last resort to face to the failure of previous 
treatments. These products are very powerful and requires clinical follow-up because of these 
severe side effects. 

4.3.1 Conventional therapy 
Systemic corticosteroids are strictly prohibited due to the risk of rebound worsening of the 
initial condition. Two drugs are usually prescribed at this level of management: methotrexate 
and cyclosporin A. Methotrexate (an analogue of folic acid) acts as a competitive inhibitor of 
an enzyme essential for DNA synthesis, the dihydrofolate reductase, which explains the 
inhibitory effect of cell proliferation. However, many significant side effects have been 
reported such as nausea and vomiting, especially the liver and lung toxicity [91]. Cyclosporin 
A is an immunosuppressant widely used in the field of transplantation and autoimmune 
diseases. This cyclic peptide can form a complex with cyclophilin, intracellular 
immunophilin, inhibiting the phosphatase activity of calcineurin. This results in a depletion of 
macrophages and lymphocytes and inhibition of the activation of T cells, NK cells and 
antigen presenting cells. Moreover, keratinocyte proliferation and histamine release of mast 
cells is also inhibited. In addition, cyclosporin is also the source of a negative regulation of 
the expression of cell adhesion molecules in the endothelium of the dermis capillaries [92]. 
However, cyclosporin A is also at the origin of major adverse effects that prevent its use in 
high doses and / or long-term [93]. Other medicines can be also considered in case of 
inefficiency or intolerance (Table 3). 

 
4.3.2 Biologic therapy 

The considerable advances in recent years in the field of immunopathology and biotechnology 
have allowed an evolution of the market with new treatment possibilities: biological agents 
(Table 5). In the case of psoriasis, these new therapies target T cells in order to address the 
underlying causes of clinical manifestations. However, they are not healing therapies. These 
biological agents are still little known about their tolerance and their adverse effects. It is 
usually antibodies or fusion proteins targeting specific markers involved in the activation and 
/ or proliferation of T cells (cytokines, antigen presenting cells such as dendritic cells). It is 
important to remember that these biologics are very expensive, their effectiveness cannot be 
guaranteed and long-term use is not recommended due to their immunosuppressive potential 
(risk of infections, lymphomas , ect) [5]. 
 

4.4 Psoriatic arthritis therapies  
The therapeutic strategy is based on three conventional drug families: NSAIDs, 
glucocorticoids, DMARDs (synthetic and biological) in function of the phase of the illness 
(Figure 5). NSAID (ibuprofene, nimésulide,ect) is the first-line treatment in patients with 
peripheral psoriatic arthritis. The efficacy has been reported in two studies showing 
significant clinical improvement in inflammed joints. However, no positive effect was 
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observed in skin lesions [94,95]. Local treatments are advised in patients with limited number 
of entheses or joints [96] but usually the treatment is prescribed orally. In general, systemic 
glucocorticoids (methylprednisolone, prednisone) are prescribed orally in polyarticular 
involvement based essentially on expert opinion with an enhancement can reach 2 months 
[97]. Optionally, glucocorticoids may be injected directly into affected joints. Synthetic 
DMARDs can be initiated in case of lack efficiency with NSAIDs to treat oligo- or 
polyarticular psoriatic arthritis. It is largely recommended to promote synthetic DMARDs 
acting on skin lesions and psoriatic arthritis  in patients exhibiting the two clinical 
manifestations like cyclosporine and methotrexate instead of sulfasalazine and leflunomide 
which have limited effectiveness to manage the skin aspect of psoriasis [98]. Biological 
DMARDs offer a broadening of prospects in the treatment of PsA. This drug class is mainly 
represented by anti-TNFα agents. Clinical and radiological enhancement is now largely 
recognized and the benefit/risk ratio is considered by health professionals as positive in 
overall. Several studies have reported that biological therapy must be initiated precociously 
and aggressively for a better clinical outcome in PsA, and that recurrence is frequent after 
discontinuation [64].  

 
4.5. Innovative skin drug delivery systems (ISDDSs) 

At present, the drug array available for psoriasis management allows to consider different 
strategies according to the therapeutic objectives. One of the main lines of research directed 
towards the discovery of new therapies consists to develop new monoclonal antibodies that 
target key elements in the pathogenesis of psoriasis such as cytokines like Ustekinumab or 
Golimumab. Some clinical trials are frequently conducted in order to position these new 
biological therapies in psoriasis management strategy. However, another axis is also 
considered by the research teams oriented towards an enrichment of the therapeutic arsenal by 
leveraging advances in the field of encapsulation to offer innovative skin drug delivery 
systems (ISDDS) improving dermal and / or transdermal penetration of already-known active 
agents but whose use remains cautious because of the associated side effects. 

4.5.1 Nanoencapsulation 
The encapsulation consists in enclosing active agents in a nano- or micro-sized particles. The 
encapsulation of active agents into nanoparticles formulation improves aesthetics, protects 
active agents against degredation, helps to target skin layers and prolongs drug release, offers 
several other advantages as a better patient compliance with a non-invasive administration, 
especially in case of chronic pathology, and a reduction of side effects and therefore an 
improvement of the benefice/risk ratio [99] [100] [101]. 

Many nanoparticles have been formulated to increase percutaneous absorption of active 
agents without damaging the skin barrier function (Fig.3). They may be composed by 
biodegradable polymers/copolymer (PLA, PLGA, PCL, chitosan, ect.) or lipids known to be 
biocompatible with a human use [102] [103] [104]. These nanoparticles developed for skin 
delivery can be classified in two common types of particles: polymeric nanoparticles 
(microsphere/nanosphere, microcapsule/nanocapsule, micelle, niosome, hydrogel) and lipid 
nanoparticles (solid lipid nanoparticle (SLN), nanostructured lipid carrier (NLC), 
microemulsion/nanoemulsion, liposome, ethosome, transfersome), each of them are formed 
by self-assembly or not (Table 6). However, the actual trend is to improve the encapsulation 
technologies by adding the properties of nanoparticles in order to obtain the better 
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characteristics in function of the final application. For example, lipid nanoparticles are 
frequently incorporated in hydrogel in order to enhance the stability of the formulation and 
increase the time residence at the topical action site via a higher viscosity of the vehicles 
[105,106]. Another example is to incorporate polymeric nanoparticles like cyclodextrin 
inclusion complex in lipid nanoparticles like liposome or SLN [107,108] or coat lipid 
nanoparticles with a polymer like microemulsions coated with chitosan  [109]. The submicron 
size and spherical shape of the particles can increase the interfacial area favoring the 
multiplication of interactions with the skin tissue and thus increase the skin permeation. In 
function of the formulation and the size of the nanoparticles, it has been reported a targeting 
effect of the skin sublayers especially the epidermis, the pathogenesis site of psoriasis [110–
113]. 

Moreover, we can see those later years several studies dealing with the use of siRNA gene 
therapy as new approach to treat such skin disease involving many complex 
interactions[178,179]. Gene therapy using siRNA is a post-transcriptional silencing process 
hindering the expression of a specific gene. These small interfering RNAs (siRNA) are 
double-stranded RNA molecules capable to interfere with the expression of particular genes 
thanks to their complementary with the nucleotide sequences leading to mRNA degradation 
after transcription thus blocking the translation step. This promising gene therapy approach 
can be a great answer to difficulties met in the psoriasis management targeting TNF α which 
activates chronic inflammation and stat3 which activates keratinocyte proliferation[180]. To 
date, such therapies are not among the armamentarium used in routine because siRNA 
delivery does not allow currently ensuring effective and safe of a clinical use. ISDDSs 
carrying siRNA appears as an interesting solution to consider a topical treatment of psoriasis. 
We have found in literature (see Table 6) that liquid crystalline nanoparticles[179] and nucleic 
acid lipid nanoparticles (NALPs)[180] are usually used to encapsulate siRNA but not only. 
Liquid crystalline nanoparticles have been also reported to encapsulate drugs like 
cyclosporine A[181] and tacrolimus[182]. Their functionalization with cell-penetrating peptides 
(CPPs) is a strategy used to promote the skin cell uptake across the plasma membrane of 
charged and non-charged oligonucleotides[183].  
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Fig.3 Classification of the different nanocarriers used as innovative skin drug delivery systems (ISDDSs) 
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su

la
te

d 
in

 th
e 

co
re

. 

 
2 

Ta
bl

e 
7.

 IS
D

D
Ss

 d
ev

el
op

ed
 in

 th
es

e 
la

st
 d

ec
ad

es
 w

ith
 a

 p
ot

en
tia

l t
o 

tre
at

 p
so

ria
si

s 
3 

N
an

oc
ar

ri
er

 
D

ru
g 

R
em

ar
k 

R
ef

er
en

ce
 

PL
G

A
/P

LA
 n

an
op

ar
tic

le
s (

pl
us

 z
in

c)
 

Be
ta

m
et

ha
so

ne
  

Th
es

e 
re

su
lts

 s
ug

ge
st

 th
at

 z
in

c 
in

cr
ea

se
s t

he
 e

ffi
ci

en
cy

 o
f e

nc
ap

su
la

tin
g 

be
ta

m
et

ha
so

ne
 p

ho
sp

ha
te

 in
 T

he
se

 
na

no
pa

rti
cl

es
 c

an
 e

nt
ra

p 
a 

la
rg

e 
am

ou
nt

 o
f b

et
am

et
ha

so
ne

 b
y 

ad
di

ng
 z

in
c 

bu
t a

lso
 in

su
re

 su
st

ai
ne

d 
re

le
as

e 
of

 th
e 

ac
tiv

e 
ag

en
t. 

[1
25

]  

PL
G

A
 (p

ol
y(

D
,L

-la
ct

ic
-c

o-
gl

yc
ol

ic
 

ac
id

)) 
na

no
pa

rti
cl

es
  

Be
ta

m
et

ha
so

ne
  

Th
ey

 e
nh

an
ce

 th
e 

dr
ug

 a
cc

um
ul

at
io

n 
in

 e
pi

de
rm

is
 w

hi
ch

 is
 a

 ta
rg

et
in

g 
pr

op
er

ty
, i

n 
co

m
pa

ris
on

 w
ith

 th
e 

co
m

m
er

ci
al

 fo
rm

ul
at

io
n.

  
[1

26
] 

PL
G

A
 n

an
op

ar
tic

le
s 

C
ic

lo
sp

or
in

e 
Ba

se
d 

on
 in

 v
itr

o 
pe

rm
ea

tio
n 

st
ud

ie
s o

n 
ra

t s
ki

n,
 it

 h
as

 b
ee

n 
de

m
on

st
ra

te
d 

an
 in

cr
ea

se
d 

sk
in

 p
en

et
ra

tio
n 

(6
.6

 ti
m

es
 in

 S
C

 a
nd

 4
.8

5 
tim

es
 in

 d
er

m
is

 c
om

pa
re

d 
to

 fr
ee

 d
ru

g)
. T

he
 fo

rm
ul

at
io

n 
is 

co
ns

id
er

ed
 sa

fe
 

be
ca

us
e 

of
 th

e 
ab

se
nc

e 
of

 th
e 

dr
ug

  i
n 

th
e 

re
ce

pt
o r

 c
om

pa
rtm

en
t. 

Pi
lo

se
ba

ce
ou

s r
ou

te
 is

 a
dv

an
ce

d 
af

te
r 

C
LS

M
 st

ud
y.

 

 [1
27

]  

PL
G

A
 m

ic
ro

sp
he

re
s 

C
lo

be
ta

so
l-1

7-
pr

op
io

na
te

 
C

lo
be

ta
so

l l
oa

de
d 

PL
G

A
 m

ic
ro

sp
he

re
s a

llo
w

 si
gn

ifi
ca

nt
ly

 to
 d

el
ay

 th
e 

dr
ug

 re
le

as
e 

th
us

 p
ro

m
ot

in
g 

th
e 

st
ab

ili
ty

 o
f t

he
 fo

rm
ul

at
io

n,
 a

nd
 a

lso
 a

s e
xp

ec
ta

tio
n 

a 
re

du
ct

io
n 

of
 s

id
e 

ef
fe

ct
s.

 
[1

28
]  

PL
G

A
 n

an
op

ar
tic

le
s 

D
ex

am
et

ha
so

ne
 

N
ot

 e
va

lu
at

ed
 in

 v
itr

o 
or

 in
 v

iv
o 

sk
in

 st
ud

ie
s. 

[1
29

]  

Po
ly

(ε
-c

ap
ro

la
ct

on
e)

  (
PC

L)
 

na
no

ca
ps

ul
e  

D
ex

am
et

ha
so

ne
 

N
ot

 e
va

lu
at

ed
 in

 v
itr

o 
or

 in
 v

iv
o 

sk
in

 st
ud

ie
s. 

[1
30

]  

PC
L 

na
no

pa
rti

cl
es

  
H

yd
ro

co
rti

so
ne

  
H

yd
ro

co
rti

so
ne

 lo
ad

ed
 P

C
L 

N
Ps

 y
ie

ld
 a

 g
re

at
 c

on
tro

lle
d 

re
le

as
e 

as
so

ci
at

ed
 w

ith
 a

 fa
st

er
 c

on
tro

l o
f t

he
 

di
se

as
e 

an
d 

a 
re

du
ct

io
n 

of
 to

xi
ci

ty
. T

he
y 

al
so

 sh
ow

ed
 a

 si
gn

ifi
ca

nt
 h

ig
he

r s
ki

n 
pe

rm
ea

tio
n 

co
m

pa
re

d 
to

 
fr

ee
 d

ru
g.

 T
hi

s 
fo

rm
ul

at
io

n 
m

ay
 b

e 
us

ed
 a

t m
or

e 
lo

ng
-te

rm
. 

[1
31

]  

Po
ly

m
er

ic
 m

ic
el

le
 (P

EG
-d

ih
ex

PL
A

 
di

bl
oc

k 
co

po
ly

m
er

) 
C

ic
lo

sp
or

in
e 

C
yc

lo
sp

or
in

e 
lo

ad
ed

 m
ic

el
le

s  
ap

pe
ar

 to
 b

e 
a 

be
tte

r s
ki

n 
de

liv
er

y 
sy

st
em

 th
an

 b
ul

k 
 li

qu
id

 c
ry

st
al

lin
e 

fo
rm

ul
at

io
ns

 (c
yc

lo
sp

or
in

e 
in

 p
ro

py
le

ne
 g

ly
co

l) 
w

ith
 a

 sp
ec

ifi
c 

ta
rg

et
in

g 
of

 th
e 

sk
in

 w
ith

ou
t n

on
e 

tra
ns

de
rm

al
 p

er
m

ea
tio

n.
 

[1
32

]  

Po
ly

(N
IP

A
M

-c
o-

B
A

) n
an

og
el

 
M

et
ho

tre
xa

te
 

Po
ly

(N
IP

A
M

co
-B

A
) n

an
og

el
 lo

ad
ed

 w
ith

 m
et

ho
tre

xa
te

 
im

pr
ov

es
 s

ig
ni

fic
an

tly
 d

ru
g 

de
liv

er
in

g 
ac

ro
ss

 th
e 

ep
id

er
m

is
 a

nd
 lo

w
er

 th
e 

bi
os

yn
th

es
is

 o
f P

G
E2

. 
[1

33
]  

M
et

ho
xy

-p
ol

y(
et

hy
le

ne
 g

ly
co

l)-
di

he
xy

l s
ub

st
itu

te
d 

po
ly

la
ct

id
e 

(M
PE

G
-d

ih
ex

PL
A

) d
ib

lo
ck

 c
op

ol
ym

er
 

m
ic

el
le

 

Ta
cr

ol
im

us
 

Ta
cr

ol
im

us
 lo

ad
ed

 p
ol

ym
er

ic
 m

ic
el

le
s 

ha
ve

 im
pr

ov
ed

 s
ig

ni
fic

an
tly

 th
e 

sk
in

 d
ep

os
iti

on
 c

om
pa

re
d 

to
 

Pr
ot

op
ic

 0
.1

%
 (1

.5
0 

± 
0.

59
 a

nd
 0

.4
7 

± 
0.

20
 μ

g/
cm

(2
), 

re
sp

ec
tiv

el
y)

 in
 st

ra
tu

m
 c

or
ne

um
, v

ia
bl

e 
ep

id
er

m
is

 
an

d 
up

pe
r d

er
m

is
. H

ow
ev

er
, t

he
 d

ee
pe

r s
ki

n 
la

ye
rs

 w
er

e 
no

t r
ea

ch
ed

 a
nd

 n
on

e 
tra

ns
de

rm
al

 p
er

m
ea

tio
n 

co
ul

d 
be

 su
gg

es
te

d 
by

 th
e 

re
su

lts
 o

bt
ai

ne
d.

 T
ha

t o
ffe

rs
 a

 sa
fe

 p
ro

m
is

in
g 

fo
rm

ul
at

io
n 

pr
ev

en
tin

g 
sy

st
em

ic
 

ef
fe

ct
s. 

 

[1
34

]  

N
io

so
m

e 
A

nt
ho

cy
an

in
 

co
m

pl
ex

 
N

io
so

m
al

 e
nc

ap
su

la
tio

n 
of

 th
e 

A
C

 a
t a

 d
os

e 
of

 5
 m

g/
cm

 is
 a

s e
ffe

ct
iv

e 
as

 0
.5

 m
g/

cm
 o

f f
lu

oc
in

ol
on

e 
ac

et
on

id
e,

 b
ut

 w
ith

 a
 su

st
ai

ne
d 

an
ti-

in
fla

m
m

at
or

y 
ac

tiv
ity

. 
[1

35
] 
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N
io

so
m

e 
D

ith
ra

no
l 

N
io

so
m

es
 a

llo
w

ed
 a

 si
gn

ifi
ca

nt
 im

pr
ov

em
en

t o
f s

ki
n 

pe
rm

ea
tio

n 
 c

om
pa

re
d 

w
ith

 th
e 

cr
ea

m
 b

as
e 

(7
.7

8 
g/

cm
2/

h 
ve

rs
us

 4
.1

0 
g/

cm
2/

h)
 in

 th
e 

in
 v

itr
o 

pe
rm

ea
tio

n 
st

ud
y.

 
[1

36
]  

N
io

so
m

e 
M

et
ho

tre
xa

te
 

In
-v

iv
o 

sk
in

 st
ud

y 
ha

s p
er

m
itt

ed
 to

 sh
ow

 th
at

 m
et

ho
tre

xa
te

 lo
ad

ed
 n

io
so

m
e 

in
cr

ea
se

s s
ki

n 
dr

ug
 d

ep
os

iti
on

 
an

d 
pe

ne
tra

tio
n 

co
m

pa
re

d 
to

 a
 m

et
ho

tre
xa

te
 so

lu
tio

n 
 (2

2.
45

%
 v

er
su

s 1
3.

87
%

 fo
r d

ru
g 

de
po

sit
io

n 
an

d 
1.

15
 

m
g.

 h
/c

m
2 

ve
rs

us
 0

.4
9 

m
g 

.h
/c

m
2 

fo
r s

ki
n 

pa
ss

ag
e,

 re
sp

ec
tiv

el
y)

. I
t h

as
 b

ee
n 

de
m

on
st

ra
te

d 
th

at
 th

is 
fo

rm
ul

at
io

n 
w

as
 sa

fe
 fo

r a
 to

pi
ca

l a
pp

lic
at

io
n 

vi
a 

in
 v

iv
o 

hi
st

op
at

ho
lo

gi
ca

l s
tu

di
es

. 

[1
37

]  

Le
ci

th
in

/c
hi

to
sa

n 
na

no
pa

rti
cl

es
 

Be
ta

m
et

ha
so

ne
  

Th
ey

 e
nh

an
ce

 th
e 

dr
ug

 a
cc

um
ul

at
io

n 
in

 e
pi

de
rm

is
 w

hi
ch

 is
 a

 ta
rg

et
in

g 
pr

op
er

ty
, i

n 
co

m
pa

ris
on

 w
ith

 th
e 

co
m

m
er

ci
al

 fo
rm

ul
at

io
n.

 L
ec

ith
in

/C
hi

to
sa

n 
na

no
pa

rti
cl

es
 e

xh
ib

it 
a 

hi
gh

er
 e

pi
de

rm
is

 c
on

ce
nt

ra
tio

n 
th

an
 

PL
G

A
 n

an
op

ar
tic

le
s (

1.
58

-F
ol

d)
.  

Bo
th

 n
an

op
ar

tic
le

s 
ar

e 
go

od
 c

an
di

da
te

 to
 to

pi
ca

l d
el

iv
er

y 
to

 tr
ea

t p
so

ria
si

s b
ut

 w
ith

 a
 su

pe
rio

r a
dv

an
ta

ge
 to

 
Le

ci
th

in
/C

hi
to

sa
n 

na
no

pa
rti

cl
es

.  

[1
26

]  

Le
ci

th
in

/c
hi

to
sa

n 
na

no
pa

rti
cl

es
 

C
lo

be
ta

so
l-1

7-
pr

op
io

na
te

 
Th

es
e 

na
no

pa
rti

cl
es

 p
ro

m
ot

e 
th

e 
ac

cu
m

ul
at

io
n 

of
 c

lo
be

ta
so

l i
n 

th
e 

ep
id

er
m

is 
w

ith
ou

t i
nc

re
as

in
g 

th
e 

sk
in

 
pe

rm
ea

tio
n.

 T
hi

s 
fo

rm
ul

at
io

n 
ca

n 
ta

rg
et

 th
e 

ep
id

er
m

is
, b

ut
 a

lso
 re

du
ce

s r
em

ar
ka

bl
y 

th
e 

am
ou

nt
 o

f 
cl

ob
et

as
ol

 a
pp

lie
d 

on
 sk

in
 fo

r a
n 

eq
ui

va
le

nt
 sk

in
 d

ep
os

iti
on

 s
up

pl
ie

d 
by

 th
e 

co
m

m
er

ci
al

 c
re

am
 (t

en
 ti

m
es

 
le

ss
). 

Th
an

t a
llo

w
s t

o 
im

pr
ov

e 
th

e 
ris

k–
be

ne
fit

 ra
tio

 fo
r t

op
ic

al
ly

 a
pp

lie
d 

cl
ob

et
as

ol
. 

[1
38

]  

Li
po

so
m

e 
Ta

ca
lc

ito
l  

Th
e 

ta
ca

lc
ito

l l
oa

de
d 

lip
os

om
es

 e
xh

ib
it 

hi
gh

er
 sk

in
 p

er
m

at
io

n 
an

d 
an

tip
ar

ak
er

at
ot

ic
 a

ct
iv

ity
 o

bt
ai

ne
d 

w
ith

 
a 

re
du

ce
d 

co
nc

en
tra

tio
n 

co
m

pa
re

d 
to

 c
om

m
er

ci
al

 p
re

pa
ra

tio
n 

(2
 m

ic
ro

g/
g 

w
as

 tw
ic

e 
ve

rs
us

 4
 m

ic
ro

g/
g 

of
 

co
m

m
er

ci
al

 p
re

pa
ra

tio
n)

 th
us

 p
ro

vi
di

ng
 a

 sa
fe

r u
se

 w
ith

 a
 lo

w
 ri

sk
 o

f i
rr

ita
tio

n 
an

d 
hy

pe
rc

al
ce

m
ia

. 

[1
39

]  

Li
po

so
m

e 
C

lo
be

ta
so

l-1
7-

pr
op

io
na

te
 

Th
e 

lip
os

om
es

 h
av

e 
pe

rm
itt

ed
 th

e 
ac

cu
m

ul
at

io
n 

of
 c

lo
be

ta
so

l i
n 

th
e 

sk
in

 le
ad

in
g 

to
 a

 lo
w

 a
bs

or
pt

io
n 

in
to

 
th

e 
bl

oo
d 

st
re

am
.  

 [1
40

]  

Li
po

so
m

e 
D

ith
ra

no
l 

D
ith

ra
no

l l
oa

de
d 

lip
os

om
es

 p
ro

m
ot

e 
a 

de
ep

er
 a

cc
es

s t
o 

sk
in

 la
ye

rs
 (2

3.
13

 g
/c

m
2/

h 
w

ith
 li

po
so

m
es

 
co

m
pa

re
d 

w
ith

 th
e 

cr
ea

m
 b

as
e 

(4
.1

0 
g/

cm
2/

h)
). 

Th
e 

ev
al

ua
tio

n 
of

 th
e 

fo
rm

ul
at

io
n 

in
 fi

ve
 p

at
ie

nt
s s

ho
w

ed
  

a 
to

ta
l c

le
ar

an
ce

 o
f l

es
io

ns
 (m

or
e 

th
an

 5
0%

) w
ith

 n
on

e 
le

sio
na

l o
r p

er
ile

si
on

al
 ir

rit
at

io
n 

re
po

rte
d 

 o
r o

th
er

 
si

gn
ifi

ca
nt

 s
id

e 
ef

fe
ct

.  

[1
36

,1
41

]  

Li
po

so
m

e 
Ta

cr
ol

im
us

 
Th

e 
am

ou
nt

s o
f t

ac
ro

lim
us

 lo
ad

ed
 li

po
so

m
es

 h
av

e 
pe

rm
itt

ed
 to

 in
cr

ea
se

 th
e 

dr
ug

 a
m

ou
nt

 in
 e

pi
de

rm
is

 a
nd

 
de

rm
is

 (1
.7

 ti
m

es
 a

nd
 1

.4
 ti

m
es

 re
sp

ec
tiv

el
y 

as
 m

uc
h 

as
 o

in
tm

en
t).

 
[1

06
]  

Li
po

so
m

e 
Tr

et
in

oi
n 

Th
is 

fo
rm

ul
at

io
n 

ha
s s

ho
w

n 
be

tte
r b

io
co

m
pa

tib
ili

ty
 a

nd
 e

ffi
ca

cy
 c

om
pa

re
d 

to
 th

e 
m

ar
ke

te
d 

pr
od

uc
t. 

[1
42

]  

Li
po

so
m

e 
Tr

ia
m

ci
no

lo
ne

 
Th

is 
fo

rm
ul

at
io

n 
es

pe
ci

al
ly

 n
eg

at
iv

e 
SU

V
 (s

m
al

l u
ni

la
m

el
la

r v
es

ic
le

) a
llo

w
ed

 a
n 

im
pr

ov
em

en
t o

f t
he

 fl
ux

 
an

d 
pe

rm
ea

bi
lit

y 
of

 tr
ia

m
ci

no
lo

ne
 th

ro
ug

h 
sk

in
.  

  [
14

3]
   

Pe
gy

la
te

d 
lip

os
om

es
 

C
al

ci
po

tri
ol

  
It 

ha
s b

ee
n 

ob
se

rv
ed

 a
 si

gn
ifi

ca
nt

ly
 in

cr
ea

se
 o

f c
al

ci
po

tri
ol

 d
ep

os
iti

on
 in

to
 th

e 
st

ra
tu

m
 c

or
ne

um
. S

m
al

l 
un

ila
m

el
la

r v
es

ic
le

s 
ha

ve
 sh

ow
ed

 a
 b

et
te

r s
ki

n 
pe

ne
tra

tio
n 

co
m

pa
re

d 
to

 la
rg

e 
m

ul
til

am
el

la
r v

es
ic

le
s. 

Pe
gy

la
tio

n 
en

ab
le

d 
to

 st
ab

ili
se

 c
al

ci
po

tri
ol

-c
on

ta
in

in
g 

lip
os

om
al

 d
isp

er
si

on
s w

ith
ou

t m
od

ify
in

g 
th

ei
r s

ki
n 

ac
cu

m
ul

at
io

n 
pr

op
er

tie
s  

[1
44

]  

Li
po

so
m

e-
ge

l 
H

yd
ro

co
rti

so
ne

 
H

yd
ro

co
rti

so
ne

 lo
ad

ed
 li

po
so

m
es

 in
 h

yd
ro

ge
l s

up
pl

ie
s a

 h
ig

he
r s

ki
n 

de
po

si
tio

n 
an

d 
su

st
ai

ne
d 

co
nt

ro
l 

re
le

as
e 

fro
m

 sk
in

 c
om

pa
re

d 
to

 c
on

ve
nt

io
na

l o
in

tm
en

t. 
H

er
e,

 a
n 

ap
pr

op
ria

te
 h

yd
ra

tio
n 

of
 li

po
so

m
es

 is
 

re
qu

ire
d 

fo
r r

ap
id

 a
bs

or
pt

io
n 

of
 h

yd
ro

co
rti

so
ne

. H
ow

ev
er

, t
he

 p
er

cu
ta

ne
ou

s a
bs

or
pt

io
n 

is 
lo

w
er

ed
 

co
m

pa
re

d 
to

 th
e 

oi
nt

m
en

t.  

[1
05

]  
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C
yc

lo
de

xt
rin

 in
cl

us
io

n 
co

m
pl

ex
 

in
co

rp
or

at
ed

 in
 m

ul
tiv

es
ic

ul
ar

 
lip

os
om

es
 

Fl
uo

ci
no

lo
ne

 
ac

et
on

id
e 

N
ot

 e
va

lu
at

ed
 in

 v
itr

o 
or

 in
 v

iv
o 

sk
in

 st
ud

ie
s. 

[1
08

]  

Tr
an

sf
er

os
om

e 
D

ex
am

et
ha

so
ne

 
Th

e 
de

fo
rm

ab
le

 v
es

ic
le

s o
f d

ex
am

et
ha

so
ne

 o
ffe

r a
 p

ow
er

fu
l t

he
ra

pe
ut

ic
 re

sp
on

se
 (>

10
 ti

m
es

 c
om

pa
re

d 
w

ith
 th

e 
cr

ea
m

- o
r l

ot
io

n-
ba

se
d 

pr
od

uc
ts

, l
es

s t
ha

n 
0.

1 
μg

 c
m

−2
 d

ex
am

et
ha

so
ne

 tr
an

sp
or

te
d 

in
to

 
de

fo
rm

ab
le

 v
es

ic
le

s s
up

pr
es

se
s t

he
 a

ra
ch

id
on

ic
 a

ci
d-

in
du

ce
d 

m
ur

in
e 

ea
r o

ed
em

a 
>5

0%
). 

Th
es

e 
de

fo
rm

ab
le

 
ve

si
cl

es
 p

ro
lo

ng
e 

th
e 

du
ra

tio
n 

of
 a

ct
io

n 
(4

 fo
ld

 c
om

pa
re

d 
to

 a
 c

om
m

er
ci

al
 c

re
am

) a
nd

 re
du

ce
 a

br
as

io
n 

se
ns

iti
vi

ty
. I

n 
ov

er
al

l, 
th

is 
fo

rm
ul

at
io

n 
co

ul
d 

al
lo

w
 to

 im
pr

ov
e 

th
e 

th
er

ap
eu

tic
 ri

sk
–b

en
ef

it 
ra

tio
 th

an
ks

 to
 a

 
lo

w
er

 fr
eq

ue
nc

e 
of

 a
pp

lic
at

io
n.

 

[1
45

]  

Tr
an

sf
er

os
om

e 
H

yd
ro

co
rti

so
ne

 
2–

3 
μg

/c
m

2 
of

 h
yd

ro
co

rti
so

ne
 lo

ad
ed

 tr
an

sf
er

so
m

e 
is 

th
e 

m
in

im
um

 e
ffe

ct
iv

e 
do

se
 c

om
pa

re
d 

to
 c

re
am

- o
r 

lo
tio

n -
lik

e 
pr

ep
ar

at
io

ns
 fo

r w
hi

ch
 1

0 
μg

/c
m

2 
is 

ne
ce

ss
ar

y.
 H

yd
ro

co
rti

so
ne

 p
ot

en
cy

 w
ith

 tr
an

sf
er

so
m

e 
is 

3 
to

 5
 fo

ld
 h

ig
he

r w
ith

 a
 s

us
ta

in
ed

 th
er

ap
eu

tic
 e

ffe
ct

 (2
-fo

ld
 m

or
e 

im
po

rta
nt

 a
fte

r 2
4h

). 
M

or
eo

ve
r, 

th
e 

fo
rm

ul
at

io
n 

al
lo

w
s t

o 
lo

w
er

 d
ru

g's
 a

br
as

io
n 

se
ns

iti
vi

ty
 , 

fre
qu

en
cy

 o
f a

pp
lic

at
io

n 
pa

rti
ci

pa
tin

g 
in

 
im

pr
ov

in
g 

th
e 

th
er

ap
eu

tic
 ri

sk
–b

en
ef

it 
ra

tio
. 

[1
45

]  

Tr
an

sf
er

os
om

e 
Tr

ia
m

ci
no

lo
ne

 
Tr

ia
m

ci
no

lo
ne

 lo
ad

ed
 tr

an
sf

er
so

m
e 

in
cr

ea
se

 si
gn

ifi
ca

nt
ly

 th
e 

dr
ug

 a
ct

iv
ity

 (t
he

 sa
m

e 
ac

tiv
ity

 w
ith

 1
0-

fo
ld

 
lo

w
er

 d
os

e 
co

m
pa

re
d 

to
 c

on
ve

nt
io

na
l f

or
m

ul
at

io
ns

) t
hu

s 
im

pr
ov

in
g 

 th
e 

ris
k -

be
ne

fit
 ra

tio
 o

f t
op

ic
al

ly
 

ap
pl

ie
d 

gl
uc

oc
or

tic
os

te
ro

id
s.

 

[1
46

]  

 
 

Tr
an

sf
er

so
m

e 
in

 g
el

 
Ta

cr
ol

im
us

 
Th

e 
am

ou
nt

s o
f t

ac
ro

lim
us

 lo
ad

ed
 tr

an
sf

er
so

m
es

 h
av

e 
pe

rm
itt

ed
 to

 in
cr

ea
se

 th
e 

dr
ug

 a
m

ou
nt

 in
 e

pi
de

rm
is

 
an

d 
de

rm
is

 (3
.8

 ti
m

es
 a

nd
 4

.2
 ti

m
es

 re
sp

ec
tiv

el
y 

as
 m

uc
h 

as
 o

in
tm

en
t).

 
[1

06
]  

Fl
ex

ib
le

 v
es

ic
le

s a
nd

 c
on

ve
nt

io
na

l 
ve

si
cl

es
 

C
yc

lo
sp

or
in

e 
Fl

ex
ib

le
 v

es
ic

le
s p

ro
m

ot
e 

sk
in

 p
er

m
ea

tio
n 

of
 c

yc
lo

sp
or

in
 A

 (1
.1

6 
μg

/c
m

2 
of

 c
yc

lo
sp

or
in

 A
 a

fte
r 8

 h
 o

f 
ad

m
in

is
tra

tio
n 

an
d 

1.
88

 μ
g/

cm
2 

af
te

r 2
4 

h)
. C

on
ve

nt
io

na
l v

es
ic

le
s a

re
 n

ot
 a

bl
e 

to
 d

iff
us

e 
un

til
 th

e 
re

ce
iv

er
 

co
m

pa
rtm

en
t w

he
re

as
 th

e 
fle

xi
bl

e 
ve

si
cl

es
 in

cr
ea

se
 th

e 
se

ru
m

 c
on

ce
nt

ra
tio

n 
of

 c
yc

lo
sp

or
in

 (5
3.

43
+/

-9
.2

4 
ng

/m
l a

fte
r 2

 h
). 

Fl
ex

ib
le

 v
es

ic
le

s c
an

 b
e 

co
ns

id
er

ed
 a

s a
 p

ro
m

is
in

g 
tra

ns
de

rm
al

 d
el

iv
er

y 
of

 c
yc

lo
sp

or
in

 A
 

bu
t t

he
 c

on
ve

nt
io

na
l v

es
ic

le
s a

re
 in

tre
st

in
g 

ju
st

 fo
r d

er
m

al
 d

el
iv

er
y.

 T
he

 d
ru

g 
tra

ns
po

rt 
th

ro
ug

h 
pr

e -
hy

dr
at

ed
 sk

in
 is

 in
ef

fe
ct

iv
e 

th
us

 li
m

iti
ng

 s
ki

n 
pe

ne
tra

tio
n 

pr
op

er
ty

 o
f v

es
ic

le
s.

 

[1
47

]  

D
ef

or
m

ab
le

 li
po

so
m

es
 

M
et

ho
tre

xa
te

 
M

et
ho

tre
xa

te
 lo

ad
ed

 li
po

so
m

es
 e

nh
an

ce
s t

he
 sk

in
 p

er
m

ea
bi

lit
y 

 (h
ig

he
r c

on
ce

nt
ra

tio
n 

an
d 

flu
x 

of
 

m
et

ho
tre

xa
te

 o
r a

cc
um

ul
at

io
n 

in
 th

e 
ep

id
er

m
is 

an
d 

de
rm

is 
la

ye
rs

) i
n 

in
 v

itr
o 

st
ud

y 
on

 p
or

ci
ne

 sk
in

.  
[1

48
]  

D
ef

or
m

ab
le

 li
po

so
m

es
 

M
et

ho
tre

xa
te

 
Th

e 
in

 v
itr

o 
st

ud
y 

th
ro

ug
h 

pi
g 

sk
in

 h
as

 sh
ow

n 
th

at
 m

et
ho

tre
xa

te
 lo

ad
ed

 d
ef

or
m

ab
le

 li
po

so
m

es
  y

ie
ld

 a
 

hi
gh

er
 sk

in
 p

er
m

ea
tio

n 
(3

 to
 4

 fo
ld

 h
ig

he
r c

om
pa

re
d 

to
  w

at
er

 so
lu

tio
n)

 u
p 

to
 5

0%
 o

f  
th

e 
ap

pl
ie

d 
do

se
. 

