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Photoresponsive Liposomes and LipoParticles by Incorporating a Photosensitizer Agent in their Lipid Membrane

Liposomes, as self-assembled lipid layer vesicles, have emerged as a promising platform for various biomedical applications such as photodynamic therapy (PDT). LipoParticles are coreshell lipid assemblies with a solid polymer core coated by a lipid membrane, which gather the advantages of both their counterparts. Photosensitizers (PS), used in PDT, are photosensitive molecules than can be activated by an exposure to a light source, leading to the death of pathogenic surrounding cells. In this context, the aim of this study is to elaborate liposomes and LipoParticles incorporating a PS, and to examine their resulting photoresponsive properties by following the release, triggered by an UV irradiation, of incorporated fluorescent (macro)molecules. Al(III) phthalocyanine chloride disulfonic acid (AlPcS2) was chosen as PS, and the release of 5(6)-carboxyfluorescein (CF) or bovine serum albumin conjugated with fluorescein isothiocyanate (BSA-FITC) from liposomes and poly (lactic-co-glycolic acid) (PLGA) core of LipoParticles respectively, was investigated by fluorescence spectroscopy. The results have shown that UV irradiation led to the release of CF molecules depending on the membrane lipid formulation, and that repeated irradiations could increase the amount of CF molecules released from liposomes. The main parameters governing the release of BSA-FITC macromolecules from LipoParticles were the temperature of their elaboration (corresponding 30 to a reorganization of several liposomes on the surface of PLGA particles), the initial PS concentration, and the duration of UV irradiation. Best results were found with a temperature of the LipoParticles elaboration of 20°C, a PS concentration of 0.1 mM, and a duration of irradiation of 5 minutes. These results support the fact that similarly to liposomes, LipoParticles can also be endowed with photoresponsive properties, which positions them as interesting 35 nanovectors for PDT.

Introduction

Photodynamic therapy (PDT) is a phototherapy using a photosensitizing chemical molecule or photosensitizer (PS) [START_REF] Ochsner | Photophysical and photobiological processes in the photodynamic therapy of tumours[END_REF]. Briefly, once activated by exposure to a light source, PS transfers its excess energy to the molecular oxygen which generates reactive oxygen species (ROS), leading to the death of surrounding cells. This minimally-to-noninvasive treatment has shown its efficiency against solid malignant cancers, such as skin cancer [START_REF] Ochsner | Photophysical and photobiological processes in the photodynamic therapy of tumours[END_REF][START_REF] Copper | Meta-tetra(hydroxyphenyl)chlorin Photodynamic Therapy in Early-Stage Squamous Cell Carcinoma of the Head and Neck[END_REF][START_REF] Dougherty | Photodynamic therapy (PDT) of malignant tumors[END_REF][START_REF] Kübler | Treatment of squamous cell carcinoma of the lip using Foscanmediated Photodynamic Therapy[END_REF][START_REF] Morton | Comparison of photodynamic therapy with cryotherapy in the treatment of Bowen's disease[END_REF]. Ideally, PS must be non-toxic, selective to tumor tissues, photostable, and strongly absorb in a specific range of wavelengths [START_REF] Allison | Photosensitizers in clinical PDT[END_REF]. Hence, over the last decades, tetrapyrrole macrocycles have been thoroughly studied as PS [START_REF] Andreoni | Hematoporphyrin derivative: experimental evidence for aggregated species[END_REF][START_REF] Moan | Fluorescence and Photodynamic Effects of Phthalocyanines and Porphyrins in Cells[END_REF][START_REF] Zhang | Recent Applications of Phthalocyanines and Naphthalocyanines for Imaging and Therapy[END_REF][START_REF] Ochsner | Light scattering of human skin: A comparison between zinc(II)phthalocyanine and photofrin II®[END_REF]. Among them, porphyrins [START_REF] Andreoni | Hematoporphyrin derivative: experimental evidence for aggregated species[END_REF][START_REF] Moan | Fluorescence and Photodynamic Effects of Phthalocyanines and Porphyrins in Cells[END_REF], phthalocyanines [START_REF] Moan | Fluorescence and Photodynamic Effects of Phthalocyanines and Porphyrins in Cells[END_REF][START_REF] Zhang | Recent Applications of Phthalocyanines and Naphthalocyanines for Imaging and Therapy[END_REF][START_REF] Ochsner | Light scattering of human skin: A comparison between zinc(II)phthalocyanine and photofrin II®[END_REF], and naphthalocyanines [START_REF] Zhang | Recent Applications of Phthalocyanines and Naphthalocyanines for Imaging and Therapy[END_REF] have been intensively studied, notably to modify their physicochemical properties or to be functionalized with biocompatible moieties to improve their specificity and selectivity. For instance, the center of these molecules can be metallated with a wide range of metal atoms. This chelation has been proven to improve the efficiency of the final molecule while reducing its side effects [START_REF] Ochsner | Light scattering of human skin: A comparison between zinc(II)phthalocyanine and photofrin II®[END_REF]. However, one of the main issues about these compounds is their tendency to aggregate, leading to a decrease of their efficiency [START_REF] Lim | Nanophotosensitizers toward advanced photodynamic therapy of Cancer[END_REF]. This is the reason why the development of nanocarriers such as silica nanoparticles [START_REF] Vivero-Escoto | Mesoporous Silica Nanoparticles Loaded with Cisplatin and Phthalocyanine for Combination Chemotherapy and Photodynamic Therapy in vitro[END_REF], dendrimers [START_REF] Militello | PAMAM dendrimers with a porphyrin core as highly selective binders of Li+ in an alkaline mixture. A spectroscopic study[END_REF], micelles [START_REF] Romero | Photophysical properties and photodynamic activity of a novel menthol-zinc phthalocyanine conjugate incorporated in micelles[END_REF],

and liposomes [START_REF] Carter | Sphingomyelin Liposomes Containing Porphyrin-phospholipid for Irinotecan Chemophototherapy[END_REF], was investigated to avoid their aggregation and to enhance their specific accumulation at the target site.

