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Summary 
The present work describes the performance of nanoparticulate delivery systems in skin care. 
In particular solid lip id nanopartic les (SLN), ethosomes and cubosomes are presented as innovative 
carrier systems alternative to liposomes. Skin care studies performed by the use of SLN indicate an 
increase in skin hydration and a reduction in wrinkle clepth, moreover it has been demonstrated that 
SLN can improve uptake of cosmetic agents. 
Concern ing ethosomes, their soft structure enables facili tated del ivery of the incorporated active 
agent into the skin lipid bilayers. Specifically, the major potential of ethosomes in promoting pene
tration through skin with respect to liposomes is ascribed to an interaction between ethosomes and 
skin lipids. 
Cubie liquid crystalline material s are an active research topic because their unique structure lends 
itself well to controlled release and skin care applications . Cubosomes usually have been produced 
by means of time-consum ing methods involving high energy input. Conversely we have recently 
tested more conventional dispersion techniques demonstrating that the emulsification of monoglyce
ride/surfactant mixtures in water results in the format ion of aqueous dispersions composed of large 
lipid particles (28 % w/w) and cubosomes characterized by spheroidal shape, few aggregates, mean 
diameter of 193.5 nm , and high percentage of recovery (88% w/w). Organoleptic and morphologi
cal features of cubosomes do not change by time, appearing free from phase-separation phenomena 
for almost l year from production. Photon Correlation Spectroscopy studies showed that cubosomes 
undergo an initial increase in mean diameter w ithin the first month follow ing production; afterwards 
they generally maintain their d imensions for the next 6 months. 
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Riassunto 
L'articolo descrive le potenzialità dei sistemi di ri lascio nanoparticellari nel settore dermo-cosmeto
logico. 
In particolare vengono presentati sistemi di trasporto innovati vi alternativi ai liposomi quali nano
particelle solide lipidiche (SLN), etosomi e cubosomi. 
Studi dermo-cosmetologici effettuati applicando SLN sulla pelle indicano un aumento dell' idratazio
ne cutanea ed una riduzione di profondità delle rughe, ino ltre è stato dimostrato che le SLN sono in 
grado di controllare il rilascio degli agenti cosmetici . 
La struttura malleabi le degli etosomi facilita l'interazione degli agenti attivi in essi incorporati con il 
doppio strato lipidico dello strato corneo. In particolare la maggior capacità degli etosomi rispetto ai 
liposomi nel promuovere la penetrazione attraverso la pelle è eia attribuire ad una interazione tra eto
somi e lipidi cutanei. 
I materia li cristallini lipidici cubici rappresentano un interessante argomento di ricerca in quanto la 
loro struttura unica permette notevoli applicazioni dermocosmetologiche nel settore del rilascio con
tro llato. I cubosomi vengono generalmente prodotti grazie a metodi che richiedono tempo e dispen
dio di energie . In alternativa abbiamo recentemente sviluppato tecniche di produzione più conven
zional i. Tn particolare abbiamo dimostrato che l'emulsionamento di miscele monoglicericli/tensioat
tivi in acqua porta al la formazione di dispersioni acquose composte da particelle lipidiche grossola
ne (28% p/p) e cubosomi d i forma sferica, pochi aggregati , diametro medio di 193.5 nm e un'e leva
ta percentuale d i recupero (88% p/p). Le caratte ristiche organolettiche e morfologiche dei cubosomi 
non cambiano nel tempo, essendo privi da fenomeni di separazione di fase per almeno un anno dalla 
preparazione. Studi d i Spettroscopia di Correlazione Fotonica hanno evidenziato che i cubosomi 
subiscono un iniziale aumento di diametro durante il primo mese dalla produzione; quindi manten
gono le dimensioni per i 6 mesi successivi. 
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INTRODUCTION 