[1
49

]  

Et
ho

so
m

e 
C

ic
lo

sp
or

in
e 

Th
e 

fo
rm

ul
at

io
n 

co
m

po
se

d 
of

 1
0%

 e
th

an
ol

 sh
ow

ed
 th

e 
be

tte
r s

tra
tu

m
 c

or
ne

um
 d

ep
os

iti
on

 (4
.4

-fo
ld

 
co

m
pa

re
d 

to
 v

es
ic

le
 w

ith
ou

t e
th

an
ol

) m
ak

in
g 

it 
a 

pr
om

is
in

g 
to

pi
ca

l d
el

iv
er

y 
sy

st
em

. 
 [1

50
] 

Et
ho

so
m

e 
M

et
ho

tre
xa

te
 

M
et

ho
tre

xa
te

 lo
ad

ed
 e

th
os

om
es

 im
pr

ov
e 

tra
ns

de
rm

al
 fl

ux
  (

57
.2

±4
.3

4 
μg

/c
m

2/
h)

 a
nd

 lo
w

er
 la

g 
tim

e 
(0

.9
 

h)
 a

cr
os

s h
um

an
 c

ad
av

er
 sk

in
 m

ak
in

g 
th

em
 a

 p
ro

m
isi

ng
 d

er
m

al
 a

nd
 tr

an
sd

er
m

al
 d

el
iv

er
y 

sy
st

em
 o

f 
m

et
ho

tre
xa

te
.  

[1
51

]  

Et
ho

so
m

e 
Ps

or
al

en
 

Ps
or

al
en

 lo
ad

ed
 e

th
os

om
es

 h
av

e 
sh

ow
n 

an
 im

pr
ov

em
en

t o
f p

er
m

ea
tio

n 
an

d 
de

po
si

tio
n 

in
 sk

in
 (6

.5
6-

fo
ld

 
gr

ea
te

r s
ki

n 
de

po
si

tio
n 

co
m

pa
re

d 
to

 th
e 

tin
ct

ur
e)

 in
 fa

vo
r o

f a
 lo

w
er

 to
xi

ci
ty

 a
nd

 a
 b

et
te

r e
ff

ic
ac

y 
at

 lo
ng

 
te

rm
. T

hi
s 

fo
rm

ul
at

io
n 

ha
s a

llo
w

ed
 to

 in
cr

ea
se

 th
e 

dr
ug

 c
on

ce
nt

ra
tio

n 
in

 d
er

m
is 

co
m

pa
re

d 
to

 a
 ti

nc
tu

re
. 

[1
52

]  
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Et
ho

so
m

e 
Ta

cr
ol

im
us

 
Ta

cr
ol

im
us

 lo
ad

ed
 e

th
os

om
es

 e
xh

ib
it 

a 
si

gn
ifi

ca
nt

 h
ig

he
r d

ep
os

iti
on

 in
 e

pi
de

rm
is

 a
t t

he
 e

nd
 o

f t
he

 2
4-

h 
ex

pe
rim

en
t c

om
pa

re
d 

to
 c

om
m

er
ci

al
 o

in
tm

en
t (

Pr
ot

op
ic

) i
n 

fa
vo

r o
f a

 d
ee

pe
r s

ki
n 

pe
ne

tra
tio

n.
  

[1
53

]  

Et
ho

so
m

e 
Tr

et
in

oi
n 

Th
is 

fo
rm

ul
at

io
n 

ha
s s

ho
w

n 
be

tte
r b

io
co

m
pa

tib
ili

ty
 a

nd
 e

ffi
ca

cy
 c

om
pa

re
d 

to
 th

e 
m

ar
ke

te
d 

pr
od

uc
t. 

H
ow

ev
er

, i
ts

 u
se

 is
 c

on
si

de
re

d 
as

 li
m

ite
d 

in
 th

e 
tre

at
m

en
t o

f s
up

er
fic

ia
l s

ki
n 

di
so

rd
er

s 
lik

e 
ps

or
ia

si
s w

ith
 a

 
sp

ec
ifi

c 
irr

ita
nt

 e
ffe

ct
 o

f e
th

an
ol

. 

[1
42

]  

Pe
ne

tra
tio

n 
en

ha
nc

er
 c

on
ta

in
in

g 
ve

si
cl

es
 (P

EV
s)

 
Tr

et
in

oi
n 

Te
tin

oi
n 

lo
ad

ed
 P

EV
s h

av
e 

sh
ow

n 
an

 im
pr

ov
ed

 c
ut

an
eo

us
 d

ru
g 

ac
cu

m
ul

at
io

n 
in

 sk
in

 b
ut

 a
 lo

w
 tr

an
sd

er
m

al
 

de
liv

er
y 

.  
[1

54
]  

 

SL
N

s (
So

lid
 li

pi
d 

na
no

pa
rti

cl
es

) 
be

ta
m

et
ha

so
ne

  
M

on
os

te
ar

in
 S

LN
 e

xh
ib

its
 g

oo
d 

co
nt

ro
lle

d 
re

le
as

e 
pr

op
er

tie
s w

ith
 a

n 
ac

cu
m

ul
at

io
n 

in
 e

pi
de

rm
is

 a
s d

ru
g 

re
se

rv
oi

r a
nd

 th
er

ef
or

e 
ca

n 
ta

rg
et

 e
pi

de
rm

al
/u

pp
er

 d
er

m
al

 la
ye

r m
ak

in
g 

th
is 

fo
rm

ul
at

io
n 

sa
fe

r b
y 

pr
ev

en
tin

g 
sy

st
em

ic
 d

ru
g 

ab
so

rp
tio

n.
 

[1
55

]  

SL
N

s 
C

ic
lo

sp
or

in
e 

C
sA

-lo
ad

ed
 S

LN
 h

as
 b

ee
n 

sh
ow

n 
its

 p
er

m
ea

tio
n 

ef
fic

ie
nc

y 
in

 m
ur

in
e 

sk
in

 st
ud

ie
s (

2-
fo

ld
 h

ig
he

r t
ha

n 
C

sA
-

oi
l m

ix
tu

re
 in

 v
ia

bl
e 

sk
in

). 
 

[1
56

]  

SL
N

s 
C

lo
be

ta
so

l-1
7-

pr
op

io
na

te
 

SL
N

 s
up

pl
ie

s a
 h

ig
he

r s
ki

n 
up

ta
ke

 a
nd

 a
 lo

w
er

 m
ea

n 
flu

x 
va

lu
e 

co
m

pa
re

d 
to

 m
ar

ke
te

d 
cl

ob
et

as
ol

 c
re

am
.It

 
ha

s b
ee

n 
ob

se
rv

ed
 a

 si
gn

ifi
ca

nt
 e

nh
an

ce
m

en
t o

f t
he

  a
nt

i-i
nf

la
m

m
at

io
n 

re
sp

on
se

. 
[1

57
]  

SL
N

s 
D

ith
ra

no
l 

Th
e 

ev
al

ua
tio

n 
of

 d
ith

ra
no

l l
oa

de
d 

SL
N

 v
ia

 e
x-

vi
vo

 d
ru

g 
pe

ne
tra

tio
n 

st
ud

y 
on

 ra
t s

ki
n 

sh
ow

ed
 a

 e
nh

an
ce

d 
sk

in
 ta

rg
et

in
g 

(2
-fo

ld
 in

cr
ea

se
 c

om
pa

re
d 

to
 th

e 
m

ar
ke

te
d 

pr
ep

ar
at

io
n)

. 
[1

58
]  

SL
N

s 
M

et
ho

xs
al

en
 

 T
hi

s 
fo

rm
ul

at
io

n 
he

lp
s t

o 
lo

w
er

 in
 v

iv
o 

hu
m

an
 sk

in
 ir

rit
at

io
n 

af
te

r P
U

V
A

 th
er

ap
y.

 
[1

59
]  

SL
N

s 
M

om
et

as
on

e 
fu

ro
at

e  
M

om
et

as
on

e 
lo

ad
ed

 S
LN

 b
as

ed
 h

yd
ro

ge
l e

xh
ib

its
 a

 h
ig

he
r s

ki
n 

pe
rm

ea
bi

lit
y 

(1
5.

21
 ti

m
es

 m
or

e 
th

an
 th

at
 

of
 m

ar
ke

te
d 

cr
ea

m
), 

a 
hi

gh
er

 sk
in

 d
ep

os
iti

on
 (2

.6
7 

tim
es

 m
or

e 
th

an
 m

ar
ke

te
d 

cr
ea

m
 a

nd
 2

0 
tim

es
 m

or
e 

th
an

 p
la

in
 d

ru
g 

lo
ad

ed
 g

el
) a

nd
 a

 su
st

ai
ne

d 
dr

ug
 re

le
as

e 
(m

or
e 

th
an

 8
 h

). 

[1
60

]  

SL
N

s 
Pr

ed
ni

ca
rb

at
e 

 Pr
ed

ni
ca

rb
at

e 
lo

ad
ed

 S
LN

s i
m

pr
ov

e 
sk

in
 p

en
et

ra
tio

n 
an

d 
ex

hi
bi

t a
n 

ep
id

er
m

al
 ta

rg
et

in
g.

  
[1

61
]  

SL
N

s 
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or
al

en
 

Ps
or

al
en

 lo
ad

ed
 S

LN
s h

av
e 

al
lo

w
ed

 to
 in

cr
ea

se
 th

e 
sk

in
 p

er
m

ea
tio

n 
an

d 
to

 o
ffe

r a
 b

et
te

r c
on

tro
lle

d 
re

le
as

e 
co

m
pa

re
d 

to
 a

 li
pi

d 
em

ul
si

on
 a

nd
 a

qu
eo

us
 c

on
tro

l.  
[1

62
]  

SL
N

s 
Tr

et
in

oi
n 

Th
is 

fo
rm

ul
at

io
n 

ha
s s

ho
w

n 
be

tte
r b

io
co

m
pa

tib
ili

ty
 a

nd
 e

ffi
ca

cy
 c

om
pa

re
d 

to
 th

e 
m

ar
ke

te
d 

pr
od

uc
t. 

[1
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]  

SL
N

s 
Tr

ia
m

ci
no

lo
ne

 
Tr

ia
m

ci
no

lo
ne

 lo
ad

ed
 S

LN
s 

ha
ve

 sh
ow

n 
a 

pr
ol

on
ge

d 
dr

ug
 re

le
as

e 
pr

of
ile

 w
ith

 a
n 

ab
se

nc
e 

of
 s

ys
te

m
ic

 
pa

ss
ag

e 
m

ak
in

g 
th

e 
us

e 
of

 th
is 

th
is 

fo
rm

ut
at

io
n 

m
or

e 
sa

fe
. 

[1
63

]  

SL
N

-h
yd

ro
ge

l 
Be

ta
m

et
ha

so
ne

 
di

pr
op

io
na

te
 a

nd
 

ca
lc

ip
ot

rio
l  

Th
e 

as
so

ci
at

io
n 

of
 th

e 
tw

o 
ac

tiv
e 

m
ol

ec
ul

es
 in

 S
LN

 o
ffe

rs
 a

dv
an
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4.5.2 Advantages of Innovative skin drug delivery systems (ISDDSs)  
The physiopathogenesis of psoriasis is localized in skin tissue mainly. A direct action on the 
target region would provide a faster and more effective therapeutic response. There is already 
a whole family of topical medications for mild forms of psoriasis but with a low absorption 
rate. In more advanced step of the disease, drugs administered by systemic routes (oral or 
parenteral) are prescribed. But these molecules like methotrexate or cyclosporin A have to be 
used at high doses to achieve therapeutic dermal concentration. But this comes at the expense 
of many adverse effects. The aim of ISDDS is to provide drug formulations that penetrate 
deeper into the skin after overcoming the stratum corneum barrier and making them 
interesting for treating all forms of psoriasis. As the site of action is direct, it could help to 
improve the efficacy of drugs conventionally used topically and reduce the doses of those 
used systemically. The table 7 summarizes the different ISDDSs that have been developed in 
recent years to treat skin diseases as psoriasis and the improvements highlighted in in vitro 
and/or in vivo studies. Because of the complexicity of psoriasis, combined therapies have 
already used to contain its progression. Such strategies could also be interesting to consider in 
the field of the ISDDs as association of cyclodextrin with lipid nanoparticles [107,108] or 
nanoparticles capable to carry siRNA with chemical substances like cyclosporine [180-183]. 

 
5. Conclusion 

The armamentarium of anti-psoriatic treatments is very large. However, none has a good 
benefit/risk ratio ensuring a great efficacy and safety. These available drugs help to contain 
the disease and relieve the symptoms without healing definitely. Without knowing the key 
element triggering psoriasis, the attempts to develop a curative therapy seem to doom to 
failure. Biotherapy is a cutting-edge research blooming on the drug market. But before 
prescribing therapeutic molecules belonging to this drug class, ISDDS could be an 
intermediate class that optimizes a maximum the conventional drugs, giving them a second 
life with a better benefit/risk ratio. 

ISDDSs have shown that they were promising nanocarriers capable to assure an appropriate 
drug delivery across the skin to treat psoriatic lesions. The improvement of the skin deposition 
with a targeting effect especially in epidermis where the physiopathology of psoriasis is 
mainly localized associated with a sustained release of the active agent are arguments in favor 
of the success of ISDDSs. They allow administration of a lower dose for the same therapeutic 
efficiency and less frequently. Moreover, a lower dose is in line with a reduction of side 
effects. The more often, these ISDDSs prevent the passage in systemic circulation what is 
matching again with the safety aspects of these new nanocarriers. However, that is less 
observed with ethosomes and transfersomes which promote transdermal penetration that 
could be an advantage to treat psoriatic arthritis. 

Many studies on ISDDSs have been performed to highlight their advantages to treat skin 
disorders like psoriasis. However, these types of formulation on the drug market are too rare 
(Lipotar™ S gel (Coal tar and salicylic acid), Psorisome® gel (dithranol)). Clinicals trials in 
this field should be multiplied to clarify the place of these new drug formulations in the 
management of psoriasis. 
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Dans cette deuxième revue de la littérature, nous avons répertorié et analysé les différents 
systèmes de vectorisation à base lipidique qui ont été développés et étudiés pour améliorer la 
délivrance de médicaments par voie cutanée. L'objectif de cette présente revue est de 
souligner les avancées récentes dans ce domaine en tant que technologies médicamenteuses 
pour traiter les maladies de la peau, entre autres. Mais plus encore, nous nous sommes attelés 
à étudier leur structure, leur composition et les propriétés qui en découlent. Nous avons 
également exposé les récents progrès réalisés dans la compréhension des mécanismes de 
pénétration à travers la peau. Pour analyser au mieux l’ensemble des facteurs qui peuvent 
conditionner ou influer le passage cutané de médicaments grâce à l’encapsulation de 
molécules actives, il nous a tout d’abord fallu comprendre comment le tissu cutané 
fonctionnait, aborder sa composition et ses particularités. 

La peau est composée de deux types de tissus qui diffèrent structurellement (composition, 
origine embryologique) et sont séparés par une membrane basale. Le derme est la couche plus 
profonde mais aussi la plus épaisse (1-4 mm). Il est riche en protéines (collagène et élastine), 
en sels et en eau. Il s’agirait de la couche la plus hydrophile de la peau. Différentes structures 
sont présentes dans le derme comme les vaisseaux sanguins et lymphatiques, les glandes 
sudoripares ainsi que les follicules pileux (en grande majorité) et leurs annexes.  
 
L'épiderme vient juste au-dessus du derme. Il est divisé en deux parties: l'épiderme viable 
(VE) (50-100 μm) et le Stratum Corneum (couche cornée) non viable mais chimiquement 
actif (10-15 μm). Le VE est essentiellement composé de kératinocytes. Ces cellules migrent 
vers la couche cornée, subissant des phases de différenciation, de maturation associées à des 
changements structurels pour devenir des cornéocytes. Les cornéocytes sont des cellules 
mortes plates contenant des filaments de kératine et entourées d'une matrice hydrophobe 
composée de kératine, de céramides, de cholestérol, d'esters de cholestérol et d'acides gras. 
Les cornéocytes sont interconnectés par des jonctions appelées cornéodesmosomes.  

La fonction protectrice de la peau est due à ses propriétés physiques (pH, desquamation), aux 
enzymes métaboliques localisées dans les espaces interstitiels de l'épiderme viable et 
également dans les régions des follicules capillaires et des glandes sébacées (production 
d'acide gras et de lysozyme) sans oublier le rôle des cellules du système immunitaire. 
L’ensemble constitue une barrière quasi infranchissable pour les xénobiotiques tels que les 
microorganismes et les composés toxiques. Compte tenu de la complexité du SC et de son 
renouvellement constant, il est facile de concevoir que cette couche sera un des principaux 
facteurs limitant le passage cutané des médicaments. 

On considère généralement qu'un agent actif franchit le SC par diffusion passive à travers 
trois voies possibles : la voie transcellulaire, intercellulaire et folliculaire.  

La voie transcellulaire reste à ce jour controversée. Pour ce qui est de la voie intercellulaire, il 
est communément admis que les molécules polaires traversent difficilement alors que les 
molécules non polaires de poids moléculaire <500 Da et LogP 1-4 pourraient diffuser 
facilement. Quant à la voie folliculaire, elle permettrait un franchissement plus aisé du SC car  
la particularité des follicules pileux est d’être constitués d’une épaisseur plus fine avec un 
accès plus cours aux couches profondes de la peau. 
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Cependant, les propriétés physico-chimiques de l’agent actif influencent la perméabilité à 
travers la peau (poids moléculaire, solubilité et intéreactions avec le vecteur). De plus, la 
composition de la formulation joue aussi son rôle. Les lipides couramment utilisés dans la 
formulation des vecteurs lipidiques (les phospholipides, le cholesterol, ect) présentent des 
similitudes structurelles avec ceux qui composent l'épiderme et en particulier le SC. En plus 
de fournir une bonne biocompatibilité, le SC pourrait voir sa structure pertubée à travers 
différents mécanismes (échanges de lipides fragilisant la structure, modification de la polarité, 
fluidisation du SC suite à une hydratation accrue, etc).  

A l’issu de la première revue, nous nous sommes orientés vers une utilisation des vecteurs 
lipidiques pour une encapsulation de la ciclosporine A. Cependant, il existe un large choix de 
ce type de vecteurs décrits dans la littérature scientifique : les vésicules lipidiques telles que 
les liposomes et leurs variantes et les nanoparticules lipidiques. Nous avons donc mené ce 
travail de revue pour mieux les comprendre, connaître leurs applications, comprendre leurs 
mécanismes de pénétration et leur potentiel respectif pour une application topique.  

Le premier type de vecteur lipidique que nous avons passé en revue est le liposome dit 
conventionnel, composé essentiellement d’une source de phospholipides et de cholestérol. 
Notre travail bibliographique ne nous a pas permis de mettre en avant un avantage significatif 
de ces vecteurs dans le traitement topique des maladies de la peau. Néanmoins, il est 
important de garder à l'esprit que les études réalisées ont rarement considéré les aspects 
pathophysiologiques lors de la réalisation d'expériences in vitro / in vivo. Il a été suggéré que 
les liposomes pourraient pénétrer dans la peau si la barrière cutanée est altérée comme dans 
les cancers de la peau ou le psoriasis où la perméabilité de la peau est significativement 
augmentée. Cependant, des études sur l'application de liposomes classiques sur la peau 
humaine endommagée sont encore rares car difficiles à mettre en œuvre. 

 
Les transfersomes sont des liposomes présentant des propriétés particulières, capables de 
traverser le SC et de pénétrer profondément dans la peau. Ils sont composés de plusieurs 
bicouches phospholipidiques mais avec un composant supplémentaire, appelé un « edge 
activator » (EA) comme le cholate de sodium, le désoxycholate, le Span 60, le Tween 20. Son 
rôle est d’introduire des zones dites d’instabilité au sein des bicouches afin de leur conférer 
une ultradéformabilité. Deux paramètres ont été identifiés comme régissant le passage cutané 
des transfersomes par un passage intercellulaire: le degré de flexibilité et le coefficient de 
partage de l’agent actif. Par ailleurs, d'autres travaux actuels ont avancé que le passage des 
transfersomes pourrait avoir lieu principalement par la voie folliculaire. 

Les ethosomes sont des vésicules lipidiques composées de phospholipides et d’une grande 
quantité d'éthanol (20-45%). L'éthanol est connu pour être un promoteur de la pénétration 
cutanée (PE : Penetration Enhancer) pour les molécules hydrophiles et lipophiles dans les 
couches profondes de la peau. Associé à une taille proche de 100nm, la pénétration à travers 
la peau est significativement améliorée. L'éthanol perturberait l'organisation des lipides du SC 
pour un passage intercellulaire. Il conférerait aussi aux éthosomes une plus grande fluidité et 
flexibilité. Bien qu’un éventuel passage par voie folliculaire ait pu être évoqué pour les 
éthosomes, aucune preuve à l'appui n’est disponible actuellement dans la littérature. 
 
La littérature fait également état d’une nouvelle génération de vésicules lipidiques contenant 
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un PE appelée PEV pour Penetration Enhancer lipid Vesicles. Ce sont des systèmes qui 
favoriserait le passage à travers la peau mais aussi de solubiliser des molécules actives peu 
solubles dans l'eau, l'éthanol ou le méthanol. Les PE auraient des propriétés similaires à celles 
des EA offrant ainsi un meilleur passage cutané grâce à une plus grande flexibilité. La 
combinaison synergique PE et vésicules lipidiques donne lieu à des systèmes prometteurs de 
délivrance de médicaments par voie cutanée avec un ciblage possible pour l'épiderme viable 
qui reste à confirmer. Il n'existe actuellement aucune hypothèse quant au type de mécanisme 
impliqué dans la pénétration de la peau.  

Les SLN (Solid lipid nanoparticles) sont apparus très prometteurs car ils se positionnent à 
l'interface entre les systèmes lipidiques (émulsions et liposomes) préexistants et les systèmes 
de nanoparticules polymèriques. Les SLN peuvent combiner les propriétés intéressantes de 
ces deux systèmes. La matrice lipidique est constituée par un lipide solide ou un mélange de 
lipides solides. La stabilité du système peut être améliorée par un tensioactif. Les SLN 
présentent de nombreux avantages comme la biocompatibilité, la protection des médicaments 
contre la dégradation, le contrôle de la libération des médicaments. En outre, ils sont 
également intéressants en raison de la possibilité d’une transposition à l’échelle industrielle et 
de subir un processus de stérilisation.  

Les NLC (Nanostructured lipid carriers) sont une deuxième génération de nanoparticules 
lipidiques. La matrice lipidique des NLC est formée par le mélange de lipides solides et de 
lipides liquides (huiles). En réduisant l'ordre de la matrice lipidique exclusivement solide des 
SLN en ajoutant des lipides liquides, des défauts dans la structure cristalline sont générés, 
offrant plus d'espace à l'inclusion de médicaments permettant ainsi des taux d’encapsulation 
plus élevés et plus stables dans le temps.  

Les propriétés colloïdales et la délivrance cutanée des SLN et des NLC dépendent de la 
composition lipidique, du médicament piégé et de la taille des particules. L'application 
topique de nanoparticules lipidiques (SLN et NLC) sur la peau formerait une monocouche en 
raison de leur propriété d'adhésivité. Il s'agit d'un film hydrophobe dont la résistance et les 
effets dépendent donc de la taille des particules qui le constitue. Une taille inférieure à 260 nm 
serait plus adaptée. L’actif diffuserait-il directement depuis le film hydrophobe ou des 
nanoparticules pénètreraient ensuite à partir du film ? Le mécanisme de pénétration reste 
encore mal élucidé. 

De ce travail bibliographique, il en ressort que la molécule active à encapsuler doit être 
parfaitement connue car elle pourra orienter le types de vecteurs lipidiques à utiliser. De plus, 
il est important de noter que la composition des vecteurs n’étant pas la même, il est préférable 
de s’orienter vers des lipides bien connus et dont l’usage dans les formulations 
pharmaceutiques est autorisée comme pour le cas des phopholipides. Selon notre appréciation, 
s’orienter vers les vésicules lipidiques serait plus intéressant pour un passage cutané car ils 
possèdent une flexibilité structurelle qui dans notre cas nous apparait indispensable. Nous 
souhaitons développer des formulations pour la prise en charge par voie topique du psoriasis. 
En se référant à notre première revue, il en ressortait que l’un des principaux aspects de cette 
pathologie est l’hyperkératose. Un stratum corneum très épais sera très difficile à franchir 
sans déformabilité du vecteur.  
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Abstract: 

During the past decades, lipid nanocarriers are gaining momentum with their multiple 
advantages for the management of skin diseases. Lipid nanocarriers enable to target the 
therapeutic payload to deep skin layers or even to reach the blood circulation making them a 
promising cutting-edge technology.  

Lipid nanocarriers refer to a large panel of drug delivery systems. Lipid vesicles are the most 
conventional, known to be able to carry lipophilic and hydrophilic active agents. A variety of 
lipid vesicles with high flexibility and deformability could be obtained by adjusting their 
composition; namely ethosomes, transfersomes and penetration enhancer lipid vesicles which 
achieve the best results in term of skin permeation. Others are designed with the objective to 
perform higher encapsulation rate and higher stability, such as solid lipid nanoparticles and 
nanostructured lipid nanocarriers.  

In this review, we attempted to give an overview of lipid based nanocarriers developed with 
the aim to enhance dermal and transdermal drug delivery. A special focus is put on the 
nanocarrier composition, behavior and interaction mechanisms with the skin.  Recent 
applications of lipid-based nanocarriers for the management of skin diseases and other 
illnesses are highlighted as well. 

 

Key words: delivery, dermal, disease, ethosomes, liposomes, nanocarrier, nanoparticles, 
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1. Introduction 
Dermal and transdermal drug delivery generally related to skin drug delivery (SDD) is an 
attractive approach for the treatment of many diseases. Dermatological pathologies, e.g. skin 
cancers, inflammatory disorders, cutaneous infections, are known to be difficult to cure. 
Indeed, drug formulations are generally intended for the oral route or for the parenteral ones 
in the most serious cases. However, in skin disorders, such administration routes could have a 
limited interest, because of the low drug amount in the skin tissue, which is insufficient to 
provide a clinical enhancement. Indeed, the active agents have to overcome different 
biological barriers before reaching the skin layers. Accordingly, an efficient concentration in 
the skin tissue is usually obtained by giving high doses, which might potentiate the drug side 
effects.  Thus, a direct and localised access to the pathological site will be more promising 
and more relevant in treating diseases via a topical delivery. 

Transdermal drug delivery (TDD) could be also considered for treating different types of 
illness, not just those of the skin. Oral and parenteral administration of drugs presents some 
limits that TDD could overcome. TDD would enable: i) to bypass the first-pass metabolism, 
ii) to extend duration of drug action using a sustained release delivery systems which is most 
important for the drugs displaying short half-lives, iii) to reduce the drug side effects, iv) to 
have a more predictable and effective pharmacological response by avoiding fluctuations of 
the blood concentration and inter- and intra-patient variations. Moreover, a higher patient 
compliance could be expected because of the decreased side effects, the faster clinical effect 
and the non-invasive application (Darwhekar et al., 2012). 

Age, temperature, status of the skin, area of application, contact time, degree of hydration and 
physicochemical properties of the penetrant  (Alexander et al., 2012) are different parameters 
which influence drug penetration through the skin. Skin barrier function essentially achieved 
by the stratum corneum (SC) represents the principal limit to drug permeation. Moreover, 
physicochemical drug characteristics intended for cutaneous passage are fundamental. 
Moderate lipophilicity and low-molecular-weight are recognized as promoting factors of 
percutaneous delivery. Although several active pharmaceutical ingredients (APIs) do not 
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match these criteria, it is observed with macromolecules (insulin, human growth hormone, 
cyclosporine) (Paudel et al., 2010). There are three pathways generally described for drug 
permeation  through the SC barrier: the paracellular, transcellular and follicular (appendages) 
pathways (Bolzinger et al., 2012). These phenomena were found to be concentration-
dependent (Bhoyar et al., 2012). Moreover, it has been reported the existence of a skin 
metabolism similar to the hepatic first pass (Baron and Merk, 2001). Steady state flux is 
generally obtained after few hours of exposure because of the very slow passage of drugs 
across the skin; so it makes difficult to reach effective therapeutic drug level. Thus, 
nanoparticulate delivery systems will be very useful to administrate lower amount of drugs 
and protect them from skin metabolism, but also to supply a sustained release of drugs from 
the SC (Geusens et al., 2010). 

During these last decades, many approaches have been elaborated to overcome the 
permeability barrier of the SC. Different strategies have been designed to improve and control 
the transport of a very wide range of drugs across the skin: chemical and physical methods, 
whose have intented respectively to increase skin permeability or to generate a driving force 
compelling the drug passage (Frušić-Zlotkin et al., 2012). Different physical methods have 
been used as  high-voltage (Lei Zhang, 1997), laser-light pulse sources (Lee et al., 2001), 
iontophoresis  (Rai et al., 2008), electroporation (Regnier et al., 1999), sonophoresis (Rai et 
al., 2008). Besides, chemical methods are based on the use of permeation enhancers such as: 
solvents like dimethylsulfoxide (El Maghraby et al., 2005), cyclodextrins (Cal and 
Centkowska, 2008), glycerol (Loftsson et al., 1997), lecithins (Frušić-Zlotkin et al., 2012), 1-
dodecylazacyclo- heptan-2-one (Azone) (Gu et al., 2009), supersaturated solutions (Hadgraft, 
1999) or highly concentrated surfactant solutions (El Maghraby et al., 2004), monoolein (Cui 
et al., 2013). But, there are also skin drug delivery systems, especially lipid vesicles which are 
appeared as very promising to overcome the skin barrier. 

Here, we have attempted to give an overview of the various lipid nanocarrier technologies 
which were developed to enhance skin drug delivery. The aim of this present review is to 
highlight the recent developments in this field as drug carriers for treating skin disease, among 
others. Various types of lipid nanocarriers will be described (composition and properties). 
Recent advances will be exposed and mechanistic insights of skin interactions discussed. 

 

2. Human skin structure  
 

The skin of an adult represents a surface area of about 2 m2, which corresponds to 15% of the 
total body weight (Alexander et al., 2012). The skin is composed of two types of tissues of 
different structure, composition and embryological origin and are separated by a basement 
membrane (Teyssou et al., 2008): the dermis and the epidermis (Figure 1). The dermis is the 
deeper layer but also the thicker one (1-4 mm). It is rich in collagen and elastin, two fibrous 
proteins which are emerged in a gel of glycosaminoglycans, salts and water. Different 
structures are present in the dermis like nerve endings, sebaceous and sweat glands. Blood 
and lymphatic vessels, hair follicles and sweat ducts have primordial roles in TDD. For 
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instance, hair follicles are involved in the appendageal route of skin permeation (El Maghraby 
et al., 2008). 

 

The epidermis can be divided in two parts: the viable epidermis (VE) (50-100 μm) (Bouwstra 
et al., 1992) and the non-viable but chemically active SC (10-15μm) (El Maghraby et al., 
2008), itself generated from the viable epidermis. The VE is a superposition of several layers 
which are from inside to outside: the stratum basale, the stratum spinosum and the stratum 
granulosum. The VE is essentially composed of keratinocytes that represent around 95% of 
the epidermal cells and have the particularity to be in a constant cell self-renewing. 
Keratinocytes migrate toward the skin surface. During this migration, they undergo 
differentiation and maturation associated with deep structural and composition changes, 
forming in fine the corneocytes. Corneocytes are flat dead cells containing high amounts of 
keratin filaments and water and surrounded by a hydrophobic matrix composed of keratin, 
ceramides, cholesterol, cholesterol esters, and fatty acids. Moreover, corneocytes are 
interconnected by specialized junctions, named corneodesomoses (Bouwstra et al., 1992). The 
common concept used to illustrate the SC is the “bricks and mortar” model, where the bricks 
are the corneocytes embedded in a motar which is the surrounding matrix composed of 
ceramides, cholesterol and cholesterol esters, fatty acids) (Riviere and Papich, 2001). In view 
of the complexity of the SC, it is easy to conceive that this layer is the limiting factor of the 
drug cutaneous passage.  

 

 

 

 

Figure 1. A diagram of skin structure (Teyssou et al., 2008) 

 

3. Human skin functions  
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Three main functions carried out by the skin could be identified; each contributes to the 
human body’s homeostasis: barrier function, temperature control and repair function. The skin 
is the body’s first line of defense; it prevents the loss of body fluids and counteracts the 
passage of xenobiotics such as microorganisms and toxic compounds. Furthermore, because 
of its great elasticity, the skin forms a protective barrier against the stress of mechanical 
forces. The skin is a vital organ in the regulation of body temperature through two 
mechanisms: the sweat and blood flow (Hayden et al., 2005). 

The protective function of the skin is due to both physical properties (pH, desquamation) and 
metabolic enzymes localized in the interstitial spaces of the viable epidermis, and also in 
regions of dermal hair follicles  (Guy et al., 1987) (Oesch et al., 2007). This creates a hostile 
environment towards external agents. The defense ways of the skin are based on the presence 
of immunocompetent cells (Langerhans cells, dendritic cells), properties of the skin (low pH, 
peeling resident microflora), melanocytes (protection against UV), the hair follicles and 
sebaceous glands (production of fatty acid and lysozyme) (Teyssou et al., 2008). 

 

4. Pathways for skin permeation 
 

It is commonly considered that an active agent is transported across the SC by passive 
diffusion through three possible routes (Figure 2) : the transcellular, the intercellular 
(paracellular) and the appendageal routes (Lane, 2013). The SC has been identified as the 
main physical barrier of the skin protecting against skin penetration of foreign substances. 
The SC appears as the rate limiting step for a skin drug delivery. Indeed, corneocytes 
differentiation and migration and desquamation counteract drug passage through the skin. 
Indeed, a complete renew of the skin barrier occurs in 14 days in healthy people. 

The transcellular route is still controversial. Nevertheless, it is commonly admitted that polar 
molecules could hardly permeate through the intercellular route, whereas non-polar molecules 
whose molecular weight < 500 Da and Log P 1-4 could readily diffuse (Cronin et al., 1999; 
Kang et al., 2007).  

It is noteworthy to mention that intercellular spaces width is estimated to be 19 nm by vand 
der Merwe et al. (van der Merwe et al., 2006) and 75 nm by Baroli et al. (Baroli et al., 2007) 
which hampers the passage of large molecules.  

In summary, drug physicochemical properties that influence the permeation through the skin 
are the molecular weight , the solubility and the ability to form hydrogen bonds (Potts and 
Guy, 1995). 

Hair follicles represent around 0.1% of the skin surface which makes them a potential 
pathway for drug permeation.  Indeed, the SC layer in the deeper parts of hair follicles is thin 
when compared to that in other reasons in the epidermis. Moreover, the profound invagination 
facilitates access to the capillary network, making hair follicles the pathway of choice for drug 
systemic diffusion (Knorr et al., 2009).  
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Hairs have a natural movement which pushes particles toward the inside of the follicle, where 
they could form a kind of reservoir, subsequently cleared by the sebum. Furthermore, it is 
important to note that when the follicle is clogged with sebum or hair without sheath, a 
systemic absorption can occur, particularly for very small particles (Vogt et al., 2006). 
Consistently, the appendageal route would be appropriate for molecules of high molecular 
weight diffusing slowly through the skin and also for nanoparticles (Lademann et al., 2011). 
Lademann  and al. (Lademann et al., 2015) reported that particles with a size around 600 nm 
exhibit the highest penetration through hair follicles after a skin massage. 

 

 

Figure 2: Sketch of the three penetration pathways: transcellular, intercellular and follicular. 
The upper right inset is a close-up of the SC showing the transcellular pathway and the 
tortuous intercellular pathway (Bolzinger et al., 2012). 

 

A large panel of lipids used in the formulation of lipid-based colloid carriers have structural 
similarities with those composing epidermis and in particular the SC. In addition to providing 
a good biocompatibility that could also promote skin penetration by different mechanisms 
suggested by Zhai et al. (Zhai and Zhai, 2014) (Figure 3). After adhesion to the skin surface, 
lipid based carriers can disturb the SC through different mechanisms such as lipid exchanges 
or looseness of the structure, polarity alteration, SC fluidization following an increased 
hydration (Zhai and Zhai, 2014).  
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Figure 3: Interaction mechanisms of lipid-based carriers with corneocytes. Lipid-based 
carriers could attach onto the skin surface and increase skin hydration, gradually lead to loose 
structure, polarity alteration, fluidization and even lipid exchange within the intercellular lipid 
domain (Zhai and Zhai, 2014). 

