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Introduction

Delivering bioactive molecules by cutaneous pathway offers attractive advantages over other routes of administration such as the oral one. The application of drugs on skin is the ideal pathway for local therapy of skin diseases. Topical application limits indeed systemic drug exposure, and thus side effects. Using transdermal delivery to reach the systemic circulation is also highly regarded, and is particularly adapted for the delivery of drugs with poor peroral bioavailability. [START_REF] Vogt | Nanocarriers for drug delivery into and through the skin-do existing technologies match clinical challenges?[END_REF] It allows the avoidance of gastrointestinal tract, hepatic first-pass effect, a better patient compliance, the control over rate of drug release. However, the barrier nature of the skin makes it difficult for most drugs to penetrate by this route. [START_REF] Barry | Dermatological Formulations Percutaneous Absorption[END_REF] Because of the impervious nature and tiny porosity of the stratum corneum (SC), the superficial layer of the skin, drugs must possess very specific physicochemical characteristics to effectively cross the skin. [START_REF] Barry | Novel mechanisms and devices to enable successful transdermal drug delivery[END_REF] Moreover, given the poor water solubility and high instability (photosensitivity, pH and temperature sensitivity) of most of the pharmacologically active agents, they must be protected and their aqueous solubility must be increased. To overcome these limitations, nano-carriers have been developed to improve delivery into and through the skin. Among the possible nano-systems, lipid-based delivery vesicles have been paid considerable attention for their biocompatibility, biodegradability, low toxicity, fast elimination through metabolic pathways, and their easiness of preparation. [START_REF] Ammala | Biodegradable polymers as encapsulation materials for cosmetics and personal care markets[END_REF] Almost all studies on liposomes penetration in skin are devoted to uni-lamellar liposomes (ULLs), i.e. vesicles composed of one lipid bilayer delimiting a large water core. Their size, charge and elasticity, the key parameters in permeation through skin, can be controlled. In 2006, after reviewing results from a large number of studies, El Maghraby et al. proposed five scenarios for liposomes-assisted drug delivery. [START_REF] Maghraby | Can drug-bearing liposomes penetrate intact skin?[END_REF] In these mechanisms, ULLs either remain intact penetrating through SC pores or through the transappendageal route (hair follicles, sweat ducts and sebaceous glands), or adsorb to or/and fuse with SC. Results from the literature suggest that conventional liposomes, i.e. composed of lipids only, follow the latter mechanism. Because of their propensity to remain confined in the stratum corneum, they have been disregarded for skin delivery. [START_REF] Verma | Particle size of liposomes influences dermal delivery of substances into skin[END_REF][START_REF] Manosroi | Anti-inflammatory activity of gel containing novel elastic niosomes entrapped with diclofenac diethylammonium[END_REF] Recent research has then focused on new generations of liposomes which, apart from phospholipids, contain other additives such as surfactants (Transfersomes®, bilosomes), or alcohols (ethosomes, invasomes), to notably yield elasticity/deformability to the liposomes. These liposomes have been proven to increase significantly the amount of drug permeated through the skin, [START_REF] Cevc | Lipid vesicles penetrate into intact skin owing to the transdermal osmotic gradients and hydration force[END_REF][START_REF] Touitou | Ethosomes-novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF] but their mechanism of action is still controversial. Despite the huge literature on liposome-assisted transdermal delivery, recent reviews [START_REF] Ashtikar | Transdermal delivery from liposomal formulations-Evolution of the technology over the last three decades[END_REF] clearly enhanced contradictions and agreed to conclude that liposomes penetration into and through the skin remains a much debated question. The difficulty to predict their fate in skin is attributed to the disparity of the liposomes studied in the literature. They differ in many parameters such as their charge, their elasticity, and their size, which are known to affect liposomes penetration. Hence, the assessment of the net effect of liposomes physicochemical properties on their penetration is difficult to establish as changing one parameter usually leads to a change in the other ones.

This paper is an attempt to answer this question. To achieve this goal, multi-lamellar liposomes (MLLs) were chosen because of their numerous advantages over ULLs for drug delivery. As they are composed of several aqueous compartments and hydrophobic bilayers, apolar or/and polar molecules can be encapsulated in MLLs. Also, hydrophobic drugs may be encapsulated in higher quantity than ULLs. Their multi-walls structure results in a progressive release of the encapsulated drug [START_REF] Faure | Modeling Leakage Kinetics from Multilamellar Vesicles for Membrane Permeability Determination: Application to Glucose[END_REF] which can be an advantage to maintain therapeutic drug concentration in the skin. [START_REF] Vogt | Nanocarriers for drug delivery into and through the skin-do existing technologies match clinical challenges?[END_REF] Moreover, they are much more physically stable than ULLS since they do not experience fusion resulting in the leakage of the entrapped drug. [START_REF] Grit | Chemical stability of liposomes: implications for their physical stability[END_REF] Despite these assets, studies on MLLS penetration through skin remain seldom. The reason is likely to come from the difficulty in tuning the physicochemical factors known to influence skin penetration. MLLS are usually prepared from the thin film method consisting in bringing a mechanical energy to a thin film of dried lipids in the presence of a large volume of water, which produces MLLs with a large heterogeneity in size and morphology. Another way to prepare MLLs is to shear dried lipids in the presence of a limited water content corresponding to the swollen lamellar phase. This method is the usual one to prepare the so-called oniontype MLLs. [START_REF] Diat | Effect of shear on a lyotropic lamellar phase[END_REF][START_REF] Kerdudo | Encapsulation of rutin and naringenin in multilamellar vesicles for optimum antioxidant activity[END_REF][START_REF] Crauste-Manciet | Spherulites: onion-like vesicles as nanomedicines[END_REF] We will demonstrate that this way of production allows a perfect control of the three influencing parameters for skin penetration, i.e. size, charge and elasticity.

Moreover, MLLs prepared by the shearing method have already been developed to encapsulate both hydrophilic [START_REF] Pott | DNA intercalation in neutral multilamellar membranes: Experiments and theory[END_REF][START_REF] Meyre | Gold fractal structures spontaneously grown in sheared lamellar phase[END_REF][START_REF] Prévoteau | Effect of onion-type multilamellar liposomes on Trametes versicolor laccase activity and stability[END_REF][START_REF] Meyre | Production of magnetic multilamellar liposomes as highly T2-efficient MRI contrast agents[END_REF] and hydrophobic actives. [START_REF] Kerdudo | Encapsulation of rutin and naringenin in multilamellar vesicles for optimum antioxidant activity[END_REF][START_REF] Courtois | Encapsulation of ε-viniferin in onion-type multi-lamellar liposomes increases its solubility and its photo-stability and decreases its cytotoxicity on Caco-2 intestinal cells[END_REF] They then constitute interesting candidates for skin drug delivery. Eventually, they can be produced in large amount since these MLLs have already been commercialized, and they can be stored in different forms such as freeze-dried powders. [START_REF] Ingvarsson | Stabilization of liposomes during drying[END_REF] In this paper, the influence of each key parameter (size, charge and elasticity) on MLLs penetration into and through skin will be separately analyzed. For ethical, practical and economic reasons, an in vitro screening of the developed delivery systems will be first performed using a commercialized synthetic skin, Strat-M TM membrane. The mapping of liposomes diffusion through Strat-M TM , and its time-dependency, will be achieved using a non-invasive optical technique, confocal Raman microscopy (CRM) while TEM will be employed to check the integrity of the liposomes. Moreover, to validate the reliability of the artificial membrane as an alternative to skin, a comparison of the penetration of MLLs in animal excised skin (dog) and in Strat-M TM will be conducted, giving comparable results.