In particular, liposomes were used as PS nanocarriers that provide controlled release into the targeted area [START_REF] Damoiseau | Increase of the photosensitizing efficiency of the Bacteriochlorin a by liposome-incorporation[END_REF][START_REF] Temizel | Delivery of lipophilic porphyrin by liposome vehicles: Preparation and photodynamic therapy activity against cancer cell lines[END_REF][START_REF] Bovis | Improved in vivo delivery of m-THPC via pegylated liposomes for use in photodynamic therapy[END_REF][START_REF] Kirpotin | Antibody Targeting of Long-Circulating Lipidic Nanoparticles Does Not Increase Tumor Localization but Does Increase Internalization in Animal Models[END_REF][START_REF] Ytzhak | Lipid Composition Affects the Rate of Photosensitized Dissipation of Cross-Membrane Diffusion Potential on Liposomes[END_REF]. Damoiseau et al. [START_REF] Damoiseau | Increase of the photosensitizing efficiency of the Bacteriochlorin a by liposome-incorporation[END_REF] have used Bacteriochlorine a (BCA) as PS, and compared the amount of oxygen consumed by two samples: 1) one containing the BCA in a phosphate buffer, 2) and the other one, BCA incorporated inside the membrane of dimyristoyl phosphatidylcholine (DMPC) liposomes. The results were convincing since the consumption of oxygen was 9-fold higher for liposomes containing BCA compared to PS only. The authors concluded that the liposomes reduce the clustering of PS in aqueous solution, and consequently, a higher concentration of PS can be incorporated leading to a higher efficiency. Bovis et al. [START_REF] Bovis | Improved in vivo delivery of m-THPC via pegylated liposomes for use in photodynamic therapy[END_REF] have incorporated a second-generation PS, 5,10,15,20-tetrakis(3-hydroxyphenyl)chlorin (m-THPC), into liposomal nanocarriers containing PEG chains on their surface and compared to Foscan (i.e., the same PS in its standard formulation). The authors have administered both formulations to normal and tumor-bearing rats and examined the accumulation of PS in the tumor and normal tissues. They have demonstrated that the liposomal formulation has reduced the damages to surrounding normal tissues, and enhanced tumor uptake of PS thanks to the enhanced permeability and retention (EPR) effect. Liposomes can also be functionalized to enhance specificity to the targeted area. Indeed, Kirpotin et al. [START_REF] Kirpotin | Antibody Targeting of Long-Circulating Lipidic Nanoparticles Does Not Increase Tumor Localization but Does Increase Internalization in Animal Models[END_REF] have shown an increase of uptake in tumor tissue by binding monoclonal antibodies on the surface of liposomes.

LipoParticles are original core-shell lipid assemblies coming from the reorganization of several liposomes onto colloid surfaces [START_REF] Troutier | An overview of lipid membrane supported by colloidal particles[END_REF][START_REF] Wong | In vivo evaluation of a new polymer-lipid hybrid nanoparticle (PLN) formulation of doxorubicin in a murine solid tumor model[END_REF][START_REF] Hadinoto | Lipid-polymer hybrid nanoparticles as a new generation therapeutic delivery platform: A review[END_REF][START_REF] Mandal | Core-shell-type lipid-polymer hybrid nanoparticles as a drug delivery platform[END_REF][START_REF] Bose | Lipid-polymer hybrid nanoparticle-mediated therapeutics delivery: advances and challenges[END_REF][START_REF] Troutier | New Insights into Self-Organization of a Model Lipid Mixture and Quantification of Its Adsorption on Spherical Polymer Particles[END_REF][START_REF] Thevenot | Effect of the Polymer Nature on the Structural Organization of Lipid/Polymer Particle Assemblies[END_REF]. These assemblies combine the advantages of a solid polymer core (able to encapsulate a wide range of drugs, to control the size of the final assembly, to improve structural stability of the lipid membrane versus hollow liposomes) [START_REF] Español | Dual encapsulation of hydrophobic and hydrophilic drugs in PLGA nanoparticles by a single-step method: drug delivery and cytotoxicity assays[END_REF] with the biocompatibility of a lipid membrane envelop. LipoParticles are more and more under investigation in multiple fields such as vectorization of active compounds [START_REF] Mukherjee | Lipid-polymer hybrid nanoparticles as a next-generation drug delivery platform: state of the art, emerging technologies, and perspectives[END_REF][START_REF] Zhang | Self-Assembled Lipid-Polymer Hybrid Nanoparticles: A Robust Drug Delivery Platform[END_REF], transport of genetic materials [START_REF] Shi | Differentially Charged Hollow Core/Shell Lipid-Polymer-Lipid Hybrid Nanoparticles for Small Interfering RNA Delivery[END_REF], or even diagnostic contrast agent through imaging [START_REF] Mieszawska | Engineering of lipid-coated PLGA nanoparticles with a tunable payload of diagnostically active nanocrystals for medical imaging[END_REF][START_REF] Valencia | Single-Step Assembly of Homogenous Lipid-Polymeric and Lipid-Quantum Dot Nanoparticles Enabled by Microfluidic Rapid Mixing[END_REF]. More particularly in drug delivery, LipoParticles combine the ability to control drug release by degradation of polymer colloids and by diffusion barrier of the lipid shell [START_REF] Raemdonck | Merging the best of both worlds: hybrid lipid-enveloped matrix nanocomposites in drug delivery[END_REF][START_REF] Tan | Lipid-enveloped hybrid nanoparticles for drug delivery[END_REF][START_REF] Krishnamurthy | Lipid-coated polymeric nanoparticles for cancer drug delivery[END_REF][START_REF] Rao | Polymer-lipid hybrid systems: merging the benefits of polymeric and lipid-based nanocarriers to improve oral drug delivery[END_REF][START_REF] Hallan | Lipid polymer hybrid as emerging tool in nanocarriers for oral drug delivery[END_REF]. Furthermore, as for liposomes, the lipid biomimetic membrane [START_REF] Weingart | Membrane mimetic surface functionalization of nanoparticles: Methods and applications[END_REF] can be functionalized by hydrophilic PEG chains and conjugated ligands, improving their colloidal stability, prolonging their circulation half-time, and providing them a targeting property. LipoParticles have already been extensively studied by some of us, using different polymer cores such as poly(lactic acid) (PLA) [START_REF] Thevenot | Steric Stabilization of Lipid/Polymer Particle Assemblies by Poly(ethylene glycol)-Lipids[END_REF][START_REF] Chan | Spatiotemporal controlled delivery of nanoparticles to injured vasculature[END_REF][START_REF] Yi | Single-step assembly of polymer-lipid hybrid nanoparticles for mitomycin C delivery[END_REF], poly(lactic-co-glycolic acid) (PLGA) [START_REF] Hitzman | Development of a respirable, sustained release microcarrier for 5-fluorouracil I: In vitro assessment of liposomes, microspheres, and lipid coated nanoparticles[END_REF][START_REF] Li | Bypassing multidrug resistance in human breast cancer cells with lipid/polymer particle assemblies[END_REF], and polystyrene [START_REF] Troutier | Physicochemical and Interfacial Investigation of Lipid/Polymer Particle Assemblies[END_REF], and for many envisioned biomedical applications (as vectors for mRNA transfection [START_REF] Ayad | LipoParticles: Lipid-Coated PLA Nanoparticles Enhanced In Vitro mRNA Transfection Compared to Liposomes[END_REF], as innovative standards for dSTORM microscopy [START_REF] Provost | Innovative particle standards and long-lived imaging for 2D and 3D dSTORM[END_REF], or as supports for cancer therapy [START_REF] Li | Drug-Loaded Lipid-Coated Hybrid Organic-Inorganic "Stealth" Nanoparticles for Cancer Therapy[END_REF]).