 

5. Lipid-based nanocarriers as transdermal delivery systems  
5.1. Conventional Liposomes 

5.1.1. Definition 
Conventional liposomes are typically composed of natural phospholipids such as lecithins, 
major component of most biological membranes. Phospholipids have the ability to self-
assemble spontaneously in aqueous media and to form one or several bilayers delimiting one 
or several aqueous compartments (Figure 4). They are widely used as drug carriers for 
hydrophilic (in the aqueous compartments) and lipophilic (within the lipid bilayers) molecules 
(Yoshida et al., 2010).  

Liposomes are classified according to their size and lamellarity as follows : the MLVs 
(multilamellar vesicles) with a size > 0.5μm, the SUVs (small unilamellar vesicles) with a 
size ranging from 20 nm to100 nm, the LUVs (large unilamellar vesicles) with a size > 100 
nm (Sherry et al., 2013). Cholesterol is often added to improve the stability of the bilayers in 
the presence of biological fluids. Hence, cholesterol reduces permeability and leakage of the 
active payload. To limit the oxidation of phospholipids, neutral pH buffers and antioxidants 
such as sodium ascorbate could also be incorporated in the composition (Yatvin and Lelkes, 
1982). 

The lipid vesicles are commonly used as drug carriers for the dermal route. Human skin 
barrier is particularly difficult to overcome due to the complex composition of the SC. It has 
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been reported that the liposomes were able to interact with SC lipids and thus promoting their 
penetration an deposit in the deeper skin layers from where the active payload is released (du 
Plessis et al., 1994). 

 

5.1.2. Mechanisms of skin penetration 
Conventional liposomes may interact with the SC at the surface and with deeper layers under 
different assumptions described in the literature (Sinico et al., 2005) (Figure 5): 

(1) The vesicles could penetrate the skin while maintaining their integrity. Foldvari et al. 
suggested the presence of conventional liposomes in the dermis in their intact form (Foldvari 
et al., 1990). However, differences in size and structure for liposomes were observed before 
and after skin penetration. Since then, the hypothesized passage of liposomes in their intact 
form was considered implausible (du Plessis et al., 1994; Korting et al., 1995; S. Zellmer et 
al., 1995); the presence of liposomes in the dermis was rather attributed to a passage by the 
follicular pathway (Betz et al., 2001). 

(2) The vesicles structure would break at the SC surface enabling phospholipids penetration 
within the SC which would promote skin permeation of the active payload. It is well 
established that phospholipids are promoters for skin passage; they act by disturbing the lipid 
matrix in the SC (Kato et al., 1987). Various studies have confirmed this phospholipids 
property (Yokomizo and Sagitani, 1996a, 1996b; Sebastian Zellmer et al., 1995); however, it 
was found to be strongly dependent on phospholipid type with a direct impact on the stiffness 
or the elasticity of the liposomes (Kirjavainen et al., 1996). 

(3) Vesicles might be adsorbed to the surface of the skin; they merge with the lipid matrix in 
the SC and then the active molecule diffuses through the skin layers. It has been shown that 
this type of interaction "adsorption/fusion" with the SC lead to the formation of intercellular 
lipid lamellae increasing the mobility of the lipophilic active payloads in the SC (Bouwstra et 
al., 1992). This was also suggested by Keith and Snipes (Keith and Snipes, 1982) who 
described the melting of the vesicles with the SC lipids as a kind of extension of the lipid 
matrix which allows lipophilic active molecules “to flow” more easily and reviewed by 
Laouini et al. (Laouini et al., 2013). This was also confirmed by Sinico et al. during their 
studies on tretinoin-loaded liposomes (Sinico et al., 2005). The authors have reported that 
liposomes formed a lipid film on the surface of the skin. This proximity allowed exchange of 
vesicular material with the SC lipid matrix leading to a change in the phase transition of the 
new matrix. Moreover, the water contained in liposomes results in an increase in SC 
hydration and a swelling of the intercellular lipids and the fibrous proteins. All of these 
changes destabilize the SC structure causing an increased permeability. 

Skin- vesicles interactions depend on the vesicle physicochemical and mechanical properties. 
Based on recent studies, it is commonly admitted that conventional liposomes are not efficient 
transdermal delivery systems. They do not display an efficient permeation into the deep skin 
layers. They are mostly stopped in the epidermis upper layers in the intercellular pathways 
where vesicle rupture may occur because of their lack of deformability. Such behavior was 
expressed by a relatively low percutaneous flux altogether with a high skin retention of the 
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loaded drug when compared to flexible liposomes and other lipid-based carriers (Raza et al., 
2013). Nevertheless, nanoliposomes whose sizes are between 31 and 41 nm exhibited a 
significantly enhanced penetration (Hood et al., 2014). Imaging techniques revealed that 
smaller liposomes pass rapidly through the SC without vesicle rupture (Hood et al., 2014). In 
contrast, vesicle lamellarity seems not to influence the skin permeation (Szura et al., 2014). In 
addition to vesicle size, several factors could alter the skin permeation, such as zeta potential 
(Gillet et al., 2011a), constitutive lipids (Gillet et al., 2011a, 2011b),  loading efficiency of the 
entrapped drug as well as the type of skin disorders (Raza et al., 2013), the skin barrier  
integrity and the occlusion conditions (Trauer et al., 2014).  

 

In sum, the studies on skin passage showed the poor benefits of conventional liposomes in the 
treatment of skin diseases. Nonetheless, it is important to keep in mind that these studies 
rarely considered the pathophysiological aspects when conducting in vitro/in vivo 
experiments. It has been suggested that liposomes could penetrate the skin if the skin barrier 
is impaired like in skin cancers or psoriasis where the permeability of the skin is significantly 
increased (Fresta and Puglisi, 1996; Korting et al., 1995). However, studies on the application 
of conventional liposomes on damaged human skin are still scarce.  

Korting et al. conducted a randomized, double-blind trial comparing the efficacy of a 
betamethasone liposomal formulation with a simple gel formulation in patients with atopic 
dermatitis or psoriasis vulgaris (Korting et al., 1990). Their results showed that the 
effectiveness of betamethasone-loaded liposomes was higher in atopic dermatitis than in 
psoriasis. The reason behind this, as expressed by the authors was the diseases 
pathophysiological differences; psoriasis vulgaris is characterized by hyperkeratosis which 
would slow the passage of liposomes while in atopic dermatitis the impaired SC (Melnik et 
al., 1988) would promote their passage. Based on this study, conventional liposomes could 
present a potential in the topical treatment of atopic dermatitis. 



79 
 

 

Figure 4. Schematic illustration of a panel of lipid-based nanocarriers as transdermal delivery 
systems. 

5.2. Transfersomes 
5.2.1. Definition 

Transfersomes are liposomes with special properties, capable of crossing the SC and penetrate 
deeply into the skin. Numerous studies showed the superiority of this system over 
conventional liposomes and even over ethosomes (Ghanbarzadeh and Arami, 2013; Zhao et 
al., 2013). Transfersomes are composed of several phospholipid bilayers with an additional 
component, i.e. the edge activator (EA). This concept has been described for the first time by 
Cevc et al. in 1992 (Cevc and Blume, 1992) who named this type of liposome 
"transfersomes". Their peculiarity is due to their interesting elastic properties obtained when 
the EA is added. The most conventionally used EAs are sodium cholate, deoxycholate, Span 
60, Span 65, Span 80, Tween 20, Tween 60, Tween 80 and dipotassium glycirrhizinate 
(Elsayed et al., 2007). 

 

5.2.2. Vesicle ultradeformability 
EAs are often single-chain surfactants with a large radius of curvature, which once inserted 
between the phospholipids lead to disturbances in the organization of the bilayer. Such 
surfactant chains have a distribution which is not random in the bilayers; they accumulate at 
the points with higher pressure when vesicles are subject to anisotropic stresses. The vesicles 
structure is made less stiff because the discontinuities generated by the incorporation of the 
EA in the phospholipids bilayer (Kumar et al., 2012). Depending on the physicochemical 
properties, the EA has affinities to special regions of phospholipids leading to the formation 
of a destabilized bilayer. The EA effect is generally produced with an EA/phospholipid ratio 
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not exceeding 25% (El Zaafarany et al., 2010; Jain et al., 2003). The obtained lipid vesicles 
could alter their shape, if need be, by providing a lower energy (Cevc et al., 2002). 

 

5.2.3. Mechanism of skin penetration 
Two parameters were identified as governing the cutaneous passage of transfersomes (Figure 
5): the degree of flexibility and the partition coefficient of the active payload (Pirvu et al., 
2010). The main involved mechanism is that transfersomes pass through the SC passively 
driven by the osmotic strength also called hydration force (Choi and Maibach, 2005). The 
water content in the SC (15%) is lower than that in the other layers of the epidermis (75%), 
which forms a water gradient (Kumar et al., 2012). The osmotic strength theory has been 
developed by Cevc et al. (1992). Such theory points out the xerophobia of the transfersomes 
to explain the passage through the skin, which remains limited by the SC. However, the active 
payload could be release in the SC and the could diffuse in the epidermis and dermis, and 
probably would reach the blood vessels (Honeywell-Nguyen et al., 2003).  

Transfersomes can deform and easily pass through the intercellular spaces of the SC. Indeed, 
it is found that when the osmotic gradient was disturbed because of the skin wetting, the 
passage of transfersomes was reduced (Morrow et al., 2007).  

Evidences of the ultra-structure changes of the intercellular lipids following the skin treatment 
with transfersomes were recently reported by Duangjit and co-workers (Duangjit et al., 2014). 
The authors found a broadening and sometimes a shifting of peaks in FTIR spectra of the skin 
treated with transfersomes (Duangjit et al., 2014). In addition, DSC thermograms showed 
changes in the enthalpy of the SC lipids (Duangjit et al., 2014). To our knowledge, no 
evidence has been reported on the transfersome’s ability to permeate without altering their 
shape or structure; they would rather cross the SC and dissolve or mix with skin lipids 
releasing the entrapped drug, that subsequently permeate through the epidermis. However, the 
intercellular pathway would be minor. 

Figure 5. Schematic representation of the main permeation mechanisms of lipid-based 
vesicles. 
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Currently, other works put forward that the transfersomes passage would mainly occur by the 
follicular pathway. Subongkot et al. studied transfersomes passage through the pig skin using 
confocal laser scanning microscopy (Subongkot et al., 2013). According to their results, 
fluorescently-labeled transfersomes penetrate through the hair follicles and then diffuse their 
active payload in the deeper skin layers before reaching in the upper skin layers (Figure 6). 

 

Figure 6. Confocal laser scanning images of fluorescently-labeled transfersomes penetrating 
an intact porcine skin. The scale bar represents 50 μm. 

Guo et al. found that the EA do not impact the dermal penetration way (Guo et al., 2000). 
Although, other researchers showed that the surfactant would act as a permeation enhancer 
by: i) interacting with the SC causing its swelling (Pathan and Setty, 2009), the keratin turns 
into swollen uncoiled fibers; ii), extracting lipids from the SC disturbing its organization 
(Singh et al., 2015); iii) interacting with the vesicles playing the role of “edge activators”. 

 

5.3. Ethosomes 
5.3.1. Definition 

Ethosomes are lipid vesicles composed of phospholipids and a large amount of ethanol (20-
45%). They have been described for the first time by Touitou et al. (Touitou et al., 2000). 
Numerous studies have demonstrated their effectiveness as drug carrier for topical application 
(Elsayed et al., 2007). Ethosomes showed a significant advantage over transfersomes. They 
are effective both in non-occlusive and occlusive application (Ainbinder and Touitou, 2005; 
Elsayed et al., 2007). According to previously published works, ethosomes improved the 
access for both highly hydrophobic (Bhalaria et al., 2009; Paolino et al., 2012) and highly 
hydrophilic drugs (Dubey et al., 2007; Godin and Touitou, 2004) to the skin deep layers. The 
penetration depths, between 80 μm (Fang et al., 2009) and 200 μm (Godin and Touitou, 
2004), were commonly visualized by confocal laser scanning microscopy using ethosomes 
labeled with a fluorescent probes.  
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5.3.2. Ethanol effects 
Ethanol is known to be a skin penetration enhancer (Williams, 2003). Moreover, ethanol has 
also various effects on the physicochemical properties of ethosomes: ethanol reduces vesicle 
size (Dayan and Touitou, 2000); gives a negative surface charge which could lead to a 
decreased size, increased stability over time (López-Pinto et al., 2005), and to a better passage 
of the skin barrier (Gillet et al., 2011b). 

 

5.3.3. Mechanism of skin penetration 
In an attempt to elucidate the involved mechanisms, Touitou and co-workers assayed 
phospholipid and ethanol that could penetrate the murine skin layers over 24 hours of 
exposition to ethosomes (Touitou et al., 2000).  Surprisingly, 10.5% of phospholipids and 2% 
of ethanol were found in all the skin layers and were readily assayed in the receiver 
compartment of Franz diffusion cell (Dayan and Touitou, 2000). A synergistic influence of 
phospholipid and ethanol, interacting with each other and with the skin barrier, have been 
suggested as follows (Dayan and Touitou, 2000) : i) ethanol, a well know permeation 
enhancer, causes disturbance in the skin barrier, more precisely, it disturbs the organization of 
the SC lipids by both enhancing the lipid fluidity and decreasing the density of the 
intercellular lipid domains, ii) vesicles interact with the disturbed SC, alter the intercellular 
lipid lamella and hence creating their own pathways across the SC to the deep skin layers, iii) 
ethanol increases the vesicle fluidity and flexibility, caused by increasing the mobility of polar 
lipid heads of lipid molecules. Such elasticity facilitates vesicle crossing in the disturbed 
intercellular narrow pathways. This reasoning is supported by the fact that permeation from 
ethosomes was greatly enhanced when compared to that achieved by conventional liposomes 
or any of the system components alone. 

It is noteworthy to mention that ethanol content in ethosomes seems to significantly influence 
permeation flux (Esposito et al., 2004; Li et al., 2012; Verma and Fahr, 2004). In a general 
way, the higher the ethanol content, the greater the permeation flux (Esposito et al., 2004). An 
additional plausible mechanism suggests ethosomes passage through the follicular pathway 
(Dayan and Touitou, 2000). Today, no evidence supporting this latter has been reported in the 
literature. 

5.4. Penetration enhancer-containing vesicles (PEVs) 
Ethosomes are considered as the first generation of the penetration enhancer-containing 
vesicles (PEVs). Such systems contain penetration enhancers (PEs) in order to promote skin 
passage but also to solubilize active molecules that are poorly soluble in water, ethanol or 
methanol. PEs have similar properties to those of EA offering a better cutaneous passage via a 
greater flexibility (Castangia et al., 2013; Dragicevic-Curic et al., 2008; El Maghraby et al., 
2000; Elsayed et al., 2007; Manconi et al., 2009; Mura et al., 2009). The core team working 
on this new generation of vesicles for skin applications is the group of Manconi et al. 
((Manconi et al., 2011b, 2011a) Caddeo et al., 2013; Castangia et al., 2013; Manca et al., 
2013). The synergistic combination of PEs and lipid vesicles produces promising skin drug 
delivery systems.  
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According to Chessa et al. (Chessa et al., 2011) , the use of PEG 400 (up to 40% in the 
aqueous phase) as PE provides a suitable skin deposition of the of quercetin, a lipophilic 
antioxidant agent, in different skin layers, mainly in the epidermis. In addition, a significant 
amount of quercetin was found in the receiver compartment of Franz diffusion cells, which is 
in favor of an effective transdermal passage. The penetration of the PEVs at the epidermis 
level is interesting for the treatment of skin diseases like psoriasis in which the epidermis has 
a fundamental role in the pathogenesis. Besides, this study also showed that the application of 
PEVs should be non-occlusive in order to obtain an effective dermal passage. 

Manca et al. (Manca et al., 2013) used glycerol to increase the fluidity of lipid bilayers. It has 
been shown that by increasing the glycerol concentration in the aqueous phase up to 30%, the 
vesicles become elastic, which proves glycerol’s role as EA. The authors also reported the 
glycerol role. Indeed, when used at ratios 20 - 30%, glycerol provided a strong deposition of 
the entrapped drug, i.e. diclofenac, in the SC at the level of the epidermis. A better skin 
penetration was observed for PEV when compared to the marketed product. Accordingly, 
PEVs gather all the advantages of the previously developed vesicles, i.e. transfersomes and 
ethosomes. There is currently no assumption about the type of mechanism involved in skin 
penetration. For theses purpose, additional studies are needed. 

 

5.5. Solid lipid nanoparticles (SLNs) 
SLNs were introduced in 1991 as an encouraging carrier system positioning itself at the 
interface between the pre-existing lipid systems (emulsions and liposomes) and polymeric 
nanoparticle systems. SLNs may combine interesting properties of the two previous systems. 
Schematically, the lipid matrix is constituted by a solid lipid or a mixture of solid lipids at a 
rate of 0.1% (w/w) to 30% (w/w) dispersed in aqueous medium. The stability of the system 
can be ensured by a surfactant with a concentration generally ranging from 0.5% (w/w) to 5% 
(w/w) (Pardeike et al., 2009). 
SLNs exhibit many advantages as biocompatibility, drug protection against degradation, drug 
release control. Moreover, they are also interesting because of the possibility to scale up and 
to undergo sterilization process. Because of the lipid nature, SLNs are considered very 
attractive as skin drug carriers. Indeed, interactions between skin an SLNs lipids could 
enhance skin permeation of the encapsulated drugs (Zhai and Zhai, 2014). SLNs have a mean 
particle size ranging from about 40 to 1000 nm (Pardeike et al., 2009) what could facilitate 
drug penetration into deeper skin layer for the smaller size, because of the greater interfacial 
area. SLNs have also been described as having the particularity to enhance the benefit/risk 
ratio of topical therapy via epidermal targeting (Porter et al., 2013). 
The choice of constitutive lipids is important because of their direct impact on the colloid 
properties, e.g. the size, drug loading, but also the skin permeation and drug release profile. 
Jensen et al. (Jensen et al., 2011) prepared SLNs with three lipids of different polarities 
(distearate, tripalmitate, cetylpalmitate) and performed in vitro studies with the aim to 
understand effects of SLNs composition on skin penetration. The active payload was a 
corticosteroid, i.e. betamethasone-17-valerate (BMV). The smaller SLNs were obtained with 
distearate because BMV is soluble in this lipid (150.9 ± 0.12 nm). The small size related to a 
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greater surface area is in favor of a better interaction and penetration into the skin. Although it 
is commonly admitted that particles with a size > 10 nm cannot penetrate through the intact 
skin. However, it has been reported that in diseases where the skin barrier is defective, 
particles with a larger size could penetrate. The higher amount of BMV in the skin and 
particularly in the SC was observed after application of BMV-loaded distearate SLNs. SLN 
with distearate which has the nearest solubility to that of skin components would exhibit a 
better miscibility with the skin lipids than those with tripalmitate and cetylpalmitate. 
Accordingly, a suitable choice of SLNs constitutive lipids enable to adjust the drug release 
kinetic and the drug distribution between the skin layers (Jensen et al., 2011).  
Moreover, SLNs behavior also depends  on the physicochemical properties of the active 
payload. Küchler et al. (Küchler et al., 2010) used electron spin resonance (ESR) and 
paraelectric spectroscopy (PS) to investigate drug-particle interactions as a function of the 
lipophilicity of three spin probes used as drug models i.e. TEMPO, log P 2.3; TEMPOL, log P 
0.6; CAT-1, log P ≤ 0. TEMPO- and TEMPOL-loaded SLNs had a larger size than CAT-1-
loaded SLNs (170–190nm versus 250 – 420nm). It has been demonstrated that TEMPO was 
distributed over the lipid particle surface whereas TEMPOL was found to be inserted in the 
deeper surfactant layers and CAT-1 in the outermost surfactant layers. These results match 
well with the fact that more spin probes are lipophilic, more they interact with the SLNs core . 
Thus, two sub-compartments in SLNs have been highlighted (Küchler et al., 2010). 
The formation of SLNs is based on the propriety of the solid lipids to melt at high temperature 
and then crystallize at lower temperature. However, these relatively perfect crystals have a 
tendency to recrystallize during storage resulting in a drug leakage and consequently, in a low 
loading efficiency (Zhai and Zhai, 2014). 
 

5.6. Nanostructured lipid carriers (NLCs) 
NLCs are a second generation of lipid nanoparticles. The lipid matrix of NLCs is formed by 
the mix of solid lipids and liquid lipids (oils) in an usual ratio of 70:30 up to a ratio of 
99.9:0.1. Introducing liquid lipids causes a melting point depression in comparison with a 
pure solid lipid. One of the observed advantages is the possibility to work at lower 
temperatures. Besides, it is important to note that despite the depression of the melting point, 
NLCs remain solid at the body temperature. As SLNs, NLCs can provide an interesting 
controlled release for different active molecules, offering protection for compounds that are 
sensitive to light, oxidation or hydrolysis (Pardeike et al., 2009). Furthermore, NLCs display a 
good biocompatibility and tolerability. 
As described previously, SLNs were characterized by a high degree of order resulting in 
different drawbacks. By reducing the order of the solid lipid matrix by adding liquid lipid, 
defects in the crystal structure are generated offering more space to drug inclusion and thus 
resulting in a higher drug loading and stability in comparison to SLNs (Obeidat et al., 2010) . 
Moreover, water content of the NLC suspension is lower than that of SLN suspension which 
enables to produce concentrated suspension of lipid nanoparticles and to incorporate them  
directly in dermal formulation (Pardeike et al., 2009). 
Colloidal properties and skin delivery of NLCs are dependent on the lipid composition, the 
entrapped drug and the particle size. Many authors have demonstrated the influence of these 
parameters. For example, Phatak et Chaudhari (Phatak and Chaudhari, 2013) prepared 
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aceclofenac-loaded NLCs with Compritol 888 ATO (solid lipid), PEG-8 Miglyol 812 (liquid 
lipid) and Polysorbate 80 (surfactant). The effect of the excipient proportions on colloidal 
properties was studied. The authors showed that by increasing the solid/liquid lipid ratio, the 
particle size decreased from 350 nm to134 nm. The stabilizer concentration and drug/lipids 
ratio are also reported to affect the entrapment efficiency (Phatak and Chaudhari, 2013). 
Depending on the excipients used in the formulation of NLCs, the site of action and the drug 
release kinetics could be adjusted. For example, Chen et al. (Chen et al., 2013) prepared 
Coenzyme Q10 loaded NLCs using cetyl palmitate, MCT (medium-chain triglycerides) and 
TEGO® Care450 (Polyglyceryl-3 Methylglucose Distearate) capable of targeting the 
epidermis and accumulate inside to provide a sustained release. Besides, Kawadkar et al. 
(Kawadkar et al., 2013) have developed flurbiprofen-loaded NLCs designed with coconut oil, 
stearic acid and soya lecithin which were found to permeate the deep skin layers and to reach 
the bloodstream. 
 
 

5.7 Mechanisms of lipid nanoparticle (SLNs and NLCs) skin permeation 
 
Topical application of lipid nanoparticles (SLN and NLC) on the skin forms a monolayer 
because of their adhesiveness property. This is an hydrophobic film whose the resistance and 
the effects therefore depend on the size of the particles constituting it. Generally the particle 
size has to be inferior to 200nm. This film formation has an occlusive effect due to its 
hydrophobicity. The water loss from the skin caused by natural evaporation is prevented 
leading to a corneocyte packing reduction and an inter-corneocyte gaps enlargement. That 
could potentialize a deeper skin penetration of drugs (Desai et al., 2010). Zhai, et al. (Zhai and 
Zhai, 2014) performed research based on the exploration of skin histopathology modifications 
to attempt to elucidate NLC/skin interaction mechanism.  Hematoxylin/eosin staining method 
was used in order to appreciate the effect of NLC application on the intercellular environment 
of the skin. It has been observed that the stratum corneum had lost its original organization 
becoming more scattered and loose after NLC treatment. NLCs could disturb intercellular 
packing which embeds keratinocytes and corneocytes especially by acting on 
corneodesmosomes or intercellular lipids composition. The tight junctions anomalies in 
stratum corneum would lead to the barrier function defectiveness and could promote the skin 
permeation  of drugs (Zhai and Zhai, 2014). 
It has been observed that for SLNs the smaller the particle size, the better the skin penetration 
due to a higher occlusion and a greater interaction surface with the skin. Generally, the 
particle size has to be less than 260 nm (Mardhiah Adib et al., 2016). It has been also seen 
that an increase in liquid content reduced the occlusive effect (Teeranachaideekul et al., 2008) 
and the SLNs had a higher occlusive effect than NLCs (Souto et al., 2004). It is also reported 
that the occlusion effect is function of the sample volume applied, the cristallinity and the 
lipid rate (Teeranachaideekul et al., 2008). Lombardi Borgia et al. (Lombardi Borgia et al., 
2005) have highlighted that after application of the SLN preparation on the skin, its water 
content evaporates resulting in recrystallization phenomena which induce the partial release of 
the drug and its skin penetration. 
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The studies that have been performed on the skin permeation of conventional liposomes, 
which are vesicles made rigid by the presence of cholesterol, are generally agreed about the 
idea that they cannot penetrate the stratum corneum of an intact skin. By extrapolating these 
data, it appears very likely that if vesicular systems have failed to cross the intact stratum 
corneum, lipid nanoparticles being more rigid would give the same result. These lipid 
particulate systems could take the transappendageal pathway because their high lipophilicity 
promotes follicular deposition. 
Jensen et al.  proposed a skin penetration mechanism for SLNs. They remained on the skin 
surface and in the stratum corneum forming a drug reservoir in the upper layers of the skin 
from where they released the encapsulated active molecules with a degree depending on the 
lipophilicity of the active ingredient to reach the target cells in the lower epidermis and 
dermis. SLN may release the active substance in a biphasic regimen, an initial burst release 
from the surface of the particles and the aqueous phase followed by a reservoir effect from the 
surface skin and stratum corneum (Jensen et al., 2011).  
The interaction of the SLNs with the skin lipids and sebum is observed to be influenced by the 
drug lipophilicity and the drug partitioning in the lipid particle, the nature of the lipid matrix 
and the type of interacting skin lipid. In 2009, Küchler et al. (Küchler et al., 2009) showed 
that SLNs prepared with compritol exhibit a platelet like shape which enable to slide between 
the superficial corneocytes by multiplied interactions with skin lipids. Moreover, it has been 
also reported that these SLNs underwent many changes over the time during skin surface 
contacts(Küchler et al., 2009). 
A study on the skin permeation of NLCs performed by Teeranachaideekul et al. 
(Teeranachaideekul et al., 2008) has showed that these lipid nanoparticles display a deeper 
penetration up to upper dermal layer when the content of liquid lipid is lower. And inversely a 
high content in liquid lipid limits the skin penetration at the upper viable epidermis. That is in 
favor of a better skin permeation of SLNs in comparison with NLCs (Teeranachaideekul et 
al., 2008). 
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6. Lipid carriers and medical applications 
6.1. Treatment of skin disorders 

 

Topical route represents the cornerstone in skin disorders treatment. High local concentrations 
of the loaded drug could be achieved while minimizing its systemic penetration and the 
related side effects. A number of marketed creams and gels were formulated with different 
permeation enhancers (e.g. ethanol, propylene glycol, myristate isopropyl, polysorbate 80, 
etc) and intended for topical delivery, such as Protopic® (tacrolimus cream), Retin A® 
(tretinoin cream), Méladinine® (methoxsalen gel), Finacea® (azelaic acid gel), etc. However, 
the superiority of lipid-based vesicles as topical carriers over marketed formulations and/or 
drug ethanolic solution have been demonstrated in terms of skin permeation and drug 
retention into the deepest skin strata, altogether with limited and, in some cases, undetectable 
concentrations of the drug in the systemic circulation. Recent advances in drug topical 
delivery based on lipid vesicle approach are reviewed hereafter. 

6.1.1. Treatment of psoriasis and atopic dermatitis  
 

6.1.1.1 Methotrexate (MTX) 
For the topical treatment of psoriasis, methotrexate (MTX) has been encapsulated into 
ethosomes (Dubey et al., 2007), transfersomes (Srisuk et al., 2012) and other lipid-based 
nanocarriers (Ali et al., 2008); (Lin et al., 2010); (Nagle et al., 2011). Indeed, MTX is known 
for its poor bioavailability, inter-individual variability and its numerous severe side effects 
(Hendel, 1985). Consistently, a topical or transdermal treatment would result in reduced 
systemic concentration of MTX altogether with high local concentration. Hence, formulations 
for topical use are expected to enhance the treatment effectiveness and, by the same way, to 
markedly limit undesirable effects. Unfortunately, transdermal permeation of MTX is limited, 
owing to its high hydrosolubility and high molecule weight. In this context, innovative 
formulations were sought. Toward this aim, Dubey and co-workers have developed ethosomal 
carriers of MTX that displayed nanometric size (143 ± 16 nm) and interesting encapsulation 
efficiency (68.71 ± 1.4 %) (Dubey et al., 2007). Skin permeation of the developed 
formulation has been assessed on human cadaver skin using fluorescently-labeled ethosomes 
and showed a 170 μm-penetration depth and a transdermal flux as high as 57.2 ± 4.34 μg/cm². 

Earlier, Lin and co-workers have developed MTX-loaded nanostructured lipid carriers 
(NLCs) for topical delivery (Lin et al., 2010). In this work, several formulations of NLCs 
were carried out and characterized for their size, zeta potential and permeation for MTX 
through murine skin. NLCs showed an average size ranging from 267.3 ± 12.3 to 319.5 ± 12.2 
nm, zeta potential values –41.8 ± 0.9 to –45.2 ± 1.1 mV. MTX amount permeating the skin 
was ranging from 0.61 to 1.11 μg/cm²/h, which is 2.4 to 4.4-times greater when compared to 
control. Skin penetration of fluorescently-labeled NLCs was observed in depths between 30 to 
75 μm, i.e. in the epidermis and the upper layers of dermis. 

Furthermore, deformable liposomes, also called transfersomes, were found to be promising 
carriers promoting skin permeability to MTX (Srisuk et al., 2012). Prepared from 
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phosphatidylcholine (PC) and oleic acid (OA) as an EA, deformable liposomes displayed 
enhanced permeability when compared to conventionnal liposomes, which was expressed by 
higher flux permeation and drug accumulation in the dermal and the epidermal layers of 
porcine skin (Srisuk et al., 2012). The higher performance was explained by the flexibility of 
deformable liposomes enabling them to penetrate through the skin pores even if they are 
much smaller than vesicle diameter. On the other hand, OA is a surfactant agent that causes 
dramatic changes of the morphology and the density of epidermal cells leading to the 
generation of pores on the surface of epidermal corneocytes (Srisuk et al., 2012). However, 
the use of OA resulted in lower encapsulation efficiency of MTX in deformable liposomes 
when compared to classical ones, which was attributed the repulsion between MTX and OA 
as they are both negatively-charged (Srisuk et al., 2012).   

  6.1.1.2 5-Aminolevulinic acid (ALA) 
5-aminolevulinic acid (ALA) is a second-generation photosensitizer. It is used for topical 
photodynamic therapy (PDT) of psoriasis and acne with long-term therapeutic effects and 
better compliance with patients. Being highly hydrophilic, ALA use in PDT is hampered by 
its poor penetration into healthy or diseased skin. To address this issue, Fang and co-workers 
(Fang et al., 2008); (Fang et al., 2009) elaborated ethosomal and liposomal formulations of 
ALA with interesting physico-chemical characteristics (table1). Liposomes and ethosomes 
were prepared according to the thin-film hydration method and the optimized formulation 
consists on Phosphatidylethanolamine (PE), cholesterol (CH) and a surfactant (sodium 
stearate (SS)) with 0.1% ALA dissolved in 15% of ethanol solution or aqueous solution for 
ethosomes and liposomes preparation, respectively (Fang et al., 2008). It is noteworthy that 
entrapment efficiency of PE/CH/SS formulation was about two orders of magnitude higher 
for ethosomes than that of liposomes (without ethanol) (Fang et al., 2008). 

Later, the same research group has investigated the pharmacological behavior of ALA 
ethosomal formulations (Fang et al., 2009). The therapeutic response was assessed in terms of 
ALA penetration behavior, protoporphyrin IX (PpIX) intensity in the skin and expression 
level of tumor necrosis factor (TNF-α). Cumulative amounts of the ethosomal ALA showed 
significant improvement in both normal and hyperproliferative murine skin when compared to 
ALA aqueous solution, and the ranges of increases were 5- to 26-fold (Fang et al., 2009). The 
penetration behavior was also highlighted using CLSM technique in order to visualize the 
intensity of PpIX, formed after the in vivo conversion of ALA. The maximal absorption of 
PpIX had a broad distribution of 30–80 μm, which indicates that PpIX remained in the lower 
epidermis and passed through the upper dermis (Fang et al., 2009). Furthermore, TNF-α is an 
indicator of perturbation of the skin barrier function and more precisely reflects the level of 
epidermal disruption. Ethosomal ALA caused about a 20% decrease in TNF-α levels 
compared to that of untreated group while only a slight decrease was observed using ALA 
ethanolic solution (Fang et al., 2009).  

In a more recent research work (Oh et al., 2011), ALA was encapsulated in ultradeformable 
liposomes (UDL) with different surface charges, i.e. cationic, anionic and neutral. Cationic 
UDL (cUDL) were found to be the most efficient carriers for ALA skin delivery when 
compared to anionic and neutral UDL. Surprisingly, despite the fact that the SC is negatively-



92 
 

charged and neutral or anionic vesicles are expected to better permeate through it, cUDL 
demonstrated higher permeability and penetration depth when compared to anionic and 
neutral UDL (Oh et al., 2011). Moreover, it is noteworthy to mention that two clinical trials 
were conducted in order to assess the therapeutic effectiveness of ALA-loaded in 
conventional liposomes for the treatment of inflammatory facial acne (Yeung et al., 2011); 
(An et al., 2011). Encapsulation into liposomes enabled low concentration of ALA to be used 
in PDT. Promising results were obtained in twelve subjects who participated in this study 
since the inflammatory acne was reduced altogether with lowering the risk of persistent post-
treatment phototoxicity (Yeung et al., 2011). These results were consistent with those of 
another pilot study on thirteen subjects, performed in the same year by another research group 
(An et al., 2011). 

  6.1.1.3 Cyclosporine A (CyA) 
Cyclosporine A (CyA) is an oligopeptide composed of 11 amino acids that showed a 
remarkable efficacy in psoriasis (de la Brassinne & Nikkels, 2013) and other dermatological 
diseases such as atopic dermatitis (Roekevisch et al., 2014) and alopecia areata (Park et al., 
2013). However, systemic delivery is accompanied by several side effects because of the 
immunosuppressive effects of CyA, the inhibition of hepatic enzymes and P-glycoprotein 
pump in addition to the severe nephrotoxicity (Roekevisch et al., 2014). On the other hand, 
the poor skin permeation of CyA makes the topical delivery unfeasible. Once again, 
researcher’s attention was drawn to ethosomal formulations (Verma & Fahr, 2004). The 
vesicles were composed of marketed mixture of phospholipids (NAT 8539), ethanol at 
different ratios (from 3.3 to 20 %) and CyA 0.4% (w/v) in phosphate buffered saline. CyA 
vesicles containing 10% and 20% ethanol showed a statistically enhanced deposition of CyA 
into the SC as compared to vesicles prepared without ethanol (conventional liposomes). 
Vesicles composed of NAT 8539/ethanol (10/10) showed the highest accumulation of CyA in 
the SC as compared to other formulations elaborated in this study. Moreover, the penetration 
depth was assessed in an abdominal human skin using radioactively-labeled CyA. 
Interestingly, radioactivity was detected after 6-h exposure in depths up to 1600 μm for all of 
the formulations, but the highest accumulation intensity was noticed for vesicles containing 
10% of ethanol (Verma & Fahr, 2004). 

6.1.1.4  Psoralen 
Psoralen is a photosentizer molecule used in the PDT of psoriasis. Kumari and his co-
workers developed composite ethosomes as topical vehicle of psoralen (Kumari & Pathak, 
2013). Composite ethosomes were based on soya lecithin (i.e. phosphatidylcholine), cavamax 
W7 (β-cyclodextrine), ethanol and propylene glycol. The injection method was adopted as 
the preparation method followed by a purification step by dialysis. According to the authors, 
the combined use of phosphatidylcholine, β-cyclodextrine, ethanol and propylene glycol 
displayed 7-folds enhancement of the solubility of psoralen, a highly lipophilic molecule. 
The first one plays the role of surfactant while the other components play the role of co-
solvents. Composites ethosomes were introduced in carbopol gel and were compared with gel 
containing psoralen-loaded ethosomes (without β-cyclodextrine), β-cyclodextrine inclusion 
complex and with the free drug. Composite ethosomes-containing gel demonstrated the 
highest permeation flux followed by ethosomes-containing gel, inclusion complex and free 
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psoralen being the lowest one. The skin permeation rate of the composite ethosomal gel was 
6.81 folds greater than free psoralen gel. 