Based on our study on Strat-M TM and excised dog skin, a mechanism of MLLs penetration will be proposed.

Experimental

Reagents and materials

Phosphatidylcholine from non-GMO soybean (P100®) was kindly supplied by Lipoid GmBH (Ludwigshafen Germany). It is a mixture of phosphatidylcholine (92.5%) and other components (1.9% lysophosphatidylcholine, 0.7% triglycerides, 0.1% free fatty acids, 0.18% natural mixed tocopherols, 0.4% water). P100 ® was chosen because of its low content of lysophosphatidylcholine, a molecule known to affect bilayer elasticity. 1,2-dipalmitoyl-snglycero-3-phosphorylglycerol sodium salt (DPPG, Mw=745 g.mol -1 ), 1,2-dioleoyl-3trimethylammonium-propane chloride salt (DOTAP, Mw=699 g.mol -1 ), and 1-palmitoyl-d31-2-oleoyl-glycero-3-[phosphor-rac-(1-glycerol)] sodium salt (d31 POPC, Mw=802 g.mol -1 ) were obtained from Avanti® polar lipids. Both charged lipids (DPPG and DOTAP) are doublechain lipids ensuring that deformability will not be affected by their introduction in MLLs composition. Tween 80® (Polyoxyethylenesorbitan monooleate, Mw=1310 g.mol -1 , cmc≈1.2x10 -5 mol.L -1 ), perchloric acid with 70% purity, ammonium molybdate and ascorbic acid were purchased from Sigma-Aldrich. PVDF filters were supplied from Merck Millipore.

Phosphate buffered saline (PBS Gibco™ pH=7.4) was supplied from Thermofisher Scientific.

Ethanol with 96% purity was from Xilab (Bruges, France). The water used in the experiments was deionized with a resistivity of 18 MΩ.cm -1 at 20 °C.

Strat-M™ was purchased from Merck Millipore (Billerica, MA, U.S.A.). Frozen excised dog skins (from Beagle) were obtained from Sera Laboratories International Limited (Burgees Hill, West Sussex, U.K).

Preparation of multi-lamellar liposomes

Multi-lamellar liposomes were prepared from soybean lipids and Tween80. Soybean lipids are part of the US FDA inactive ingredient list of approved drug products while Tween 80 is a pharmaceutical excipient (US pharmacopeia). MLLs preparation was inspired by the protocol previously detailed to get "onion-type" MLLs, also called spherulites. It consists in shearing a mixture of lipids and water, usually mixed in the proportions corresponding to the maximal swelling of the lamellar phase, to get MLLs in a gel-like phase, in close contact. They can be dispersed in water under stirring to individualize them. [START_REF] Diat | Effect of shear on a lyotropic lamellar phase[END_REF] To begin, the dried P100, Tween80® and charged lipids -if necessary-were separately weighed and co-solubilized in a minimum amount of ethanol. The organic solvent was removed by a steady flow nitrogen and by a consecutive freeze-drying after water addition.

Thereafter, a fixed amount of water was added to the dried P100/Tween80 ® (and eventually DOTAP or DPPG) mixture placed in 2 mL vial, and shearing was applied with a microspatula for c.a. 1 min. After centrifuging the hydrated mixture at 4000 rpm for 4 min, shearing was resumed. Both steps (shearing/centrifugation) were repeated 4 times until the yellowish lamellar, gel-like phase appeared homogenous. MLLs were then dispersed in water at a given concentration (in mg.mL -1 ) by gentle stirring (500 rpm) using a vortex stirrer.

Polarized-light microscopy

Liposomes were observed using an optical DIC microscope Olympus BX51 (Olympus, Germany) equipped with an oil immersion objective (X 100/1.3, Olympus, Germany) and a digital color camera (Olympus U-CMAD3, Germany). When visible, MLLs appear as black spherical objects. To reveal the multi-lamellar structure of the liposomes, liposomes were imaged under crossed analyzers before dispersion in aqueous phase, i.e. in the compact gellike phase. Because of their birefringence properties, MLLs appear as Maltese crosses under polarized light.

Size distribution and zeta potential

MLLs size distribution was obtained using Mastersizer 2000 Hydro SM from Malvern Instruments S.A (Malvern, UK). Static light scattering data were transformed into size distribution using Mie theory [START_REF] Mie | Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen[END_REF] by adopting a refractive index of 1.45 for lecithin and of 1.33 for water. A small volume of sample was introduced under stirring (1500 rpm) in the dispersion unit containing deionized water. Liposome sizes were characterized in terms of their volume-average diameter D[4; 3]:

= 4,3 = ∑ ∑ Eq.1
where Ni is the total number of liposomes with diameter Di. Each measurement was performed in triplicate.

Zeta potentials were measured using Zetasizer from Malvern Instrument S.A (Malvern, UK), and estimated by means of the M3-PALS (Phase Analysis Light Scattering) technique.

MLLs elasticity measurement and phosphorus assay

To evaluate the ability of MLLs to squeeze through pores, and thus to compare their flexibility, we measured the percentage of liposomes passing through PVDF filters. The quantification of phospholipids, and thus of MLLs, was deduced from a phosphorus assay (see section 2.6) before and after filtration of a 500 µg.mL -1 MLLs suspension. A constant rate of 0.1 mL.s -1 fixed by a syringe pump (Kd Scientific) was applied for the filtrations.

The size distribution of MLLs was determined (in number) for each composition to choose the pore size of the filter. It was indeed chosen to correspond to the smallest MLLs diameter.

%P is defined as the percentage of phospholipids passing through the filters and is given by Eq.2:

%P = 100* Eq. 2
where Atot is the absorbance of the whole suspension (before filtration) and Afiltrate is the absorbance measured after filtration. Absorbance is measured at 797 nm and is proportional to the phospholipids concentration (section 2.6). Each measurement was performed in triplicate.