As far as PDT is concerned, to the best of our knowledge, only a few articles describe the use of LipoParticles [START_REF] Schloßbauer | Cascaded Photoinduced Drug Delivery to Cells from Multifunctional Core-Shell Mesoporous Silica[END_REF][START_REF] Yang | Lipid coated mesoporous silica nanoparticles as photosensitive drug carriers[END_REF][START_REF] Pramual | Polymer-lipid-PEG hybrid nanoparticles as photosensitizer carrier for photodynamic therapy[END_REF][START_REF] N'diaye | Hybrid Lipid Polymer Nanoparticles for Combined Chemo-and Photodynamic Therapy[END_REF][START_REF] Yao | Photoresponsive lipid-polymer hybrid nanoparticles for controlled doxorubicin release[END_REF][START_REF] Thakur | Co-administration of zinc phthalocyanine and quercetin via hybrid nanoparticles for augmented photodynamic therapy[END_REF][START_REF] Pramual | Overcoming the diverse mechanisms of multidrug resistance in lung cancer cells by photodynamic therapy using pTHPP-loaded PLGA-lipid hybrid nanoparticles[END_REF]. N'Diaye et al. [START_REF] N'diaye | Hybrid Lipid Polymer Nanoparticles for Combined Chemo-and Photodynamic Therapy[END_REF] have developed a poly(D,L)-lactide nanoparticle coated with a phospholipid membrane (1-palmitoyl-2-oleoyl-sn-glycero-3phosphocholine/1,2-dioleoyl-3-trimethylammonium-propane POPC/DOTAP). An anticancer drug (beta-lapachone) and a PS (m-THPC) were incorporated into the assembly. Analysis of the combinatorial treatment by these assemblies has shown that PDT and chemotherapy had an additive effect on the viability of retinoblastoma cells. LipoParticles are successfully used by Pramual et al. [START_REF] Pramual | Overcoming the diverse mechanisms of multidrug resistance in lung cancer cells by photodynamic therapy using pTHPP-loaded PLGA-lipid hybrid nanoparticles[END_REF] as nanocarriers of a porphyrin derivative to enhance its local phototoxicity as a treatment of lung cancer. Herein, the authors also underline the possibility of delivering other non-PDT drugs in such assemblies (in comparison with liposomes) to boost the effect of the therapy.

Here, we report a study about the elaboration and the characterization of photoresponsive lipid membranes incorporating a PS, Al(III) phthalocyanine chloride disulfonic acid (AlPcS2). AlPcS2 is a commercial phthalocyanine substituted with two sulfonate groups on phenyl rings to improve its amphiphilic behavior and its interactions with lipid membranes. Indeed, AlPcS2 is prone to localize inside the lipid membranes due to its apolar part interacting with the lipid hydrophobic area, and its hydrophilic part outside the lipid membranes. The photoresponsive property of resulting lipid membranes is studied herein in two different systems: liposomes and LipoParticles (see their schematic representation in Figure 1). The main objective of this work is to demonstrate that the incorporation of AlPcS2 into lipid bilayers leads to the release of incorporated (macro)molecules after UV irradiation.

For this purpose, 5(6)-carboxyfluorescein (CF) was encapsulated in liposomes as fluorescent dye to demonstrate the efficiency of AlPcS2 to destabilize the lipid membrane upon exposure to irradiation. Then, the lipid system was complexified by replacing the aqueous cavity of liposomes by a rigid polymer core in order to elaborate LipoParticles, and to benefit from their stability and interesting drug delivery ability in a further biomedical application.

Therefore, the objective of this work is to demonstrate the feasibility of triggering the release of a drug from LipoParticles by photoirradiation. To this end, bovine serum albumin conjugated with fluorescein isothiocyanate (BSA-FITC) incorporated into the PLGA core simultaneously plays the role of a bulky compound of interest and a fluorescent probe dye. Since long, BSA was investigated as a model macromolecule prone to be encapsulated in PLGA nanoparticles and released in a controlled fashion [START_REF] Gref | PEG-Coated Nanospheres: Surface Optimization and Therapeutic Applications[END_REF][START_REF] Quellec | Protein encapsulation within polyethylene glycol-coated nanospheres. I. Physicochemical characterization[END_REF][START_REF] Quellec | Protein encapsulation within poly(ethylene glycol)-coated nanospheres. II. Controlled release properties[END_REF]. However, no studies dealt yet with BSA release upon irradiation. 

Experimental part

Materials. Avanti lipids (1,2-dioleoyl-sn-glycero-3-phosphate DOPA, 1,2-dioleoyl-3trimethylammonium propane DOTAP, 1,2-dioleoyl-sn-glycero-3-phosphocholine DOPC), sodium carbonate (Na2CO3), CF, and BSA-FITC (see chemical structures of CF and BSA-FITC in Figure 2) were provided by Sigma-Aldrich. Sodium bicarbonate (NaHCO3) was purchased from CARLO ERBA Reagents S.A.S. AlPcS2 (see its chemical structure in Figure 2) was purchased at Frontier Scientific (and diluted at a 3 g/L concentration in water/ethanol 97/3 v/v).