Zhang and his colleagues elaborated another ethosomal formulation of psoralen intended for 
topical use (Zhang et al., 2014). This formulation was based on soybean lecithin and ethanol 
and prepared according to injection method. Subsequently, ethosomes optimized formulation 
displayed 6.56 folds enhancement of the permeation rate when compared to psoralen tincture. 
In this study, the authors put to evidence that the ability of ethosomes to penetrate the skin is 
closely related to the proportion of phospholipids and ethanol in the formulation. The 
formulation containing the highest proportion of phospholipids (10% w/v) and ethanol (45 % 
v/v) achieved the lowest skin permeation at 24 h (1.98 ± 0.90 μg/cm²). However, when the 
proportion of both phospholipids and ethanol was reduced, higher permeation rates were 
observed. For instance, formulation containing 6% w/v of phospholipids and 25 % v/v of 
ethanol showed a permeation rate of 2.84 ± 1.46 μg/cm² at 24 h. Moreover, the authors 
demonstrated that the permeation rate depends of the skin region; the abdomen skin being the 
most permeable area when compared to the chest or scapula. 

6.1.1.5 Tretinoin (TRE) 
Tretinoin (TRE) is used in the treatment of several skin diseases such as acne, psoriasis (Raza 
et al., 2013) , skin cancer (Quigley & Halpern, 2013) and photoaging (Hubbard et al., 2014). 
This molecule offers a good example highlighting the importance of lipid-based vesicles as 
drug carriers for skin delivery. TRE causes many unwanted side effects such as erythema, 
peeling and irritation. Furthermore, TRE is sensitive to air, light and heat that change it into 
ineffective substance. With regard to these drawbacks, several researches on formulation of 
lipid colloidal nanocarriers were conducted over the last few years.  

Raza and his colleagues developed recently phospholipid-based particulate (solid lipid 
nanoparticles SLNs and NLCs) and vesicular (liposomes and ethosomes) nanocarriers of 
TRE and investigated their potential in promoting photo-stability, skin compliance and 
permeation (Raza et al., 2013). The composition of theses of carriers was slightly different 
between each other: Liposomes were composed of phosphatidylcholine (PC), cholesterol 
(CH) and prepared by thin-film hydration technique; ethosomes were composed of PC, CH 
and 20% of ethanol v/v and prepared by the cold method; SLNs and NLCs were both 
prepared by microemulsification technique and composed of PC, Compritol (glyceryl 
dibehenate) and Tween 80 (polysorbate). NLCs comprised an additional component, 
isopropyl myristate (IPM) known for its permeation enhancing activity. All the nanocarriers 
contained, butylated hydroxyl toluene (BHT) as an antioxidant (Raza et al., 2013). Once 
prepared, each type of nanocarriers was then incorporated into carbopol-based hydrogel. 
With respect to the foreseen response, each colloidal nanocarrier seemed to be less or more 
efficient: Regarding the stability response, the highest photoprotection was offered by NLCs 
followed by SLNS. Similarly, concerning the skin permeation rate, NLC-gel showed a higher 
permeation flux than that of SLN-gel which was in turn higher than ethosome- and liposome-
gels ‘ones. In contrast, the highest drug retention was found for liposome-gel followed by 
NLC-gel and then by SLN-gel. Ethosome-gel showed the lowest skin retention. Interestingly, 
the control composed of RTE ethanolic solution showed the highest permeation skin but also 
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the lowest retention. Furthermore, deeper penetration than TRE commercial gel was observed 
for NLCs, SLNs and ethosomes; whereas liposomes failed to reach deeper layers of skin. 
Finally, liposomes and NLCs showed a significant better anti-psoriatic efficacy than the other 
tested products. Accordingly, the authors concluded that: “for treatment of deep-seated 
disorders like acne (located in sebaceous units), better penetrating carriers i.e. NLCs, SLNs 
and ethosomes can perform better than the liposomes. For treatment of superficial skin 
disorders like psoriasis, liposomes were found to be as good as SLNs and NLCs, while 
ethosomes were of no much utility. Appreciable biocompliance can be achieved with SLNs, 
NLCs and liposomes, but alcohol-containing ethosomes can be irritant” (Raza et al., 2013).  

These results are consistent with previous research work demonstrating the efficiency of 
liposomes and niosomes to promote TRE cutaneous retention (Manconi et al., 2006). 
Nevertheless, the superiority of transfersomes, also called penetration enhancer-containing 
vesicles (PEV), as transdermal carriers of TRE remains unquestionable. Being ultra-
deformable thanks to the presence of penetration enhancers (PEs) in their lipid wall, PEVs 
showed high suitability for intercellular passage (Chen et al., 2014). The research works 
conducted by Manconi and his co-workers highlighted the impact of hydrophilic PEs, playing 
the role of edge activators, on the performance of obtained vesicles (Manconi et al., 2011). In 
this work, four hydrophilic PEs were tested: decylpolyglucoside (Oramix® NS10, Or), 
caprylocaproyl macrogol 8-glyceride (Labrasol®, Lab), 2-(2-ethoxyethoxy)ethanol 
(Transcutol® P, Trc), and propylene glycol (PG). Vesicles were prepared by thin-layer 
hydration method using soybean phosphatidylcholine (Phospholipon 50, P50) and one of the 
selected PEs at predetermined concentration of 0.6% w/v. Indeed, according to the molecular 
structure, PE ability to interact with the bilayer structure was different, causing a molecular 
rearrangement and increased membrane fluidity. Trc and PG, which are water miscible and 
therefore are commonly used as co-solvents, were found to poorly interact with the lipid 
bilayer; whereas Or and Lab, hydrophilic surfactants with long hydrocarbon chains, 
effectively interact with the lipid bilayer. They made it more fluid decreased the energy 
necessary for the transition from planar lamellar phase to closed multilamellar vesicles 
(Manconi et al., 2011). Consistently, Lab- and Or-PEVs showed a remarkable stabilizing 
effect, as no relevant changes in vesicle size or encapsulation efficiency were detected over a 
period of 90 days (Manconi et al., 2011). Ex vivo skin permeation studies confirmed this 
reasoning. The highest TRE cutaneous accumulation were observed for Lab-PEVs followed 
by Or-PEVs, which in turn was higher than that achieved by Trc-PEVs and PG-PEVs 
(Manconi et al., 2011). 

6.1.1.6 Tacrolimus 
Tacrolimus is an immunosuppressor agent commonly used for preventing rejection of organs 
in transplanted patients. Its topical use is intended for the treatment of many skin disorders 
(Scheinfeld, 2004), such as psoriasis and as a second-line therapy of atopic dermatitis also 
called atopic eczema in case of failure of topical corticoids. Nevertheless, a potent delivery of 
tacrolimus is mired by its poor permeability through biological barriers (e.g. gut and skin). 
Numerous attempts to overcome this issue are being done and already reviewed (Patel et al., 
2012). Li and co-workers proposed ethosomal formulation of tacrolimus for topical use (Li et 
al., 2012). In this work, three types of ethosomes were developed using ethanol, propylene 



95 
 

glycol or a mixture of both PEs at a fixed concentration 30 % v/v. According to the authors 
(Li et al., 2012), ethanol showed superiority over propylene glycol in terms of encapsulation 
efficiency and permeation enhancing through the SC. The enhancing effect of ethanol 
seemed to be concentration-dependent. Besides, both types of ethosomes displayed better 
encapsulation efficiency and skin permeation than liposomes. The higher encapsulation 
efficiency was explained by the fact that tacrolimus is highly lipophilic and would be 
localized only in the lipid wall. Thus, the presence of ethanol or propylene glycol would 
allow better solubility of tacrolimus improving its distribution within the whole structure 
rather than to be sequestered in the lipid bilayers. Furthermore, both ethanol- and propylene 
glycol –containing ethosomes showed significantly greater therapeutic efficacy when 
compared commercial tacrolimus ointment or dexamethasone cream. 

 6.1.1.7 Bethamethasone 
Betamethasone is widely used in the treatment of inflammatory and auto-immune skin 
disorders such as acne, atopic dermatitis, psoriasis and cutaneous lupus erythematosus 
(Zenklusen & Feldmeyer, 2014). As all corticoids, betamethasone is highly hydrophobic and 
thus displaying poor permeation through skin strata. The early trends to improve corticoids 
permeation focused on liposomes (Jacobs et al., 1988). Since then, attention was directed 
towards more sophisticated carriers as classical liposomes enabled only limited or 
insufficient improvement in transdermal delivery (Korting et al., 1990). Later, a new concept 
combining the advantages of cyclodextrine inclusion complexes and those of deformable 
liposomes, also called transfersomes, was described (Gillet et al., 2009). Indeed, the use of 
cyclodextrins was shown to increase the drug to lipid mass ratio (Piel et al., 2006), while 
transfersomes remarkably enhanced transdermal delivery of several corticoids (Cevc & 
Blume, 2004). The main advantage of deformable liposomes when compared to classical 
ones consists on their high stress-dependent adaptability (Cevc & Blume, 2004). The edge 
activators integrated in their wall enabling them to squeeze when passing between cells 
without being disrupted. In the work of Gillet and his colleagues (Gillet et al., 2009); (Gillet 
b et al., 2011), sodium deoxycholate (SDC) was used as edge activator and soybean 
phosphatidylcholine (PC) or dimyristoylphosphatidylcholine (DMPC) for the preparation of 
deformable or non-deformable (without SDC) liposomes. Two types of cyclodextrins were 
used for the preparation of inclusion complexes: hydroxypropyl-γ-cyclodextrin (HP- γ-CD) 
and methyl-β-cyclodextrin (M- β-CD). It was found that the choice of cyclodextrine did not 
influence the size of deformable or non-deformable liposomes. For both deformable and 
classical liposomes, the use of PC and/or HP- γ-CD resulted in higher encapsulation 
efficiencies and drug to lipid ratios than those obtained with either DMPC or M- β-CD 
(Gillet et al., 2009).  

Interestingly, the use of cyclodextrins slightly increased the deformability when assessed 
indirectly by measuring the percentage of PC recovered after vesicle extrusion through 50-
nm-pore-size membrane under 5 bars-pressure (Gillet b et al., 2011). However, as expected, 
the percentage of recovered PC was notably higher for deformable liposomes (89.5 ± 12.9 
and 84.1 ± 4.2 % with or without HP- γ-CD, respectively) if compared to classical liposomes 
(11.9 ± 1.7 and 3.5 ± 2.8 % with or without HP- γ-CD, respectively) (Gillet b et al., 2011). 
Unfortunately, deformable liposomes were found to be more sensitive to ultracentrifugation 
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than non-deformable ones (Gillet b et al., 2011). Therefore purification of liposomes at the 
end of preparation process would better be done by another technique. Moreover, it is found 
that deformable liposomes encapsulating betamethasone accumulate better in the dermis in 
comparison with deformable liposomes encapsulating betamethasone–cyclodextrine 
complexes (Gillet b et al., 2011).  

 

6.1.2 Treatment of acne vulgaris  
Acne is an inflammatory skin disorders caused by excess of sebum secretion. It is 
characterized by hyperkeratinization and follicular hyperproliferation accompanied with 
bacterial colonization of follicular pilosebaceous, mainly by Propionobacterium acnes. Thus, 
treatment is mainly based on combinations of antibacterial (e.g. erythromycin, clindamycine 
and cyclines) and anti- keratinizing agents (e.g. tretinoin and azelaic acid) (Valente Duarte de 
Sousa, 2014). Indeed, topical therapy is the first choice for acne management. Similarly to 
psoriasis and atopic dermatitis context, lipid-based carriers displayed many advantages over 
classical topical formulations such as creams and gels containing permeation enhancers. Here 
are some examples of research works conducted this last decade. 

6.1.2.1 Azelaïc acid (AA) 
Azelaic acid (AA) is a derivative of oleic acid with anti-keratinizing and bacteriostatic 
activities against aerobic and anaerobic bacteria (Sieber & Hegel, 2014). AA is efficient for 
the treatment of acne vulgaris, alopecia aerata and rosacea (Vargas-Diez et al., 2014); 
(Draelos et al., 2013). AA-loaded ethosomes were reported by (Esposito et al., 2004). 
Formulations were carried out by reverse-phase evaporation method using PC (5% w/v) and 
different concentrations of ethanol (from 20 to 45 % v/v). AA diffusion from ethosomes 
dispersions and from ethosomes incorporated in a carbomer gel was studied using 0.6 μm 
cellulose ester-based membrane. Diffusion was characterized by a steady-state flux for both 
dispersions and gels. The highest diffusion coefficients were found in the case of ethosomes 
containing 40% v/v of ethanol. Indeed, diffusion coefficients from gels were lower compared 
to dispersions, as vesicles are tightly packed in the viscous gel structure (Esposito et al., 
2004). More recently, polymeric nanoparticulate systems were developed for AA topical 
delivery (Reis et al., 2013). 

6.1.2.2 Bacitracin (BCT), erythromycin (ERY) 
Bacitracin (BCT) is a polypeptide antibiotic used in skin infection as a topical treatment 
(Cesur, 2002). Several types of lipid-based vesicles were developed as BCT carriers. Godin 
and Touitou elaborated BCT loaded-ethosomes with double objective (Godin & Touitou, 
2004). The first one is to improve BCT delivery to the deep skin strata, where it will be 
efficacious against dermal and sub-dermal skin bacterial infections. Second, keeping in mind 
that some pathogens cause intracellular infections, an intracellular delivery of the antibiotic is 
crucial for their complete eradication. Ethosomes were prepared from phosphatidylcholine 
(phospholipon 90 PL 90) and the final concentration of ethanol in ethosomes was 25% w/w.  

In order to elucidate ethosomal BCT permeation mechanisms, the authors labeled both 
ethosomal lipid walls with rhodamine red (RR) and BCT with fluorescein isothiocyanate 
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(FITC). With respect to the first objective, the authors checked the skin delivery of ethosomes 
on ex vivo human cadaver and rat skin using Franz diffusion cells. They found that the 
antibiotic was delivered into deep skin layers through intercorneocyte lipid domains of the 
SC. Both probes (RR and FITC) were delivered from ethosomes to a maximal depth of 200 
μm. Moreover, co-localization of the labeled drug and labeled phospholipid was observed in 
this experiment, indicating that the carrier penetrated into the skin together with the drug 
(Godin & Touitou, 2004). 

Toward the second objective of this work, intracellular penetration of ethosomal BCT in 
murine dermal fibroblasts (3T3) cell line was imaged by CLSM and quantified by fluorescent-
activated cell sorting (FACS) (Godin & Touitou, 2004). CLSM studies revealed that 
ethosomes facilitated the co-penetration of antibiotic and phospholipid into fibroblasts. 
Consistently, FACS studies indicated that ethosomes penetrate cellular membrane releasing 
the entrapped molecules inside the cells (Godin & Touitou, 2004). 

In a more recent work, BCT-loaded anionic niosomes were proposed as a good candidate as 
skin delivery system (Manosroi et al., 2010). Anionic niosomes were prepared using Tween 
61, cholesterol and dicetylphosphate by freeze-dried empty liposomes method. High 
entrapment efficiency of BCT was achieved in anionic niosomes when compared to neutral or 
cationic ones (Manosroi et al., 2010). It is likely related to BCT positive charge and resulted 
electrical interaction with the negatively-charged component in lipidic wall (i.e. 
dicetylphosphate). 

Besides, erythromycin (ERY) loaded-ethosomes were reported as efficient carriers for ERY 
delivery to deep dermal strata and subcutaneous infections (Godin & Touitou, 2005). 
Interestingly, improved antibacterial activity was observed for ethosomal formulations over 
hydroethanolic solution which was expressed by reduced minimal inhibition concentration 
(MIC) against Staphylococcus aureus. 

6.1.2.3 Tretinoin tetracycline combination 
Dual skin delivery of TRE and tetracycline (TET) was aimed via their co-encapsulation in 
lipid nanocarriers, i.e. nanoemulsions (NEs) and NLCs (Lin et al., 2013). These systems were 
prepared from squalene, a non-ionic surfactant, i.e. Polyoxyethylene-
polyoxypropylene copolymer (Pluronic® F68), palmitinic acid monoglyceride (Myverol®) and 
with glycerol distearate (Precirol®) for NLCs only. A cationic surfactant was added for the 
preparation of cationic NEs and cationic NLCs, i.e. soyaethyl morpholinium ethosulfate 
(Forestall®). NEs and NLS showed high entrapment of TRE which ranged from 60-100%., 
whereas TET mainly resided in the aqueous core. In vitro skin permeation through nude 
mouse skin, showed that NEs and NLCs significantly enhanced TET flux which was about 2-
times over the control solution for TET-loaded NLCs. TRE permeation was unaffected by the 
nanoencapsulation as no significant difference was observed with respect to control. 
However, TET permeation significantly decreased by 2-fold in the dual-drug systems. TRE 
remained unaffected by the co-encapsulation with TET, except for cationic NLCs where TRE 
permeation was also lowered for the co-loaded vesicles. Nanoencapsulation did not modify 
the antibacterial activity of TET against Pseudomonas aeruginosa and Propionobacterium 
acnes. It was noticed that for both NE and NLC systems, negatively-charged formulations 
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enhanced the antibacterial activity against S. aureus compared to the control solution (Lin et 
al., 2013). 
 

6.1.3. Treatment of skin infections  
 6.1.3.1 Antiviral drugs 

Acyclovir (ACY) is a poorly-soluble molecule in both hydrophilic and lipophilic 
environment which hampers its skin permeation. Therefore, several attempts were done to 
address this issue. Cortesi and his co-workers proposed two lipid systems as ACY carriers, 
i.e. SLNs and ethosomes. Ethosomes seemed to entrap ACY more efficiently than SLNs 
(Cortesi et al., 2011). Both systems were found to enhance skin permeation to ACY. 
However, no significant difference was observed in the antiviral activity between ACY 
solution and ACY-loaded SLNs or ethosomes (Cortesi et al., 2011).  

Another approach aiming to enhance ACY transdermal delivery was described (Zhou et al., 
2010). This latter was based on the development of ACY lipophilic prodrug, i.e. acyclovir 
palmitate, which was subsequently loaded into ethosomes. A noticeably high drug quantity 
was delivered to the deep skin strata (i.e. 622.89 μg/cm²) over 24 h-exposition to ethosomal 
prodrug, which was 5.3- and 3.43 folds higher than the prodrug hydroethanolic solution and 
ethosomal drug, respectively (Zhou et al., 2010). 

Mucoadhesive liposomal vesicles were also reported as efficient carriers for ACY 
(Naderkhani et al., 2014). Mucoadhesive liposomes were based on both phosphatidylcholine 
and phosphatidylglycerol and then incorporated into carbopol gel. The developed system 
displayed a significant increased in vitro permeability over ACY aqueous solution 
(Naderkhani et al., 2014). 

6.1.3.2 Antifungal drugs 
Fluconazole (FLZ) loaded-ethosomes were described by (Bhalaria et al., 2009). Ethosomes 
were prepared by the hot method and showed to efficiently entrap FLZ. Enhanced skin 
diffusion together with enhance antifungal activity were observed over classical liposomes, 
marketed formulation or hydroethanolic solution.  

Niosomes were also studied as topical nanocarriers for FLZ (Gupta et al., 2011). Niosomes 
were prepared by the thin layer hydration method using different types of surfactants. The 
choice of surfactant and the resulting vesicle size were found to significantly influence skin 
permeation and retention of FLZ. Niosomes containing Span 40, Span 60 and Brij 72 
displayed a sustain drug release profile and a greatly enhanced skin retention (Gupta et al., 
2011). Furthermore, unilamellar liposomes containing lysine oligopeptides (Lys-5 and Lys-7) 
were reported by (Schwarz et al., 2011). The use of Lys-5 and Lys-7 resulted in structural 
changes, decreased vesicle size and a retarding effect on FLZ skin permeation when 
compared to liposomes prepared without lysine oligopeptides (Schwarz et al., 2011). Thus, 
liposomes containing lysine oligopeptides are promising carriers able to bypass an undesirable 
fast percutaneous absorption and thereby to achieve prolonged local activity. 
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Terbinafine (TBF) is antifungal drug, mainly used for the treatment of onychomycosis. 
Several topical formulations are being developed in order to enhance its delivery through the 
nail plate barrier. Tanrıverdi and Özer recently proposed liposomal, ethosomal and gel 
formulation of TBF for the treatment of onychomycosis (Tanrıverdi & Özer, 2013). In this 
work, two types of phospholipids, i.e. Phospholipon 90 G (P90G) and Lipoid S100 (LS100), 
were used for liposomal and ethosomal formulations. Gels were prepared by incorporating 
optimized ethosomal and liposomal formulation into chitosan and poloxamer dispersions, 
respectively. It was found that formulations prepared from P90G achieved higher drug 
permeation than LS100-based formulations. Ex vivo nail permeation studies showed that the 
highest percentage of accumulated drug was observed with liposome poloxamer gel 
formulation. Moreover, ethosomal formulations showed higher irritation on nail surface after 
10 days of treatment due to the high ethanol content (Tanrıverdi & Özer, 2013). 

In another work, the performance of ethosomes was compared with ethosomes/transfersomes 
binary system as TBF-carriers in terms of skin permeation and skin retention (Zhang et al., 
2012). Binary systems were prepared using ethanol and propylene glycol in a weight ratio of 
7/3. It was found that binary system enabled higher penetration depth and higher skin 
retention of applied dose than ethosomes or transfersomes used alone. According to this 
study, ethosomes improved drug delivery with greater improvement in skin permeation than 
improvement in skin deposition (Zhang et al., 2012). 

6.1.3.3 Curcumin 
Curcumin is a naturally-occurring polyphenol whose numerous therapeutic activities are still 
being discovered as an anti-inflammatory, anti-oxidant (Pyun et al., 2014), apoptotic 
(Terlikowska et al., 2014) and antibacterial agent (Sharma et al., 2014); (Manjunatha et al., 
2013); (Liu & Huang, 2013). Transdermal formulations of curcumin are foreseen because of 
its poor bioavailability via systemic administration routes (Maiti et al., 2007). Different lipid-
based carriers of curcumin were recently described, namely propylene glycol-containing 
liposomes (PGL), ethosomes and classical liposomes (Zhao et al., 2013). In this work, PGL 
showed superior performance over ethosomes and liposomes in terms of encapsulation 
efficiency, sustained-release behavior, permeation flux and skin deposition (Zhao et al., 
2013).  
Transfersomes incorporated into carbopol gel were also reported as promising carrier of a 
combination of curcumin and diclofenac diethylamine for transdermal delivery (Chaudhary et 
al., 2014). The developed gel displayed an enhanced biological activity due to superior skin 
penetration of both drugs. Its average skin irritation scored 0.49 concluded to be non-irritant, 
safe for human use.  
Curcumin-loaded lipid vehicles were also developed as a novel treatment against 
Propionibacterium acnes (Liu & Huang, 2013). This study showed that lipid-vehicles act as 
curcumin reservoirs enabling a significant skin accumulation (362±8 μg/g skin) and leading to 
a significant antibacterial activity (Liu & Huang, 2013). 
 

6.1.4 Treatment of skin cancer  
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Paclitaxel-loaded ethosomes® were described as a transdermal therapy of  non-melanoma skin 
cancer (Paolino et al., 2012) drug delivery systems for the treatment of this pathology due to 
their suitable physicochemical characteristics and enhanced skin penetration ability for deep 
dermal delivery. In vitro skin permeation studies demonstrated an enhanced percutaneous flux 
of paclitaxcel-loaded ethosomes® which was about 23-folds than that of the hydroethanolic 
suspension of paclitaxcel (Paolino et al., 2012). More effective anti-proliferative activity in a 
squamous cell carcinoma model was obtained for ethosomes as compared to the free drug. At 
the same drug concentration, i.e. 5 μm, the mortality percentage of cancerous cells after 24h-
exposition were double for encapsulated paclitaxcel when compared to free drug (Paolino et 
al., 2012). 
Transfersomes loaded with 5-fluorouracil (5-Fu), a chemotherapeutic agent with poor skin 
permeation, was developed as topical carriers for the treatment of deep-seated skin cancer 
(Khan et al., 2014). Two non-ionic surfactants, i.e. Tween 80 and Span 80, were used as edge 
activators. Transfersomes-based carbopol gel demonstrated a significantly increased 
percutaneous flux altogether avoiding irritant side effects of 5-FU (Khan et al., 2014). 
 

6.2. Treatment of non-cutaneous disorders  
A myriad of research works are being published about the encapsulation of drug substances 
into phospholipid-based vesicles as transdermal delivery carriers for the treatment of systemic 
diseases. The following examples are not exhaustive. 

6.2.1 Rheumatoid arthritis  
Non-steroidal anti-inflammatory drugs (NSAID) are the most prescribed drugs because of 
their multiple effects as anti-inflammatory, anti-pyretic and analgesics. More specifically, 
they are used in joint diseases as the first line therapy. Their numerous undesirable effects 
associated with systemic administration pushed formulators to develop transdermal delivery 
systems to be applied directly on the target site. Accordingly, different approaches are being 
applied on NSAID skin delivery, namely: transfersomes, liposomes and menthosomes. These 
different approaches were studied and compared by Duangjit and his co-workers as carriers 
for meloxicam (MX) (Duangjit a et al., 2014). Lipid vesicles were prepared from soybean 
phosphatidylcholine and cholesterol. Cetypyridinium chloride (CPC), a cationic surfactant, 
was also used in the formulation of deformable vesicles, i.e. transfersomes and menthosomes, 
as edge activator. L-menthol, a permeation enhancer affecting the lipid arrangement in the 
SC, was used in the formulation of menthosomes. Deformable liposomes displayed smaller 
vesicle sizes compared to conventional liposomes, with menthosomes being the smallest 
vesicles. Besides, menthosomes were found to be more elastic compared to transfersomes. 
Results of permeation studies were in accordance with other published observations (Raza et 
al., 2013); conventional liposomes enabled higher skin retention than deformable vesicles, 
while the highly elastic vesicles exhibited the highest permeation flux (Duangjit a et al., 
2014). 
In an attempt to get a more in-depth sight, the influence of formulation components and 
particularly that of the EA were thoroughly studied (Duangjit b et al., 2014). Toward this aim, 
surfactants with different charges (anionic, neutral, and cationic), carbon chain lengths (C4, 
C12, and C16), with different contents (10%, 20%, and 29%) were used in the formulation of 
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MX-loaded transfersomes. The influence of these different factors on the physicochemical 
characteristics and the performance of obtained vesicles were studied using a response surface 
method incorporating multivariate spline interpolation. According to results, cationic 
surfactant produced vesicles with smaller size, higher elasticity and higher encapsulation 
efficiency when compared to neutral or anionic surfactants. The electrostatic interaction 
between the negatively-charge drug, i.e. MX, and the cationic surfactant may be a plausible 
reason. Surfactant with longer carbon chain produced vesicles with smaller size and smaller 
elasticity. The reduced size was explained by the fact that the hydrophobicity of long-chain 
carbons is greater than that of short-chain carbons, and long-chain carbons could have led to 
increased solubility of the surfactant molecule in the lipid bilayer. On the other hand, the 
deeper insertion into lipid bilayer, the tighter and less elastic vesicles are obtained. Finally, 
vesicle size increased with the increase of surfactant content, while elasticity and 
encapsulation efficiency were enhanced. Furthermore, both cationic and anionic surfactants 
were showed to enhance permeation flux of obtained vesicles when compared to those 
prepared with neutral surfactant. This observation was explained by the fact that anionic and 
cationic surfactants swell the SC and interact with intercellular keratin and thereby increasing 
skin permeation (Duangjit b et al., 2014). 
Glycerosomes, glycerol-containing liposomes, were described in the literature as an efficient 
tool for dermal and transdermal delivery of diclofenac (Manca et al., 2013). This work 
demonstrated that glycerol is able to act as an EA for phospholipid bilayer if used in 
concentration higher than 10%. Glycerosomes were found to enhance both permeation flux 
and skin retention when compared to conventional liposomes (Manca et al., 2013). 

6.2.2 Parkinson 
Trihexyphenidyl HCl (THP)-loaded ethosomes were developed as a novel approach for the 
treatment of Parkinson’s disease (Dayan & Touitou, 2000). THP is known for its short half-
life and thus requiring frequent dosing a day and so generating peak plasma levels that causes 
severe side effects. Indeed, THP is an ionizable molecule with limited skin permeation. In this 
context, Dayan and Touitou proposed ethosomal formulation of THP that displayed a 
percutaneous flux 87 and 4.5 times higher than from liposomes and hydroethanolic solution, 
respectively. Interestingly, skin retention of THP after an 18-h exposition was also enhanced 
compared to hydroethanolic solution (Dayan & Touitou, 2000). 

6.2.3 Diabetes mellitus 
Trends toward transdermal delivery of insulin were carried out using transfersomes system 
(Cevc, 2003). Insulin-loaded transfersomes were found to be able to deliver the loaded 
macromolecule through the non-compromised skin barrier with a reproducible drug effect that 
closely similar to that of subcutaneous ultralente insulin (Cevc, 2003). Thus, transfersomes 
represent potential non-invasive systems for insulin delivery improving the quality of life of 
patients. 

 
7. Conclusion 
Clearly, there is a lack of in vitro and in vivo studies dealing with skin penetration of lipid 
carriers implemented on skin diseases. Few elements would be in favor of higher drug 
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penetration in diseased skin (psoriasis or atopic dermatitis for example). That was particularly 
observed with conventional liposomes. Regarding other type of lipid vesicles containing 
different penetration enhancers and/or edge activators like ethosomes, PEVs and 
transfersomes, different mechanisms of skin interactions have been described, involving most 
of time an enhancement of fluidity and flexibility of lipid vesicles which would help skin 
passage associated with skin intercellular lipid rearrangement. 

SLNs offer additional advantages in terms of drug encapsulation efficiency and colloidal 
stability. These elements have been further enhanced in NLCs. Regarding the mechanism of 
skin interactions, studies have reported the formation of a hydrophobic film on skin resulting 
in an occlusive effect leading to SC rearrangement which would promote skin penetration. It 
is of note that skin permeation also depends on the drug physic-chemical properties and the 
type of lipid matrix of the nanocarrier.  

To conclude, no recommendation can be stated to guarantee the better skin penetration. 
Further comparative in vitro and in vivo studies are required to elucidate schematic 
nanocarriers behaviors but we always have to take into consideration that the impact of the 
active ingredient properties is of paramount importance. 
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CONCLUSION -- PARTIE BIBLIOGRAPHIQUE 
 

Réaliser cette étude bibliographique nous a permis d’acquérir une très bonne maitrise des 
mécanismes en jeu dans le psoriasis. Sa physiopathologie implique de nombreux acteurs du 
système immunitaire mais également le principal type cellulaire de l’épiderme : les 
kératinocytes. Par ailleurs, d’après les différents travaux passés en revue, sa complication 
rhumatismale semblerait directement découlée de l’atteinte cutanée.  Le tissu cutané est le 
siège de la physiopathogénèse du psoriasis. Les kératinocytes y sont anormaux et prolifèrent 
de façon excessive. Par ailleurs, ces cellules sont présentatrices d’antigènes aux cellules 
immunitaires (lymphocytes CD4+ et CD8+). Ce sont ainsi ces éléments centraux dans 
l’apparition du tableau clinique du psoriasis qu’il faudrait cibler avec les agents 
thérapeutiques. Parmi l’ensemble des thérapeutiques passées en revue, il nous est apparu très 
intéressant de considérer la ciclosporine dans notre projet du fait de ses propriétés à la fois sur 
les cellules du système immunitaire et les kératinocytes. Son action multiple permettrait un 
effet clinique robuste et complet. Les formulations actuellement disponibles sont utilisées par 
voie systémique (orale ou parentérale) et nécessitent un usage sous surveillance étroite du fait 
des effets indésirables graves pouvant surgir notamment au niveau rénale. Considérer une 
administration par voie cutanée serait intéressant car l’on pourrait obtenir une action directe 
sur la région cible pour une réponse thérapeutique rapide et efficace et un meilleur profil de 
sécurité. 

Cependant, il ressort des travaux de la littérature, qu’une telle molécule de par sa lipophilie et 
sa taille importante ne passerait que difficilement les tissus cutanés ce qui limiterait son usage 
par voie topique. La complexité du stratum corneum apparait comme étant un des principaux 
facteurs limitant le passage cutané. L’encapsulation de la ciclosporine A pourrait répondre 
aux problèmes soulevés précédemment. Les vecteurs lipidiques sont apparus comme étant 
plus appropriés pour encapsuler la ciclospsorine A de façon efficace du fait de sa grande 
lipophile. 

Grâce à la deuxième revue de la littérature, nous avons précisé le champ de notre travail en 
nous concentrant sur des vecteurs lipidiques composés de lipides bien connus et dont l’usage 
dans les formulations pharmaceutiques est autorisé comme pour le cas des phopholipides. De 
plus, nous avons retenus comme type les vésicules lipidiques car elles seraient plus à même 
de promouvoir le passage cutané de la ciclosporine A notamment du fait de leur flexibilité 
indispensable pour traverser les différentes couches de la peau et tout particulièrement le 
stratum corneum dont l’épaisseur est plus importante dans le cas du psoriasis. 
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La partie expérimentale de ce travail de recherche se décline en trois parties introduisant une 
nouvelle méthode de préparation des vésicules lipidiques : « le double déplacement de 
solvant ». Mais en fin de travaux cette méthode nous a également montré qu’elle pouvait 
permettre de préparer aussi des SLN (solid lipid nanoparticles). La première partie a consisté 
en une étude systématique du double déplacement de solvant pour identifier les paramètres à 
maîtriser en vue de la préparation de liposomes aux propriétés colloïdales (taille, distribution 
de taille, charge de surface) optimisées pour une application cutanée.  
 
Suite au travail bibliographique réalisé dans la première partie, les liposomes sont considérés 
comme vecteurs d’encapsulation les plus appropriés pour une application cutanée en raison de 
leur composition lipidique proche du stratum corneum et de leur forte biocompatibilité. Dans 
notre cahier des charges, nous avons retenu trois caractéristiques qui seraient en faveur d’une 
bonne pénétration de la peau : une taille d'environ 100nm, un potentiel zêta négatif et des 
propriétés ultra-déformables. L'association de promoteurs de la pénétration cutanée est 
également recherchée pour favoriser le passage à travers la peau.  
 
L’objectif dans ce travail est de développer une nouvelle méthode de préparation de vésicules 
lipidiques présentant des propriétés colloïdales identifiées comme favorisant la pénétration de 
la peau. Cette nouvelle méthode est basée sur le contrôle de l'auto-assemblage des 
phospholipides en diminuant en deux étapes la solubilité des phospholipides par un passage 
dans des solvants polaires multiples (PEG 400, glycérol) et l'eau, l'élément essentiel 
permettant la formation des bicouches de phospholipides. 

La méthode du double déplacement de solvant est basée sur l'utilisation de solvants miscibles. 
Il est indispensable que les phospholipides soient solubles dans la phase organique (ici 
l’éthanol) et insolubles dans les autres solvants (PEG400, glycérol et eau). Pour identifier les 
différents paramètres pouvant influencer les propriétés colloïdales des vésicules lipidiques 
préparées, nous avons réalisé une étude systématique. Après avoir travaillé au développement 
et l’optimisation de notre méthode, nous avons identifié les principaux paramètres de la 
formulation à retenir pour la préparation des vésicules lipidiques répondant aux critères de 
notre cahier des charges : ratio éthanol/eau de 0.3, concentration de PEG 400 proche de 8% 
ainsi qu’une concentration en glycérol d’environ 15%. La concentration en éthanol était fixée 
à 15%. 

Dans un second temps, le diclofénac a été utilisé comme modèle de médicament pour 
l’encapsulation. Puis nous avons évalué in vitro sa capacité à traverser la peau de cochon 
après encapsulation dans les vésicules lipidiques. Les résultats montrent que certaines de nos 
formulations encapsulant le diclofénac ont un potentiel important en tant que systèmes 
d’administration transdermique. Elles pourraient être très efficaces pour traiter une maladie 
comme l'arthrite psoriasique en raison d'un accès direct au site local par voie topique, évitant 
ainsi les formes posologiques orales qui causent souvent effets indésirables gastro-intestinaux. 