Research efforts in pharmaceutical and cosmetic 
field are currently aimed to develop new nano
particulate systems able to contro! release and to 
improve tatgeting to skin. Among nanoparticles, 
liposomes are of course the best known systems. 
In the last decades, a number of studies has 
demonstrated their efficacy as drug delivery 
systems both for parenteral and topica! admini
stration ways. The well characterized liposome 
vesicles can host different molecules in the bila
yer, on the surface or in the inner of their struc
ture . Since liposome composition and structure 
strictly resemble to the stratum corneum, percu
taneous administration of this vehicle leads to 
deposition of lipidic components from which 
liposome load can be slowly release. Unti! now 
the major liposome drawbach is their limited 
physical stability (1) . 
As an alternative to liposome, solid lipid nano
particles (SLN) represent innovative drug car
rier systems firstly designed for i.v. administra
tion and recently investigated for perorai and 
transde1mal application. The solid matrix of 
SLN should be able to protect chemically labile 
agents from degradation and to modulate drug 
release profi les (2). 
SLN are an alternative to polymer nanoparticles , 
liposomes and nanoemulsions. Chemically labi
le agents should be protected from degradation 
and the release profile of drugs can be modula
ted (3). 
Ethosomes could be decribed as lipid vesicular 
systems embodying ethanol in relatively high 
concentrations (4). These "soft vesicles", repre
sent nove! vesicular carrier for enhanced deli
very to/through skin (5). Ethosomes have a par
ticle size that can be modulated from tens of 
nanometers to microns. One main feature of this 
new type of vesicle is its soft structure which 
carries the incorporated active agent into the 
skin lipid bilayers, enabling faci litated delivery 
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(6) . 

Bicontinuous cubie liquid crystalline materials 
are an active research topic because their unique 
structure lends itself well to controlled release 
applications (7). Cubosomes are discrete, sub
micron, nanostructured particles of bicontinuous 
cubie liquid crystalline phase (8). Cubosomes 
possess the same microstructure as the parent 
cubie phase but have much larger specific surfa
ce area and their dispersions have much lower 
viscosity than the bulk cubie phase (9). After 
formation of the cubosomes, the dispersion is 
formulated into a product and then applied to a 
substrate of interest, usually bodily t issue. 
Thereafter materials are either absorbed or relea
sed via diffusion. 