Nonpyrogenic sterile water was supplied by Aguettant laboratory. The 50:50 PLGA copolymer (glycolic: lactic units molar ratio), carboxy terminated (EXPANSORB 10P019) was kindly donated by Sequens (Expansorb, Aramon, France). Poly (vinyl alcohol) (PVA) (30 000-70 000 g/mol, 88% hydrolyzed) and anhydrous dichloromethane (DCM) were obtained from Sigma-Aldrich. Elaboration of BSA-FITC-loaded PLGA nanoparticles. BSA-FITC-loaded PLGA and 160 empty PLGA nanoparticles were prepared by an emulsification method using PVA as an emulsifier. Firstly, 0.2 mL of an aqueous phase containing BSA-FITC (150 mg/mL) in 1 mL of DCM containing PLGA (75 mg) was sonicated for 15 s using a probe (Sonopuls HD 2070, Bandelin electronic GmbH & Co, Berlin, Germany). Then, 5 mL of the PVA solution (0.5 % w/v) was added, followed by another sonication step for 30 s in an ice bath to avoid overheating.
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The organic solvent was allowed to evaporate at room temperature under gentle magnetic stirring, leading to nanoparticle formation. The loading of BSA-FITC (6.3 ± 0.3 %) was determined by centrifuging the nanoparticles (17 000 g for 15 min), recovering the supernatants, followed by the evaluation of the nonencapsulated BSA-FITC by fluorescence spectroscopy (λexcitation = 485 nm, λemission = 528 nm).

Elaboration of photoresponsive liposomes. Photoresponsive liposomes were prepared following the Bangham method [START_REF] Bangham | Diffusion of univalent ions across the lamellae of swollen phospholipids[END_REF]. Briefly, lipids (DOPA, DOTAP and DOPC, depending on the lipid formulation used) were dissolved in chloroform, and a volume of PS in water/ethanol 97/3 v/v was added to obtain a final PS concentration in liposome suspension of 0.1 mM. The solvent was then removed by rotary evaporation under reduced pressure (reduction of 200 mbar every 10 minutes and left 20 min at 200 mbar) leading to a homogeneous thin lipid film. Large multilamellar liposomes were obtained by adding 1 mL of CF solution at 50 mM in a carbonate Na2CO3/NaHCO3 pH=9.2 buffer for liposomes, or 1 mL of distilled sterile water for liposomes used to produce LipoParticles. The final total lipid concentration was 10 mM for the two lipid formulations tested (DOPC/DOTAP 90/10 mol./mol., and DOPC/DOPA 90/10 mol./mol.). These liposomal suspensions were stirred for 20 min at 60°C. This temperature was chosen to be above the phase transition temperature, Tm, of lipids (Tm DOPC = -17°C, Tm DOPA = -4°C and Tm DOTAP = <5°C) [START_REF]Biophysical and lipofection studies of DOTAP analogs[END_REF]61]. Finally, a suspension of large unilamellar liposomes was obtained by extrusion of the previous multilamellar liposome suspension through a calibrated polycarbonate membrane (11 back-and-forth passes) with a pore diameter of 100 nm for liposomes and 200 nm for liposomes used for LipoParticles. The extrusion process was carried out at 71°C, and away from the light to protect the photoresponsive and fluorescent compounds.

Once developed, the liposomes were stored at 4°C. A dialysis step of all the liposomes containing CF molecules (i.e., for only the photoresponsive liposome study) was finally realized to remove all the free CF molecules not encapsulated in the liposomes. To this end, the liposomal suspensions were transferred in a dialysis bag (MWCO= 12-14 kDa) immersed in a carbonate buffer 50 mM (Na2CO3, NaHCO3) at pH 9.2 (dialysate = 2.5 L).

Elaboration of photoresponsive LipoParticles. LipoParticles were prepared by adding preformed liposomes (DOPC/DOTAP 10/90 mol./mol.) to the PLGA/BSA-FITC particle suspension (with a final solid content of 0.2 % and a Av/Ap ratio of 5, see below the definition of this ratio). The mixture was stirred at 900 rpm for 1h at 20°C or 50°C.

Determination of the PS incorporation proportion in photoresponsive liposomes.

The suspension of AlPcS2 photoresponsive liposomes was transferred in a dialysis bag immersed in water (dialysate -60 mL) in order to study the amount of AlPcS2 incorporated into the liposomes. The dialysis bag (MWCO= 12-14 kDa) was directly prepared (i.e., rinsed and hydrated) in a water solution. The AlPcS2 solution was diluted in water in equal proportion to the formulation so as to assess the maximum fluorescence intensity. Fluorescence intensity of the liposome dialysate were determined by fluorescence spectroscopy with the following parameters (λexcitation = 674 nm, λemission = 748 nm). For this analysis, liposomes were prepared without CF molecules to avoid any fluorescence interference.

Characterization by Dynamic Light Scattering (DLS).

The mean hydrodynamic diameters (Dh) and the mean size distributions (PDI) were determined at 25°C by DLS (Zetasizer 3000 HS, Malvern Instruments, UK). The measurement angle was 173°, the laser was of He-Ne type operating at 633 nm, and the solvent reactive index and viscosity at 25°C were respectively, 1.33 and 0.8904 cP. The PDI value is a dimensionless measure of the distribution broadness (defined by µ2/<Γ> 2 , where µ2 is the second cumulant of correlation function fitted by the cumulants analysis and <Γ> is the average decay rate). For a monodisperse sample, the PDI value should theoretically be zero. In practice, a PDI value for a "monodisperse" latex lies between 0 and 0.05 [START_REF] Coombes | Resorbable polymeric microspheres for drug deliveryproduction and simultaneous surface modification using PEO-PPO surfactants[END_REF]. The PDI value can be considered to have lost its significance for values above 0.15, but below a value of 0.5 useful comparison between samples can be made. For analysis, 20 µL of samples were diluted in 980 µL of deionized water. Typically, three independent measurements were recorded to obtain the mean hydrodynamic diameters and mean size distributions.

Characterization by zetametry.

The electrophoretic mobility values of suspensions of particles, liposomes and LipoParticles were measured at 25°C using a Zetasizer 3000 HS apparatus (Malvern Instruments, U.K.) Electrophoretic mobility (µe) was converted to zeta potential (ζ) according to Smoluchowski's equation:

µ 𝑒 = 𝜖 𝑜 𝜖 𝑟 𝜂 𝜁
Where η, ϵ0 and ϵr are the medium viscosity, permittivity of vacuum, and relative permittivity, respectively. 20 µL of samples were diluted in 980 µL of deionized water. Three independent measurements were recorded to obtain an average zeta potential value. Set up of UV irradiation. After synthesis, the liposome or LipoParticle suspensions were subjected to UV irradiation to trigger their CF and BSA-FITC cargo release, respectively. Note that an UV light (instead of a red light) was chosen in this work because it is practically more useful since the irradiance from conventional light sources emitting UV/blue light is much higher than red light. UV light was produced at a power flux density of 50 mW/cm², a wavelength between 300 and 400 nm using a DYMAX BLUEWAVE 200 system and transmitted to the sample through an optical fiber of 8 mm diameter. 2x700 µL of liposomes or LipoParticles (directly after elaboration, not diluted) were disposed in two quartz cells of 1 cm² (700 µL in each cell) placed in an ice bath to avoid evaporation during irradiation, and under a magnetic stirring. One of two cells (= reference sample, non-irradiated sample) was covered to be isolated from UV irradiation. The UV light system was then turned on for 1200 s which corresponds to a dose of 6x10 -5 J/cm². When the samples are irradiated for 5 min, they receive a UV dose of 1.5x10 -5 J/cm². After irradiation, the samples were collected and divided in equivalent volumes of 100 µL and left in eppendorfs under rotative stirring at room temperature to prevent any aggregation.