Il existe de nombreuses méthodes de préparation des vésicules lipidiques. Mais rares sont 
celles qui sont facilement transposables à une échelle industrielle. Dans la deuxième partie de 
ce travail expérimental, nous avons voulu évalué le potentiel de la technique du double 
déplacement de solvant en vue d’une transposition d’échelle. Nous avons comparé notre 
méthode à une technique largement répandue, la méthode dite de l’injection à l’éthanol. 
L'influence de la variabilité de divers paramètres susceptibles d’être impactés (concentration 
en phospholipides, ratio solvant / non-solvant) sur les propriétés colloïdales (taille et 
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distribution de la taille, potentiel zêta, morphologie) a été étudiée. De plus, nous avons réalisé 
des études de scale-up. L’ensemble de ces études nous ont permis de comparer leurs 
performances et leur capacité d’adaptation lors d’une transposition d’échelle.  

Cette méthode permet de former des vésicules lipidiques homogènes et de petites tailles 
(proche de 100 nm) sans étapes supplémentaires et ce, de façon supérieure à la méthode de 
l’injection à l’éthanol en faisant varier les paramètres de préparation. En outre, de grandes 
quantités de liposomes pourraient être produites en utilisant des concentrations élevées de 
phospholipides tout en garantissant une taille nanométrique et une bonne homogénéité. Ainsi, 
cette méthode pourrait être mise en œuvre à l'échelle industrielle et offrir de très bons 
résultats. La simplicité et la rapidité de cette nouvelle technique nous permettent de produire 
une population de liposomes avec une bonne maîtrise du procédé, en particulier en termes de 
reproductibilité, offrant un rendement élevé tout en restant économiquement attractif.  

Pour finir, nous avons utilisé la méthode du double déplacement de solvant pour encapsuler la 
ciclosporine A. Lors de ce travail, nous avons découvert qu’en modifiant les conditions 
opératoires ayant trait au degré de précipitation des phospholipides lors du premier 
déplacement de solvant, nous pouvions produire des SLN (solides lipides nanoparticles). Il 
s’agit là de résultats vraiment très intéressants. Dans cette dernière partie, nous avons préparé 
et caractérisé différentes formulations lipidiques encapsulant la ciclosporine A (liposomes et 
SLN). La taille des vecteurs lipidiques préparés était comprise entre 95nm et 170nm et les 
populations étaient monodisperses. Les résultats obtenus par TEM ont montré que les 
phospholipides pouvaient former des vésicules lipidiques avec un ratio éthanol / eau de 0,3 et 
des nanoparticules lipidiques solides avec un ratio égal à 0,15. La charge de surface des 
vésicules lipidiques et des SLN étaient négatives, et le taux d'encapsulation pouvait atteindre 
jusqu’à 80%. Les différentes formulations sont restées stables pendant quatre semaines dans 
les conditions de stockage à +4°C du point de vue des propriétés colloïdales et du taux 
d’encapsulation. Ensuite, nous avons réalisé une étude in vitro pour identifier quelle type de 
vecteur permettait une pénétration optimale de la ciclosporine A au niveau de l’épiderme 
viable en vue d’une application dans la prise en charge topique du psoriasis. Les résultats 
montraient que nos SLNs n’apportaient pas davantage particulier en comparaison aux 
vésicules lipidiques lorsque l’on recherchait un ciblage de l’épiderme viable. Par contre, dans 
le groupe des formulations contenant des liposomes, nous avons pu mettre en évidence une 
formulation permettant un passage de plus de 15% de la dose appliquée au niveau du stratum 
corneum et de l’épiderme viable. Cette formulation est apparue comme étant la plus 
prometteuse pour une application dans le psoriasis. 
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Dans ce premier travail de recherche, nous avons travaillé au développement et l’optimisation 
d’une méthode de préparation de vésicules lipidiques qui soit conçue dès le début en vue 
d’une application en tant que vecteur médicamenteux promouvant le passage cutané de 
molécules actives. Suite au travail bibliographique réalisé dans la première partie, les 
liposomes sont souvent considérés comme les vecteurs d’encapsulation les plus appropriés 
pour une application cutanée en raison de leur composition lipidique proche du stratum 
corneum et de leur forte biocompatibilité. Dans notre cahier des charges, nous avons retenu 
trois caractéristiques qui seraient en faveur d’une bonne pénétration de la peau : une taille 
d'environ 100nm, un potentiel zêta négatif et des propriétés ultra-déformables. L'association 
de promoteurs de la pénétration cutanée est également recherchée pour favoriser la 
pénétration. Les méthodes de préparation des liposomes à l'échelle nanométrique sont 
nombreuses comme la technique classique dite de l’hydratation du film lipidique, la technique 
dite de l’injection à l’éthanol, la focalisation microhydrodynamique ou le contacteur à 
membrane. Néanmoins, certaines d'entre elles finissent par une étape d'homogénéisation et de 
réduction de taille comme une étape de sonication qui peut compromettre l'intégrité de l'agent 
actif choisi pour être encapsulé. D'autres méthodes peuvent nécessiter des dispositifs 
techniques qui peuvent rendre compliqués une future transposition industrielle. 
 
Le but de ce travail est de rapporter le développement d’une nouvelle méthode de préparation 
de vésicules lipidiques présentant des propriétés colloïdales identifiées comme favorisant la 
pénétration de la peau. Cette nouvelle méthode est basée sur le contrôle de l'auto-assemblage 
des phospholipides en diminuant en deux étapes la solubilité des phospholipides par un 
passage dans des solvants polaires multiples (PEG 400, glycérol) et l'eau, l'élément essentiel 
permettant la formation des bicouches de phospholipides. 

La méthode du double déplacement de solvant est basée sur l'utilisation de solvants miscibles. 
Il est indispensable que les phospholipides soient solubles dans la phase organique (ici 
l’éthanol) et insoluble dans les autres solvants (PEG400, glycérol et eau). Pour ce faire, nous 
avons réalisé des essais de solubilité. Et nous n’avons pu observer aucune solubilité. Nous 
avons été jusqu’à 50mg de phospholipides dans 10ml de solvant, respectivement. Une étude 
systématique a été menée afin d'identifier les paramètres influençant les propriétés colloïdales 
et retenir ceux qui répondraient aux mieux à notre cahier des charges. Dans une deuxième 
partie, le diclofénac a été utilisé comme modèle de médicament pour évaluer in vitro sa 
capacité à traverser la peau de cochon. 

Les résultats obtenus à partir de l'étude systématique ont montré que l'augmentation du ratio 
éthanol / PEG400 lors du premier déplacement du solvant permet une formation de liposomes 
d'une plus grande taille. En outre, le rapport PEG400 / glycérol n'a pas été considéré comme 
un paramètre affectant la taille ou la distribution de taille. Nous avons juste observé que la 
présence de PEG 400 augmente la taille des vésicules lipidiques de 80 nm environ. 
Cependant, les formulations plus stables en  taille et distribution de taille sont celles contenant 
une proportion de PEG400 autour de 8-10% et de glycérol jusqu'à 25%. Ces formulations sont 
toutes stables au pH de la peau qui est proche de 4.7, ce qui est indispensable pour assurer 
l'intégrité des liposomes sur le site d'application. Enfin, nous avons étudié le temps d'agitation 
et la température utilisée pendant le deuxième déplacement du solvant. Nous avons constaté 
que la température appliquée à 60 ° C ou à température ambiante n'a pas affecté la taille et 
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l’homogénéité des liposomes préparés indépendamment de la durée d'agitation. La formation 
des vésicules lipidiques ne semble pas nécessiter une source élevée d'énergie fournie par une 
température élevée ou une forte agitation, le système est spontanément favorable à la 
préparation de liposomes homogènes et nanométriques. 

Après l'incorporation du diclofénac acide, nous avons obtenu des nanoliposomes ayant une 
taille entre 108 ± 44 et 133 ± 66 nm, un potentiel zêta entre -34 ± 2 et -49 ± 3 mV, et 
l'efficacité d'encapsulation (EE%) était comprise entre 58 ± 3 et 87 ± 5%. Les études in vitro 
de pénétration cutanée ont montré que la formulation avec le taux d’encapsulation le plus 
élevé  offrait les meilleurs résultats de passage transcutané  (18,4% de la dose appliquée), 
avec une proportion particulièrement importante au niveau du derme et au-delà. 
Notre étude montre que certaines de nos formulations liposomales encapsulant le diclofénac 
ont un potentiel important en tant que système d’administration transdermique. Elles 
pourraient être très efficaces pour traiter une maladie comme l'arthrite psoriasique en raison 
d'un accès direct au site local par voie topique, évitant ainsi les formes posologiques orales 
qui causent souvent des effets indésirables gastro-intestinaux importants. 
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Abstract: 

Purpose  

Herein, we detail a promising strategy of nanovesicle preparation based on control of 
phospholipid self-assembly: the Double Solvent Displacement. A systematic study was 
conducted and diclofenac as drug model encapsulated. In vitro skin studies were carried out to 
identify better formulation for dermal/transdermal delivery. 

Methods 

This method consists in two solvent displacements. The first one, made in a free water 
environment, has allowed triggering a phospholipid pre-organization. The second one, based 
on the diffusion into an aqueous phase has led to liposome formation. 

Results 

Homogeneous liposomes were obtained with a size close to 100 nm and a negative zeta 
potential around -40mV. After incorporation of acid diclofenac, we obtained nanoliposomes 
with a size between 101±45 and 133±66 nm, a zeta potential between 34±2 and 49±3 mV, and 
the encapsulation efficiency (EE%) was between 58±3 and 87±5 %. In vitro permeation 
studies showed that formulation with higher EE% dispayed the higher transdermal passage 
(18,4% of the applied dose) especially targeting dermis and beyond. 

Conclusions 

Our results suggest that our diclofenac loaded lipid vesicles have significant potential as 
transdermal skin drug delivery system. Here, we produced cost effective lipid nanovesicles in 
a merely manner according to a process easily transposable to industrial scale. 

 

Abbreviations : 

PLGA : poly(Lactic-co-glycolic acid) 
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PLA : poly (lactic acid)  

PCL : polycaprolactone  

LNC : lipid nanocapsules   

NLS : solid lipid nanoparticles   

NLC : nanostructured lipid carriers   

ISDDS : innovative skin drug delivery systems  

PEG 400 : Polyethylene glycol 400 

rpm : rotation per minute 

EE% : encapsulation efficiency  

HPLC : high-performance liquid chromatography  

SD : Standard Deviation  

SEM : Standard Error Mean  

PCS : photon correlation spectroscopy  

PDI : Polydispersity Index 

TEM : transmission electron microscope  

OLV : oligolamellar vesicles 

ULV : unilamellar vesicles  

MLV : multilamellar vesicles  

SC : Stratum Corneum 

CR : Compartment Receptor 

 

 

 

Keywords: double solvent displacement, diclofenac, lipid vesicle, innovative skin drug 
delivery system, phospholipid. 

Graphical abstract: 
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1. Introduction 

Transport of active molecules into drug delivery systems of micrometer or nanometer size is a 
promising research field able to overcome multiple problems encountered when considering 
the location of pharmacological targets like cutaneous diseases.  Indeed, in such a situation, 
skin drug delivery appears to be the most convenient route of administration to treat 
cutaneous illnesses. In theory, it is because taking the shorter pathway is more effective and 
safe. However, in the clinical routine, medications available are largely used through oral or 
parenteral route of administration. Via such routes, high dosages are often required to jump 
over the minimum effective concentration exposing patients to further adverse drug events. 
For example, in case of skin diseases, an administration of drug through the skin would be the 
most appropriate. However, the skin is the main barrier protecting the body against 
penetration of outside elements, and therefore limits drug penetration. Many drugs are 
characterized by a low bioavailability for skin tissue. Indeed, the complexity of skin 
structures, the superposition of various layers with different compositions and polarity make 
difficult the skin penetration of numerous drugs. Moreover, the skin metabolism [1] and the 
immune system [2] are two others protective mechanisms curbing the skin permeation of 
drugs. Many systems exist from the polymeric based drug delivery systems [3] using 
materials like chitosan [4], gelatin [5], dextran [6], poly(Lactic-co-glycolic acid) (PLGA) [7], 
poly (lactic acid) (PLA) [8], polycaprolactone (PCL) [9] to lipid based drug delivery systems 
[10] like liposomes [11], lipid nanocapsules (LNCs) [12], solid lipid nanoparticles (NLSs) 
[13] microemulsion [14] and nanostructured lipid carriers (NLCs) [15]. 

The development of innovative skin drug delivery systems (ISDDS) able to overcome those 
different problems is a promising realm. Nanocarriers display such pretentions thanks to the 
encapsulation process into polymeric or lipid or combined materials based spherical 
structures. Those kinds of innovative skin drug delivery systems would enable to transport 
active agents through the skin thanks to their physicochemical and colloidal properties, to 
foster the use of lower quantity of drug for clinical effectiveness and therefore a lower risk of 
adverse effects and so a better patient compliance, to offer the possibility of a prolonged 
release from skin layers and so a sustained clinical effect [16]. 
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Liposomes are often considered as the most suitable nanocarriers for cutaneous application 
due to their lipid composition close to the stratum corneum and their high biocompatibility 
[17]. Three characteristics retained for a good skin penetration are a size around 100nm [18], 
a negative zeta potential [19]and also ultra-deformability properties [20] . The penetration 
enhancer association is also wanted for promoting skin penetration [21]. Preparation methods 
of nanoscale liposomes are numerous like thin film, hydration, ethanol injection, 
microhydrodynamic focusing, and membrane contactor. Nevertheless, some of them finish by 
a step of homogenization and size reduction which may jeopardize the integrity of active 
agent selected to be encapsulated like sonication process. Other methods can require technical 
devices complexifying a future industrial transposition.  

The aim of this work is to report on a preparation method of lipid vesicles exhibiting colloidal 
properties identified as promoting the skin penetration. This new method is based on the 
control of phospholipid self-assembly by decreasing in two steps the phospholipid solubility 
through a passage into multiple polar solvents (PEG 400, glycerol) finishing by water, the 
essential element enabling the phospholipid bilayer formation. A systematic study was 
conducted to identify the parameters influencing the colloidal properties. In a second part, 
diclofenac was used as drug model for encapsulation in different composition formulations 
and then, we evaluated in vitro their ability to cross the pig skin for a dermal/transdermal 
delivery.  

2. Materials and Methods 

2.1 Materials 
Lipoid® S75 (soy lecithin composed by 70% Phosphatidylcholine, 7-10% 
Phosphatidylethanolamine) were purchased from Lipoid GmbH (Ludwigshafen, Germany). 
PEG 400, glycerol, phosphotungstic acid, sodium chloride were purchased from Sigma-
Aldrich (Saint Quentin Fallavier, France). Water was purified on a Milli-Q system obtained 
from a Millipore® synergy system (Millipore, Billerica, Massachusetts, USA). Ethanol used 
was of analytical grade (Carlo Erba Reagenti, Val de Reuil, France) and used as such. 

2.2  Free liposome preparation by double solvent displacement  

All samples have been prepared according to the method described below. To implement this 
systematic study, we have varied the concentration of different components that all are 
represented in table I. All these formulations included 8 mg/mL of Lipoid S75® and 8 % (v/v) 
of ethanol. 

 
2.2.1 First solvent displacement (figure 1 (a))  

It consists in preparing an ethanol solution of phospholipids, and then this organic phase is 
dispersed in PEG 400. Phospholipids are soluble in ethanol but not in PEG 400. However, 
ethanol and PEG 400 are miscible. After 2 min of magnetic stirring at 700 rpm, the mixture is 
clear. For all samples prepared, the amount of Lipoid® S70 is always around 100 mg. 

2.2.2 Second solvent displacement (figure 1 (b)) 
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The ethanol / PEG400 phase prepared previously containing phospholipids is dispersed in an 
aqueous phase composed of milli-Q water and glycerol (in different proportions ranging up to 
25%). The liposomal suspension is then heated to 60 °C (above the transition temperature of 
Lipoid S75) under magnetic stirring at 700 rpm for 2 hours. 

2.3 Diclofenac sodium and diclofenac acid loaded liposome preparation by double 
solvent displacement 

2.3.1 Preparation of diclofenac acid 

According to the method described by Mora-Huertas and al.[22], an aqueous solution of 
diclofenac sodium 1% (volume= 100ml) was acidified with 5ml of 1 N HCl. The precipitate 
was filtered and washed with deionised water to pull out chloride ions. A specific limit test 
using silver nitrate solution was made for verification. Then, the precipitate was dried at 45°C 
for 72h before being purified through twice ethanol-water (80:20) recrystallization. White 
crystals were obtained with a fusion range between 173°C and 182°C. The log-P which was 
initially equal to -0.17 for diclofenac sodium increased to 1.44 thus showing a higher 
lipophilicity.   

2.3.2 Encapsulation of diclofenac acid and sodium into liposomes 

The preparation process of lipid vesicles by double solvent displacement followed the 
procedure describe above. Briefly, 20 mg of diclofenac acid or sodium was dissolved in 2ml 
of ethanol containing 100 mg of phospholipid. Then, 1ml of PEG 400 was added (first solvent 
displacement). After stirring, 9ml of a solution of glycerol-water (20:70) was incorporated 
(2nd solvent displacement). The overall was heated to 60 °C under magnetic stirring at 700 
rpm for 1 hour. The stirring time was chosen on the basis of research work of Manca et al.[23] 
to supply a time long enough to allow a good encapsulation rate if it is possible.   

2.3.3 Determination of encapsulation efficiency of diclofenac acid and sodium into liposomes 

Liposome-encapsulation efficiency was measured by determining the amount of entrapped 
drug. Briefly, a small volume (1ml) of the drug-loaded liposomal suspension sample was 
centrifuged at 10000 rpm for 5 min at 20°C thanks to centrifugal filter units equipped with a 
microporous membrane of 100 nm pore size in order to separate the unloaded drug. After 
withdrawing the filter compartment, the concentration of diclofenac is measured after dilution 
in methanol (unentrapped drug). The total amount of the drug was assessed into the liposomal 
suspension after dilution of a sample in methanol and ultrasound bath for 10 min (total drug).  
The drug-encapsulation efficiency (EE%) was calculated using the follow equation: 

EE% = [Total drug] - [unentrapped drug] x100 

[Total drug]   

Total and unencapsulated drug-amount determination was carried out by using high-
performance liquid chromatography (HPLC) (Thermo Scientific Dionex UltiMate 3000 Rapid 
Separation LC (RSLC) system). A C18 column (Thermo Scientific™ Hypersil™ ODS, 5μm, 
4.6x250 mm) was used and the mobile phase consisted of méthanol / phosphate buffer at  pH 
2.5 (66:34). A sample of 20μL was injected and the mobile phase flow was fixed at 1mL/min. 
Diclofenac peak was detected at wavelength 254 nm and at 11.4 min.This method was 
validated with a good repeatability and reproducibility (p< 0.05). The detection limit was 
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evaluated at 0.3μg/mL and the quantification limit at 1μg/mL. The quantification of 
diclofenac in methanol used calibration curves (3 curves with 5 points) ranged between 5 to 
100 μg/ml, with a correlation coefficient r² > 0.99). 

2.4 In vitro skin studies 
Skin penetration studies were implemented by using the static diffusion method based on 
Franz cell. Briefly, skin samples were collected from the pig's flanks (around 25 kg, Male) 
provided by the physiology laboratory (University of Lyon, France). After cleaning and hair 
removal, the subcutaneous tissue was taken off with a scalpel thus getting a skin thickness 
ranging between 1.2 and 1.5 mm. The skin samples were mounted on Franz-type glass 
diffusion cells (Laboratoire Verre Labomodula, Corbas, France) and placed in a thermostated 
water bath at 37°C in order to maintain a surface temperature of 32 ± 1°C. The diffusion area 
on the membrane was 2.54 cm2. For skin penetration analysis, the receptor compartment in 
contact with the dermal part was filled with a solution under magnetic stirring composed of 
pH 7.4 with 1.5% Brij 98 and 0.5% alpha tocopherol acetate.  

1ml of prepared formulations (Table II) was uniformly spread on the skin surface. The study 
was carried out in non-occlusive conditions for 24h. After that, the diclofenac concentration 
was measured in the receptor fluid by HPLC. The Franz cell was disassembled; 2ml of 
receptor fluid was used to wash the skin surface before analysis by HPLC. Then, the stratum 
corneum was carefully removed by skin stripping. 30 adhesives with a diameter of 22 mm (D-
Squame®, Monaderm, Monaco) were successively applied during 30 seconds under a weight 
of 500 g. The first strip was analyzed separately and the others were pooled by 9 (2-10; 11-20 
and 21-30 strips). Extraction of diclofenac was performed from the adhesives by putting them 
in 10 mL of methanol for 2x 30 min and then for 1h in an ultrasonic bath at 40°C. Then, 
viable epidermis was separated from the dermis with dissection after heat treatment in water 
at 60°C for 45 s. The separation water was diclofenac free. And the dermis was cut in small 
pieces. Both were put in methanol respectively for diclofenac extraction during 1h30 in an 
ultrasounds bath at 40°C. Before analysis by HPLC, all samples were diluted with methanol 
(50:50). 

2.5 Statistical Analysis 
Data were expressed as mean± Standard Deviation (SD) or Standard Error Mean (SEM), 
and each analysis was made minimum three times (n=3). Statistical analyses were carried 
out by ANOVA followed by the Tukey’spost-test to determine the differences between 
treatment groups. A threshold of p < 0.05 was considered significant statistically. 

2.6 Particles characterization  
2.6.1 Vesicle size, size distribution and zeta potential analysis:  

Mean vesicle size, size distribution and zeta potential of prepared liposomes was determined 
by photon correlation spectroscopy (PCS), using Malvern Zetasizer Nanoseries (Malvern 
Instruments Zen 3600; Malvern, UK), after sample dilution in sodium chloride 1mM solution. 
Smoluchowski’s equation (Sze et al., 2003) permitted to determine the zeta potential from the 
electrophoretic mobility of liposomes at 25°C. 

2.6.2 Morphological study by transmission electron microscopy 
Liposome suspensions were imaged by using a TEM (Philips CM120; Eindhoven, The 
Netherlands) for analysing the liposome morphology. A drop of the liposome suspension was 
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deposited on a carbon-coated copper grid, forming a thin liquid film. The films were 
negatively stained with 1% phosphotungstic acid solution (w/w) for 1 minute. The excess of 
liposomal suspension or phosphotungstic solution was removed with a filter paper. An 
accelerating voltage of 80 kV was necessary to characterize stained samples.  

Figure 1: Schematic illustration of the first (a) and second (b) steps of the lipid vesicles 
formation by double solvent displacement. 
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Table I: Formulation compositions and preparation parameters used in systematic study 

Sam
ple 

PEG 400 
(v/v%) 

Glycerol 
(v/v%) 

Temperature 
(°C) 

Stirring 
time (min) 

A0 33 15 60°C 120 

B0 16.5 15 60°C 120 

C0 11 15 60°C 120 

D0 8 15 60°C 120 

E0 6.5 15 60°C 120 

F0 5.5 15 60°C 120 

A1 0 0 60°C 120 

A2 0 5 60°C 120 

A3 0 10 60°C 120 

A4 0 15 60°C 120 

A5 0 20 60°C 120 

A6 0 25 60°C 120 

B1 2 0 60°C 120 

B2 2 5 60°C 120 

B3 2 10 60°C 120 

B4 2 15 60°C 120 

B5 2 20 60°C 120 

B6 2 25 60°C 120 

C1 4 0 60°C 120 

C2 4 5 60°C 120 

C3 4 10 60°C 120 

C4 4 15 60°C 120 

C5 4 20 60°C 120 

C6 4 25 60°C 120 

D1 8 0 60°C 120 
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D2 8 5 60°C 120 

D3 8 10 60°C 120 

D4 8 15 60°C 120 

D5 8 20 60°C 120 

D6 8 25 60°C 120 

E1 10 0 60°C 120 

E2 10 5 60°C 120 

E3 10 10 60°C 120 

E4 10 15 60°C 120 

E5 10 20 60°C 120 

E6 10 25 60°C 120 

F1 12 0 60°C 120 

F2 12 5 60°C 120 

F3 12 10 60°C 120 

F4 12 15 60°C 120 

F5 12 20 60°C 120 

F6 12 25 60°C 120 

n°1 8 15 60°C 0 

n°2 8 15 60°C 30 

n°3 8 15 60°C 60 

n°4 8 15 60°C 120 

n°5 8 15 60°C 180 

n°6 8 15 Room 
temperature 

0 

n°7 8 15 Room 
temperature 

30 

n°8 8 15 Room 
temperature 

60 

n°9 8 15 Room 
temperature 

120 

n°10 8 15 Room 180 
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temperature 

 

3. Results and discussion 

3.1 Solvent screening 

The double solvent displacement method is based on the use of miscible solvents. It is 
required that the phospholipids are soluble in the organic phase, but not in the other and in the 
mixture of the two solvents. We worked on a formulation in which the solvents match to this 
definition. But even more, we have also taking account the prospective route of 
administration, the skin.   

The solubility of lipoid E80 was studied in each solvent (data not shown here) highlighting 
that those phospholipids are soluble in ethanol at least until a concentration of 200 mg/ml, but 
insoluble in PEG 400 and glycerol. However, they were very well dispersed in a co-solvent 
ethanol / PEG 400 and ethanol / glycerol (v / v, 75% / 25%). These various solvents have the 
advantages of being non-toxic, miscible and biocompatible. 

Ethanol, PEG 400 and glycerol are also well known to be percutaneous penetration enhancer 
[24]. In cosmetics, the use of PEG 400 and glycerol is widespread, especially for their 
humectant properties that promote skin hydration. These are also agents which because of 
their high viscosities are capable of modifying the rheological properties of the formulations 
and improve both stability by limiting collisions and interactions between liposomes, to 
lengthen the duration of contact with the skin during the application, and also to make the 
liposomes ultra-deformable thereby facilitating their passage through the skin [25]. 

 

3.2 Morphology  

3.2.1 Morphology after the first solvent displacement 
 

The TEM analysis of sample taken from D4 in-process preparation obtained after the 
diffusion of the ethanolic solution containing phospholipids into the PEG 400 phase allowed 
to observe spherical and well-organized structures with a size from 1μm to 10μm sizes 
(Figure 2). It is important to note that the samples analysed here do not contain water and 
therefore do not enable the lipid bilayer formation into liposome. A new type of phospholipid 
organization is suggested, other than the self-assembly into bilayers. Indeed, TEM images 
show objects looking like onion like structures. 

3.2.2  Morphology after the second solvent displacement 
 

Negative-stain TEM images from D4 formulation (figure 3) showed that the lipid vesicles 
produced by double solvent displacement have a spherical shape and a size ranged from 50 to 
100nm. Compared to what it was observed by photon correlation spectroscopy where the 
mean particle size was around 110nm, it can be considered that the results are concordant. 
That slight size difference would be due to the fact that during the sample preparation for 
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TEM analysis, a shrinking of lipid vesicles would be induced. Besides, those liposomes 
exhibit an interesting bilayer organization. Some of them display two or three lamellar 
structures but most of them are unilamellar.  
 

Figure2. TEM images of microparticles obtained during the first second solvent displacement 
(TEM images of sample taken from D4 in-process preparation obtained after the diffusion of 
the ethanolic solution containing phospholipids into the PEG 400 phase)  
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Figure 3. TEM images of lipid vesicles prepared by double solvent displacement (sample D4)

  
The self-assembly of phospholipids into lipid bilayers, and then into lipid vesicles involves 
different types of interactions. Polar head groups interact with hydrophilic components and 
the two fatty acid tails interact between themselves by van der Waals interactions. Water 
molecules, because of their high polarity and small size, generate a powerful polar 
environment where hydrogen bonds are so multiplied that the space available for hydrophobic 
portions is reduced. It results that the more stable phospholipids organizations in aqueous 
media is the lipid bilayers arranged into vesicles of one or several lamellae.  

Water molecules appear as the essential parameter in the lipid vesicle formation. As described 
previously, there is no formation of lipid bilayers without water. However, water may also 
influence the size and lamellarity of liposomes. The assumption is this: the more is water 
molecules, the more are polar head/water hydrogen bonds and water / water interactions. The 
system with the more stable tendency will push the organization into lipid bilayers, which will 
have the most numerous aqueous compartments and therefore larger and multilamellar 
liposomes. 

The formulation along the method of preparation described here has been designed to obtain 
lipid vesicles with a size around 100 nm. Different studies showed a good skin penetration of 
carriers with a nanometer size [18]. The mechanism of lipid vesicles formation by double 
solvent displacement can be schematized as following in two steps: 

During the first step, we have the first solvent displacement. Lipoid S75® is soluble in 
ethanol but not in PEG 400 (results of the dissolution assays not shown here), but ethanol and 
PEG 400 are miscible. PEG 400 exhibits many oxygen groups and therefore is capable to 
interact with polar heads of phospholipids and ethanol. Phospholipids solubility decreases in 
the ethanol/PEG400 co-solvent leading to a situation where the fatty acid tails of 
phospholipids bring closer because of an increase of the van der Waals bonds between 
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hydrocarbon chains, what promotes an organization looking like onion like structures. Our 
assumption would be that phospholipids would organize themselves to form multiple circles 
in this free water hydrophilic environment. A schematic illustration is given Figure 1. 

During the second step, water molecules would cause a multiplication of polar interactions 
with the phospholipids due to their small size, inducing a loosening of the previous structure 
at the most unstable energy points favoring the reorganization into bilayers therefore forming 
uni-, oligo- or multi-lamellar and homogeneous nanoliposomes. The addition of glycerol is 
also a competing agent in polar interactions, which have an osmotic effect because it is a 
sensor of water molecules, which again will be in favor of the formation of small and 
homogeneous liposomes by a reinforcement of the curvature effect. 

Thus, this method of preparation of liposomes passing by a pre-organization of phospholipids 
using PEG 400 enables to produce a population of homogeneous liposomes with a size around 
100 nm. This liposome preparation process results in lipid vesicles displaying some 
similarities to the PEVs (Penetration enhancer lipid vesicles) prepared by Manca et al. [26]. 
Phospholipids and cholesterol were directly hydrated with a solution of phosphate buffer 
containing different types of penetration enhancer at various concentrations. Then, a high 
intensity ultrasonic disintegrator was used to sonicate dispersions in order to form PEVs. 
However, our method is softer because it does not increase the risk of degradation of delicate 
active ingredients when pharmaceutical applications are considered. Moreover, our method is 
based on a two-step process but first of all, we have assured that phospholipids were 
completely dissolved in ethanol. That was essential to trigger a nanoprecipitation of 
phospholipids by adding PEG400. Manca et al. have reported molecular arrangements 
induced by alcohol or polyalcohol during lipid vesicle formation. But the process was 
different because the PEV formation process consisted in one step (sonication). 

3.3 Influence of formulation parameters on the colloidal properties of lipid 

vesicles: 

3.3.1 Influence of Ethanol/PEG400 ratio on the particle size and size 

distribution 

Ten samples (A0 to F0 and B4 to F4, with D0 and D4 are similar in composition) with 
growing ethanol/PEG400 ratio were prepared to study the impact on the lipid vesicle size 
and size distribution (Table I and Figure 4). The ethanol/PEG400 ratio varied from 0.5 to 
7.5. In each sample, the concentration of Lipoid S75® was equal to 8 mg/ml and the 
proportion of glycerol was 15%. The liposomes obtained had a size ranged from 88 nm to 
122 nm (p<0.05). Moreover, all samples display a PDI less than 0.3, related to a narrow 
size distribution. However, the sample prepared with an ethanol/PEG400 ratio equal to 0.5 
exhibits the higher PDI (respectively 0.27) meaning that the population of liposomes in 
this sample is the more heterogeneous. The mean size increases when the ethanol phase 
becomes more and more important compared to the PEG400 phase (ration from 0.5 to 3) 
that may be due to a reduction of the PEG400 effect used during the first solvent 
displacement. Ethanol is a small polar molecule, which interacts with phospholipids and 
also with PEG400. When the ethanol/PEG400 ratio increases, there are more available 
ethanol molecules capable to diffuse through the bilayers resulting in a possible 
enlargement of lipid vesicles. Indeed, lipid bilayers have selective permeability especially 
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for small and polar molecules [27]. But it appears the opposed phenomenon when the ratio 
goes above 3. The liposome size decreases. The excess of ethanol until a certain point 
would induce smaller liposome formation which is in accordance with results obtained by 
Verma et al. with ethosome preparation [18]. 
 
Figure  4. Effect of EtOH/PEG 400 (v/v%) ratio on size and polydispersity index of lipid 
vesicles. Data represent mean±SD, n=3.  
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3.3.2 Influence of PEG400/glycerol ratio on particle size, size distribution 

and stability over 4 weeks 

Thirty six samples were prepared with different proportion of PEG 400 (0% to 8%) and 
glycerol (0% to 25%), but all contain a concentration of Lipoid S75 equal to 8 mg/ml and a 
proportion of ethanol equal to 15% (Table I). The size and the PDI (polydispersity index) 
were measured the day of the preparation (Week0) and during the four following weeks. For 
all samples, the size varies from 50nm to 140nm (p<0.05) as represented in figures 5 and 6. It 
appears that for the ranges A1 to A5, and D3 to E3, the size is the most stable during a month 
(respectively around 60nm and 100nm, see figure 5). But the range A1 to A5 does not contain 
PEG 400 or glycerol. Moreover, the results show that the presence of PEG 400 has a tendency 
to increase the size of lipid vesicles of about 90 nm but increasing the proportion of PEG 400 
from 0% to 8% in the formulation does not impact significantly the liposome size (p>0.05). 
No specific effect of the increase of glycerol has been observed.  The effect of PEG400 on the 
size might be explained by the fact that it is a long chain compared to ethanol or glycerol. And 
de facto, PEG 400 molecules occupy a greater space in the media whom their repartition 
between the inside and the outside of bilayer vesicles increase the liposome size. Regarding 
the PDI, the different samples are between 0 and 0.5. 
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3.3.3 Influence of the PEG400/glycerol volume ratio (v/v) on the zeta 

potential of the particles  

Among the different samples previously prepared for the study of the influence of 
PEG400/glycerol ratio on particle size and size distribution, we selected six samples for the 
study of zeta potential:  

• A2: 0% PEG400 et 0% glycerol  
• B7: 2% PEG400 et 25% glycerol 
• C3: 4% PEG400 et 5% glycerol 
• D5: 8% PEG400 et 15% glycerol 
• E3: 10% PEG400 et 5% glycerol 
• F2: 12% PEG400 et 0% glycerol 

 

The electrokinetic properties of the prepared particles was investigated as a function of pH 
(between 2 and 13) in order to point out the colloidal stability pH range of the formulated 
dispersion. According to figure 6, it is observed that all the formulas have the same behaviour 
as a function of the pH that is to say a negative potential between -20mV and -80mV for the 
pH range 3-13. However at pH 2.4, the zeta potential of the particles becomes positive. This is 
probably related to phospholipids used especially phosphatidylcholine which is a zwitterionic 
amphiphilic compound with the positive charge on the choline and the negative charge on the 
phosphate group. When the zeta potential is high, the particles are stable because an important 
charge is correlated with high repulsive electrostatic forces. This allows avoiding a 
phenomenon of closer approach of the lipid vesicles to each other, and then their aggregation 
and fusion, thereby generating liposomes of larger size. The pH of the skin is around 4.7 
meaning that the lipid vesicles prepared here are all stable in skin surface environment [28]. 
Moreover, a negative charge has been reported as a parameter which promotes the skin 
penetration as highlighted by Gillet et al.[19]. 

Considering that there is no significant impact of PEG 400 and glycerol composition on zeta 
potential because it remains always negative, we have decided to choose, for encapsulation of 
active ingredient, lipid vesicle formulation the most stable exhibiting a size around 100 nm. 
That means a formulation between D3 and E3 containing a concentration of PEG 400 
between 8% and 10% and a concentration of glycerol until 25%. All formulations are 
composed of 15% of ethanol. Verma et al. [18] have reported that an ethanol concentration of 
10-20% allowed to enhance the skin deposition especially through the stratum corneum. 
Manca et al. [23] have showed that a proportion of 20-30% of glycerol improved skin 
deposition and permeation. 

 

Figure 6: Variation of zeta potential versus pH for the different samples containing different 
proportions of PEG 400 and glycerol. Data represent mean±SD, n=3.  
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3.3.4 Influence of PEG400/glycerol ratio on particle morphology  
 

The TEM analysis of the six different samples selected previously for the zeta potential study 
(figure 7) confirms the formation of liposomes with a size between 50 and 150 nm. Different 
types of lipid vesicles have been highlighted with different degrees of lamellarity, bilayers are 
perfectly visible.  

In the absence of glycerol and PEG 400 (sample A2), oligolamellar vesicles (OLV) have been 
observed. OLVs have been also detected in the sample E3, but also in presence of unilamellar 
vesicles (ULV). The samples C3 and D5 display also ULVs. But in the sample D5, it has been 
also recognized multilamellar vesicles (MLV), which are well identified also in the samples 
B7 and F2. However, in the sample B7, the MLVs are smaller than in sample F2. 