SOLID LIPID NANOPARTICLES 

Solid lipid nanoparticles (SLN) offer a number 
of potential advantages as delivery systems, 
such as better availability for poorly water-inso
luble molecules, the use of physiological lipids 
and a wide appl ication range (dermal, per os, 
intravenous) (I). 
SLN for the topica( application to the skin are 
made up from lipids such as glyceryl behenate 
(Compritol 888 ATO), glyceryl monostearate 
(Imwitor 900) , glyceryl palmitostearate 
(Precirol ATO 5), triglycerides (trimyristin, tri
palmitin, tristearin) or the wax cetyl palmitate. 
Nanodispersions contain 5 to 40% lipid , the 
higher concentrated preparations are of a semi
solid appearance. These are cosmetically accep
table as they are while the fluid nanodispersions 
with Iower lipid content should be incorporated 
into a e.g. cream which faci litates the applica
tion. 
Mean particle size ranges from 50 to 1000 nm. 
Depending on the type and concentration of the 
lipid, 0.5 to 5% emulsifier (surfactant) have to 
be added for physical stabilisation. For derma) 
use these are very often poloxamer 188, polysor-
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bate 80, leci thine, ty loxapol , polyglycerol 
methylglucose distearate (TegoCare 450), 
sodium cocoamphoacetate (Mirano! Ultra C32) 
or saccharose fatty acid ester. 
SLN can be obtained by different methods, 
based on solvent emulsification/evaporation or 
on high pressure homogenization. The latest is 
an estabi lished production method which pre
vents the need of organic solvents and a llows 
large scale productio n (2) . 
SLN dispersions possess interesting features for 
topica! use. Firstly SLN are able to improve che
mical stabili ty since their solid matrix protects 
the molecule from hydrolys is and oxidation. For 
instance the chemical stabi lity of tocopherol and 
retino! improves considerably as compared to an 
aqueous dispersion ( I) . 
Moreover cutaneous application of SLN can 
exert occlusive properties. In fact , after applica
tion of the lipid nanodispersion to the skin surfa
ce, the evaporation of water induce the lipid par
ticles to form an adhesive layer applying occlu
sion to the surface. As a consequence, an increa
se in the hydration of the stratum corneum 
occurs. 
The occlusive effects depends to the particle 
size, in particular it has been demonstrated that 
nanoparticles are 15fold more occlusive than 
micropart icles ( I) . 
The generally low lipid content and the poor 
viscosity of lipid nanodispersions make these 
preparations as they are less suitable for derma! 
drug application . The hand ling of the prepara
tion by the patient is improved by SLN incorpo
ration into ointments, creams and gels . If SLN 
are incorporated into vehicles, interactions with 
the vehicle consti tuents may induce physical 
instabilities such as di ssolution or aggregation 
of lipid particles. Therefore, during storage par
ticle sizes and the sol id character of the particles 
bave to be followed (3) . 
Retino! incorporated into Compritol-based SLN 
has been released more rapidly and to a higher 
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extent as compared to conventional vehicles and 
a nanoemulsion. This effect appears to result 
from a burst release from the sol id partic les fol
lowing water evaporation on the skin surface 
and the change of lipid modification. 
Non-loaded and loaded SLN were already inve
stigated with respect to use in 
cosmetics. Although adequate controls are diffi
cult to prepare, first experiments indicate an 
increase in skin hydration and a reduction in 
wrinkle depth following SLN application . 
Moreover, cetyl palmitate-nanod ispersions act 
both as particulate UV blockers themselves and 
as carriers for UV absorbing agents (e.g. 2-
hydroxy-4-methoxy benzophenone; Eusolex 
4360) (2). This results in a threefold increase in 
UV protection which al lows reducing the con
centration of the UV absorber. This is particu
larly important since UV absorbers are currently 
in discussion because of possible estrogen ic 
activity and long-term effects in the environ
ment. SLN may also be suitable for long-last ing 
perfume and insect repellent formulations(2) . As 
with drugs , an improved uptake of cosmetic 
agents (Q I O, tocopherole) into the horny layer 
has been described. The relation of cutaneous 
penetration to particle size indicates that the 
increase is due to an occlusive effect. 
Recent ly nanoparticulate Iipid carriers (NLC) 
ha ve been developed composed of oi ly droplets 
embedded in a solid lipid matrix . Since liquid 
lipids solubilize lipophilic molecules to a much 
higher extent than sol id lipids, the NLC particles 
would provide a high incorporation capacity and 
contro! of release ( I). 

ETHOSOMES 

The use of ethosomal carriers results in del ivery 
of high concentrations of active to/through the 
skin regulated by system composi tion and their 
physical characteristics . 
Touitou and colleagues have demonstrated the 



major potential of ethosomes to promote drug 
penetration through skin with respect to liposo
mes (4). 

In vivo experiments and cl inica! trials have 

demonstrated that a range of molecules such as 

testosterone, acyclovir (Zovirax; G laxo 
Wellcome pie) a nd insulin can be de livered 

effectively through the celi membranes of an i

mai and human skin. An alteration of the ethoso

me formu lation can modulate the leve! of pene

tration (restricting drug delivery to the skin only, 

as required for herpes Jabialis lreatment with 

Zovirax, or a llowing fu ll dermal penetration as 
required for insulin therapy) (4). Another mole

cule, trihexyphenidyl hydrochloride, incorpora

ted in ethosomes is proposed for transdermal 

adminis tration in Parkin son patie nts, from 

which the geriatric population may greatly bene
fit (5) . Transdermal absorption of polypeptides 

is currently under investigation. The high inte

rest of ethosomes in the design of new therapies 

has been investigated with other drugs such as 

propranolol ; in this respect ethosomes showed 
their potential as transdermal dosage forms for 

prophylaxis of migraine. Moreover the ability of 

ethosomes to deliver compounds to cells in cul
ture was investigated (6). 