Characterization by transmission electron microscopy (TEM

Results and Discussion

The work presented herein describes the elaboration, the characterization in terms of morphology, size, and surface charge of photoresponsive liposomes. The assessment of their photoresponsive property is detailed by measuring the release, after an UV irradiation, of CF encapsulated in their aqueous cavity. Based on these results, the elaboration of a more complex and original system, photoresponsive LipoParticles from these liposomes, is then examined.

Their characterization to confirm the lipid modification of the PLGA particle surface, and their photoresponsive property, by determining the release upon UV exposure of BSA-FITC, is discussed. For both systems, the photoresponsiveness is provided by using the same PS, Al(III) phtalocyanine chloride disulfonic acid (AlPcS2), incorporated into their lipid membrane.

Elaboration, characterization of photoresponsive liposomes, and study of their photoresponsive property

Elaboration of photoresponsive liposomes

As mentioned before, the photoresponsive liposomes used for this study were constituted of a mixture of lipids. They were composed of DOPC/DOTAP 90/10 mol/mol or DOPC/DOPA 90/10 mol/mol. Both lipid formulations incorporate AlPcS2 and encapsulate fluorescent CF molecules in their aqueous cavity. These liposomes were prepared following the Bangham's method [START_REF] Bangham | Diffusion of univalent ions across the lamellae of swollen phospholipids[END_REF]. Briefly, lipids were dissolved in chloroform and stirred at 60°C, above the phase transition temperature of lipids. AlPcS2 was added to the lipid solution in chloroform. The solvent was then slowly removed by reducing the pressure, and a lipid film was formed on the flask wall. During this evaporation step, PS is supposed to be inserted in the lipid membrane due to hydrophobic interactions [START_REF] Kuntsche | Temoporfin-loaded liposomes: Physicochemical characterization[END_REF]. Then, the resulting film was hydrated by using a CF solution at 50 mM in a carbonate (Na2CO3/NaHCO3) buffer pH 9.2, and an extrusion step of the resulting multilamellar liposome suspension was performed to reduce and homogenize size of final liposomes. Simultaneously, the same liposomes, without PS, were elaborated as references.

Characterization of photoresponsive liposomes

After their synthesis, a characterization of photoresponsive liposomes was carried out.

Firstly, the proportion of PS molecules incorporated in them was determined. To this end, photoresponsive liposomes (i.e., with PS and a DOPC/DOTAP 90/10 mol/mol formulation) elaborated in water were dialyzed against water. The fluorescence intensity, measured at a λexcitation of 674 nm, and at λemission of 748 nm, of dialysate was compared to the fluorescence intensity of a reference PS solution in water (i.e., with a PS concentration corresponding to the hypothesis that all the PS molecules would be released in the dialysate from the liposomal suspension). The fluorescence intensity of dialysate was found to be equal to only 23 arbitrary units, while the one of the equivalent PS solution was 53 163 arbitrary units after 3 090 min (more than 2 days) of dialysis. This analysis shows that the PS molecules remain inside liposomes during the process of elaboration (they are not released), and that the PS incorporation proportion is very satisfactory since equal to 99.96 %.

Secondly, to examine if PS loading in the liposomes could impact the liposome morphology, a TEM observation, and a determination of the size and size distribution of photoresponsive liposomes were achieved by using DLS. The image obtained by TEM (Figure 3) of photoresponsive liposomes (i.e., containing the PS molecules) showed, as expected, a spherical morphology, and an average size of 118 ± 10 nm (average obtained with the ImageJ software).

It can be noted that this average size is consistent with the pore diameter of the membrane used for the extrusion step (carbonate membrane porosity of 100 nm). Furthermore, this average size measured from the TEM image was in good correlation with the DLS analysis since an average size (= average hydrodynamic diameter) of 127 ± 2.1 nm was obtained for liposomes containing PS molecules. In comparison, a very similar average size was measured for reference liposomes, without PS (124 ± 1.2 nm). Note that the very low difference in average size between the TEM observation (118 ± 10 nm) and DLS analysis (126.9 ± 2.1 nm) could be explained by a different calculation methodology between both techniques to get the average diameter. An intensity average diameter is obtained by DLS while a number average diameter in TEM. Regarding the size distribution of considered liposomes, the TEM image (Figure 3) and its PDI value display a narrow distribution (PDI = 0.044 ± 0.002 for liposomes containing PS, and 0.076 ± 0.013 for liposomes without PS). About zeta potential, a value was found to be equal to + 36.2 ± 2.0 mV, and could be explained by the presence of 10% mol. of cationic DOTAP in the lipid formulation. For comparison, the zeta potential value of PS-free liposomes is equivalent (+ 29.7 ± 5.5 mV).

µm 100 nm

In a nutshell, the incorporation of PS molecules in liposomes was efficient, and did not modify their morphology, size and size distribution, as well as zeta potential. As previously discussed, the advantage of lipid membranes is to avoid phthalocyanine aggregation [START_REF] Huang | Phthalocyanine-based coordination polymer nanoparticles for enhanced photodynamic therapy[END_REF].

Study of CF release from photoresponsive liposomes after irradiation

Once the photoresponsive liposomes were successfully synthesized and characterized, their photoresponsive behavior was investigated by applying an irradiation to the suspensions, and by assaying the release of entrapped CF molecules over the time. Indeed, UV irradiation of the liposomes is expected to activate the PS molecules contained in their lipid membrane, leading to the breaking of this membrane with a release of CF molecules encapsulated in the aqueous cavity of liposomes. This liposomal encapsulation of CF molecules was carried out using a 50 mM CF solution in a pH=9.2 buffer to hydrate the lipid film. A dialysis step (with a 12-14 kDa dialysis bag) was performed on the final liposomal suspension to ensure that all free (nonencapsulated) CF molecules were removed from the photoresponsive liposome suspension (and from the non-photoresponsive liposome suspension as reference) after their elaboration. The release of these released CF molecules was quantified by CF fluorescent assays with a λexcitation at 492 nm and a λemission at 518 nm, and by using a calibration curve.