Quantification of phospholipids by phosphorus assay

The amount of MLLs passing through PVDF filters was determined by a phosphorus assay.

The Rouser assay is described elsewhere. [START_REF] Rouser | Two dimensional then layer chromatographic separation of polar lipids and determination of phospholipids by phosphorus analysis of spots[END_REF] It is based on the hydrolysis of phospholipids into orthophosphate by incubation with concentrated perchloric acid at 180 °C and subsequent spectrophotometric quantification at 797 nm of inorganic phosphate after reaction with ammonium molybdate and ascorbic acid in a boiling water bath.

Confocal Raman Microscopy

MLLs penetration through the synthetic skin as well as in dog-excised skin was followed and imaged by Confocal Raman Micoscopy. Raman Spectra were collected with a WITec Alpha 300RS (Ulm, Germany) instrument equipped with a EMCCD high intensity low noise camera and a high precision piezoelectric scanning stage. Raman spectra were recorded from 0 to 4000 cm -1 (spectral grating of 600 g per mm, spectral resolution of 4 cm -1 ) using a 532 nm excitation green laser. The beam was focused on the sample using an Olympus objective (20X/0.4 NA). The power was adjusted at 20 mW for Strat-M TM analysis and 35 mW for tissue mapping. The confocal hole was set at 50 µm for all measurements to reject signal from out-of-focus regions.

Step size of 2 µm was used for synthetic skin and tissue mapping. For Strat-M TM membrane analysis, Raman mapping was performed by collecting every 2 µm one spectra for one second. For skin tissue analysis, Raman mapping was performed by collecting every 2 µm 3 spectra for 3 seconds each.

Liposomes depth penetration in vitro and ex vivo was deduced from confocal line maps. For the in vitro study, confocal line maps are plotted as the intensity of lipids "I lipid" (integration of 1657 cm -1 and 3010 cm -1 ) normalized to the intensity of synthetic skin "I membrane"

(integration of 1596 cm -1 ) as a function of depth. The maximum of penetration is set as the depth for which the intensity ratio lipid/membrane is close to zero. For the ex vivo study, confocal line maps are plotted as the intensity of deuterated lipids "I POPC d31" (integration of 2120 cm -1 and 2190 cm -1 ) normalized to the intensity of the amide I band (integration of the band around 1660 cm -1 depending on the depth in skin) as a function of depth. The maximum of penetration is set as the depth for which the intensity ratio lipid/membrane is close to zero.

All data were processed using WITec Projet Plus software (WITec GmbH Ulm, Germany).

Study of MLLs diffusion

Diffusion through Strat-M TM

In vitro assays were conducted using a commercialized synthetic skin Strat-M TM . Strat-M TM was set in a vertical, static, open Franz-type diffusion cell (effective diffusion area, 2.5cm²) and the receiver chamber (volume=17 mL) was filled with phosphate buffered saline (PBS, pH=7.4) and maintained at 37 ± 1°C. The receiver was agitated at 300 rpm using a magnetic stirrer throughout the experiments and was in contact with the artificial membrane.

Strat-M TM membrane was sealed between the donor and the receiver compartment of the Franz cell so as the shiny side of the membrane is facing the donor compartment. After 30 min of equilibration, a finite dose of liposome aqueous dispersion (400 µL of 100 mg.mL -1 )

was deposited uniformly on the surface of Strat-M TM membrane. A non-occlusive condition was maintained to generate a trans-epidermal osmotic gradient which is believed to be the driving force for the transport of liposomes into the skin. [START_REF] Cevc | Lipid vesicles penetrate into intact skin owing to the transdermal osmotic gradients and hydration force[END_REF] After a certain incubation time (from 6 to 40 hours), the synthetic membrane was withdrawn and transversally half cut with a scalpel in cryogenic temperature using liquid nitrogen. The focus on the synthetic skin was indeed enhanced when cut in frozen state. Raman imaging was conducted perpendicularly to the Strat-M TM surface along its slice (see SI-1).

Raman images (100x200µm) were acquired on three different lateral areas in order to evaluate the homogeneity of MLLs penetration inside the membrane. Standard deviation displayed in the following are representative of the diffusion homogeneity. Diffusion experiments were repeated and results are reproducible.

Diffusion through dog excised skin

Frozen dog skins (Beagle) were obtained from Sera Lab. Skin was taken from the top of the back of one 2-years old dog (male, 12 kg) euthanized according to the recommendations of the AVMA (American Veterinary Medical Association) guidelines. Skin was shaved and fat removed. Individual pieces of skin (~30x30 mm²) were used. They were non-medicated and non-immunized. All samples were kept at -80°C until the day of the experiment. Skin integrity was assessed using the method reported by Caspers and al. Briefly, Raman depth profiles of water were acquired to check the presence of a hydration gradient from stratum corneum to viable epidermis. [START_REF] Caspers | In vivo confocal Raman microspectroscopy of the skin: noninvasive determination of molecular concentration profiles[END_REF][START_REF] Egawa | In vivo Estimation of Stratum Corneum Thickness from Water Concentration Profiles Obtained with Raman Spectroscopy[END_REF] Frozen skin was thawed at room temperature prior to use and mounted on a Franz type diffusion cell. After 30 min of equilibration, 400 µL of 100 mg.mL -1 of deuterated liposomes were applied on the top of the skin. Deuteration labelling allowed the discrimination of exogenous lipids from endogenous ones. After a given incubation time, 50µm-thick skin slices were cut with a cryomicrotome (LeicaCM 1850 UV). Samples were kept at -80°C until Raman analysis.

Transmission electron microscopy (TEM)

Strat-M™ was processed by ultramicrotomy for TEM imaging. Synthetic skin was firstly fixed for 2 hours in Karnovsky's fixative medium (mixture of 2.5% glutaraldehyde and 4% paraformaldehyde) in 0.2 mol.L -1 cacodylate buffer (pH 7.4) and post-fixed for 1 hour at 4°C with 1% osmium tetroxide in the same buffer. The sample was then dehydrated with ethanol and embedded in Epon-Araldite. Ultrathin sections (80 nm) were cut by an ultramicrotome.

TEM observation of the sections was performed with FEI CM120 operated at 120 kV.

Results and Discussion

The purpose of our study was to evaluate the influence of MLLs size, surface charge and elasticity on their penetration. Different formulations differing in one or more of these parameters were prepared for.

Control of MLLs key parameters

Control of MLLs' size

Liposome size is considered to be one of the major factors affecting their penetration through the skin. Two parameters were tuned in order to control MLLs size: the Tween80 ® -to-P100 ® weight ratio, and the amount of water added to the lipids-surfactant mixture before shearing (section 2.2). Table 1 collects the values of MLLs size and polydispersity index for all compositions.