The e nhanced delivery of actives us ing ethoso
mes over liposomes can be ascribed to an inte

raction betwee n ethosomes and skin lipids. A 

possible mechani sm for this interaction has been 
proposed. It is thought that the firs t part of the 

mechanism is due to the 'ethanol effect', whe

re by intercalation of the ethanol into intercellu
lar lipids enhances lipid fluidity and decreases 

the density of the lipid multilayer. This is follo

wed by the 'ethosome effect ', which inc ludes 

inte rlipid penetration and permeation by the 

opening of new pathways due to the malleability 
and fus ion of ethosomes with skin lipids , resu l

ting in the release of the drug in deep layers of 
the skin (4) . 

The basic properties and the in vitro release rate 
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kinetics of azelaic acid (AA) alternatively vehi 

culated in different phospholipid based ves icles, 

such as ethosomes or liposomes, were investiga
ted (6). Ethosomes were produced by a s imple 

method based on addition of an aqueous phase 
to an ethanol solution (comprised between 20 

and 45 % v/v) of soy phosphatidyl c holine (5 % 

w/w) and AA (0.2 % w/w) under mechanical 

stirring. Liposomes were obtained by the same 

composition in the absence of ethanol with the 
reverse-phase evaporation me thod . Vesic le s ize 

was measured by Photon Correlation 

Spetroscopy (PCS) evidencing smaller mean 

diameters and narrower dimensionai distribu

tions in the case of ethosomes with respect to 
liposomes (Table I) . In order to obtain homoge

neously s ized vesic les, both ethosomal and lipo

somal d ispersions were extruded thro ugh poly

carbonate membranes w ith pores of calibrated 

diameter (400 and 200 11111) . Vesic les morpho
logy was characterized by freeze-frac ture 

Scanning E lectron M icroscopy (SEM) showing 

the presence of unilamellar vesic les both in lipo

some and in ethosome based d ispers ions (Fig. l). 

AA diffusion from ethosomal or liposomal d is
pers ions and from e thosomes and liposomes 

incorporated in a viscous gel was investigated 

by a Franz celi assembled with synthetic mem
branes. Release rate was more rapid from etho

somal with respect to liposomal systems, in par

ticular ethosomes produced by the highest e tha

nol concentration released AA more rapidly, the 

same trend was found us ing viscous forms 
(Table II) . 

This behav ior can be attributed to the presence 

of ethano l that makes the lipidic membrane pac
ked less tighly than liposomes and confers a sof

ter, more malleable structure to the ethosomes , 

possibly promoting aze la ic ac id diffusion 
through the vehicle (6) . 
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Table I 
Vesicles mean diameter and polydispersiry acid containing liposomes and ethosomes be/ore 

and after exrrusion through 200 11111 pore size membranes, as derermined by PCS 

Vesicles Z A verage (nm) I Polydispersity 

LIPO 817.8 1.00 

LIPO ex 200 165.1 0.14 

ETHO 20 440.8 0.28 

ETHO 20 ex 200 179.5 0.09 

ETHO 40 527.5 0.22 

ETHO 40 ex 200 173.9 0.02 

LIPO: liposomal suspension 
ETHO 20: ethosomal suspension produced by the use of ethanol 20% 
ETHO 40: ethosomal suspension produced by the use of ethanol 40 % 

I Intensity (nm) 