The UV irradiation treatment of suspensions was achieved for 20 min using a UV lamp (with wavelengths between 300 and 400 nm, a power flux density of 50 mW/cm²). Noteworthy, ex vivo studies were carried on to mimic the skin exposure to 100 day UV irradiation at 16 J/cm² [START_REF] Saguie | An ex vivo model of human skin photoaging induced by UVA radiation compatible with summer exposure in Brazil[END_REF]. This amount was harmful, however, in the present study the exposure was at 6.10 -5 J/cm² only. Figure 4A shows the evolution of the fluorescence intensity of cationic (DOPC/DOTAP 90/10 mol/mol) photoresponsive liposomes after this irradiation treatment. For comparison, the fluorescence intensity of same liposomes but without an irradiation treatment is also shown in Figure 4A. Unfortunately, this figure shows no difference between both suspensions. The absence of CF release for the cationic photoresponsive liposome formulation, despite the UV irradiation, could be explained by strong ionic attractive interactions between the cationic DOTAP lipids (bearing a trimethylammonium moiety in their polar head) and the anionic CF molecules (bearing a carboxylate group). Thus, the fluorescent CF molecules could stay attached on the lipid membrane by adsorption.

Based on this undesirable result, anionic (DOPC/DOPA 90/10 mol/mol) photoresponsive liposomes were synthesized and tested under the same irradiation conditions (Figure 4B). In this case, a CF release was observed after UV irradiation. To examine if a repetitive irradiation could improve the CF release from these photoresponsive liposomes (DOPC/DOPA 90/10 mol/mol), three successive irradiations were performed. Figure 4C demonstrates that each irradiation leads to a supplementary CF release, proving the photoresponsiveness of liposomes.

This increased effect with successive irradiations could be explained by the presence of photoresponsive liposomes which were not activated after the first irradiation. It is very likely that after a single exposure, many liposomes did not receive enough energy to trigger all the PS molecules, and destabilize all the lipid membranes. With successive irradiations, the remaining liposomes are also concerned. Since multiple successive irradiations are proven to be efficient, the irradiation duration could be reduced to allow multiple shorter triggers. This behavior could be of interest for PDT since these repeated successive irradiations could ensure a sustained release of the content of the cargos injected in the pathologic area with a reduced light exposure. These encouraging results showed that the insertion of AlPcS2 molecules as PS in the liposome lipid membranes conferred them the ability to respond to UV irradiation and to release their cargo from their aqueous cavity. Further studies will be necessary to unravel the release mechanism, but this was not the main goal of this paper.

To go even further in the proof of concept, these photoresponsive lipid membranes were adsorbed and reorganized on the surface of polymer particles to examine if their photo-property can remain intact in the resulting systems, the LipoParticles. Indeed, as explained in the Introduction, LipoParticles have many advantages in comparison with liposomes for drug delivery applications.

Elaboration, characterization of photoresponsive LipoParticles, and study of their photoresponsive property

Elaboration of photoresponsive LipoParticles

Photoresponsive LipoParticles were prepared by mixing photoresponsive liposomes with biodegradable PLGA particles incorporating a protein conjugated to a fluorescent molecule (BSA-FITC). The PLGA nanoparticles of around 300 nm were prepared according to a previously published protocol [START_REF] Ural | Compartmentalized Polymeric Nanoparticles Deliver Vancomycin in a pH-Responsive Manner[END_REF]. Concerning the lipid formulation of photoresponsive liposomes used to elaborate these LipoParticles, we have decided to select a highly cationic one (i.e., with 90% mol. of DOTAP lipids, instead of 10% used in the first part of this paper) in order to favor the lipid membrane reorganization onto the anionic PLGA particle surface (due to carboxylic acid end-groups of PLGA chains). Indeed, we have previously demonstrated that the elaboration of LipoParticles was mainly conducted by electrostatic attractions between positively charged liposomes and the anionic surface of particles [START_REF] Thevenot | Effect of the Polymer Nature on the Structural Organization of Lipid/Polymer Particle Assemblies[END_REF]. The conditions of "liposomes/polymer particles" mixing was 1h at 20°C or 50°C in pure water. Furthermore, as demonstrated in previous papers, another crucial experimental parameter in the elaboration of LipoParticles is Av/Ap ratio, representing the proportion between the total surface of liposomes and the particle one. In order to ensure a fully coating of PLGA nanoparticles by lipids, this ratio was chosen here equal to 5 (consequently, a surface excess of liposomes was used). To achieve optimal photoresponsive LipoParticles, the initial concentration of PS in photoresponsive DOPC/DOTAP 10/90 mol/mol liposomes, used to elaborate LipoParticles, was optimized, and this optimization will be further presented in this paper. The optimal PS concentration was found to be 0.1 mM.

Characterization of photoresponsive LipoParticles

After their elaboration, a characterization of synthesized photoresponsive LipoParticles was performed. First, the lipids on the lipid modification of the surface of PLGA particles was confirmed by inversion of zeta potential value after the lipid reorganization onto the polymer particle surface. Indeed, Table 1 shows that the zeta potential value of PLGA particles is respectively -14 mV and + 20 mV for the non-photoresponsive (without PS) and photoresponsive (with PS) LipoParticles. Concerning the size and size distribution of LipoParticles, they were determined by DLS (Table 1). Those LipoParticles are similar to the PLGA particle ones (size ca 310 nm, PDI ca 0.22), demonstrating that the elaboration of LipoParticles did not lead to an aggregation. However, note that the size of all the LipoParticles was slightly smaller than the PLGA cores' one. This could be explained by the presence of small liposomes (size of ca 110 nm) in excess in the mixture (Av/Ap = 5), and their impact on the measurement of the final average size of the mixture. Furthermore, Table 1 shows that there is no influence of the elaboration temperature on the size and size distribution of LipoParticles (size ca 310 nm and PDI of ca 0.22, respectively). LipoParticles was achieved by using sodium silico tungstate (1 % w/v) as contrast agent (Figure 5). The obtained TEM images confirm the size of LipoParticles estimated by DLS (approximately 310 nm) and display the lipid coating of the PLGA particle surface (indicated by the white arrows). 