By the surfactant-to-lipid ratio

The surfactant-to-lipid weight ratio, R, was varied by introducing increasing quantities of Tween80 ® -from 1.36 wt% to 30.6 wt% -while keeping constant the amount of lipids and surfactant at 68wt%. The water content in the sheared lamellar phase was then fixed to 32 wt%. Size measurements using static light scattering was performed on each formulation, and D(4,3) was plotted as a function of R (Figure 1). MLLs diameter was varied from 560±66 nm (F2) to 1100±150 nm (F4). Three tendencies were observed: a first decrease of MLLs diameter when increasing surfactant amount until R=0.11, a subsequent increase up to R=0. [START_REF] Meyre | Production of magnetic multilamellar liposomes as highly T2-efficient MRI contrast agents[END_REF], value for which a plateau was reached.

The insertion of surfactants, and notably Tween80®, in bilayers is known to increase the bilayer curvature. [START_REF] Younus | Bulk and dispersed aqueous behaviour of an endogenous lipid, selachyl alcohol: Effect of Tween 80 and Pluronic F127 on nanostructure[END_REF] Moreover, for unilamellar liposomes, adding a curvophilic molecule, such as Tween80 ® , leads to the formation of mixed micelles and thus, the removal of phospholipids from liposomes by a solubilization process. [START_REF] Lichtenberg | The Mechanism of Detergent Solubilization of Lipid Bilayers[END_REF] This usually results in a decrease of liposome size for small amount of added surfactant. [START_REF] Helenius | Solubilization of membranes by detergents[END_REF] In our case, the size of MLLs also decreased for R values below 0.11, corresponding to 6.8 wt% of Tween80 ® . To assess the presence of micelles in the MLLs dispersions, DLS was performed on filtered dispersions (SI-2). Three filtrations were performed (PVDF filters with pore size 0.45µm then 0.22µm and then 0.1 µm) to remove MLLs. Nano-sized particles were detected for the plateau compositions and for the composition giving the smallest size. However, they were not detected for the smallest amount of Tween80 ® . Those nanoparticles correspond to micelles as they were also detected in a 0.2 wt% Tween80 ® aqueous solution, a concentration above its c.m.c. Their size was smaller than pure Tween80 ® micelles which suggests that mixed micelles (mixture of Tween80 ® and phospholipids) were indeed formed.

The subsequent increase in MLLs size may find an explanation in Helfrich interactions present between bilayers in a membrane stack. Since bilayers are flexible and not rigid planes, they experience thermally excited bending fluctuations that generate steric repulsions between colliding bilayers. These fluctuations lead to entropic long-range repulsive interactions, called Helfrich interactions. [START_REF] Helfrich | Steric Interaction of Fluid Membranes in Multilayer Systems[END_REF] This repulsive interaction is all the stronger as the bilayers are flexible. It is then possible that incorporation of increasing amount of Tween80® makes the membrane more fluid so that inter-bilayers equilibrium distance increases: a larger amount of water would enter MLLs during the dispersion step leading then to a size rise. Above a certain threshold (~11 wt% Tween80 ® , R=0.19), a plateau was observed. This size stabilization may be explained by the saturation of MLLs bilayers: the surfactant that cannot insert into the bilayers self-assemble as micelles in the bulk. [START_REF] Helenius | Solubilization of membranes by detergents[END_REF][START_REF] Bnyan | Surfactant Effects on Lipid-Based Vesicles Properties[END_REF] 

By the water fraction in the lamellar phase

As shown in the previous section, MLLs size was affected by R, the surfactant-to-lipid weight ratio when the water content of the lamellar phase was fixed (32 wt%). In this section, R was fixed to 0.33 and 0.11, and the water amount introduced in lamellar phase was varied from 25 wt% to 60 wt% (Table 1). Liposome sizes were measured by static light scattering for all compositions and are reported in Figure 2.

Figure 2 confirms the conclusions of the previous section: increasing the surfactant-to-lipid ratio at a given water fraction results in a growth of MLLs size. For 40wt% of water, the MLLs diameter increased from 300±40 nm (F12) to 750±50 nm (F13) when R rises from 0.11 to 0.33. Surprisingly, a linear decrease of liposomes average diameter was observed when water content of the sheared lamellar phase rose. This is counter-intuitive: one would expect a swelling of the lamellar phase subsequently causing an increase of liposome average diameter. The obtained liposomes were observed by polarized light microscopy (Fig. 2):

multi-lamellar liposomes were formed as revealed by Maltese crosses. [START_REF] Dhanikula | Characterization and in vitro evaluation of spherulites as sequestering vesicles with potential application in drug detoxification[END_REF] However, MLLs prepared from a poorly hydrated lamellar phase (F1) presented a large aqueous core contrarily to MLLs prepared from a more hydrated lamellar phase: dark spheres were imaged corresponding to MLLs devoid of aqueous core, the so-called spherulites (F14) (SI-3). [START_REF] Diat | Effect of shear on a lyotropic lamellar phase[END_REF] Actually, the ideal conditions to produce spherulites (also called "onions") is to shear a lamellar phase hydrated at its maximal swelling. For phosphatidylcholine-composed lamellar phase, these conditions are usually reached for c.a. 50wt% water, and MLLs size of about 300 nm are then obtained. [START_REF] Regev | Gold Nanoparticles Spontaneously Generated in Onion-Type Multilamellar Vesicles. Bilayers-Particle Coupling Imaged by Cryo-TEM[END_REF][START_REF] Olea | Polypyrrole-glucose oxidase biosensorEffect of enzyme encapsulation in multilamellar vesicles on analytical properties[END_REF] The decrease of MLLs size would result from a change of structure from multi-lamellar liposomes with a large water core to onions-like multi-lamellar liposomes, i.e. MLLs devoid in water core.

Control of MLLs "elasticity"

Elasticity is a critical factor for the control of liposomes penetration. A liposome is said elastic when it is capable to squeeze through pores significantly smaller than its own size without permanent disintegration. [START_REF] Cevc | Overcoming Semipermeable Barriers, Such as the Skin, with Ultradeformable Mixed Lipid Vesicles, Transfersomes, Liposomes, or Mixed Lipid Micelles[END_REF][START_REF] Cevc | Lipid vesicles and other colloids as drug carriers on the skin[END_REF] To evaluate the liposomes elasticity/flexibility, the usual method consists in weighting the percentage of samples passing through filter pores which are much smaller than liposomes diameter. [START_REF] Cevc | Transdermal drug carriers: Basic properties, optimization and transfer efficiency in the case of epicutaneously applied peptides[END_REF][START_REF] Ogunsola | Structural analysis of "flexible" liposome formulations: new insights into the skin-penetrating ability of soft nanostructures[END_REF][START_REF] Duangjit | The role of deformable liposome characteristics on skin permeability of meloxicam: Optimal transfersome as transdermal delivery carriers[END_REF] This method is employed for unilamellar vesicles of uniform size. As MLLs size is not uniform, filtration was performed through pores having diameter smaller than the smallest MLLs. Moreover, for accuracy concern, phospholipids quantification instead of weighting was achieved. MLLs were then compared by measuring the percentage of phospholipids passing through filter pores normalized to the amount of sample injected. This percentage, %P, is given by Eq.3:

% = 100 * ! " # = $ %&'( ) $ * +.
$ %&'( ) $ * +.