814.9 

162.3 

428.8 

177.2 

531.0 

174.9 

ex 200: vesicles extruded through 400 nm pore size polycarbonate membranes and through 200 
nm pore size polycarbonate membranes 
Data were the mean of four determinations on different dispersions, SD were always 
comprised between ± 5%. 
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Fig . I Free~e-frac111re elec//'011 micrographs of liposome 
(pane/ A) a11d ethosome 20 (pane/ 8 ) or 40 % (pane/ 
C) . Liposome a11d et/10so111e dispersio11s were 
subjected ro extrnsio11 through 200 I/lii pore si~e 
111e111bra11es. The bar equals 510 m11. 
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CUBOSOMES 

Unsaturated long-chain monog lycerides such as 
monoolein are able to form a varie ty of structu
res in aqueous media by self-association, depen
ding on water content and temperature. The 
addition of small amounts of water to the lipids 
at 37°C results in the initial formation of a rever
se micellar solution . As the water content and/or 
temperature increase, different mesophases such 
as lamellai·, reversed hexagonal, bicontinuous 
cubie, and isotropie spo nge phase are formed 
(7). In particular cubie liquid crystals are trans
parent , isotropie viscous phases and physically 
stable in excess water (8). Cubie phase repre
sents a unique system for the production of phar
maceutical dosage forms (9) . 
Aqueous dispers ions of cubie lipicl phases can 
be used for the clevelopment of nanoparticulate 
drug deli very systems characterized by high bio
compatibility, bioadhesivity, and easy produc
tio n protocol ( I 0). Because of their propert ies, 
these versatile deli very systems can be admini
stered orally, parentera lly, or percutaneously. 
Landh and Larsson have patented the prepara
tion of colloidal dispersions of nonlamellar lyo
tropic crystalline phases and have termed che 
particles "cubosomes" (11 ). Cuboso mes usually 
have been produced by means of time-consu
ming methods involving high energy input. For 
instance Gustafsson et al. have investigateci the 
production and structure of aqueous clispersions 
of lipid-based Jyotropic liquid crystalline phases 
( 12) . The dispersions were based either on 
glycery lmonooleate/sunflower o il or glyceryl
monooleate/retynilpalmitate mixtures plus a 
nonionic triblock polymer (Poloxamer 407) in 
water. Dispersions were produced by dropwise 
addition of a melt of Iipids and poloxamer in 
water, fo llowed by reduction of size by homoge
nization under high pressures at 80°C . Recently 
Seikmann et al. have reported the preparation 
and characterisation of dispersions constituted 
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of monoolein-rich monoglycerides with or 
without purified soya phospholipids (13). 
Dispersions were prepared by equilibration of 
the monoglyceride/phospholipid/ water cubie 
phase, subsequent fragmentat ion by a solution 
of Poloxamer 407, pred ispersing by probe soni
cation and fi nally high pressure homogeniza
tion. Moreover some authors ha ve developed 

experimental protocols for cubosome produc
t ion based on the use of organic solvents. In par
ticular Spicer and Hyden have proposed a 
method based on a dil ution process of an ethano
lic solution of monooleine with an aqueous solu
tion of Poloxamer. Ethanol was used as a hydro
trope to create a liquid precursor, spontaneously 
forming cubosomes after d ilution (14). 

Table II 
"In vitro" release rate coefficients of a::.elaic acid incorporated in differe11t topical forms . 