Optimization of the initial PS concentration in LipoParticles

To achieve optimal photoresponsive LipoParticles, the initial concentration of PS in photoresponsive DOPC/DOTAP 10/90 mol/mol liposomes, employed to elaborate LipoParticles, was optimized. To this end, BSA-FITC was incorporated into PLGA particles themselves coated with a DOPC/DOTAP 10/90 mol/mol membrane (see the representation on the right of Figure 1), and different initial PS concentrations (0.01, 0.05, 0.1, 0.3 mM) were tested on the release of this incorporated BSA-FITC after an UV irradiation (during 20 min, at 300-400 nm, and with a power flux density of 50 mW/cm 2 ). To determine the amount of BSA-FITC released, a centrifugation step was carried out immediately after UV irradiation, and the fluorescence intensity of released BSA-FITC was measured in the supernatant. This intensity was then converted into a BSA-FITC concentration by using a calibration curve. Finally, in order to get a percentage of released BSA-FITC, this concentration was divided by the BSA-FITC concentration measured by the same way before the irradiation. The results are shown in Figure 6. Based on this result, the PS concentration in further experiments was chosen at 0.1mM.

Study of the BSA-FITC release from photoresponsive LipoParticles

Once characterized, the LipoParticles were then irradiated under the same conditions as the liposomes in the first part of this paper (i.e., by using an UV lamp at 300-400 nm, with a power 

flux

Study of the UV irradiation duration on the BSA-FITC release from LipoParticles

In order to have an idea of the sensitivity of the photoresponsiveness demonstrated for the LipoParticles, the duration of irradiation was reduced from 20 min to 5 min (Figure 8). The result shows that this sensitivity is relatively high since only 5 min of UV irradiation (instead of 20 min) are sufficient to achieve up to 30% of released BSA-FITC from photoresponsive LipoParticles. 

Long-term release of BSA-FITC from LipoParticles after UV irradiation

Finally, a long-term analysis of the release of BSA-FITC macromolecules from photoresponsive LipoParticles was also performed during three weeks after the UV irradiation.

To this end, the photoresponsive LipoParticles containing BSA-FITC were irradiated with the same process as previously described and kept under a rotational stirring during three weeks at room temperature. The fluorescence intensity of the BSA-FITC in the supernatants after centrifugation of LipoParticles was measured every three days (Figure 9). 

Conclusion

In this work, a photoresponsiveness property has been provided to liposomes and LipoParticles (i.e., polymer particles coated with a lipid membrane) by inserting in their lipid membrane a commercial amphiphilic AlPcS2, a photosensitizer agent already studied for photodynamic therapy applications. The efficiency of release of (macro)molecules from these both systems under an UV triggering was assessed by fluorescent spectroscopy of fluorescent CF molecules encapsulated in 110 nm-sized liposomes, and fluorescent BSA-FITC macromolecules incorporated in 300 nm-sized LipoParticles.

The elaboration of these photoresponsive liposomes was achieved by a hydration step of a lipid film, incorporating PS (AlPcS2) molecules, with an aqueous CF solution, followed by an extrusion step with a 100 nm-sized carbonate membrane. The AlPcS2 PS was efficiently incorporated in the lipid membranes, with yields close to 100%. Upon UV irradiation, the incorporated CF molecules were only released from the anionic liposomes, but not from the cationic ones. This was explained on the basis of electrostatic interactions between the cationic DOTAP lipids and anionic CF probes, preventing their release after UV irradiation.

Moreover, it was shown that repeated UV irradiation led to an increase of CF release from anionic photoresponsive liposomes.

Secondly, photoresponsive LipoParticles were prepared by mixing anionic PLGA particles with highly cationic liposomes (DOPC/DOTAP 10/90 mol/mol) to favor the electrostatic attractive interactions between both species. The lipid coating was proven by the inversion of zeta potential of anionic PLGA particles after their cationic lipid modification, and by TEM images showing a lipid membrane around the PLGA particles. The triggered release of BSA-FITC incorporated in LipoParticles after irradiation was demonstrated by fluorescence measurements, providing the proof of concept of photoresponsive LipoParticles. The amount of PS in liposomes was optimized to achieve a high amount of BSA-FITC release . Furthermore, it was shown that a mixing temperature during LipoParticles elaboration of 20°C was better than 50°C, and that a UV irradiation duration of 5 min was sufficient to trigger the release of BSA-FITC. Finally, a long-term (three weeks) analysis of the release of BSA-FITC macromolecules from photoresponsive LipoParticles was performed and showed a sustained BSA-FITC release after irradiation. In conclusion, this work provides the proof-of-concept of photoresponsiveness of liposomes and LipoParticles by inserting PS molecules in their lipid membrane. Our results show the feasibility to trigger release using an UV light. However, this is highly energetic and has the inconvenient to poorly penetrate tissues. Further investigations should be focused on the possibility to trigger release using red light, which is more clinically relevant. Indeed, phtalocyanines in our system are known to be triggered using red light irradiation. In addition, further studies will be focused on the understanding of the mechanism of breaking of lipid membranes containing PS under irradiation treatment.
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Figure 1 .

 1 Figure 1. Schematic representation of two photoresponsive lipid membrane systems studied in this work (not scaled): a lipid membrane with an aqueous cavity in its center (liposome, left) or with a polymer particle (LipoParticle, right). In the both, photosensitizer agent (PS) molecules were inserted inside the lipid membrane, and a fluorescent probe (5(6)-carboxyfluorescein, CF, for the liposomes, and bovine serum albumin conjugated with fluorescein isothiocyanate, BSA-FITC, for the LipoParticles) were incorporated in their center to monitor their release upon an irradiation exposure.

Figure 2 .

 2 Figure 2. Chemical structures of PS and fluorescent probes used in this work.

Figure 3 .

 3 Figure 3. TEM image of photoresponsive liposomes DOPC/DOTAP + PS (90/10 mol/mol + 0.1 mM) contrasted with sodium silico tungstate (1 % w/v).

Figure 4 .

 4 Figure 4. Effect of the lipid formulation of photoresponsive liposomes, and the irradiation on the release of CF encapsulated inside photoresponsive liposomes: ◼ irradiated samples, ◆ non-irradiated samples. (A) Liposomes composed of DOPC/DOTAP + PS (molar ratio of 90/10 with 10 mM in lipids+ 0.1 mM PS. (B) Liposomes composed of DOPC/DOPA + PS (molar ratio of 90/10 with 10 mM in lipids + 0.1 mM PS). (C) Liposomes composed of DOPC/DOPA + PS at 10 mM (molar ratio of 90/10 + 0.1 mM of PS) with repeated successive irradiations. These measurements were achieved on dialyzed liposomes to remove all the non-encapsulated CF. Conditions of UV irradiation: during 20 min, at 300-400 nm, with a power flux density of 50 mW/cm². Conditions of the fluorescent CF analysis: λexcitation = 492 nm, λemission = 518 nm.