Eq.3

where A is the absorbance measured at 797 nm (see section 2.5), [P] is the concentration of phosphorus given by phospholipids either inserted in MLLs or in mixed micelles if present.

Let us note that [P] mic should have same values in the filtrate and in the not-filtered dispersion regarding the micelles tiny size.

It is important to underline that the quantification of flexibility/elasticity of liposomes is biased by the role of micelles that pass through filtrates due to their small sizes carrying some of the phospholipids molecules, as already pointed out by Ogunsala et al. [START_REF] Ogunsola | Structural analysis of "flexible" liposome formulations: new insights into the skin-penetrating ability of soft nanostructures[END_REF] Figure 3 presents %P measured on MLLs differing in their surfactant-to-lipid weight ratio, but keeping constant the water fraction to 32 wt%. We checked the integrity of the MLLs by comparing the dispersion before and after filtration by optical microscopy. MLLs were hardly visible after filtration because of their small size. However, no myelin figures were formed after filtration. This demonstrated that MLLs structure was poorly affected by filtration; if external bilayers had peeled away from MLLs, lamellar figures would appeared after filtration. %P increased with the Tween 80® amount. Thus, the higher the surfactant-to-lipid ratio, the higher the proportion of lipids passing through pores. Surfactants decrease the membrane rigidity of unilamellar liposomes [START_REF] El Zaafarany | Role of edge activators and surface charge in developing ultradeformable vesicles with enhanced skin delivery[END_REF][START_REF] Jain | Enhanced Transdermal Delivery of Acyclovir Sodium via Elastic Liposomes[END_REF][START_REF] Kishore | The Degradation of Polysorbates 20 and 80 and its Potential Impact on the Stability of Biotherapeutics[END_REF] and this seems to remain valid for MLLs.

As indicated in section 3.1.1, above a certain surfactant-to-lipid ratio (R=0. [START_REF] Meyre | Production of magnetic multilamellar liposomes as highly T2-efficient MRI contrast agents[END_REF]), liposomes bilayers are likely to be saturated in surfactant. Nevertheless, these formulations present different %P (Fig. 3). In this case, mixed micelles may affect %P since %P is a growing function of [P] mic . The amount of lipids present in micelles, i.e. [P] mic. , will contribute to an increase of %P. Thus, as long as the concentration of phospholipids in micelles is small compared to that of phospholipids in MLLs, %P is indeed an indicator of MLLs elasticity, but for large Tween80® amount, where mixed micelles are likely to be more numerous, %P is only an indicator of the percentage of lipids passing through the pores. This data is nevertheless helpful since for drug delivery, encapsulation can be effective in MLLs but also in micelles. %P was not measured small MLLs. However, considering Fig. 3, we will make the assumption that %P is only affected by the composition of MLLs bilayers, i.e. the surfactant-to-lipid weight ratio.

Control of MLLs surface charge

When composed of P100® and Tween80®, whatever their ratio and the percentage of water, MLLs were slightly anionic as measured by their zeta potential, -9 ± 1 mV. This slightly negative charge is in accordance with that found on liposomes containing Tween 80®. [START_REF] Lee | Effect of edge activators on the formation of transfection efficiency of ultradeformable liposomes[END_REF] Highly positively-and negatively-charged MLLs were formulated using respectively DOTAP and DPPG lipids. Their zeta potential, -40 mV for DPPG-MLLs and +40 mV for DOTAP-MLLs, confirmed the insertion of the charged lipids in bilayers. Surprisingly, replacing 2.5 wt% of P100 by charged lipid resulted in a drastic size decrease: from c.a. 935 nm (F1) to c.a.

350 nm (F5 and F6). Size measurements of charged MLLs were performed by static light scattering and verified by dynamic light scattering because of their small diameter. A possible explanation could be issued from Lu et al. who studied fluctuating stacks of DPPG bilayers and concluded that when electrostatic interactions exist, short wavelength fluctuations (Helfrich interactions) are suppressed and the interactions between lamellae are dominated by electrostatic forces. [START_REF] Lu | Modulation of Elasticity and Interactions in Charged Lipid Multibilayers: Monovalent Salt Solutions[END_REF] If so, the inter-bilayer distance in charged MLLs would be controlled rather through electrostatic interactions than through Helfrich interactions, and concentration of DPPG in bilayers being rather low (2.5wt%), it is then possible that this would result in smaller MLLs. membrane and human skin [START_REF] Haq | Strat-M® synthetic membrane: Permeability comparison to human cadaver skin[END_REF], or excised rat skin [START_REF] Uchida | Prediction of skin permeation by chemical compounds using the artificial membrane, Strat-M TM[END_REF] for permeation studies. Strat-M™ is composed of a very thin top layer, lying on two layers of polyethersulfone, on top of another layer made of polyolefin non-woven fabric support. The porosity and thickness of each layer increases from the top one to the bottom one of the synthetic skin to mimic skin layers: epidermis, dermis, and subcutaneous tissue. [START_REF] Haq | Strat-M® synthetic membrane: Permeability comparison to human cadaver skin[END_REF] The tiny top layer contains a blend of synthetic lipids (ceramides, cholesterol, fatty acids...) to mimic the outer layer of the epidermis, the Stratum Corneum (SC), and confers a hydrophobic character to the model skin.

In vitro study of

[44] Lipids are also found in the first two layers (deepest epidermis and in dermis) as revealed by TEM [START_REF] Haq | Strat-M® synthetic membrane: Permeability comparison to human cadaver skin[END_REF]. Uchida et al. measured the thickness of the three layers: 52.3 ± 0.5 µm for the epidermis-modeled layer, 76.7 ± 5.07 µm for the dermis-modeled layer and 196 ± 7.37 µm for the hypodermis. [START_REF] Uchida | Prediction of skin permeation by chemical compounds using the artificial membrane, Strat-M TM[END_REF] These values are consistent with our observations by confocal microscopy. From SI-4, the thickness of the SC-modeled layer was found to be between 10 and 20 µm.

Raman characterization of MLLs and Strat-M TM

The mapping of liposomes penetration through the synthetic skin was conducted by confocal Raman microscopy (CRM). The first step consisted in discriminating liposomes components from Strat-M™ by selecting specific vibrational bands for each material. To do so, Strat-M™ membrane was layer-by-layer characterized: 20 spectra were acquired and averaged for each characteristic layer and each average resulting spectrum was compared to the MLLs spectrum (SI-5). Let us note that all MLLs used in this study had the same Raman spectrum. Black stars displayed in SI-5 indicate the discriminating vibrational bands.