Regarding the variety of lipid vesicles that can be formed, with those results, it is not possible 
to highlight a specific impact of the PEG400/glycerol ratio on the lipid vesicles morphology. 
Further studies are required to confirm or reject a possible effect, especially on the lamellarity 
degree although Manca et al.[25] have reported that a high concentration of penetration 
enhancers in the media favors a structure modification to oligolamellar vesicles. Indeed, they 
have observed that when the concentration of penetration enhancer is low, this would be in 
favor of unilamellar vesicle formation. When the concentration is high, it would orient to 
oligolamellar vesicles. This mechanism is not well defined. However, considering TEM 
images in figure 7, we can corroborate results of Manca et al. Lipid vesicles of C3 
formulation (containing the lower total concentration of PEG400+glycerol) displayed only 
unilamellar vesicles. More this total concentration increases, more lamellarity increases.  

Figure 7: TEM images of the different samples containing different proportions of PEG 400 
and glycerol. Composition of the six samples: A2 (0% PEG400 and 0% glycerol), B7 (2% 
PEG400 and 25% glycerol), C3 (4% PEG400 and 5% glycerol), D5 (8% PEG400 and 15% 
glycerol), E3 (10% PEG400 and 5% glycerol), F2 (12% PEG400 and 0% glycerol). 
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3.3.5 Influence of stirring time and temperature during the second step of lipid 
vesicle preparation by double solvent displacement 

 

At the beginning of the method design, we chose two operating conditions during the second 
solvent displacement rather arbitrarily: a stirring speed at 700 rpm during 2 hours and an 
associated temperature of 60°C.  

The stirring time was based on what it was commonly made with the most preparation method 
used to produce lipid vesicle: the Bangham method [29]so-called the thin film hydration 
method. In such case, where the thin film of phospholipids is formed a round bottom flask 
after rotatory evaporation of the organic solvent under reduced pressure, 2 hours of agitation 
at 700 rpm is sufficient to hydrate the film and enable the lipid vesicle formation (data not 
shown here).  

Besides, the temperature of 60°C was chosen to be above a temperature essential to the 
liposome formation. This temperature is the gel liquid-crystalline phase transition temperature 
of Lipoid® S75. But this source of phospholipids is not pure. Thus, it is necessary to be above 
the upper limit required to the formation of lipid vesicles which is the Krafft point of lecithin, 
at a temperature of 58 °C [30]. We decided to study two of those parameters: stirring time and 
temperature. 

Stirring time of the final mixture varied from 0 to 180 min at a speed of 700 rpm and at room 
temperature or 60°C (Samples n°1 to n°10, Table I). It appears that the vesicle size do not 
show a significant difference when the second solvent displacement is implemented at room 
temperature or 60°C and with a magnetic stirring time ranging from 0 to 180 minutes. The 
particle size is from 104.4 nm to 111.3 nm. Moreover, the PDI of the different samples is 
always less than 0.2 meaning that the population of the lipid vesicles produced is always 
homogeneous, irrespective of the temperature and time of stirring. 

The absence of significant impact of those two operating conditions, which provide higher 
energy to the system can mean this system is naturally very stable and so favorable to a 
spontaneous formation of homogeneous nanoliposomes. That can be explained by a higher 
decrease of the transition temperature of phospholipids due to the mix of alcohol (ethanol) 
and polyols (PEG400 and glycerol). That phenomenon is well described by Koynova and 
Caffrey [31]. Moreover, the transition temperature has been correlated with a modification of 
the osmotic behaviour of phosphatidylcholine liposomes leading to a higher rate of water 
permeation, and thereafter, the production of small liposomes [32]. Regardless of the stirring 
time, the lipid vesicles produced are always small whereas Szoka & Papahadjopoulos [33] 
described in their review that a long time of stirring for hydration step leads to the formation 
of larger lipid vesicles. It is also interesting to note that to be above the transition temperature 
so easily, without an outside energy source, confers a better fluidity of lipid bilayers meaning 
a better flexibility of the vesicular structure and a lower permeability what is in favor of a 
good stability of encapsulation efficiency [34,35].  

3.4 Preparation and characterisation of diclofenac loaded liposomes 
3.4.1 Colloidal properties  
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Table II: Composition of the different formulations and controls containing diclofenac*.  
 

 Controls Samples 

Ingredients Sol 
DCNa 

FL 
DCNa 

Sol 
DCAc 

FL 
DCAc 

J11 K11 L11 J13 K13 L13 

Phospholipid 
concentration 
(Lipoid S75®) 
(mg/ml) 

0 0 0 0 8.5 12.5 15 8.5 12.5 15 

Ethanol/water 
ratio  

0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

PEG 400 (ml) 0 1 0 1 1 1 1 1 1 1 

Glycerol (ml) 0 2 0 2 2 2 2 2 2 2 

Diclofenac 
sodium (mg) 

20 20 0 0 20 20 20 0 0 0 

Diclofenac acid 
(mg) 

0 0 20 20 0 0 0 20 20 20 

Drug/lipid ratio     2.3 1.6 1.3 2.3 1.6 1.3 

*All preparations were made at room temperature and under magnetic stirring for 1h. 
Sol DCNa : Solution of sodium diclofenac; Sol DCAc : Solution of acid diclofenac; FL-DCNa : 
Formulation of sodium diclofenac free Lipoïd® and FL-DCAc : Formulation of acid diclofenac 
free Lipoïd®. 
 
 
Figure 8 and 11 present mean size ± SD and zeta potential of the different formulations 
prepared by DSD (as described above) encapsulating either acid or sodium diclofenac. 4-week 
storage period has been implemented to assess the stability. Results show that the mean size 
of lipid vesicles prepared was between 108±44 nm and 133±66 nm, exception for L11 
(259±189 nm). Considering the mean size, no statistical differences was observed (p>0.05) 
although L11 appears to be the formulation giving the larger liposomes. Moreover, all these 
formulations displayed a monodispersed and narrow size distribution exception for L11 where 
the population was polydisperse (figure 9). TEM images confirmed the formation of 
liposomes and were concordant with the previous results from light scattering about the 
hydrodynamic size (figure 10). Regarding the zeta potential, all results ranged from -34±2 to -
62±3.2 mV (Figure 11). All those formulations were stable during 4-week storage at 4°C 
considering both hydrodynamic diameter and zeta potential.    
It is interesting to report that increasing the phospholipid concentration can results in larger 
lipid vesicles with a higher negative surface charge, what it is more pronounced in 
formulation containing sodium diclofenac than the acid form. That could be explained by the 
fact that increasing phospholipid concentration may mean increasing the bilayer diameter and 
the number of bilayers. Moreover, because sodium diclofenac is more hydrophilic, the 
fraction encapsulated into liposomes would attract more water molecules by osmotic effect. 
These two phenomena would explain these larger liposomes contained in L11. However, L11 
formulation presented a high degee of heterogeneity even exhibiting the presence of two 
populations (around 200 nm et 4μm, respectively). This could be due to a non homogeneous 
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repartition of the low fraction of sodium diclofenac encapsulated into lipid vesicles. 
According to the above hypothesis, we could think that only the population with a size around 
4μm would contain sodium diclofenac and the other one would be empty. Further studies will 
have to be implemented to verify this hypothesis. Moreover, sodium diclofenac would be also 
partially adsorbed on the bilayer surface which could also explain the higher negative zeta 
potential of formulations containing sodium diclofenac.  
 
Figure 8 : Size of the different liposomal preparations containing acid or sodium diclofenac 
and 4-week stability. Data represent mean±SD, n=3.  

 
 

 
 
Figure 9 : Size distribution of the different liposomal preparations containing acid or sodium 
diclofenac (See sample composition in Table II) 
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L11 L13 

 

 
 
 
 
 
 
Figure 10: TEM images of the different liposomal preparations containing acid or sodium 
diclofenac (See sample composition in Table II). In each samples, we characterised by TEM 
liposomal structures, their phospholipid bilayers are clearly recognizable. 
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Figure 11 : Zeta potential of the different liposomal preparations containing acid or sodium 
diclofenac and 4-week stability. Data represent mean±SD, n=3.  
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3.4.2 Encapsulation efficiency 
 
Figure 12 presents the encapsulation efficiency (EE%) of the diclofenac into liposomes of the 
different formulations. There was a significant difference (p<0.05) between the encapsulation 
efficiency of the formulations containing acid diclofenac (J13, K13, L13) compared to those 
containing the sodium form (J11, K11, L11). The encapsulation efficiency was between 
58±3% and  87±5%  for the former and between 8±2% and 9±3% for the latter. Moreover, 
there was a significant difference of EE% within this first group showing that J13 had the 
better EE%.  That could be explained by the fact that acid diclofenac is still partially 
hydrophilic. This active agent would be located both in inner aqueous cavity and interlamellar 
spaces but also in phospholipid bilayers. However, it would be with a higher affinity to the 
aqueous compartment which would be limited when the phospholipid concentration is 
increased because a formation of more bilayers inside liposomes. A 4-week storage at  4°C 
did not show any difference of EE% compared with freshly prepared samples allowing to 
conclude to a relative stability of these formulations with neglectable drug leakage (p > 0.05). 
 
Figure 12 : Encapsulation efficiency of the different liposomal preparations containing acide 
or sodium diclofenac and 4-week stability. Data represent mean±SD, n=3. Statistical analysis: 
p<0.05 is noted *, p<0.01 is noted **, p<0.001 is noted ***, p<0.0001 is noted ****. 
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3.4.3 In vitro skin permeation studies 
 
 
 
Ten formulations have been evaluated during the in vitro skin penetration study (Figure 13). 
Their composition is presented in Table II. We have differentiated two groups containing 
either sodium or acid diclofenac. Two formulations consisted in an aqueous solution (with 
Brij®98 for Acid diclofenac) respectively SolDCNa and SolDCAc. Two others were 
phospholipids free (FL DCNa and FL DCAc). These four latter formulations were prepared to 
evaluate the interest of the developed formulation in this work as an innovative skin drug 
delivery system.  
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There is no significant difference of diclofenac amount crossing the skin within formulations 
without phospholipid or without PEG400/glycerol compared with solutions. Besides, the 
formulations J11, K11 and L11 did not promote the skin penetration significantly in 
comparison with the other formulations (p>0.05), whatever the phospholipid concentration. 
An exception was observed only between J11 and Sol DCNa (p<0.05). Formulations J13 and 
K13 have shown the better performances in skin penetration with a rate of applied dose 
detected in the full skin after 24h. It was around 19% and 14% respectively. The 
corresponding uptakes were 1.5-2 folds higher than their homologues containing the sodium 
diclofenac. No formulation exhibits a higher potential to reside in the SC (p>0.05). 
Considering the low lipophilicity of diclofenac, even though we have prepared an acid form 
with a higher logP, this is not enough to allow a better retention in the SC. 

In coherence with the previous observations about SC, here again the different formulations 
were not able to bring an applied dose rate higher than 1.2%, excepted for J13 with 1.7%. 
Nevertheless, for the latter formulation, the t-test did not show a significant difference only in 
comparison with the formulation SolDCNa and SolDCa. The fraction of the penetrated 
amount was far larger for the formulations J13, K13 and L13 (p<0.001). However, no 
significant difference was observed between J13 and K13 or K13 and L13. A statistical 
difference was only between J13 and L13 (p<0.05). Considering the diclofenac amount 
measured in the receptor compartment, the formulation J13 is the only one showing a rate 
almost doubled compared with the other formulations (p<0.001). 

J13 is definitely the most promising formulation, able to cross the skin until dermis and 
beyond with the higher rate. These results enable to consider this formulation as ISDDS with 
characteristics promoting a transdermal permeation of diclofenac. Indeed, such a formulation 
presents many advantages in the management of diseases involved clinical symptoms like 
arthritis in psoriasis for example, where this complication is very disabling. However, J13 is 
not interesting for the target of SC or viable epidermis. This observation is consistent 
regarding other research works showing that drug accumulation into these two layers depends 
essentially on lipophilic characteristics of active ingredients and/or the drug carrier type. In 
our situation, it remains to understand why with J13 we found the higher dose rate in dermis 
and receptor compartment compared with SC and viable epidermis. Three skin pathways for 
cutaneous drug delivery are generally described. It may be logical to think in first place the 
intercellular pathway. As described previously, J13 contains acid diclofenac with a LogP of 
1.44 (versus LogP= -0.17 for sodium diclofenac). Such an improvement would have had to 
increase the drug amount measured in SC and viable epidermis in comparison to the same 
formulation containing the sodium form. Unfortunately, obtained results are not fitting in. 
Although acid diclofenac is more lipophilic, the hydrophilic aspect is still too much present to 
improve the skin passage through SC and viable epidermis. Therefore, follicular pathway 
hypothesis could be privileged to explain the results of the in vitro study.  

The fact that diclofenac is encapsulated into liposomes appears to be responsible of deeper 
skin penetration. Indeed, the encapsulation efficiency in formulations J11, K11 and L11 is 
around 70% less than formulations J13, K13 and L13. These lipid vesicles prepared with three 
penetration enhancers (ethanol, PEG 400 and glycerol) would multiply interactions at dermis 
level through the invagination of hair follicles, promoting the diffusion of acid diclofenac. 
The outer root sheath of hair follicles is continuous with the basal layer of the interfollicular 
viable epidermis, what it is thinner than SC and so, easier to cross with a direct access to 
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dermis. Indeed, we do not have to deal with a superposition of well-laid out corneocyte layers 
embedded in lipids.  

Besides that, all these explanations would also allow to understand why J13 containing the 
lower phospholipid concentration offers better skin permeation. It is because at such a 
concentration, the encapsulation efficiency of acid diclofenac is higher. Drug delivered into 
dermis, which would be directly reached through pilosebaceous units, would be improved 
thanks to liposomes. Different teams have reported results fitting in our observations. Du 
Plessis et al. have put forward that gamma-interferon loaded liposomes exhibit a penetration 
correlated with hair follicle number [36]. Their study compared the in vitro drug delivery 
between three species (hamster, human and hairless mouse). More there were hair follicles, 
higher was the drug crossing through skin, the hamster in this case. Lu and al. explained 
briefly that by the fact that the environment surrounding pileus follicles is lipophilic 
especially because of sebum, promoting further interactions with phospholipid bilayers [37]. 

 

Figure 13 : Effect of controls and samples presented in Table II on skin retention. In vitro skin 
permeation studies were performed on pig skin using Franz diffusion cells. Analyses were 
carried out 24h after non-occlusive application in Stratum corneum (SC) (b), viable epidermis 
(c), dermis (d), receptor compartment (e) and results were added up for total (a). Data 
represent mean±SD, n=3. Statistical analysis: p<0.05 is noted *, p<0.01 is noted **, p<0.001 
is noted ***, p<0.0001 is noted ****. 
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4. Conclusion 

In summary, we presented here a new method of lipid vesicle preparation called the double 
solvent displacement. The self-assembly of phospholipids goes through two phases during 
two successive solvent displacements. From the start, the main objective was to design a 
method of liposome preparation suitable to a skin drug delivery. This method avoids the 
generally used film formation step that is difficult to scale up for industrial production. In 
fine, we have been able to produce a homogeneous population of lipid vesicles fitted with 
colloidal properties previously defined: an average size around 100 nm and a negative zeta 
potential, and that thanks to the use of solvents having penetration enhancer properties. 
Through the systematic study, we have optimised preparation parameters helping us to 
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produce diclofenac loaded liposomes. Then, we have been able to identify the formulation 
which is the most promising delivery systems through the transdermal route with similar 
performance than those of the literature.   
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Etude comparative entre le double déplacement de solvent et la méthode classique de 
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Il existe de nombreuses méthodes de préparation des vésicules lipidiques. Le choix de la 
méthode influence fortement la taille des liposomes conçus. Ce travail de recherche porte sur 
l’évaluation du potentiel de notre méthode de préparation de vésicules lipidiques appelée 
« Double Solvent Displacement » en vue d’une transposition d’échelle. Nous avons comparé 
notre méthode à une technique largement répandue, la méthode dite de l’injection à l’éthanol. 
 
Plus la taille des liposomes est petite, plus la surface spécifique est grande. Cela augmente 
considérablement le nombre d’interactions possibles avec les membranes cellulaires et a 
fortiori leur passage intracellulaire. Ainsi, la préparation de vésicules lipidiques d'une taille 
moyenne d'environ 100 nm aurait plus d'avantages dans la délivrance de molécules actives 
vers des cibles thérapeutiques difficiles à atteindre telles que le cerveau en raison de la 
barrière hémato-encéphalique, de la peau ou des articulations à cause de la barrière cutanée et 
le tissu osseux. Les liposomes présentant une telle taille sont classés généralement parmi les 
SUV (small unilamellar vesicle) caractérisés par une seule bicouche  de phospholipides bien 
qu’il ne soit pas rare de voir se former des liposomes de cette taille mais présentant plusieurs 
bicouches. On parle plutôt  alors de SOV (small oligolamellar vesicle)  ou SMV (small 
multilamellar vesicle). 
 
Une des méthodes qui reste très utilisée à ce jour dans les travaux de recherche est la méthode 
de Bangham dite de l’hydratation du film lipidique. Un film lipidique constitué de bicouches 
superposées est obtenu après évaporation rotative d'un solvant organique ou d'un co-solvant 
dans lequel les lipides étaient dissous. Ensuite, le film lipidique est hydraté avec une solution 
aqueuse pour former des liposomes. Cependant, cette méthode reste difficile à normaliser. 
Elle donne généralement de larges liposomes multilamellaires et très hétérogènes. Ainsi, des 
techniques supplémentaires telles que la sonication, l'extrusion, l'homogénéisation haute 
pression sont associées pour réduire la taille des liposomes préalablement produits et obtenir 
une population plus homogène. Ces techniques présentent ces avantages, mais aussi des 
inconvénients limitant leur intérêt pour la production de liposomes à l'échelle industrielle. 
Certaines sont inutilisables à plus grande échelle, potentiellement destructrices pour les 
phospholipides et / ou les molécules actives d’intérêt pharmaceutique. 

D'autres méthodes ont également prouvé leur intérêt pour la formation de nanovésicules 
lipidiques comme la focalisation microhydrodynamique ou la méthode par contacteur à 
membrane. Mais toutes ces méthodes nécessitent l'utilisation de systèmes sophistiqués et 
coûteux. La méthode de l’injection à éthanol est une technique simple qui a démontré son 
efficacité dans la préparation de nanovésicules lipidiques. Les phospholipides et autres 
substances lipophiles sont dissous dans un solvant organique (éthanol), puis cette phase est 
rapidement injectée dans une grande quantité de tampon aqueux dont il résulte spontanément 
une formation de liposomes de taille nanométrique. 

Dans cet article, nous avons comparé notre nouvelle méthode, le double déplacement de 
solvant, avec une méthode conventionnelle largement utilisée: l'injection d'éthanol. 
L'influence de la variabilité de divers paramètres (concentration en phospholipides, ratio 
solvant / non-solvant) sur les propriétés colloïdales (taille et distribution de la taille, potentiel 
zêta, morphologie) a été étudiée. De plus, nous avons réalisé des études de scale-up. 
L’ensemble de ces études nous ont permis de comparer leur performance et leur capacité 
d’adaptation lors d’une transposition d’échelle.  
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Nos résultats ont montré que le double déplacement de solvant pouvait produire une grande 
quantité de petites vésicules lipidiques homogènes. Avec cette méthode, nous pourrions 
utiliser des concentrations plus élevées de phospholipides sans affecter de manière 
significative les propriétés colloïdales des vésicules par rapport à la méthode de l'injection à 
éthanol. En effet, pour des concentrations supérieures à 12,5 mg / ml, nous avons observé une 
augmentation continue de la taille (de 129 ± 54 nm à 318 ± 220 nm) associée à une 
hétérogénéité plus élevée de la population de liposomes produite par injection à l’éthanol, 
alors que les résultats sont restés stables pour la technique DSD (taille entre 123 ± 57 nm et 
141 ± 67 nm, respectivement). La technique DSD a aussi permis de préserver les propriétés 
colloïdales des liposomes sur un large intervalle de ratios solvants / non solvants (éthanol 
/eau). Les études de scale-up ont montré une variabilité plus prononcée pour la technique 
d'injection d'éthanol pour laquelle les propriétés colloïdales étaient plus impactées. En effet, la 
taille a diminué de manière significative de 11,8% par rapport à la méthode DSD pour 
laquelle l'augmentation était d'environ 3,5%. 

Il ressort de notre travail que la méthode de l'injection à l’éthanol ne permettrait pas de 
produire de plus grandes quantités de liposomes aux propriétés colloïdales homogènes si on 
envisageait une transposition d’échelle, bien que techniquement elle le soit. Il est imposé de 
travailler dans des conditions opératoires fortement diluées, ce qui pourrait également limiter 
le degré d'encapsulation des molécules actives. La méthode du double déplacement de solvant 
apparait comme très prometteuse. Elle est basée sur deux étapes effectuées dans des 
conditions douces réalisées via une homogénéisation simple. Cette méthode permet de former 
des vésicules lipidiques homogènes et de petites tailles (proche de 100 nm) sans étape 
supplémentaire. En outre, de grandes quantités de liposomes pourraient être produites en 
utilisant des concentrations élevées de phospholipides tout en garantissant une taille 
nanométrique et une bonne homogénéité. Ainsi, cette méthode pourrait être mise en œuvre à 
l'échelle industrielle et offrir de très bons résultats. La simplicité et la rapidité de cette 
nouvelle technique nous permettent de produire une population de liposomes avec une bonne 
maîtrise du procédé, en particulier en terme de reproductibilité, offrant un rendement élevé 
tout en restant économiquement attractif. Le double déplacement de solvant pourrait être 
capable de relever les défis de la production industrielle de liposomes et favoriser ainsi 
grandement l’ouverture du marché du médicament aux formulations liposomales. 
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Abstract:  

Here, we propose a new method for lipid vesicles preparation: double solvent displacement. 
Influence of various parameters on colloidal properties was studied to assess scale-up 
performances in comparison with ethanol injection. Lipid vesicles were prepared by double 
solvent displacement (DSD). The first one was performed in non-aqueous media, only with an 
ethanol phase containing phospholipids dispersed in PEG400. The second one consisted of a 
dispersion of the previous mixture in an aqueous phase containing glycerin. Our results 
showed that double solvent displacement could be able to produce large amount of small and 
homogeneous lipid vesicles. With such method, we could use higher phospholipids 
concentrations without significantly affecting vesicle colloidal properties compared to ethanol 
injection. Indeed, for concentrations that were higher than 12.5 mg/ml, we observed a 
continuous size increase (from 129±54 nm to 318±220 nm) associated with a higher 
heterogeneity of the population whereas results remained stable for the DSD technique (size 
between 123±57 nm and 141±67 nm, respectively). DSD technique allowed preserving 
colloidal properties over a large range of solvent/ non solvent (S/NS) ratios. Scale-up studies 
showed more pronounced impact for ethanol injection technique for which colloidal 
properties were more altered. Indeed, size decreased significantly by 11.8% compared to DSD 
for which the increase was just about 3.5%. The latter appeared to be more easily scalable 
than ethanol injection. The simplicity and the rapidity of this new technique enable us to 
produce liposomes with good proficiency of the process offering high yield while keeping 
economically attractive. 

Keywords: 

Liposomes, preparation method, ethanol injection, process scale-up, double solvent 
displacement, innovative drug delivery system (IDDS).  

Highlights: 

- Description of a new liposome preparation technique  
- Comparison with a conventional method: ethanol injection 
- Assessment of scaling-up performances 
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1. Introduction: 

A cutting-edge field growing in the pharmaceutical sector is the development of innovative 
drug delivery systems (IDDS) based on the encapsulation of drugs [1–5]. During the last 
years, the research of new molecules has not been fruitful. Indeed, the successive failures are 
a real money pit discouraging investments. Nowadays, research activities are directed towards 
improving therapies already available. It is less risky and less costly for the pharmaceutical 
industry, but not without interest to patients. Different benefits have been highlighted like 
protection against side effects due to the administration of lower doses, enhancement of the 
effectiveness of drugs of low bioavailability or with a metabolism too fast, but also more 
comfortable for patients (repetitive injections). Thus, IDDSs appear as an answer to many 
problems met by active molecules. But, more importantly, they enable to update potential 
therapeutic molecules that showed their efficacy in preclinical trials, but rejected because of 
their excessive toxicity in clinical trials. 

Liposomes are among the nanoparticle encapsulation systems frequently used. Different 
products of this type exist already on the market like Ambisome®, Doxil. Liposomes are 
systems formed by one or several phospholipids bilayers defining one or several aqueous 
compartments. Phospholipids are amphiphilic molecules that are able to organize themselves 
spontaneously in aqueous media. Liposomes can be classified in function of their size and 
lamellarity : the MLVs (multilamellar vesicles) with a size greater than 0.5μm , the SUVs 
(small unilamellar vesicles ) with a size between 20 nm and 100 nm, the LUVs (Large 
unilamellar vesicles) with a size greater than 100 nm [6]. They are widely used as vectors of 
both hydrophilic molecules in aqueous compartments and lipophilic ones in the bilayers, but 
also amphiphilic molecules. 

Because of their lipid composition, liposomes appear to be very promising. Phospholipids are 
natural and biocompatible compounds. The similarity with cell membranes makes these 
systems relevant for intracellular delivery of active molecules. They can easily merge with 
them. Moreover, they are often used as a cell model to study the penetration of various 
substances [7]. The lipid vesicles were able to show their potential in many applications. 
When the size of liposomes is smaller, the specific surface area is larger. This greatly 
increases the interactions with cell membranes and a fortiori their intracellular passage. Thus, 
the preparation of lipid vesicles with an average size about 100 nm would have more 
advantages in the delivery of active molecules towards therapeutic targets which are difficult 
to attain such as the brain because of the blood-brain barrier, the skin or joints because of the 
skin barrier and the bone tissue, the eyes. 

There are many methods for preparing lipid vesicles. The choice of the method influences 
highly the size of the liposomes designed. Figure 1 shows the methods used to form SUVs, as 
well as their advantages and disadvantages. One of the most conventionally used is the 
method developed by Bangham et al., [8] well known as thin film hydration method. A lipid 
film constituted by superimposed bilayers is obtained after rotary evaporation of organic 
solvent or co-solvent wherein the lipids were dissolved. Then, the lipid film is hydrated with 
an aqueous solution to form liposomes. Although it is the most prevalent in the literature, this 
method is difficult to normalize, gives large multilamellar liposomes that are very 
heterogeneous. Thus, additional techniques such as sonication, extrusion, high pressure 
homogenization have permitted to reduce the size of the liposomes previously obtained with a 
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narrow size distribution. These techniques exhibit benefits but also disadvantages limiting 
their interest in the production of liposomes at a scaling-up (Figure 1). Indeed, some are 
unusable at a larger scale, potentially destructive for phospholipids and / or active ingredients 
[9]. 

The ethanol injection for the first time described by [10] is a method that has demonstrated its 
effectiveness in the preparation of SUVs. Phospholipids and other lipophilic substances are 
dissolved in an organic solvent (ethanol), and then this phase is rapidly injected into a large 
amount of aqueous buffer resulting spontaneously in SUV formation. But it was reported that 
the formation of the liposomes was not related to the injection system but the expansion of a 
minor miscible-in-water organic phase into a major aqueous phase triggering the 
phospholipids self-assembling to form liposomes [11-11bis]. This method answers to the 
definition of the so-called "solvent displacement" developed by Fessi et al (1988)[12], method 
often called nanoprecipitation, especially in the synthesis of polymeric nanoparticles. Other 
methods have also proven their interest in the formation of SUVs like the microhydrodynamic 
focusing (MHF), the method by membrane contactor, the hydration of phospholipids 
deposited on a nanostructured material, but all of these methods require the use of 
sophisticated and expensive systems. Advantages and drawbacks of those different 
preparation methods are presented in table1. 

The aim in this article is to compare our new method to prepare lipid vesicle, the double 
solvent displacement, with a conventional method largely used: the ethanol injection. The 
influence of various parameters (phospholipid concentration, solvent / non-solvent ratio) on 
colloidal properties (size and distribution of size, zeta potential, morphology) has been studied 
to compare their performances and their ability to a scaling-up. 
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2. Materials and methods 

 

2.1. Materials 
2.1.1. Reagents 

The phospholipid Lipoid® S75 was purchased from Lipoid® GmbH (Ludwigshafen, 
Germany). Produced from soy lecithin, it contained 70% of phosphatidylcholine and 7-10% 
phosphatidylethanolamine. 95% analytical-grade ethanol was obtained from Carlo Erba 
Reagenti (Milano, Italy). PEG 400, glycerin, phosphotungstic acid were supplied from by 
sigma-Aldrich Chemicals (Saint Quentin Fallavier, France). Ultra-pure water was prepared 
thanks to a Millipore Synergy® system (Ultrapure Water System, Millipore). 

2.1.2. Syringe pump 

The syringe infusion pump 22 was purchased from Harvard Apparatus (Holliston, MA, 
United States). 

2.2. Methods 
2.2.1. Liposome preparation 
2.2.1.1. Ethanol injection based technique 

 

 

 

 

 

 

 

 

 

 

Small scale 

 

 

Large scale 
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Figure 1. Schematic illustration of ethanol injection method set up for small and large scale 

 

This technique is based on the use of a syringe pump device adapted from a systematic study 
performed by Jaafar-Maalej et al.  [11bis]. A predefined volume of ethanol containing 
phospholipids (depending on small or large scale) is injected via a syringe fitted out with a 
curved 21Gx11/2” needle through an aqueous phase under agitation (See Figure 1). 
Preparation parameters were set as follows: Selected injection rate is 1.5 ml/min and stirring 
rate was 750 rpm during the small scale study. These parameters were adapted for the scale 
study with an injection rate equal to 30 ml/min and an agitation rate of 6500 rpm. However, 
for scale-up study, Solvent/non solvent ratio was maintained to 0.3. These different 
parameters are described in Table 2. Different samples were prepared for the systematic 
study:  the phospholipids concentration was varied from 4 to 35 mg/ml and Solvent/non 
solvent ratio varied from 0.07 to 2.5.  

 

Table 2. Operating parameters used with ethanol injection method for scale-up study 

 Ethanol injection method 

Ingredients Small scale Large scale 

Phospholipid concentration (Lipoid S75®) (mg/ml) 12.5 12.5 

Ethanol/water ratio  0.3 0.3 

PEG 400 (ml) - - 

Glycerin (ml) - - 

Injection rate (ml/min) 1.5 30 

Agitation rate (rpm) 750 6500 

Stirring time after mixing (min) 15 5 

Total volume (ml) 12 240 

 

 

2.2.1.2. Double solvent displacement based technique 

 

Small scale 
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Large scale 

Figure 2. Schematic illustration of double solvent displacement method set up for small and 
large scale 

 

Double solvent displacement is an original method of liposome preparation. The main interest 
of this technique holds in its simplicity to implement (Figure 2). A predefined volume of 
PEG400 is added to an ethanol phase containing phospholipids (depending on small or large 
scale) under agitation. This is the first solvent displacement. The second one consists on the 
adjunction of the previous mixture to an aqueous phase containing glycerin. Preparation 
parameters were set as described in Table 3 for the scale-up study. For first solvent 
displacement, stirring rate was 750 rpm for 2 minutes and for 15 minutes during the second 
solvent displacement. However, for the scale-up study, these parameters were adapted to a 
stirring rate of 6500 rpm for 2 minutes and for 5 minutes during the first and the second 
solvent displacement, respectively. Solvent/non solvent (Ethanol/water) ratio was maintained 
to 0.3. Different samples were prepared for the systematic study:  the phospholipids 
concentration was varied from 4 to 35 mg/ml and Solvent/non solvent ratio varied from 0.07 
to 2.5.  
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Table 3. Operating parameters used with double solvent displacement method for 
scale-up study 

 DSD method 

Ingredients Small scale Large scale 

Phospholipid concentration (Lipoid S75®) (mg/ml) 12.5 12.5 

Ethanol/water ratio  0.3 0.3 

PEG 400 (ml) 1 20 

Glycerin (ml) 2 40 

Agitation rate during first solvent displacement (rpm) 750 6500 

Stirring time after first solvent displacement (min) 2 2 

Agitation rate during second solvent displacement (rpm) 750 6500 

Stirring time after second solvent displacement (min) 15 5 

Total volume (ml) 12 240 

 

2.2.2. Liposome characterization 
2.2.2.1. Size, Size distribution and zeta potential 

Z-average diameter of the prepared liposomes, polydisersity index (PDI) and Zeta potential 
were determined by Malvern particle size analyzer (Model-Nano ZS, Malvern Instruments 
limited, UK). The different samples were diluted in a 1 mM NaCl before each measurement. 
All measurements were carried out in triplicate at 25°C. PDI was converted into Standard 
Deviation (SD) following the equation PDI= (SD/Dh)² with Dh is the hydrodynamic size 
because it reflects further the size distribution. 

 

2.2.2.2. Transmission electron microscopy (TEM) 

Liposomes appearance was observed by transmission electron microscopy (TEM) apparatus 
Philips CM-120 at an accelerating voltage of 100 kV. Liposomes suspension was properly 
diluted. A drop was withdrawn with a micropipette then placed on a carbon-coated copper 
grid. The excess of the suspension was removed by blotting the grid with a filter paper. 
Negative staining using a 2% phosphotungstic acid solution (w/w, pH7.1) was directly made 
on the deposit during one minute. The excess was removed with a filter paper and deposit was 
left to dry before analysis.  

2.2.2.3.Stability studies: 

Stability study was performed for samples that were used to assess the impact of 
phospholipids concentration. Liposomes were stored under static conditions at +4°C over a 
period of 28 days. Results were expressed in terms of vesicle size, size distribution and Zeta 
potential (Tables 3 and 5). 
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3. Results and discussion 
3.1.Influence of PL concentration on size, size distribution and morphology 

We changed PL concentration from 4 to 35 mg/ml. Fig. 4 displays liposome hydrodynamic 
sizes and SD (reflecting the size distribution) values variation depending on PL 
concentrations.  At a PL concentration of 4 mg/ml, specimens prepared by ethanol injection 
gave a liposomes population with a size almost 75±41 nm. Four weeks-stability studies 
showed that disparity along with size remained homogeneous. Conversely, the liposomes 
prepared by double solvent displacement exhibited a size of 117±52 nm. Both of them were 
preserved for 4 weeks. At a concentration of 8 mg/ml, ethanol injection method allowed to 
produce lipid vesicles with a size of 90±41 nm which were maintained for 4 weeks. With 
DSD, liposomes formed had a size 104±44 nm. However, at a concentration of 12.5 mg/ml, 
we obtained similar liposome colloidal properties with both techniques. Hydrodynamic sizes 
were 119±49 nm and 123±57 nm for ethanol injection and DSD, respectively. For 
concentrations that were higher than 12.5 mg/ml, we observed a continuous size increase 
from 129±54 nm to 318±220 nm associated with a larger size distribution whereas results 
remained stable for the DSD technique (hydrodynamic size between 123±57 nm and 141±67 
nm, respectively). The corresponding size distribution figures (Figure 3) even shows a clear 
polydispersity with those samples prepared by EI compared to DSD where the population 
distribution remains monodisperse. Obtained data for ethanol injection technique are 
confirmed by studies conducted by Sebaaly et al. [16] Stable colloidal properties were 
ensured over 4 weeks (Table 4). According to these data, we could consider that DSD allows 
more flexibility over a wide range of operating parameters. A major limitation of ethanol 
injection is its lack of yield efficiency at very high PL concentrations. Such shortcoming is 
overcome with DSD. This renders it more suitable for scale-up applications.  

TEM images of liposomes (See Fig. 5.) prepared by DSD and ethanol injection with 8 mg/ml 
(respectively A and C) and 35 mg/ml (respectively B and D) PL concentrations allow to 
support the previous findings. Indeed, when we compare image A to image B (specimen 
prepared by DSD respectively with 8 mg/ml and 35 mg/ml of PL), we could see a 
densification of liposome population although we kept the same operating conditions for 
specimens. Such phenomenon was not noticed for the ethanol injection technique (Figure 5 
Images C and D) where liposomes were difficult to detect.  
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Table 4. Impact of phospholipids concentration on liposome size and size distribution 
(reflected by Standard Deviation (SD)). 