Formulation F 0 µg/cm2*min°·5 o - 3 D cm/mio .;,*10 log D 

EtOH solution 186.6 15.55 1.19 

EtOH I Carbomer gel 49.3 1 4.1 0.6 1 

LIPO 59.63 4.97 0.70 

LIPO gel 13.88 1.9 0.28 

ETHO 20 87.79 7.31 0.86 

ETHO 20 gel 38.62 3.22 0.51 

ETHO 40 119.96 9.99 0.10 

ETHO 40 gel 54.77 4.56 0.66 

EtOH I Carbomer gel: ethanol solution incorporated in Carbomer based gel: LI PO: liposome suspension; LI PO gel: 
LIPO incorporated in Carbomer based gel : ETHO 20: ethosomal suspension produced by the use of ethanol 20%: THO 
20 gel: ETHO 20 incorporated in Carbomer based gel : ETHO 40: ethosomal suspension produced by the use of ethanol 
40 %; ET HO 40 gel: ETHO 40 incorporated in Carbomer based gel; 0 Azelaic acid concentration was always 12 mg/ml 
Experiments were performed by a Franz release rate celi assembled with a cellulose ester membrane (0.6 µ m pore size) 
and IPB I ethanol 70:30 v/v as receptor phase. 
Data were the mean of six determinations, SD were always comprised between ± 8%. 
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F inally Nakano et al. have suggested a method 
for the production of cubosomes based on 
hydration of a dry fi lm of monooleine/poloxa
mer with an aqueous buffer (15). The authors 
proposed to mix monooleine and poloxamer in 
chloroform and to dry the mixture by solvent 
evaporation. After hydration, cubosome were 
formed by homogenization at 80°C, structure of 
cubosomes was investigateci by small-angle X
ray scattering and l3C NMR. 
A recent investigation by Esposito e t al. has 
demonstrated the chance to produce cubosome 
dispersions by a simple processing techn ique, 
avoiding time consuming procedures, multiple 
equilibration steps, intermediate formati on of 
viscous bulk cubie gel, high energy input and 
use of organi e solvents ( 16). In particular the use 
of a stirring speed 1500 r.p.m., monooleine 5% 
w/w (with respect to weight of dispersion ) and 
Poloxamer 407 I 0% w/w (with respect to the 
disperse phase) enabled to produce dispersions 
presenting 28% of larger irregular particles and 
cubosomes characterized by spheroidal shape, 
few aggregates, mean diameter of 193.5 nm and 
high percentage of recovery (88% w/w) . 
Figure 2 shows two cryo-TEM micrographs evi
dencing the heterogeneous morphology of the 
disperse phase. In particular one can observe the 
coexistence of spherical vesicles and few face
ted pa1ticles together with well shaped cuboso
mes exhibiting the typical ordered cubie texture 
(16). Vesicular structures appear also attached 
on the surface of cubosomes, as found by other 
authors, suggesting that by time a transforma
tion may take piace from conglomerates of par
tially fused ves icles to well ordered particles 
(7,8,12). These results were in agreement with 
X-ray diffraction data , revealing the coexistence 
of two different cubie phases, the first being a 
bicontinuous cubie phase of spatial simmetry 
Im3m (Q229) and the second belonging to the 
P4(3)32 (Q212) spatial symmetry. 
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Stability studies were performed demonstrating 
that the organoleptic and morphological aspects 
of cubsome dispersions do not change by time, 
cubosomes in fact are free from phase separation 
phenomena for almost one year from production 
(16). 
Moreover PCS studies were conducted at diffe
rent time intervals (from O to 5 months from pro
duction) in order to evidence possible variation 
of mean diameter of cubosomes by time . 
Cubosomes undergo an increase in their mean 
diameters after 30 days from production. and 
generally maintain their dimensions in the suc
cessive 4 months, not exceeding 595 nm after 5 
months from their production (16) . 
L'Oreal has patented the use of cubosome parti
cles as oil-in-water emulsion stabilizers and pol
lutant absorbents in cosmetics. More recently 
Nivea has introduced cubosome use in persona! 
care product as skin care, hair care, cosmetics, 
and antiperspirants (J 7). 
A recent cryo-TEM study evidenced that the 
global cryo-electron density pattern of the stra
tum corneum keratin intermediate fi lament net
work resembles "inverted" cryo-transmission 
electron micrographs of cubie lipid/water phases 
with a "cubic-like rod-packing simmetry"(J 8) . 
The observation that biologica! interface itself 
possesses a cubie architecture appears particular 
important in the development of cubosome 
based cosmetic as well as derma! products. 
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