For liposome phospholipids, two vibrational bands were chosen: in fingerprint region the C=C stretching vibration at 1657 cm -1 , and in high wavenumber region the =C-H stretching vibration at 3010 cm -1 present in unsaturated lipid chain. [START_REF] Czamara | Raman spectroscopy of lipids: a review: Raman spectroscopy of lipids[END_REF] For Strat-M TM membrane, the following bands were considered: 1596 cm -1 corresponding to the stretching vibration of C-C aromatic ring chain, and 1150 cm -1 corresponding to the stretching vibration of C-S aromatic ring for the first two layers of Strat-M (polyethersulfone, layers 1 and 2), and 2750 cm -1 corresponding to the vibration of C-H for the third and deeper layer (polyolefin, layer 3).

A color was affected for each component: red for the MLLs lipids, blue for the synthetic skin (whatever layer) and when co-located a pink color appeared. The resulting image was then a false color image.

Comparative study of MLLs differing in one key parameter

Based on the data given on Table 1, couples of MLLs differing in one parameter (size, %P or charge) were chosen. The maximum of penetration was obtained by plotting confocal line maps (section 2.7) after fixed incubation times (6, 15, 24, 40 hours). As already mentioned, we made the assumption that %P is only dependent on the Tween 80/P100 weight ratio.

Influence of MLLs size

The influence of MLLs size was studied keeping constant the charge and the "elasticity", i.e.

%P of MLLs. Two couples were chosen: F1 and F3 for elastic MLLs (%P=32%) and, F2 and F12 for rigid ones (%P = 14%). Their size are given in Table 1. 

Influence of liposomes elasticity

The influence of elasticity estimated from the value of %P (section 3.1.2. and Fig. 3), was studied for two conditions: large (F0, F1, and F4) and small MLLs (F3, F12). The average diameter of large and small MLLs was c.a. 1 µm and c.a. 250 nm respectively (Table 1, SI3, SI5). Figure 5 displays the penetration profiles as well as the Raman images registered after a 40hrs incubation period for all compositions, except for F12 where the image registered after only 6 hrs of incubation was shown. For this composition, no MLLs were observed in the synthetic skin membrane for longer incubation times, suggesting that they passed through the entire membrane. For large MLLs, the higher %P, the deeper the penetration since F0 reached the deepest layer attributed to the hypodermis, F1 attained the deep epidermis, while F4 remained in the SC. For small MLLs, the reverse was found, i.e. the smaller %P, the deeper the penetration.

Influence of liposomes charge

The influence of vesicles surface charge was assessed comparing negatively and positively charged MLLs. Their zeta potential was -40 mV (F6), + 40 mV (F5). DOTAP and DPPG are respectively positively and negatively-charged phospholipid that were added to P100 and Tween80® at a very low amount (2.5 wt%) to alter MLLs surface charge. Their double-chain structure coupled with their low amount in MLLs formulations may have an insignificant impact on %P since the weight amount of Tween80 ® was not varied in these 3 samples.

Negatively charged MLLs (F6) were confined in the SC-modeled layer of Strat-M TM .

Conversely, positively charged MLLs (F5) penetrated deeper up to the dermis-modeled layer, as shown in Figure 6. Let us note that F6 diffusion was homogenous and reproducible contrarily to F5 for which an inhomogeneous laterally diffusion was observed, even though the penetration was always deeper than F6.

TEM imaging of large and elastic MLLs penetration through Strat-M TM

In order to obtain more information on the mechanism of MLLs penetration through Strat-M TM membrane, Transmission Electron Microscopy (TEM) was used. As F0 MLLs were present in all layers of the synthetic skin despite their large size, this composition was analyzed. A Strat-M TM in contact with water was used for the control. Both Strat-M TM were analyzed by TEM after 24 hours.

Figure 7 shows the Strat-M TM micrographs incubated with F0 sample. Some spherical structures were observed in the first two layers of the synthetic skin. These structures are thought to be liposomes since they are spherical and present dark contours indicating that their surface is rich in lipids. Moreover, such structures were not detected in control (SI-6).

Let us note that given the thickness of the slices (80 nm), the probability to find liposomes is small. The observation of liposomes in layers 1 and 2 of the Strat-M TM suggests that the signal detected by Raman spectroscopy in these layers cannot be attributed only to micelles. Using this method of preparation and technique, no conclusions can be drawn about the size of the vesicles since the ultra-microtome cut was not necessarily in the meridian plane of the liposomes. Moreover, we observed many electron-dense areas in the synthetic skin after liposomes penetration that were not present in the control (SI-6).

Mechanisms of MLLs penetration through synthetic skin

The scheme presented in Figure 8 summarizes the conclusions drawn from this study regarding the penetration depth of MLLs according to their physico-chemical parameters after 40 hrs of incubation. Two main cases were found: either lipids were detected in the dermis from the earliest incubation time (6hrs)-this is the case for F0, F5, F12-or lipids remained confined in the first layer of the artificial skin whatever the incubation time (F3, F2, F4, F6).

The only exception is F1 where a progressive penetration was shown to reach the deep epidermis after 40 hrs of incubation. From these results, we can propose several explanations.

Firstly, elasticity is likely to favor the fusion of external layers of MLLs with the endogeneous lipids of Strat-M TM . In TEM analysis performed on large (~1µm) and very elastic (%P=45%)