 

Double Solvent Displacement 

  

A (30 mg/ml) (134,3 nm, PI 0,23) B (35 mg/ml) (141,1nm, PI 0,23) 

 

Ethanol injection 

  

C (30 mg/ml) (308 nm, PI 0,51) D (35 mg/ml)(318,4 nm, PI 0,48) 

 

Figure 3: Size distribution profiles of vesicles prepared by Double Solvent Displacement 
(DSD) (A and B) and Ethanol Injection (C and D) at the phospholipid concentration of 30 and 
35 mg/ml, respectively.
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Figure 4. Effect of phospholipid concentration on size and size distribution of lipid vesicles 
prepared by DSD (Double Solvent Displacement) and Ethanol Injection (EI).  
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A B 

 

 

C D 

 

 

Figure 5. Transmission electron microscopy images of liposomes prepared by double 
solvent displacement and ethanol injection with 8 mg/ml (respectively A and C) and 35 

mg/ml (respectively B and D). 
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3.2.Influence of Ethanol/Water (v/v%) ratio on particle size, size distribution and 
morphology: 
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Figure 6. Influence of ethanol/water ratio on size and size distribution of liposomes prepared 
by ethanol injection (EI) and double solvent displacement (DSD) 

 

Changes of particle size and size distribution for both techniques depending on ethanol/water 
(Solvent/non solvent) ratio are shown in Figures 6. When ratio was increased from 0.07 to 
0.7, liposome hydrodynamic size remained between 97±35 nm and 111±61 nm when they 
were prepared by ethanol injection method. With double solvent displacement, the results 
show a hydrodynamic size between 97±42 and 110±55 nm. In such operating conditions of 
S/NS ratio, produced liposomes share similar colloidal properties in size and size distribution. 
However, when S/NS ratio was between 0.7 and 2.5, we observed that ethanol injection 
technique gave lipid vesicles with a size range that goes from 111±61 to 1248±1248 nm.  
DSD technique continued to provide stable vesicles with sizes between 110±55 and 262±153 
nm. All of these data confirm the advantages of DSD method. This technique allows 
maintaining colloidal properties over a large range of S/NS ratios. Morphology studies (See 
Figure 8) support previous results. In fact, even at extreme conditions of S/NS equal to 2.5, 
DSD was capable of providing monodisperse nanosized vesicles while in specimen prepared 
by ethanol injection method did not allow detection of liposomes.  
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Other research teams investigated S/NS ratio impact on colloidal properties of liposomes 
prepared by ethanol injection [17,18]. The phospholipids used are not similar, which could 
explain results variation obtained with the conventional ethanol injection method. However, 
data have the same tendency. Gentine et al., have reported that for conventional ethanol 
injection method when ratio ethanol/water goes until 0.5, vesicle size was 123 nm and PDI 
was 0.18. When ratio was increased to 0.5 and 1.5, size increased to 260 and 351 nm and PDI 
was 0.07 and 0.18, respectively. Moreover, they proposed also to adapt ethanol injection to 
improve colloidal properties. Before the injection method, they warmed up ethanolic phase to 
60°C and the aqueous phase to 70°C. They obtained liposomes which have sizes of 166 nm 
(PDI 0.11) and 303 nm (PDI 0.18) with ethanol/water ratio equal to 1 and 1.5, respectively. 
With DSD, we could obtain well mastered liposomes size even for a ratio of 2.5 (a size of 262 
nm and a PDI of 0.34).  

  

 

 
 

Figure 8: Transmission electron microscopy images of liposomes prepared by 
double solvent displacement and ethanol injection with an ethanol/water ratio of 

2.5 (respectively A and B) 
3.3.Zeta potential: 

No significant impact has been shown by varying experimental parameters. All results were 
ranged between -30 and -50 mV which is in favor of a good stability by electrostatic repulsion 
which is concurring with stability studies (Table 5). Several studies showed that conventional 
liposomes generally possess negative Zeta potential thanks to negative charges conferred by 
phosphatidylcholine [11].  

 



17
0 

 Ph
os

ph
ol

ip
id

 
co

nc
en

tr
at

io
n 

(m
g/

m
l) 

Ze
ta

 p
ot

en
tia

l (
m

V
) 

D
ou

bl
e 

so
lv

en
t d

is
pl

ac
em

en
t m

et
ho

d 
 

 
W

0 
W

1 
W

2 
W

3 
W

4 

4 
-3

2.
9 

 
-3

3.
4 

 
-3

6.
1 

 
-3

4.
2 

 
-3

8.
4 

 

8 
-3

4.
1 

-3
5.

2 
-3

3.
5 

-3
4.

9 
-3

6.
6 

12
,5

 
-3

1,
8 

-3
0,

8 
-3

7,
3 

-3
3,

4 
-3

5,
3 

15
 

-3
9.

8 
-3

8.
7 

-4
0.

1 
-3

9.
8 

-3
7.

5 

20
 

-4
1.

6 
-4

0.
5 

-3
9.

1 
-4

2.
2 

-4
3.

5 

25
 

-4
4.

4 
-4

4.
2 

-4
5.

4 
-4

7.
1 

-4
8.

3 

30
 

-3
6.

3 
-3

9.
9 

-3
7.

3 
-3

5.
2 

-3
7.

6 

35
 

-4
4.

9 
-4

1.
4 

-4
0.

6 
-4

8.
9 

-4
5.

5 

 
 

 
 

 
 

 
E

th
an

ol
 in

je
ct

io
n 

m
et

ho
d 

 
W

0 
W

1 
W

2 
W

3 
W

4 

4 
-3

8.
2 

-3
9.

2 
-3

3.
5 

-3
4.

2 
-3

7.
2 

8 
-4

2.
4 

-4
7.

3 
-4

2.
5 

-4
0.

4 
-4

6.
7 

12
,5

 
-3

1.
7 

-3
6.

9 
-3

8.
7 

-3
4.

8 
-3

3.
7 

15
 

-3
3.

9 
-3

7.
9 

-3
2.

6 
-3

7.
6 

-3
2.

7 

20
 

-3
6.

1 
-3

3.
2 

-3
8.

1 
-3

4.
8 

-3
2.

8 

25
 

-4
0.

8 
-4

1.
2 

-4
3.

3 
-4

8.
4 

-4
7.

1 



17
1 

 30
 

-4
7,

8 
-4

2,
7 

-4
2,

8 
-4

7,
2 

-4
9,

2 

35
 

-4
9.

9 
-4

4.
3 

-4
2.

4 
-4

2.
3 

-4
4.

1 

Ta
bl

e 
5.

 Im
pa

ct
 o

f p
ho

sp
ho

lip
id

s c
on

ce
nt

ra
tio

n 
on

 li
po

so
m

es
 z

et
a 

po
te

nt
ia

l 

   



   

172 
 

 

 

3.4.Scale-up study: 

In order to assess scalability of both techniques, scale-up studies were conducted. Product 
Formulae are shown in table 6. Initially, 12 ml of preparation was used; serving as reference 
to define optimal parameters. We selected 12.5 mg/ml as optimal concentration and a S/NS 
ratio of 0.3. All ingredient amounts were multiplied by 20 compared to work implemented at 
small scale. All preparations respect the condition of S/NS equal to 0.3 because at such value, 
colloidal properties are not quite different (see previous results). Final preparation volume 
was 240 ml for ethanol injection and DSD. For the small scale, hydrodynamic sizes were 
respectively 120±56 nm and 123±42 nm, for ethanol injection and DSD techniques, 
respectively.. After scale-up, we observed a size diminution of liposomes obtained by ethanol 
injection method from 120±56 nm to 105±58 nm. For DSD technique, liposome size 
increased from 123±42 nm to 127±52 nm. Scale-up impact seems to be more pronounced for 
ethanol injection technique for which colloidal properties more altered. Indeed, size decreased 
by 11.8% compared to DSD where augmentation was just about 3.5%. Size distribution 
displayed no difference compared to DSD method. The latter appears to be more easily 
scalable than ethanol injection. Such data could be explained by the fact that in ethanol 
injection, larger water volume allowed phospholipids molecules to be more dispersed in the 
medium which gave liposomes with smaller size. In addition, we highly increased the stirring 
rate (from 750 to 6500 rpm) which is known to decrease particles size [19].   

 

 Ethanol injection method DSD method 

Ingredients Small scale Large scale Small scale Large scale 

Phospholipid concentration 
(Lipoid S75®) (mg/ml) 

12.5 12.5 12.5 12.5 

Ethanol/water ratio  0.3 0.3 0.3 0.3 

PEG 400 (ml) - - 1 20 

Glycerin (ml) - - 2 40 

Total volume (ml) 12 240 12 240 

Colloidal properties 

Size±SD 119.8±56.19 105.7±58.85 123.2±42.67 127.8±52.69 

   Table 6. Impact of scale up studies on colloidal properties for ethanol injection and DSD 

Main objective of this research is to develop a technique for liposome preparation which 
match several criteria required to an optimal scaling-up strategy. Among them, the process 
has to be simple, rapid, easy to implement, with a good proficiency, reproducible, 
economically attractive with high yield. Ethanol injection method provides particle sizes 
within the range 75 - 318 nm with a limited impact on monodispersity when phospholipids 
concentration was raised from 4 to 35 mg/ml. When S/NS ratio was changed from 0.07 to 2.5, 
particles size increased from 100 nm to 1250 nm with higher polydispersity. Results displayed 
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by DSD method showed liposome sizes between 96 to 141 nm with a good monodispersity 
depending on phospholipids concentration. Influence of ethanol/water ratio was also assessed. 
When this ratio was changed from 0.07 to 2.5, particles size increased from 100 to 300 nm. 

Parameters change exhibited higher variability of colloidal properties with ethanol injection 
technique. Indeed, 4-fold increase was obtained following PL concentration increase with a 
size distribution becoming very heterogeneous. Similarly, 12-times increase of size was 
obtained when S/NS ratio was increased with high polydisperse particles population. 
Conversely, double solvent displacement enables 1.5 time increase in size and 3 times with 
monodisperse sizes at each time. Moreover, DSD appears to provide higher yield when we go 
beyond the limit fixed for ethanol injection. In addition, when we increase PL concentration, 
liposome size obtained by ethanol injection grows faster and much larger than DSD. The 
hypothesis is that more lipid materials would give tendency to self-organize to make bilayers 
longer leading to greater size whereas, in DSD, the size sounds contained which suggests the 
production of more liposomes. This hypothesis is consistent with morphological observation 
by TEM which showed dense liposome population in the case of DSD. The DSD could be 
considered a more simple, easy to implement and faster method to prepare liposomes 
regarding ethanol injection. No sophisticated system is needed. No more parameters have to 
be controlled like flow rate and needle diameter. This confirms that DSD is easier and faster 
to implement because it is based only on simple mixing steps. This made from DSD a more 
economically interesting method. Within a large range of parameters variation, colloidal 
properties remain relatively stable which proves the high reproducibility of our technique. 
However, PEG 400 and glycerol could be always available in external phase which renders an 
eventual lyophilization of the system more difficult than with ethanol injection and therefore, 
reduce the application spectrum.   

4. Conclusion 

Liposomes preparation methods described in literature exhibit several drawbacks which do 
not match with criteria required for a potential industrial application. The method of ethanol 
injection which is the most commonly used for preparing SUVs did not produce large 
amounts of liposomes, even if the method is transposable on an industrial scale. Indeed, it is 
imposed by the optimal working conditions to be in highly diluted conditions, which also 
limits the degree of encapsulation of active molecules. With regard to the lipid film hydration 
method associated with size reduction techniques such as sonication or extrusion, it does not 
provide possible transposition to the industrial scale. Other systems (the microhydrodynamic 
focusing (MHF), the method by membrane contactor) are effective but more complicated to 
set up and expensive. 

The double solvent displacement method appears to be very promising. Indeed, the two steps 
are performed under mild conditions and based on simple homogenization. This method 
allows forming homogeneous and small size lipid vesicles (near 100 nm) without any 
additional steps. Moreover, large amounts of liposomes are formed using high phospholipids 
concentrations while maintaining a small size and good homogeneity. Thus, this method 
could be implemented on an industrial scale and provide very good performance. Indeed, the 
simplicity and the rapidity of this new technique enable us to produce liposomes population 
with a good proficiency of the process especially in term of reproducibility, offering high 
yield while keeping economically attractive. Double solvent displacement could be able to 
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meet the challenges of industrial production of liposomes, and thus greatly promote the arrival 
on the market of many molecules that would need to be encapsulated in liposomes. 
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La troisième partie expérimentale consiste à encapsuler la ciclospirine A par double 
déplacement de solvant. Après avoir travaillé au développement et l’optimisation de la 
méthode dite du double déplacement de solvant dans les travaux précédents, nous avions 
identifié les principaux paramètres de la formulation à retenir pour la préparation des 
vésicules lipidiques : ratio éthanol/eau de 0.3, concentration de PEG 400 proche de 8% ainsi 
qu’une concentration en glycérol d’environ 15%. La concentration en éthanol était fixée à 
15%. Cependant pour l’encapsulation  les paramètres pourraient avoir besoin d’être adaptés 
comme la concentration en phospholipides pour optimiser le taux d’encapsulation mais aussi 
obtenir le ciblage tissulaire recherché. Lors de ce travail, nous avons découvert qu’en 
modifiant les conditions opératoires ayant trait au degré de précipitation lors du premier 
déplacement de solvant, nous pouvions produire des SLN (solides lipides nanoparticles). Il 
s’agit là de résultats vraiment très intéressants. Jusqu’ici, rares étaient les méthodes pouvant 
être utilisées à la fois pour préparer des vésicules lipidiques et des SLN. La méthode dite du 
contacteur membranaire est quasi la seule. Mais ce qu’il y a d’encore plus intéressant est que 
la composition ici ne contient qu’une seule source de lipides, notamment des phospholipides 
issus du soja (Lipoid S75®).   
 
Dans cette dernière partie, nous avons préparé et caractérisé différentes formulations 
lipidiques encapsulant la ciclosporine A (liposomes et SLN). La taille des vecteurs lipidiques 
préparés était comprise entre 95 et 170 avec une PDI ≤ 0,30. Les résultats obtenus par TEM 
ont montré que les phospholipides pouvaient former des vésicules lipidiques avec un ratio 
éthanol / eau de 0,3 et des nanoparticules lipidiques solides avec un ratio égal à 0,15. Les 
courbes de distribution de taille sont toutes gaussiennes, ce qui signifie que toutes les 
formulations avec CsA étaient essentiellement monodisperses. Les analyses du potentiel zéta 
ont permis de voir que la charge superficielle des vésicules lipidiques et des SLN était 
négative, d'environ -48 mV et entre -43 mV et -53 mV respectivement. Par ailleurs, les 
formulations contenant une concentration plus faible en phospholipides ont affiché une 
efficacité d'encapsulation plus élevée (EE%) avec un taux d'environ 80%. Nous avons pu 
constater que plus le ratio actif/lipide était réduit, plus le taux d’encapsulation était faible. 
Pour les deux types de vecteurs, une grande stabilité a été obtenue surtout en raison de la 
charge de surface négative élevée empêchant l'agrégation par répulsion électrostatique. Mais 
une autre raison qui peut être mentionnée est la viscosité de la formulation qui est plus élevée 
que l'eau due au PEG 400 et au glycérol. En outre, l'efficacité d'encapsulation est restée stable 
pour les différentes formulations. Aucune fuite n'a été observée pendant les conditions de 
stockage à +4°C pendant 4 semaines. Ensuite, nous avons réalisé une étude in vitro pour 
identifier quelle type de vecteur permettait une pénétration optimale de la ciclosporine A au 
niveau de l’épiderme viable en vue d’une application dans la prise en charge topique du 
psoriasis. Les résultats montraient que nos SLNs n’apportaient davantage particulier en 
comparaison aux vésicules lipidiques lorsque l’on recherchait un ciblage de l’épiderme viable. 
Par contre, dans le groupe des formulations contenant des liposomes, nous avons pu mettre en 
évidence une formulation permettant un passage de plus de 15% de la dose appliquée au 
niveau du stratum corneum et de l’épiderme viable. Cette formulation est apparue comme 
étant la plus prometteuse pour une application dans le psoriasis. 
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Abstract 

The aim of this study was to develop a suitable topical drug delivery system encapsulating 
cyclosporine A (CsA) for targeting a specific skin layer: the viable epidermis which would be 
the main site of psoriasis physiopathology. We used the double solvent displacement method 
to prepare both lipid vesicles and solid lipid nanoparticles encapsulating cyclosporine A. The 
only source of lipid used was soybean phospholipids. These two types of lipid based carriers 
were characterized through colloidal properties and capacity of drug encapsulation. Then, we 
evaluated the different formulations through in vitro skin studies to know which one would be 
the most suitable for a topical delivery targeting the viable epidermis in order to consider 
topical management of psoriasis. Mean size was between 109 ±44 nm and 133±69 nm for 
lipid vesicles, and for SLNs between 95±35 nm and 174±76 nm. Size distribution of all 
formulations entrapping CsA was monodispersed except for SLN formulation with high 
content of phospholipids. Zeta potential of lipid vesicles and SLNs were negative, around -
48mV and between -43mV and -53 mV respectively. CsA loaded lipid vesicles and SLNs 
have been able to entrap between 50% and 80% of CsA. Formulations displayed a good 
colloidal and encapsulation stability after four week storage at 4°C. Among the different 
formulations designed, lipid vesicle sample was the most promising to an application in 
psoriasis compared to SLNs. Indeed, they offered the higher amount of CsA especially in SC 
and viable epidermis with more than 15% of the applied dose. 

1. Introduction 

Psoriasis is an autoimmune and chronic inflammatory disease affecting 2–5% of the world 
population. Although it is not still completely elucidated, the physiopathogenesis of psoriasis 
is mainly localized in the cutaneous tissue. Direct action on the target region would provide a 
faster and more effective therapeutic response. Proliferating abnormal keratinocytes are cells 
presenting the unknown antigen which are the basis of CD4 + and CD8 + lymphocyte 
activation. The keratinocytes are the cells constituting the so-called viable epidermis. Thus, if 
effective management of psoriasis is desired at an early stage, targeting the viable epidermis 
with active molecules such as ciclosporin A (CsA) which has an effect on both T cell 
activation and proliferation of keratinocytes is judicious. Encapsulation of ciclosporin A that 
may allow direct access to the site of action would lead to have greater efficacy and to avoid 
using the systemic passage which can cause serious adverse effects (Sala et al., 2016). 

 
Dermatological illnesses like psoriasis (Sala et al., 2016) can be effectively managed thanks to 
CsA. In 1983, the CsA US Food and Drug Administration (FDA)’s clinical approval was 
limited to prevention of allograft rejection in transplantation. In 1987, indications were 
enlarged for the treatment of several autoimmune disorders in 1987 and for dry eye disease in 
2003 (Wretlind, 1981). CsA is an immunosuppressive agent acting by forming beforehand a 
complex with immunophilins, especially cyclophilin A which is a cytoplasmic receptor 
protein located within some cells. Then, this complex links to a specific protein called 
calcineurin leading to its phosphatase activity inhibition. The role of calcineurin is described 
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as a regulator of nuclear translocation and activation of the nuclear factor of activated T-cells 
(NFAT) transcription factors. Therefore, CsA is able to stop the dephosphorylation of NFAT 
commonly stimulated by cytosolic calcium and its passage into the cell core, and so to block 
cytokine gene transcription like  IL-2, IL-4, TNF-α and INF-γ. It results that T-lymphocytes 
(T helper and T-cytotoxic cells) are no longer able to be activated after specific antigen 
stimulation and proliferate. Other effects of CsA have been reported like  cardio- and 
neuroprotective properties via fixation to cyclophillin D, an immunophillin found in 
mitochondria which participates in mitochondrial permeability transition pore (mPTP) 
expression and mitochondrial mega-pore formation (Guada et al., 2016). CsA uses are often 
limited because of side effects, narrow therapeutic window and unpredictable 
pharmacokinetics. It is especially limited because long-term systemic administration might be 
responsible of harmful side effects like renal failure until chronic nephrotoxicity and 
hypertension (Belitsky et al., 2000; Ryan et al., 2010). 
 
These last decades, innovative CsA delivery systems based on nano- and micro-carriers have 
been developped and investigated. Those new CsA formulation have been studied to enhance 
pharmacokinetic profile after parenteral or oral administration, and also in ocular route. 
However, rare are works dealing with the use of CsA through skin (dermal or transdermal) 
delivery systems for skin diseases or others (Guada et al., 2016). Moreover, when skin 
penetration of CsA is considered, large molecular weight (1202 Da) and poorwater solubility 
(logP=2.92) (Czogalla, 2009) are two limits that we have to overcome (Choi et al., 1995). 
Unfortunately, conventional topical formulations of CsA have failed in the treatment of 
psoriasis for instance (Griffiths et al., 1987). In 1990, Ho et al. showed through a clinical 
double blind study that administration of CsA intralesional injections have cleared 
significantly plaques symptoms of psoriasis patients (Ho et al., 1990). However, it is very 
complicated to promote patient compliance with repeated intralesional injections into the skin. 

 
To improve the skin drug delivery, physical delivery techniques have been studied like 
sonophoresis(Liu et al., 2006a), iontophoresis (Boinpally et al., 2004) and electroporation 
(Liu et al., 2010). However, these devices cannot be applied on large skin area and their use 
requires health professionals and equipments limiting the patient self-management of this 
chronic disease(Chen et al., 2015). The category of chemical methods like chemical 
penetration enhancers (Lopes et al., 2005), co-solvent systems (Liu et al., 2006b) and 
nanoparticle systems (Badri et al., 2014; Sala et al., 2016) are able to answer to the previously 
described limits because this kind of formulation makes psoriasis patients autonomy with the 
possibility to use them on larger skin areas and this, no invasively for a better patient 
compliance. 
  
Nanocarriers have been developed especially for lipophilic drugs as a promising approach to 
improve bioavailability owing to solubility limitation, higher blood retention and sustained 
drug release by delaying metabolic degradation,and also to target specific organs, cell, or 
proteins, etc (Kohane, 2007; Moinard-Checot et al., 2006; Sultana et al., 2013). Among 
diverse drug delivery systems described in literature, polymeric nanoparticles like those made 
with Poly(Lactide-co-Glycolide) (PLGA) have been reported as capable to induce toxicity 
from dose dumping, inconsistent release and drug-polymer interactions (Shive and Anderson, 
1997). 

Lipid based nanocarriers like lipid vesicles and SLN/NLC have been reported as being of high 
potential for skin drug delivery. Lipid vesicles consist in phospholipid self-assembly in 
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aqueous media resulting in one or several bilayers delimiting compartments. Variation in the 
composition by adding penetration enhancer like ethanol or edge activator led to new 
generations of lipid vesicles like ethosomes, transfersomes and penetration enhancer-
containing vesicles (PEVs)(Ainbinder and Touitou, 2005; Cevc and Blume, 1992; Elsayed et 
al., 2007; Ghanbarzadeh and Arami, 2013; Manconi et al., 2011b, 2011a; Touitou et al., 2000; 
Zhao et al., 2013). Besides lipid vesicles, lipid nanoparticles are based on the use of a solid 
lipid or a mixture of solid lipids at a rate of 0.1% (w/w) to 30% (w/w) dispersed in aqueous 
medium to obtain SLNs whereas mix of solid lipids and liquid lipids (oils) in an usual ratio of 
70:30 up to a ratio of 99.9:0.1(Pardeike et al., 2009) . To prepare these different drug 
nanocarriers, different methods are well described for lipid vesicles (Laouini et al., 2012) and 
lipid nanoparticles (Pardeike et al., 2009).  

There are conventional techniques to prepare liposomes which are hydration of a thin lipid 
film known as the Bangham method(Bangham et al., 1967), Reverse-Phase Evaporation 
(REV) Technique (Szoka and Papahadjopoulos, 1978) , Solvent (Ether or Ethanol) Injection 
Technique (Szebeni et al., 1984), Detergent Dialysis (Zumbuehl and Weder, 1981). These 
techniques required large amount of solvent and were not suitable to scale-up because various 
steps of homogenization were added. Others techniques have been developed then such as 
heating method (Mozafari, 2005), spray drying (Skalko-Basnet et al., 2000), freeze drying (Li 
and Deng, 2004), Super Critical Reverse Phase Evaporation (SCRPE) (Otake et al., 2001), 
crossflow injection technique (Wagner et al., 2002), microfluidic hydrodynamic focusing 
(MHF) (Jahn et al., 2004), membrane contactor (Jaafar-Maalej et al., 2011).  
 
     
Lipid nanoparticles can be produced by many methods which are microemulsion technique 
(Gasco, 1993), emulsification-solvent evaporation (Sjöström and Bergenståhl, 1992), 
emulsification-solvent diffusion method (Hu et al., 2002), solvent injection (or solvent 
displacement) method (Schubert and Müller-Goymann, 2003), phase inversion (Heurtault et 
al., 2002), multiple emulsion technique (Garcıa-Fuentes et al., 2003), ultrasonication 
(Pietkiewicz and Sznitowska, 2004) and membrane contractor technique (Ahmed El-Harati et 
al., 2006). But the most used one is the high pressure homogenization reported to allow a 
production organic solvent free, quickly and easily scaled up in comparison with the others 
(Liedtke et al., 2000; Mehnert and Mäder, 2001; Wissing et al., 2004).  

According to our knowledge, there is just one method reported in literature that is directly 
used to prepare both lipid vesicles and lipid nanoparticles: membrane contactor technique. 
However, regarding lipid materials used to prepare lipid based nanocarriers, only our work 
described the exclusive use of phospholipids to prepare both lipid vesicles and lipid 
nanoparticles by adapting the operating conditions. 

Here, we described a unique method which is able to produce both lipid vesicles and SLN by 
varying operating parameters: the double solvent displacement (DSD). And the only source of 
lipids used here is phospholipids. Phospholipids are a common used biomaterial well known 
for its biodegradability and biocompatibility, track record for FDA and European Medicine 
Agency approval in drug delivery systems. In our work, we used the DSD to encapsulate CsA 
into lipid vesicles and into lipid nanoparticles. We presented a comparison of their colloidal 
properties and ability to encapsulate. Then, we evaluated their skin drug delivery potentials 
and discussed the better formulation for targeting viable epidermis which is main site of many 
skin diseases like psoriasis.  
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2. Materials and Methods 

2.1 Materials 
Lipoid® S75 (soy lecithin composed by 70% Phosphatidylcholine, 7-10% 
Phosphatidylethanolamine) were purchased from Lipoid GmbH (Ludwigshafen, Germany). 
PEG 400, glycerol, phosphotungstic acid, sodium chloride and Cyclosporin A were purchased 
from Sigma-Aldrich (Saint Quentin Fallavier, France). Water was purified on a Milli-Q 
system obtained from a Millipore® synergy system (Millipore, Billerica, Massachusetts, 
USA). Ethanol used was of analytical grade (Carlo Erba Reagenti, Val de Reuil, France) and 
used as such. 

2.2 Free liposome preparation by double solvent displacement  

All samples have been prepared according to the method described below. This method has 
been already described in previous research (Sala et al.). However, concentration or ratio of 
different components may vary to evaluate their effects respectively. Compositions are 
detailed in Table 1. 

 
2.2.1 First solvent displacement  

It consists in preparing an ethanol solution of phospholipids, and then this organic phase is 
dispersed in PEG 400. Phospholipids are soluble in ethanol but not in PEG 400. However, 
ethanol and PEG 400 are miscible. After 2 min of magnetic stirring at 700 rpm, the mixture is 
clear. For all samples prepared, the concentration of Lipoid® S75 is ranging between 8.5 and 
15 mg/mL. 

2.2.2 Second solvent displacement  

The ethanol / PEG400 phase prepared previously containing phospholipids is dispersed in an 
aqueous phase composed of milli-Q water and glycerol. The liposomal suspension is then 
heated to 60 °C (above the transition temperature of Lipoid S75) under magnetic stirring at 
700 rpm for 1hour. 

2.3 Cyclosporin A loaded liposome and lipid nanoparticle preparation by double solvent 
displacement 

2.3.1 Encapsulation of Cyclosporin A into liposomes and lipid nanoparticles 

The preparation process of lipid vesicles by double solvent displacement followed the 
procedure describe above. Briefly, 20 mg CsA was dissolved in 2ml or 1ml of ethanol 
containing various concentration of phospholipids, to prepare vesicle liposomes or solid lipid 
nanoparticles, respectively. Then, 1ml of PEG 400 was added (first solvent displacement). 
After stirring, 9ml of a solution of glycerol-water (20:70) was incorporated (2nd solvent 
displacement). The overall was heated to 60 °C under magnetic stirring at 700 rpm for 1 hour.  

2.3.2 Determination of encapsulation efficiency of Cyclosporin A into liposomes and lipid 
nanoparticles 

Encapsulation efficiency was measured by determining the amount of entrapped drug. Briefly, 
a small volume (1ml) of the drug-loaded liposomal or lipid nanoparticle suspension sample 
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was centrifuged at 10000 rpm for 5 min at 20°C thanks to centrifugal filter units equipped 
with a microporous membrane of 100 nm pore size in order to separate the unloaded drug. 
After withdrawing the filter compartment, the concentration of CsA is measured after dilution 
in methanol (unentrapped drug). The total amount of the drug (total drug) was assessed into 
the liposomal suspension after dilution of a sample in methanol and ultrasound bath for 10 
min (total drug). The drug-encapsulation efficiency (EE %) was calculated using the follow 
equation: 

EE% = [Total drug] - [unentrapped drug] x100 

[Total drug]   

Total and unencapsulated drug-amount determination was carried out by using high-
performance liquid chromatography (HPLC) (Thermo Scientific Dionex UltiMate 3000 Rapid 
Separation LC (RSLC) system). A C18 column (Zorbax™ Stabelbond, 250x4,6mm  5μm) 
was used and the mobile phase consisted of a mixture methanol / water (86:14). A sample of 
50μL was injected and the mobile phase flow was fixed at 1.7 mL/min. CsA peak was 
detected at wavelength 210 nm and at 7.7 min. This method was validated with a good 
repeatability and reproducibility (p< 0.05). The detection limit was evaluated at 1.5 μg/mL 
and the quantification limit at 7.3 μg/mL. The quantification of CsA in methanol used 
calibration curves (3 curves with 5 points) ranged between 5 to 100 μg/ml, with a correlation 
coefficient r² = 0.99). 

2.4 In vitro skin studies 
Skin penetration studies were implemented by using the static diffusion method based on 
Franz cell. Briefly, skin samples were collected from the pig's flanks (around 25 kg, Male) 
provided by the physiology laboratory (University of Lyon, France). After cleaning and hair 
removal, the subcutaneous tissue was taken off with a scalpel thus getting a skin thickness 
ranging between 1.2 and 1.5 mm. The skin samples were mounted on Franz-type glass 
diffusion cells (Laboratoire Verre Labomodula, Corbas, France) and placed in a thermostated 
water bath at 37°C in order to maintain a surface temperature of 32 ± 1°C. The diffusion area 
on the membrane was 2.54 cm2. For skin penetration analysis, the receptor compartment in 
contact with the dermal part was filled with a solution under magnetic stirring composed of 
pH 7.4 with 1.5% Brij 98 and 0.5% alpha tocopherol acetate.  

1ml of prepared formulations (Table 1) was uniformly spread on the skin surface. The study 
was carried out in non-occlusive conditions for 24h. After that, the CsA concentration was 
measured in the receptor fluid by HPLC. The Franz cell was disassembled; 2ml of receptor 
fluid was used to wash the skin surface before analysis by HPLC. Then, the stratum corneum 
was carefully removed by skin stripping. 30 adhesives with a diameter of 22 mm (D-
Squame®, Monaderm, Monaco) were successively applied during 30 seconds under a weight 
of 500 g. The first strip was analyzed separately and the others were pooled by 9 (2-10; 11-20 
and 21-30 strips). Extraction of cyclosporine A  was performed from the adhesives by putting 
them in 10 mL of methanol for 2x 30 min and then for 1h in an ultrasonic bath at 40°C. Then, 
viable epidermis was separated from the dermis with dissection after heat treatment in water 
at 60°C for 45 s. The separation water was CsA free. And the dermis was cut in small pieces. 
Both were put in methanol respectively for CsA extraction during 1h30 in an ultrasounds bath 
at 40°C. Before analysis by HPLC, all samples were diluted with methanol (50:50). 
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2.5 Statistical Analysis 
Data were expressed as mean± Standard Deviation (SD) or Standard Error Mean (SEM), 
and each analysis was made minimum three times (n=3). Statistical analyses were carried 
out by ANOVA followed by the Tukey’s post-test to determine the differences between 
treatment groups. A threshold of p < 0.05 was considered significant statistically. 

2.6 Particles characterization  
2.6.1 Vesicle size, size distribution and zeta potential analysis  

Mean vesicle size, size distribution and zeta potential of prepared liposomes were determined 
by photon correlation spectroscopy (PCS), using Malvern Zetasizer Nanoseries (Malvern 
Instruments Zen 3600; Malvern, UK), after sample dilution in sodium chloride 1mM solution. 
Smoluchowski’s equation (Sze et al., 2003) permitted to determine the zeta potential from the 
electrophoretic mobility of liposomes at 25°C. 

2.6.2 Morphological study by transmission electron microscopy 
Liposome suspensions were imaged by using a TEM (Philips CM120; Eindhoven, The 
Netherlands) to observe the liposome morphology. A drop of the liposome suspension was 
deposited on a carbon-coated copper grid, forming a thin liquid film. The films were 
negatively stained with 1% phosphotungstic acid solution (w/w) for 1 minute. The excess of 
liposomal suspension or phosphotungstic solution was removed with a filter paper. An 
accelerating voltage of 80 kV was necessary to characterize stained samples.  

3. Results and discussion 

3.5 Preparation and characterisation of cyclosporine A loaded liposomes and solid 
lipid nanoparticles 

3.5.1 Colloidal properties (size, size distrubution, morphology)  
 

Table 1. Composition of the different formulations and controls containing cyclosporine A.  

 

 Controls Samples 

Composition Sandimmun® P0 D10 E10 F10 J10 K10 L10 

Phospholipid 
concentration 
(mg/ml) 

0 0 8.5 12.5 15 8.5 12.5 15 

Ethanol/water 
ratio  

0.3 0.3 0.15 0.15 0.15 0.3 0.3 0.3 

PEG 400 (ml) 0 1 1 1 1 1 1 1 

Glycerin (ml) 0 2 2 2 2 2 2 2 

Cyclosporine 
A (mg) 

20 20 20 20 20 20 20 20 

Drug/lipid 
ratio 

  2.3 1.6 1.3 2.3 1.6 1.3 
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The hydrodynamic diameter, size distribution and morphology of empty and/or CsA lipid 
based carriers prepared with phospholipid concentration ranging from 8.5 to 25 mg/ml and 
ethanol/water ratio of 0.15 or 0.3 are presented in figures 1, 2 and 3. All samples are prepared 
by double solvent displacement as described in part 2. Materials and Methods. Their 
composition is displayed in table 1.  

DLS analyses (figure 1) showed that the mean hydrodynamic size was between 109 ±44 nm 
and 133±69 nm for lipid vesicles, and for SLNs between 95±35 nm and 174±76 nm. No 
significant difference of size was observed between lipid vesicles and SLNs (p>0.05) or after 
incorporation of CsA (p>0.05). Moreover, when we increased the phospholipid concentration, 
no significant effect on size was observed (p>0.05).  

Results obtained by TEM (figure 2) showed that phospholipids were able to form lipid 
vesicles with ethanol/water ratio of 0.3 and solid lipid nanoparticles with a ratio equal to 
0.15.The different structures were spherical. For lipid vesicles, bilayers were clearly 
identifiable confirming the liposome formation. But it was not possible to highlight an impact 
of phospholipid concentration on bilayer number. Considering SLNs, we could observe that 
the effect of the phospholipid concentration increase on size leads to darker structures and 
matches with DLS size measurements. The variation is comparable although size figures are 
different. Based on TEM images, lipid vesicles size are quiet similar remaining in the same 
range around 100 nm. Nevertheless, SLN size was very disparate ranging from 400 nm to 600 
nm based on TEM images. Such mismatching of size results obtained from DLS and TEM are 
described in literature concerning especially nanoparticles although the reasons are not well 
understood. It has been reported that it would be ascribed to the presence of dispersant (Souza 
et al., 2016). Other studies would be necessary to elucidate this phenomenon in our case.  

Size distribution curves are all Gaussian meaning that all CsA loaded formulations were 
monodispersed (figures 3). Sometimes we can observe the presence of residual small 
population of liposomes or solid lipid particles with a size of few micrometers (figure 3; E10 
and K10). However, they appear negligible in most cases except for the formulation F10 
where we can see clearly a second population meaning a high degree of heterogeneity of this 
formulation. F10 contained a higher phospholipid concentration than D10 and E10. Such a 
concentration used to prepare lipid nanoparticles could lead to aggregate formation, the media 
would be saturated in phospholipids. It would be more difficult to break them in our operating 
process. An adaptation of the energy input through agitation or temperature might be 
considered to solve this problem.  