MLLs, dark areas were visible that could be attributed to lipids-rich areas. Moreover, Raman images display the signature of lipids (pink colour) from the top to the bottom of Strat-M TM (see e.g. Fig. 5b F0-40hrs). Eventually, the experiment performed on excised dog skin supports this assesment (see below section 3.3.4.3). Foldvari et al. have studied the diffusion of large multi-lamellar vesicles through skin. They detected uni-and oligo-lamellar liposomes in the dermis using electron microscopy. The authors suggested that liposomes could penetrate the epidermis by losing their external bilayers during penetration. [START_REF] Foldvari | Dermal drug delivery by liposome encapsulation: clinical and electron microscopic studies[END_REF] Hence, when MLLs are elastic, their size impacts their penetration probably because it correlates with the number of bilayers; the higher their diameter the deeper the penetration for a fixed surface charge. They move downward because of their ability to deform undergoing a progressive peeling of their external bilayers. Large MLLs will then move deeper than small MLLs since the latter will be destructured in the first layers of the skin When the elasticity is small, the mixing of MLLs lipids with Strat-M TM ones is likely to be less pronounced. This is supported by Raman imaging on F12 formulation (300 nm, %P∼14%). F12 MLLs were unique in their behaviour. They crossed Strat-M TM leaving it devoid of lipids: no signal from lipids was detectable after 15hrs of incubation suggesting that MLLs lipids did not fuse with Strat-M TM lipids. In that case, since their ability to deform is reduced, MLLs size becomes the key parameter in their penetration. The smaller they are, the deeper they penetrate. The porosity of the artificial membrane may be in this case the limiting factor. 300 nm-sized MLLs reached the deepest layer of the synthetic skin while 560 nm ones remained confined in its superficial layer. This behaviour is then comparable with unilamellar ones. Verma et al. concluded that unilamellar liposomes larger than 600 nm remained in the SC while liposomes smaller than 300 nm penetrated deeper. [START_REF] Verma | Particle size of liposomes influences dermal delivery of substances into skin[END_REF] Eventually, MLLs charge affects their penetration; the more cationic the deeper their penetration. The role of surface charge on the skin penetration is still controversy, as some studies claim that cationic unilamellar liposomes penetrate deeper, whereas others show the opposite. [START_REF] Gillet | Skin penetration behaviour of liposomes as a function of their composition[END_REF][START_REF] Sinico | Liposomes as carriers for dermal delivery of tretinoin: in vitro evaluation of drug permeation and vesicle-skin interaction[END_REF] The comparison of F5 and F6 that differ only in their surface charge clearly shows that a high negative zeta potential prevents the penetration of MLLs in Strat-M TM . The reason could be, as already suggested in literature, that the negative charge brought by endogeneous lipids exerts a repulsive interaction that prevents the mixing between MLLs components and endogeneous lipids or/and displays a repulsive barrier to the liposomes penetration.

Ex vivo screening of liposomes formulations

In order to track liposomes through excised skin, endogenous and exogenous lipids need to be discriminated by isotopic labelling of the exogenous phospholipids. Fluorescence labelling is one of the most used technique for liposomes tracking through skin. However, fluorescent labels might leak or partition out of the phospholipid bilayer vesicles into the SC, which leads to misleading information. [START_REF] Chen | Skin penetration and deposition of carboxyfluorescein and temoporfin from different lipid vesicular systems: In vitro study with finite and infinite dosage application[END_REF][START_REF] Leciplex | and liposomes: A skin penetration study[END_REF] In our study, one couple of MLLs was chosen to assess the reliability of Strat-M TM synthetic skin with dog-excised skin. The chosen MLLs formulations (F0 and F1) are described in Table 1. These MLLs have comparable vesicle sizes, same surface (-9 ±1 mV) charge but different elasticity (%P), F0 displaying a higher value of %P (Fig. 3).

Characterization of deuterium-labelled MLLs

SC and viable epidermis are the major reservoirs of skin lipids. The lipid content consists of ceramide, cholesterol, fatty acid, triglycerides, wax, esters and phospholipids. [START_REF] Gray | Different populations of pig epidermal cells: isolation and lipid composition[END_REF][START_REF] Percot | Direct observation of domains in model stratum corneum lipid mixtures by Raman microspectroscopy[END_REF][START_REF] Ali | Raman spectroscopic analysis of human skin tissue sections ex-vivo: evaluation of the effects of tissue processing and dewaxing[END_REF] Therefore, to monitor the permeation of exogenous phospholipids, liposomes need to be labelled. Acyl chains isotopically labelled with deuterium provide a unique spectral signature (the carbon-deuterium C-D stretching vibration) easy to discriminate from all the biological signals. Therefore, 10 wt% of P100 phospholipids were replaced by d31POPC. As shown in SI-7, the CD2 and CD3 stretching vibrations arising from the perdeuterated palmitate chain in d31-POPC are observed between 2080 and 2220 cm -1 . [START_REF] Xiao | Feasibility of tracking phospholipid permeation into skin using infrared and Raman microscopic imaging[END_REF] We checked that the addition of d31POPC had no impact on the established physicochemical properties of MLLs. MLLs sizes, surface charge and %P were measured and compared with the non-labelled formulations. No significant differences were noticed.

Follow-up of labelled MLLs through skin

Several Raman spectroscopy studies have already been conducted on human skin to characterize each skin layer [START_REF] Nguyen | Characterization of Type I and IV Collagens by Raman Microspectroscopy: Identification of Spectral Markers of the Dermo-Epidermal Junction[END_REF][START_REF] Frushour | Raman scattering of collagen, gelatin, and elastin, Biopolym[END_REF][START_REF] Ali | Raman spectroscopic mapping for the analysis of solar radiation induced skin damage[END_REF]. Each skin layer displays different spectral features because of the variation of lipid and protein content and structure. Dermis can be differentiated from epidermis by the presence of collagen that is the most abundant protein in that layer constituting about 90% of the total protein content. Different types of collagen exist, but they all consist of a set of three polypeptide chains called tropocollagen, with each polypeptide chain being characterized by a Gly X-Y sequence where X corresponds frequently to proline and Y to hydroxyproline. Assignments of collagen Raman bands have been made by Frushour and Koenig [START_REF] Frushour | Raman scattering of collagen, gelatin, and elastin, Biopolym[END_REF]. Specific features in the collagen spectrum are two intense bands at ~858 cm -1 and ~940 cm -1 . These bands originates from the amino side chain vibrations of proline and hydroxyproline as well as from a C-C stretching vibration of the collagen backbone. Another band at ~820 cm -1 , which is only present in the dermis, is assigned to the C-O-C stretching vibration of collagen [START_REF] Nguyen | Characterization of Type I and IV Collagens by Raman Microspectroscopy: Identification of Spectral Markers of the Dermo-Epidermal Junction[END_REF]. In SC and viable epidermis, keratin is the most abundant protein. The Amide I band (∼1655 cm -1 ), corresponding to the peptide bond vibration C=O, brings information about the protein conformation by its position and width in skin tissue. The same specific bands were found in dog skin (Fig. 10).

The two chosen MLLs formulations were incubated in Franz diffusion cells and sliced into 50 µm sections using cryostat. Figure 9 shows the follow up of exogenous lipids from F1 MLLs formulation after 6 and 24h incubation. Labelled lipids from F1 MLLs remain in the first two layers of the skin (SC and viable epidermis) after 24h incubation whereas labelled lipids from F0 MLLs are detected in the dermis after 6 hours of incubation (Figure 10). Indeed, deuterated lipids were detected at skin depths where the characteristic pair of doublets of collagen at 858/ 878 cm -1 and 923/940 cm -1 were also present (Fig. 10).

MLLs elasticity, brought by differences in surfactant content, has then greatly affected liposomes penetration through the excised skin. Highly "elastic" and large MLLs (F0) reached dermis after 6 hrs of incubation while less elastic ones (F1) remained in the first two layers of the skin after 24hrs of incubation. These ex vivo observations are in agreement with the observations made on artificial skin (section 2.3.2).

Mechanism of penetration of labelled MLLs

For a better understanding of the mechanistic aspect, K-means cluster analysis (KMCA) was employed to analyze the spectral variations in tissue. This unsupervised algorithm is often used for spectral image analysis. [START_REF] Nguyen | Characterization of Type I and IV Collagens by Raman Microspectroscopy: Identification of Spectral Markers of the Dermo-Epidermal Junction[END_REF][START_REF] Ali | Raman spectroscopic mapping for the analysis of solar radiation induced skin damage[END_REF] It is used to classify and group similar spectra therefore forming clusters represented by the spectral mean. It helps to identify regions of an image that have the same molecular features. A certain number of clusters must be arbitrary chosen according to the estimated number of components.

Raman spectra of F0 MLLs mapping were analyzed using KMCA. Four clusters were chosen for the study. Figure 11 shows the false color image obtained after this treatment. Each color is assigned to an averaged spectra displayed at the right of the false colored image.

The frequency domain between 1000 and 1150 cm -1 is interesting when studying lipids conformations in skin. This domain is particularly relevant to study the lipid order/disorder of the skin layers. Indeed, the vibrational modes at 1064 cm -1 and 1100 cm -1 correspond to the Spectra presented in Figure 11 shows that the red region is characterized by an increase of gauche conformers (vibrational band at 1085 cm -1 ) correlated to a decrease of trans conformers (vibrational band at 1130 cm -1 ). The red area is characterized by an important lipid disorder in comparison with the other areas (Fig. 11, top spectra). Interestingly, this area also corresponds to the area with the highest amount of exogenous lipids from F0 MLLs (Fig. 11, bottom spectra). This result confirms that a part of F0 MLLs lipids fuse with endogenous lipids, disturbing the skin lipid packing and may become a part of the skin bilayers, as already suggested by the study on Strat-M.

However, it must be emphasized that dog skin owns a large density of hair follicles. These follicles were shown to represent an efficient penetration pathway for topically applied liposomes as long as their size was smaller than 750 nm.

[63] Since F0 and F1 MLLs were larger, one can assume their contribution to MLLs penetration was negligible.

Conclusion

This study conducted on phosphatidylcholine-based liposomes confirms the complexity of predicting the influence of physicochemical parameters on MLLs penetration through synthetic skin and dog excised skin. It reveals that skin penetration is a complex interplay of the physicochemical properties of MLLs : size, charge, and flexibility can not be considered separately. As an illustration, the MLLs size influence on penetration is totally dependent on MLLs elasticity since opposite effects are found for rigid and flexible MLLs.

From this study, the key parameters to favor topical or systemic administration were determined in the case where (i) non-occlusive and static conditions were chosen for MLLs diffusion, and (ii) a finite dose of MLLs was applicated on the skin. In order to target superficial layers of the skin, small and elastic MLLs or large and rigid MLLs must be chosen. If a systemic application is desired, then small and rigid MLLs, or large and very elastic MLLs must be preferred. Moreover, for small MLLs, the more cationic they are, the deeper they penetrate. Preliminary ex vivo studies on dog-excised skin demonstrated that these predictions could be extrapolated to skin. Moreover, TEM on strat-M TM as well as Raman spectroscopy on artificial and dog-excised skin allowed us to propose a mechanism of penetration based on the fusion of exogeneous lipids with endogeneous ones.

These results pave the way for studies on drug delivery using MLLs. Strat-M TM synthetic skin may provide useful predictions for the influence of physico-chemical parameters on liposomes penetration. For ethical, practical and economic reasons, it may be used as a screening tool to select the effective formulations and to evaluate the ex vivo transdermal penetration.
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 321 Description of Strat-M TM Synthetic skin Strat-M™ was used as a simple and reproducible alternative to human or animal skin. Several studies clearly demonstrate the correlation between this model

Figure

  Figure 4a shows one example of confocal line maps obtained for F1 and F3 after 40 hrs of MLLs diffusion through Strat-M TM with the Raman images from which they have been

  C-C skeletal stretching vibration of lipids in trans conformation (ordered phase). Lipids are arranged in zig-zag manner such that the alkyl chains are maximally extended affording close packing. The vibrational mode at 1085 cm -1 correspond to the C-C skeletal stretching vibration of lipids in gauche conformation (disordered phase). With thermal or chemical perturbation, trans conformers convert to gauche conformers along the alkyl chains. The extent of lipid order can be obtained by evaluating the intensities ratio of the above-mentioned peaks.[START_REF] Anigbogu | Fourier transform Raman spectroscopy of interactions between the penetration enhancer dimethyl sulfoxide and human stratum corneum[END_REF][START_REF] Caspers | In vitro and in vivo Raman spectroscopy of human skin[END_REF][61][START_REF] Otberg | The role of hair follicles in the percutaneous absorption of caffeine[END_REF].
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 12345679 Figure 1: Evolution of MLLs diameter D (4, 3) as a function of the Tween80®-to-P100
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 10111 Figure 10: a) F0 MLLs penetration through skin after 6 hours incubation: false color image

Table 1 :

 1 Composition and size characteristics of the multi-lamellar liposomes. R is the Tween80 ® -to-P100® ratio. Standard deviations for D (4, 3) and the polydispersity index (PDI) were obtained from three different preparations.

	Name	R	DPPG	% P100	T80 ®	Water	D(4,3)	PDI
		(T80 ® /Lipids)	or DOTAP	(wt%)	(wt%)	(wt%)	(nm)	
			(wt%)					
	F0	0.54	/	44.2	23.8	32	960±120	0.25±0.04
	F1	0.33	/	51	17	32	935±110	0.24±0.05
	F2	0.11	/	61.2	6.8	32	560±66	0.41±0.08
	F3	0.33	/	30	10	60	250±50	0.83±0.1
	F4	0.02	/	66.64	1.36	32	1100±150	0.95±0.25
	F5	0.33	2.5	48.5	17	32	350±120	0.52±0.12
	F6	0.33	2.5	48.5	17	32	350±110	0.53±0.14
	F7	0.03	/	65.9	2.1	32	880±50	0.82±0.25
	F8	0.05	/	64.6	3.4	32	820±40	0.81±0.1
	F9	0.19	/	57.1	10.9	32	990±86	0.24±0.04
	F10	0.8	/	37.4	30.6	32	970±87	0.26±0.05
	F11	0.11	/	67.5	7.5	25	940±70	0.34±0.04
	F12	0.11	/	54	6	40	300±40	0.42±0.04
	F13	0.33	/	45	15	40	750±50	0.28±0.02
	F14	0.33	/	37.5	12.5	50	450±45	0.36±0.11
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