 

Figure 1. Size of the different lipid based carrier preparations with or without cyclosporine A 
(a) and 4-week stability of formulations encapsulating cyclosporine A (b). Data represent 
mean±SD, n=3. 
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Figure 2. TEM images of the different lipid based carrier preparations containing cyclosporine 
A (See sample composition in Table 1).  
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Figure 3.Size distribution of the different lipid based carrier preparations with cyclosporine A. 
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3.1.2 Zeta potential 

Zeta potential analyses allowed seeing that surface charge of lipid vesicles and SLNs were 
negative, around -48mV and between -43mV and -53 mV respectively. The negative charge is 
undoubtedly due to phospholipid molecules which exhibit negative charge in the phosphate 
group. This is an element of formulation stability through electrostatic repulsion which helps 
to prevent coalescence or fusion. It has been also reported by other team that a negative 
charge would help skin penetration (Gillet et al., 2011; Kohli and Alpar, 2004). Besides, when 
we compare zeta potential after adding CsA, sample J10 and L10 became significantly 
different (respectively p<0.0001 and p<0.01). These two formulation contained lipid vesicles. 
These types of structures are fluid systems characterized by a higher ability to rearrange 
themselves.  In presence of CsA, the more stable configuration thermodynamically would be 
structures with more phospholipids displaying their negative charge on the external area. This 
arrangement would occur because CsA as lipophilic agent is encapsulated into bilayers. 
Therefore, the hydrophobic queue would interact more with CsA meaning with the inside part 
of the bilayer thus forcing phospholipids to orient the negative phosphate hydrophilic group to 
the bilayer external part. This explanation would be valuable only for sample J10. But for 
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sample K10, there is significant difference of zeta potential after adding CsA (p>0.05). In this 
case, the phospholipid concentration is higher allowing forming more bilayers to encapsulate 
CsA. In these conditions, phospholipids are no more forced to act as described above. For 
sample L10, the phospholipid concentration is increased again and we can observe a higher 
zeta potential after adding CsA. Our hypothesis is that bilayers formed here would be more 
compact because of the excess of phospholipids leading to a greater number of negative 
charges on the surface. All these hypotheses take into account that mean size of these 
different formulations, is no significantly difference after adjunction of CsA (p>0.05).  

Figure 4. Zeta potential of the different lipid based carrier preparations with or without 
cyclosporine A (a) and 4-week stability of formulations encapsulating cyclosporine A (b). 
Data represent mean±SD, n=3. Statistical analysis: p<0.05 is noted *, p<0.01 is noted **, 
p<0.001 is noted ***, p<0.0001 is noted ****. 
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3.1.3 Encapsulation efficiency 
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Figure 5. Ciclosporine A encapsulation efficiency of the different lipid based carrier 
preparations and 4-week stability. Data represent mean±SD, n=3. Statistical analysis: p<0.05 
is noted *, p<0.01 is noted **, p<0.001 is noted ***, p<0.0001 is noted ****. 
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Results of encapsulation efficiency observed in figure 5 have shown that the different lipid 
based carrier formulations were able to entrap between 50% and 85% of cyclosporine A 
depending on their composition.  
 
Formulations containing lower phospholipid concentration (samples D10 and J10) displayed 
higher encapsulation efficiency (EE%) with a rate around 80% (p<0.001). We can observe 
that lower is the ratio drug/lipid, lower is the EE%. For SLN group (D10, E10, F10), EE% 
knew two successive phase of reduction (-15% and then -20%). In comparison with lipid 
vesicle group (J10, K10, L10), EE% decreased by -15% and then -10%. Consequently, we can 
conclude that lipid vesicles are more able to adapt their configuration to maximize EE% of 
lipophilic agent than SLNs. This is in coherence with our previous discussion on zeta 
potential variations. 
 However, the increase of ethanol concentration has not influenced significantly the 
encapsulation efficiency, although slight augmentations have been shown. It is important here 
to remind that cyclosporine is soluble in ethanol/PEG400 co-solvent (Yuan et al., 2015). As 
previously described, phospholipid concentration increase has not generated a sharp size 
increase of the prepared lipid carriers. In the case of lipid vesicles (batches n°J10, K10, L10), 
results may be explained by the fact that phospholipid self-assembly would be 
thermodynamically more stable by increasing the numerous and lamellarity of liposomes, 
which limits the inside hydrophilic compartments in which cyclosporine is partially soluble.  
However, the amount of cyclosporine encapsulated in those further lipid bilayers would not 
be likely to compensate the loss due to hydrophilic compartment reduction. In the case of 
solid lipid nanoparticles (batches n°D10, E10, F10), by increasing the phospholipid 
concentration, the same phenomenon would occur. The phospholipid layer delimiting the 
lipophilic core would be thicker reducing the space between phospholipids where 
cyclosporine would be located though the main fraction would be in the core space. 
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Nevertheless, higher ethanol concentrations in the formulation would make cyclosporine more 
soluble in the hydrophilic medium which is completely removed in the case of solid lipid 
nanoparticles unlike liposomes. 
 
3.1.4 Stability studies 
 
Colloidal and encapsulation stability studies after four week storage at 4°C are displayed in 
figures 1(b), 4 (b) and 5. Each observation carried out after each week has shown no visible 
alteration like sediment formation for bathes n°J10, K10, L10 corresponding to liposomes. On 
the contrary, batches n°D10, E10, F10 containing solid lipid nanoparticles have shown a sort 
of creamy cloud easily resuspended by simple agitation. The successive measurements of 
mean size have remained stable during the storage conditions which were between 100 and 
200nm (p>0.05). The zeta potential has been maintained between -60 and -45 mV (p>0.05).  
For both types of nanocarriers, a great stability has been obtained especially due to the high 
negative surface charge preventing aggregation via electrostatic repulsion. But another reason 
which may be mentioned is the viscosity of the formulation which is higher than water due to 
PEG 400 and glycerol. That enables to establish a physical barrier struggling against 
aggregation. For liposomes, it is interesting to see that a great stability could be obtained 
without adding cholesterol, an ingredient frequently incorporated into lipid bilayers to 
improve stability. Moreover, the encapsulation efficiency remained stable for the different 
formulations (p>0.05). No leakage has been shown during the storage conditions. 
 

3.2 In vitro skin permeation studies 
Figure 6. Effect of controls and samples presented in Table 1 on skin retention. In vitro skin 
permeation studies were performed on pig skin using Franz diffusion cells. Analyses were 
carried out 24h after non-occlusive application in Stratum corneum (SC) (b), viable  
epidermis (c), dermis (d), receptor compartment (e) and results were added up for total (a). 
Data represent mean±SD, n=3. Statistical analysis: p<0.05 is noted *, p<0.01 is noted **, 
p<0.001 is noted ***, p<0.0001 is noted ****. 
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Eight formulations have been assessed during the in vitro skin penetration study (figure 6). 

Their composition is displayed in Table 1. Two formulations used as controls consisted in a 

solution of Sandimmun® (a marketed drug of CsA) and a solution without phospholipids 

(P0). Then, we have prepared two different groups of three formulations containing either 

SLNs or lipid vesicles encapsulating CsA. Within each group, we have varied the 

phospholipid concentration. These two groups have been prepared to evaluate their potential 

as innovative skin drug delivery system.  

3.2.1 Total 

When we consider the total amount of CsA crossing the skin, we can observe that only the 

formulation K10 and L10 exhibited great rates of applied dose detected in the full skin after 

24h (respectively 19% and 22% of the applied dose). These results were significantly higher 

than Sandimmun and P0 (respectively p<0.05 and p<0.01). These two formulations belong to 

the group composed of lipid vesicles but with phospholipid concentration of 12.5 and 15 

mg/ml. However, when the concentration was equal to 8.5 (J10), no significant skin 

permeation was noted (p>0.05). We may state the hypothesis that for CsA loaded lipid 

vesicles, more the drug/lipid ratio is low and more the drug skin penetration is high. 

Moreover, these results are really interesting regarding the encapsulation efficiency study. 

Indeed, even though J10 was capable to encapsulate the higher amount of CsA within lipid 

vesicle group, the skin penetration of CsA appears to be the lower for this formulation. 
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Besides, within the group of SLN formulation, none sample was able to show high rates of 

skin penetration statistically significant versus controls. Our CsA loaded SLNs do not appear 

as good skin drug delivery system unlike lipid vesicles showing better results.  

3.2.2 Stratum Corneum 

CsA fraction found in SC was significantly higher after application of formulations D10, E10, 

F10 and J10, K10, L10 in comparison to controls (Sandimmun and P0). Results obtained went 

beyond to 8% of the applied dose whereas for controls, the CsA fraction was around 3-4%. 

Among these formulations, L10 displayed the greatest CsA rate in SC versus all others 

(p<0.0001). Comparing formulations in SLNs group, we can say that there is non-significant 

difference between the CsA fraction found in SC between formulations D10 and F10 

(p>0.05). However, the fraction dose was more concentrated in SC1 and SC 2-10 for D10. 

E10 dispayed lower results compared to D10 and F10 (p<0.0001). Comparing formulations in 

lipid vesicles group, we can observe that L10 offered the better skin penetration (p<0.0001) 

whatever the part of SC considered, except for SC1 where J10 exhibited a higher amount of 

CsA (p<0.0001).  

Formulations D10 and J10 provided higher amount in SC1 respectively in their own group 

although the CsA fraction was higher with J10 (p<0.0001). Formulations F10 and L10 are 

those allowing the better penetration in SC considering them respectively in their own group 

with values of 9.5% and 13%. Moreover, regarding the skin passage through the different 

layers of SC, it appears that F10 and L10 were formulations offering a better penetration into 

SC 11-20 with values beyond 2% of the applied dose of CsA.  F10 and L10 have in common 

a phospholipid concentration similar equal to 15 mg/mL. However, advantages observed with 

L10 relied on the higher CsA fraction found in SC 1 and SC 2-10. 

3.2.3 Viable Epidermis 

Analyses wearing on CsA rates detected in viable epidermis pointed that formulation L10 

provided the better penetration (beyond 6% of the applied dose) compared with all other 

formulations and controls (p<0.0001). E10, F10, J10 and K10 exhibited CsA rates 

significantly higher than controls (p<0.01 minimum until p<0.0001) and no significant 

difference was observed between each other (p>0.05). Only D10 showed results no significant 

different versus controls (p>0.05) but highly low statistically compared with the other 

formulations (p<0.01 minimum until p<0.0001). No significant difference was also observed 
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between formulations E10 and K10 (p>0.05). Those results demonstrate that only L10 may 

have the potential to target viable epidermis. 

 

3.2.4 Dermis and Receptor compartment 

In vitro studies on pig skin showed that formulation K10 offered higher concentration of CsA 

detected in dermis (beyond 8% of the applied dose) compared with all other formulations and 

controls (p<0.0001). Compared to Sandimmun® control, we can see that only formulations 

E10 and K10 allowed to find CsA rates higher statistically (p>0.0001), and in a lower way 

J10 (p>0.05). No significant difference was measured after application of formulations D10, 

F10 and L10 (p>0.05). Interestingly, P0 control displayed higher CsA rate in dermis than 

Sandimmun® control (p>0.0001). Besides, only formulation K10 presented a CsA fraction 

greater statistically than P0 (p<0.001). Among SLNs formulations, the highest CsA fraction 

was found with E10 compared with E10 (p<0.0001) and F10 (p<0.001). Among lipid vesicles 

formulations, it was with K10. Considering the receptor compartment, only formulation F10 

showed a higher CsA rate around 3% of the applied dose compared to the other formulations 

and controls (p<0.0001). Based on these results, formulations F10 and K10 exhibit a stronger 

potential as transdermal CsA delivery systems.   

3.2.5 In vitro skin studies discussion 

In our work, we have highlighted that among all formulations assessed; L10 displayed the 

greatest CsA rate in SC (12%) and in viable epidermis (6%). In comparison with other work 

presented in literature, our results were higher. Verma et al. encapsulated CsA in ethosomes 

and showed that their formulation containing 10% of ethanol allowed the better skin 

penetration (Verma and Fahr, 2004). However, only 3% of the applied dose was found in the 

SC and 0.03% in the deeper skin.  

SLNs formulations did not show a particular advantage in targeting SC or viable epidermis. 

However, formulations F10 and K10 exhibited a higher interest as transdermal CsA delivery 

systems.  Kim et al. prepared CsA-loaded SLNs with a size below to 100 nm (Kim et al., 

2009). In vitro skin studies showed that 20% of the dose applied was retained in SC and 5.3% 

in the viable epidermis. Unfortunately, our formulation exhibited a lower potential to target 

the SC (9%) and the (2.5%) viable epidermis. 
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Interestingly, it is noteworthy to highlight that this is not the formulations encapsulating the 

higher amount of CsA which displayed the better skin penetration results. Indeed, considering 

the formulation L10 belonging to lipid vesicles group, we can see that L10 presented an 

encapsulation efficiency between 50-60% whereas for J10, it was almost 80%. But the impact 

of the phospholipid concentration would play an important role in the capacity of the 

formulation L10 to cross the skin. It appears here that when the drug/lipid ratio is lower, the 

skin penetration is better. But that was observed only for the case of CsA loaded lipid 

vesicles. 

It is commonly deemed that lipophilic active ingredients have generally good interactions 

with SC. Considering the field of skin drug delivery systems, Cheon Koo Lee et al. (Lee et al., 

1994) have reported that lipophilic active molecules are more likely to cross the skin. That 

greater affinity with the skin, especially the first layer (SC) may be due undoubtedly to lipid 

composition of carriers especially those made of phospholipids because of the similarity with 

the compact intercorneocyte cement embedding corneocytes of SC which is composed of 

phospholipids, cholesterol and ceramides. Besides, a high amount of CsA was also found in 

SC with the formulation L10. This is very interesting because it has been  reported that drug 

accumulated in SC inside bilayers of liposomes can play a role of reservoir that may provide a 

sustained release (Dayan and Touitou, 2000).  

4. Conclusion. 

This DSD method allows producing two types of lipid-based nanocarriers by controlling 
ethanol/PEG400 ratio: SLNs and liposomes. Interestingly, they exhibited almost the same 
colloidal properties. Populations were mainly monodispersed with a size less than 200 nm.  

Obtained results through in vitro skin permeation studies are promising regarding the 
formulation containing CsA loaded lipid vesicles composed with higher phospholipid 
concentration. Indeed, we were able to target the viable epidermis which leads us to consider 
this formulation as highly interesting in topical management of psoriasis. Considering the 
physiopathology of psoriasis, viable epidermis was the target to reach for treating the skin 
disease. Indeed, the mechanism of action taking place in psoriasis involves various actors of 
immunology and inflammation located in viable epidermis. 

In our work, even though properties of SLNs and lipid vesicles were almost similar, lipid 
vesicles had a clear advantage in skin delivery. Moreover, we conclude that even though we 
encapsulate a high amount of active ingredient, this is not correlated with a higher skin 
passage. The carrier structure appears to be of paramount importance. 

Besides that, although this research work is skin-delivery-oriented, such lipid-based 
nanocarriers could have great potential for other administration routes and/or targeted location 
like brain. Indeed, the passage through the blood brain barrier should be investigated to see if, 
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as skin barrier, these innovative nanocarriers may cross. Further in vitro / in vivo studies have 
to be implemented to gather more data and explore all possibilities that these innovative drug 
delivery systems produced by a simple and cost-effective method, the DSD technique, can 
offer. 
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L’objectif de ce travail de thèse a consisté à élaborer des formulations galéniques encapsulant 
la ciclosporine A et le diclofénac dans des vecteurs médicamenteux lipidiques en vue d’une 
application topique pour le traitement à la fois de la composante fondamentale du psoriasis 
par un accès direct à son site physiopathologique mais aussi sa complication la plus fréquente 
et la plus grave, le rhumatisme psoriasique. Avant de pouvoir préparer de façon pertinente la 
partie expérimentale, il a fallu se saisir du sujet en profondeur afin de prendre en 
considération les particularités physiopathologiques du psoriasis ainsi que de se familiariser 
avec l’ensemble des techniques et des dispositifs développés ces dernières années pour 
promouvoir le passage cutané des molécules d’intérêts pharmaceutiques.  
Le tissu cutané est apparu comme étant le site principal de déroulement de la 
physiopathogenèse du psoriasis. Les signes cliniques dermatologiques du psoriasis sont les 
résultats de la prolifération anormale des kératinocytes au niveau de l’épiderme viable.  Les 
kératinocytes sont les cellules présentatrices d’un antigène inconnu qui sont à la base de 
l'activation des lymphocytes T CD4+ et CD8+. Issu de ces informations, nous avons 
considéré l’épiderme viable comme la cible prioritaire des agents actifs pour une prise en 
charge efficace du psoriasis à un niveau précoce. Mais encore faut-il que l’agent 
pharmacologique agisse sur les cibles cellulaires. La ciclosporine A a été sélectionnée car elle 
agit à la fois sur l'activation des lymphocytes T et la prolifération des kératinocytes. 
Cependant, il s’agit d’une molécule très large, de poids moléculaire de 1202 Da ce qui limite 
son passage à travers la peau. Envisager l’encapsulation de la ciclosporine A pourrait 
permettre un accès direct par voie cutanée au site d’action. Cela permettrait d’avoir une plus 
grande efficacité et ce, sans passage par voie  systémique à l’origine d’effets indésirables 
graves. Cela permettrait également d’envisager un usage au long cours. Se tourner vers 
l’utilisation des vecteurs lipidiques paraît également plus intéressant. En effet, la ciclospsorine 
A étant très lipophile (LogP= 2.92), les vecteurs lipidiques sont bien connus pour facilement 
encapsuler les agents pharmacologiques lipophiles. Par ailleurs, les lipides entrant dans la 
composition de ces vecteurs comme les phospholipides sont autorisés pour un usage chez 
l’Homme. 
 
A l’issu du premier travail bibliographique, nous avons décidé d’orienter nos travaux 
expérimentaux vers une utilisation des vecteurs lipidiques pour une encapsulation de la 
ciclosporine A. Cependant, il existe un large choix de ce type de vecteurs décrits dans la 
littérature scientifique : les vésicules lipidiques telles que les liposomes et leurs variantes 
(éthosomes, transfersomes) et les nanoparticules lipidiques (SLN, NLC).  

Les propriétés physico-chimiques de la molécule active à encapsuler doivent être parfaitement 
connues car elles pourraient orienter le type de vecteurs lipidiques à utiliser. De plus, il est 
important de noter que la composition des vecteurs n’étant pas la même, il vaudrait mieux se 
concentre sur des vecteurs lipidiques constitués de lipides bien connus et dont l’usage dans les 
formulations pharmaceutiques est autorisée comme pour le cas des phopholipides. Après 
considération de l’ensemble des données bibliographiques, nous avons porté notre choix sur 
l’utilisation des vésicules lipidiques pour un passage cutané de molécules actives car elles 
possèdent une flexibilité structurelle indispensable pour franchir les différentes structures de 
la peau. En vue du développement de formulations pour la prise en charge par voie topique du 
psoriasis, il est indispensable de prendre en considération que l’une des composantes cliniques 
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dans le psoriasis est l’hyperkératose. Cela conduit à un stratum corneum anormalement épais 
très difficile à franchir sans déformabilité du vecteur médicamenteux.  

On considère généralement qu'un agent actif franchit le SC par diffusion passive à travers 
trois voies possibles : la voie transcellulaire, intercellulaire et folliculaire. La voie 
transcellulaire est rarement considérée dans la littérature contrairement à la voie 
intercellulaire. Cette dernière semble particulièrement adaptée aux molécules non polaires de 
poids moléculaire <500 Da et de LogP compris entre 1-4. Quant à la voie folliculaire, elle 
permettrait un franchissement plus aisé du SC car  la particularité des follicules pileux est 
d’être constitué d’une épaisseur plus fine avec un accès plus cours aux couches profondes de 
la peau. 

Les différents axes qui ont été suivis dans le travail expérimental ont permis d’aborder des 
questions pratiques à la fois du point de vue de l’efficacité ciblée de nos formulations au 
niveau cutané/transcutané mais aussi du point de vue d’une future transposition industrielle. 
 
Le premier challenge a été de travailler sur une méthode de préparation des liposomes qui 
répondent à des critères de simplicité et de reproductibilité mais affichant des propriétés 
colloïdales en faveur d’une pénétration cutanée. Notre stratégie a consisté en une étape de pré-
organisation des phospholipides avant de déclencher l’auto-assemblage des phospholipides en 
liposomes. C’est une préparation en deux étapes comme cela est déjà le cas avec diverses 
autres techniques comme la technique dite de l’hydratation du film lipidique. La première 
étape consiste en la formation d’un film lipidique par évaporation de solvant puis une étape 
d’hydratation. Par ailleurs, une troisième étape d’homogénéisation est quasi toujours ajoutée. 
Quant à notre méthode, nous avons considéré qu’il serait intéressant d’utiliser dès le début des 
solvants qui soient autorisés par les législations portant sur les excipients dans les préparations 
pharmaceutiques mais qui soient aussi connus comme étant des agents promoteurs de la 
pénétration cutanée.  
 
Nous avons développé une méthode de préparation des liposomes consistant en un double 
déplacement de solvant (DSD) en utilisant des solvants miscibles. Le premier déplacement a 
lieu dans un environnement exempt d'eau et permet la formation de structures sphériques dont 
l’organisation semble faire évoquer une organisation en oignon. Le second déplacement de 
solvant basé sur la diffusion de l'ensemble obtenu précédemment dans une phase glycéro-
aqueuse déclenche la formation de liposomes. Les phospholipides sont solubles dans l'éthanol 
mais insolubles dans le PEG 400, le glycérol et l'eau. 
Par ailleurs, l'éthanol, le PEG 400 et le glycérol possèdent des propriétés de types 
"promoteurs de pénétrations cutanées". En cosmétologie, l'usage du PEG 400 et du glycérol 
est largement répandu, notamment pour leurs propriétés humectantes qui améliorent 
l'hydratation de la peau. 
A l'issu de l'étude systématique nous avons déterminé les conditions de préparation qui nous 
permettraient de former des liposomes présentant les caractéristiques optimales recherchées 
pour une administration par voie topique, à savoir une population monodisperse de diamètre 
proche de 100 nm et un potentiel zéta négatif important. Ainsi, nous avons retenu une 
formulation pré-encapsulation de molécules actives pour préparation de liposomes avec un 
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ratio éthanol/eau de 0.3, une concentration de PEG 400 proche de 8% ainsi qu’une 
concentration en glycérol d’environ 15%. La concentration en éthanol a été fixée à 15%. Ces 
paramètres permettaient d’obtenir une population de liposomes monodisperse proche de 100-
110 nm de diamètre avec une morphologie orientée vers une structure de type oligolamellaire. 
Le potentiel zéta est naturellement négatif dans les conditions de travail  avec un pH pour la 
formulation retenue d'environ 4.5, ce qui est proche du pH de la peau égal à 4.7. Cela assure 
un maintien du potentiel de surface négatif au site d'action ce qui aide à la pénétration 
cutanée.  
Arrivés à la phase d’évaluation de la capacité d’encapsulation des vésicules lipidiques, nous 
avons porté notre choix sur l’utilisation du diclofénac comme molécules pharmacologiques. 
La particularité du diclofénac est qu’il existe sous différentes formes, soit sous forme acide 
dont le logP est de 1.44 soit sous forme de sel comme le sel sodique utilisé ici dont le logP est 
de -0.17. La forme acide est largement plus lipophile que le sel. Ainsi, en réalisant notre étude 
avec ces deux formes, nous avons apprécié l’aptitude de notre méthode à encapsuler une 
molécule hydrophile et une molécule lipophile. Nous avons fait varier la concentration en 
phospholipides pour déterminer laquelle permettait d'encapsuler la plus grande quantité de 
diclofénac et laquelle permettait d'obtenir la meilleure pénétration transcutanée en vue d'une 
application dans le rhumatisme psoriasique tout en garantissant des propriétés colloidales 
satisfaisantes. 
 
L'efficacité d'encapsulation est largement supérieure pour les formulations encapsulant le 
diclofénac acide (J13, K13, L13) que celles encapsulant la forme sodique (J11, K11, L11). 
Pour le premier groupe, le taux d'encapsulation est supérieur à 58% alors que pour le 
deuxième groupe, il reste inférieur à 10%. En général, il est difficile d’encapsuler des 
molécules hydrophiles dans des liposomes, les taux d’encapsulation sont généralement très 
faibles, les rendant inintéressant d’un point de vue industriel. Notre étude corrobore ces 
observations avec des taux inférieurs à 10% pour la forme sodique. 
Dans les études in vitro, nous avons fait le choix d’évaluer le potentiel des formulations de 
liposomes encapsulant le diclofénac acide dont la composition en phospholipides variait mais 
aussi les formulations encapsulant le diclofénac sodique, et ce, bien que les taux 
d’encapsulation soient réduits ou faibles. Notre postulat ici était que, même si une formulation 
n’est pas capable d’encapsuler une grande quantité de molécule active, elle pourrait tout de 
même permettre une pénétration cutanée tout aussi importante ou davantage ciblée sur une 
région de plus grand intérêt. La fraction de diclofénac retrouvée dans le tissu cutané était 
largement supérieure pour les formulations contenant le diclofénac sous forme acide (J13, 
K13 et L13) (p<0.001). Nous n'avons pas observé de différence significative entre les 
formulations J13 et K13 ou K13 et L13. Cependant, il y avait une différence significative 
entre J13 et L13 (p<0.05). Par ailleurs, la formulation J13 a permis de retrouver une fraction 
de diclofénac très importante, quasiment le double comparée aux autres formulations 
(p<0.001). 
J13 a été considérée comme la formulation la plus prometteuse pour une application 
transcutanée car elle présente les meilleurs résultats de passage au niveau du derme et du 
compartiment receveur. Cette formulation pourrait détenir un fort potentiel dans la prise en 
charge de pathologies telle que le rhumatisme psoriasique. Cependant, elle ne présente qu'un 
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intérêt limité lorsqu'il s'agit de cibler des sites d'actions tels que le stratum corneum et 
l'épiderme viable. Les résultats obtenus ont permis de conclure que les liposomes encapsulant 
le diclofénac améliorent significativement la pénétration cutanée, pour le cas de la forme 
acide qui est plus facile à vectoriser du fait de sa lipophilie plus importante. La préparation 
des liposomes impliquant dès le début l'introduction de solvants promoteurs de la pénétration 
cutanée aiderait à la multiplication des interactions au niveau du derme à travers les multiples 
invaginations des follicules pileux. La gaine externe de ces derniers est en continuité avec la 
couche basale de l'épiderme interfolliculaire, l’épaisseur du tissu est moindre comparé au SC 
et par conséquent, plus aisé à traverser avec un accès direct au derme. Ainsi,  la formulation 
J13 présentant le taux d'encapsulation de diclofénac acide le plus élevé, offre une meilleure 
pénétration cutanée. 
 
Après avoir réalisée cette étude systématique qui a été très utile pour identifier les paramètres 
d’influence des propriétés colloïdales, puis encapsuler le diclofénac et identifier la meilleure 
formulation en vue d’un usage topique dans la prise en charge du rhumatisme psoriasique, 
nous avons abordé la question de la transposition de cette méthode de préparation à un niveau 
industriel mais sans actif. Pour ce faire, nous avons évalué l’impact de la variabilité des 
paramètres de la méthode d’un point de vue scale-up sur les propriétés colloïdales des 
liposomes produits. Nous avons réalisé l’ensemble de ces études en comparaison avec une 
méthode classiquement connue dans la préparation de liposomes de taille nanométrique, la 
technique dite de l’injection à l’éthanol. 
 
Il ressort de notre travail que la méthode de l'injection à l’éthanol ne permettrait pas de 
produire de plus grandes quantités de liposomes aux propriétés colloïdales homogènes si on 
envisageait une transposition d’échelle, bien que techniquement elle le soit. Pour des 
concentrations de phospholipides croissantes dépassant le seuil de 12,5 mg / ml, nous avons 
observé une augmentation continue de la taille (de 129 ± 54 nm à 318 ± 220 nm) associée à 
une hétérogénéité plus élevée de la population de liposomes produite par injection à l’éthanol, 
alors que les résultats sont restés stables pour la technique DSD (taille entre 123 ± 57 nm et 
141 ± 67 nm, respectivement). Par ailleurs, la méthode de l’éthanol à injection impose de 
travailler dans des conditions opératoires fortement diluées, ce qui pourrait également limiter 
le degré d'encapsulation des molécules actives. La méthode du double déplacement de solvant 
est basée sur deux étapes effectuées dans des conditions douces réalisées via une 
homogénéisation simple. Cette méthode permet de former des vésicules lipidiques homogènes 
et de petite taille (proche de 100 nm) sans étapes supplémentaires. En outre, de grandes 
quantités de liposomes pourraient être produites en utilisant des concentrations élevées de 
phospholipides tout en garantissant une taille nanométrique et une bonne homogénéité. La 
technique DSD a aussi permis de préserver les propriétés colloïdales des liposomes sur un 
large intervalle de ratios solvant / non solvant (éthanol /eau). Les études de scale-up ont 
montré une variabilité plus prononcée pour la technique d'injection d'éthanol pour laquelle les 
propriétés colloïdales étaient plus impactées. La taille des liposomes a diminué de manière 
significative de 11,8% par rapport à la méthode DSD pour laquelle l'augmentation était 
d'environ 3,5%. 

La méthode du double déplacement de solvant apparait comme très prometteuse en vue d’une 
transposition à l'échelle industrielle. La simplicité et la rapidité de cette nouvelle technique 
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sont deux critères essentiels. A plus grande échelle, cette technique nous a permis de produire 
une population de liposomes avec une bonne maîtrise du procédé, offrant un rendement élevé 
tout en restant économiquement attractif.  

 
Pour terminer notre travail expérimental, le dernier challenge que nous avons relevé est celui 
d’utiliser la méthode du double déplacement de solvant pour encapsuler la ciclosporine A 
dans des liposomes avec pour objectif d’obtenir une formulation ciblant tout particulièrement 
l’épiderme viable qui est le siège de la physiopathogénèse du psoriasis. Lors de ce travail, 
nous avons découvert qu’en modifiant les conditions de préparations ayant trait au degré de 
précipitation des phospholipides lors du premier déplacement de solvant, nous pouvions 
produire des SLN (solides lipides nanoparticles). Il s’agit là de résultats vraiment très 
intéressants. Jusqu’ici, rares étaient les méthodes pouvant être utilisées à la fois pour préparer 
des vésicules lipidiques et des SLN. La méthode dite du contacteur membranaire est 
actuellement la seule décrite dans la littérature. Mais ce qu’il y a d’encore plus intéressant est 
que la composition ici ne contient qu’une seule source de lipides, notamment des 
phospholipides issus du soja (Lipoid S75®). Ainsi, nous avons dans cette dernière partie 
préparées et caractérisées différentes formulations encapsulant la ciclosporine A soient 
composées de liposomes ou bien de SLN. Nous avons également fait varier la concentration 
en phospholipides. 
 
La taille des vecteurs lipidiques préparés était comprise entre 95 et 170 et les populations 
étaient monodisperses. Les résultats obtenus par TEM ont montré que les phospholipides 
pouvaient former des vésicules lipidiques avec un ratio éthanol / eau de 0,3 et des 
nanoparticules lipidiques solides avec un ratio égal à 0,15. La charge de surface des vésicules 
lipidiques et des SLN étaient négative, et le taux d'encapsulation pouvait atteindre jusqu’à 
80%. Les différentes formulations sont restées stables pendant quatre semaines dans les 
conditions de stockage à +4°C du point de vue des propriétés colloïdales et du taux 
d’encapsulation. L’ensemble des critères définis dans notre cahier des charges concernant les 
propriétés colloïdales est globalement satisfaisant. 
 
Après la phase de préparation et de caractérisation, nous avons évalué les aptitudes à la 
pénétration cutanée de nos liposomes et SLN encapsulant la CsA. Les résultats ne montraient 
pas de réels avantages dans une application cutanée en comparaison aux vésicules lipidiques. 
Ces dernières étaient les seules en mesure de répondre à l’objectif de ciblage de l’épiderme 
viable. Par contre, dans le groupe des formulations contenant des liposomes, nous avons pu 
mettre en évidence une formulation permettant un passage de plus de 15% de la dose 
appliquée au niveau du stratum corneum et de l’épiderme viable. Cette formulation est 
apparue comme étant la plus prometteuse pour une application dans le psoriasis. Elle 
permettrait de cibler l’épiderme viable mais aussi le SC ou elle pourrait former des petites 
zones de stockage pour une libération prolongée. 
Il est intéressant de souligner que ce ne sont pas les formulations qui encapsulent la plus 
grande quantité de CsA qui présente les meilleurs résultats de pénétration à travers la peau. En 
effet, la formulation L10 appartenant au groupe des vésicules lipidiques a présenté un taux 
d'encapsulation compris entre 50-60% alors que pour J10, il était proche de 80%. L'impact de 
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la concentration en phospholipides jouerait un rôle important dans la capacité de la 
formulation L10 à traverser la peau. Il apparaît ici que lorsque le taux drug/ lipid est plus 
faible, le passage cutané est meilleur. Mais cela n'a été observé que pour le cas des vésicules 
lipidiques encapsulant la CsA. En comparaison avec les résultats de l'encapsulation du 
diclofenac acide, la tendance décrite ci-dessus est inversée. En effet, pour le diclofenac, la 
formulation offrant le taux d'encapsulation le plus élevé (J13) est celle qui permet également 
le meilleur passage cutané. L’impact du degré de lipophilie de la molécule encapsulée 
apparait clairement ici. Dans le cas du diclofénac acide, le logP qui est de 1.44 est plus faible 
comparé à celui de la ciclosporine A qui est de 2.92. Dans les deux cas, l’encapsulation dans 
les liposomes est maximale pour des concentrations plus faibles en phospholipides. Mais pour 
ce qui est de la capacité à traverser le tissu cutané, plus la molécule est lipophile et plus elle 
aura besoin de phospholipides même si cela est en défaveur d’un taux d’encapsulation plus 
élevé. Cela pourrait d’expliquer par le fait que les mécanismes de pénétration cutanée sont 
différents en fonction de la lipophilie du principe actif. Pour le diclofénac, nous avions émis 
l’hypothèse d’un passage par voie folliculaire alors que pour la ciclosporine A, il s’agirait plus 
d’un passage par voie intercellullaire. Sur la base de ces hypothèses, nous comprenons mieux 
pourquoi la ciclosporine aurait besoin de plus de phospholipides pour traverser toute 
l’épaisseur du SC, couche qui est réduite au niveau des follicules pileux.  
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A travers ce travail de thèse, nous avions pour objectifs de proposer des formulations 
administrées par voie topique afin de participer à l’amélioration de la prise en charge du 
psoriasis dans sa composante fondamentale localisée au niveau de l’épiderme viable, mais 
également d’une de ses complications les plus handicapantes, le rhumatisme psoriasique. 
Notre stratégie basée sur notre revue de la littérature nous a orienté vers l’utilisation des 
vésicules lipidiques pour améliorer le passage cutané des molécules actives. Leur aptitude à la 
déformabilité fut l’un des principaux critères de choix. Pour leur préparation nous avons 
voulu développé et optimisé une méthode qui dès le départ aurait un intérêt dans 
l’amélioration du passage cutané. Cette méthode a été appelée le double déplacement de 
solvant.  Le concept de cette méthode est basé sur la nanoprécipitation des phospholipides à la 
différence que nous envisageons le phénomène en deux temps. Cela a permis aux 
phospholipides de passer par une étape de pré-organisation facilitant par la suite la formation 
uniforme et nanométrique des liposomes. Cette technique a également montré une bonne 
résistance à la variabilité des paramètres lors des études de scale-up, ce qui est en faveur 
d’une transposition du process à l’échelle industrielle. Grâce à cette méthode nous avons pu 
produire des vésicules lipidiques encapsulant du diclofénac permettant un passage transcutané 
important, ce qui serait favorable à une action au niveau articulaire pour la prise en charge du 
rhumatisme psoriasique. De même, nous avons pu préparer des vésicules lipidiques 
encapsulant de la ciclosporine A capable de cibler tout particulièrement le stratum corneum et 
l’épiderme viable qui est le siège physiopathologique du psoriasis.  
 
Dans ce travail de thèse, nous nous sommes arrêtés au stade de l’évaluation in vitro sur peau 
de cochon des différentes formulations afin d’identifier celles qui répondaient le mieux à nos 
objectifs en terme de ciblage notamment. La prochaine étape consistera à l’évaluation de ces 
formulations chez l’animal à court terme et à plus long terme chez l’Homme. Il s’agirait donc 
dans un premier temps de définir un modèle animal d’étude in vivo qui puisse présenter des 
caractéristiques proches des signes cutanés et rhumatologique du psoriasis. Il serait intéressant 
lors de ces études de réaliser une comparaison avec des produits déjà existant sur le marché 
du médicament pour permettre une évaluation comparative du potentiel thérapeutique de nos 
formulations.  
Par ailleurs, l’utilisation de la technique du double déplacement de solvant a également 
permis de former des nanoparticules lipidiques solides. Leur profil ne semblant pas être 
intéressant pour les applications cutanées recherchées, nous n’avons pas poussé les 
investigations plus loin. Mais il serait intéressant de réaliser des travaux complémentaires 
pour mieux mettre en exergue les phénomènes en jeu et travailler sur leur potentiel dans 
d’autres applications pharmaceutiques que la voie cutanée. 
 
 