Figure 5 .

 5 Figure 5. TEM images of BSA-FITC/PLGA particles (on the left), and corresponding DOPC/DOTAP 10/90 mol/mol + 0.1 mM PS LipoParticles (on the right). All the samples were contrasted by using sodium silico tungstate (1 % w/v). White arrows point out the presence of lipid membranes on the PLGA particle surfaces. Scale bars are 300 nm.

Figure 6 .

 6 Figure 6. Effect of the initial PS concentration in liposomes on the percentage of released BSA-FITC from DOPC/DOTAP 10/90 mol/mol LipoParticles based on PLGA particlesincorporating BSA-FITC. For this experiment, LipoParticles were achieved by mixing photoresponsive liposomes containing PS at different concentrations and particles during 1 h at 20°C. The determination of the amount of BSA-FITC released was carried out after a centrifugation step immediately after UV irradiation. The fluorescence intensity of released BSA-FITC was measured in the supernatant. This intensity was then converted into a BSA-FITC concentration by using a calibration curve. Finally, in order to obtain a percentage of released BSA-FITC, this concentration was divided by the BSA-FITC concentration measured by the same way before the irradiation. Conditions of UV irradiation: during 20 min, at 300-400 nm, with a power flux density of 50 mW/cm². Conditions of fluorescent BSA-FITC analysis: λexcitation = 485 nm, λemission = 528 nm.
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 79 Figure7shows that UV irradiation treatment leads to a release of BSA-FITC

Figure 7 .

 7 Figure7. Effect of the temperature of "liposomes/particles" mixing during the elaboration process of LipoParticles on the BSA-FITC release from photoresponsive DOPC/DOTAP 10/90 mol/mol + PS 0.1 mM LipoParticles after an UV irradiation. Elaboration of LipoParticles achieved 1h at 50°C (A), or 1h at 20°C (B). The determination of the amount of BSA-FITC released was carried out after a centrifugation step immediately after UV irradiation. The fluorescence intensity of released BSA-FITC was measured in the supernatant. This intensity was then converted into a BSA-FITC concentration by using a calibration curve. Finally, in order to obtain a percentage of released BSA-FITC, this concentration was divided by the BSA-FITC concentration measured by the same way before the irradiation. Conditions of UV irradiation: during 20 min, at 300-400 nm, with a power flux density of 50 mW/cm². Conditions of fluorescent BSA-FITC analysis: λexcitation = 485 nm, λemission = 528 nm. ◼ irradiated photoresponsive LipoParticles, ▲ non-irradiated photoresponsive LipoParticles. All the concentrations were divided by the initial concentration of BSA-FITC in the non-irradiated LipoParticles to get a percentage of release.

Figure 8 .

 8 Figure 8. Effect of the UV irradiation duration on the BSA-FITC release from photoresponsive DOPC/DOTAP 10/90 mol/mol + PS 0.1 mM LipoParticles (elaborated 1h at 20°C) after an UV irradiation during 5 min (•), 20 min (◼), or without UV irradiation treatment (▲). Conditions of UV irradiation: at 300-400 nm, with a power flux density of 50 mW/cm². The determination of the amount of BSA-FITC released was carried out after a centrifugation step immediately after UV irradiation. The fluorescence intensity of released BSA-FITC was measured in the supernatant. This intensity was then converted into a BSA-FITC concentration by using a calibration curve. Finally, in order to obtain a percentage of released BSA-FITC, this concentration was divided by the BSA-FITC concentration measured by the same way before the irradiation. Conditions of fluorescent BSA-FITC analysis: λexcitation = 485 nm, λemission = 528 nm. All the concentrations were divided by the initial concentration of BSA-FITC in the nonirradiated LipoParticles to get a percentage of release.

FITC

  Figure9again displays a higher BSA-FITC release from irradiated LipoParticles than those from nonirradiated ones. Three weeks (or 21 days) after UV irradiation, more than 50 % of the BSA-macromolecules are released from irradiated LipoParticles against 25 % from nonirradiated LipoParticles. The release of BSA-FITC macromolecules from the non-irradiated LipoParticles could be explained by a breaking with the time of the lipid membrane adsorbed on the PLGA particles. Nevertheless, a plateau seems to appear after one week for these nonirradiated LipoParticles, while a sustained long-term BSA-FITC release occurs for irradiated LipoParticles even three weeks after UV irradiation. This could mean that a part of the BSA-FITC macromolecules is somehow in interaction with the network of PLGA chains, without any possible exterior photo-irradiation triggering, they stay inside the LipoParticles. In contrast, when the photoresponsive LipoParticles are irradiated, those interactions are weakened, which induces a constant release of BSA-FITC over time.

Figure 9 .

 9 Figure 9. Study of long-term BSA-FITC release from DOPC/DOTAP 10/90 mol/mol + BSA-

  

  -FITC-loaded PLGA particle and the corresponding LipoParticle suspensions, with and without UV irradiation, were centrifuged at different times with a Sigma 3-30KS centrifuge (centrifugation conditions: rotor 12110, 4 min, 5000 g, acc. 9, dec. 4, 20°C). An 20 µL aliquot

	of supernatant is diluted in 180 µL of carbonate buffer 50 mM (Na2CO3, NaHCO3) at pH 9.2.
	BSA-FITC fluorescence intensity was determined by studying 100 µL of this solution by
	fluorescence spectroscopy (SynergyMx, BioTek, at λexcitation = 485 nm, λemission = 528 nm, top
	probe: 4 mm, F: 20) at different times. For CF and BSA-FITC quantifications, calibration
	curves were simultaneously achieved with CF and BSA-FITC solutions of different known
	concentrations in a carbonate (Na2CO3/NaHCO3) buffer pH=9.2.

). TEM observations of liposome and LipoParticle suspensions were performed on a CM 120 Philips electron microscope at an accelerating voltage of 80 kV (at CTµ, Claude Bernard University, Lyon, France). The samples were deposited on carbon / Formvar coated copper grids (Spi Supplies, Structure Probe Inc., West Chester, PA) and stained with sodium silico tungstate (1 % w/v) purchased from Sigma Chemical Co. (St. Louis, MO). Characterization by fluorescence spectrometry. The CF fluorescence intensity of extracted 100 µL from the irradiated and non-irradiated liposomal suspension was acquired on a fluorimeter (SynergyMx, BioTek). Fluorescence measurements were carried out at λexcitation = 492 nm and λemission = 518 nm (technical conditions: top probe: 4 mm, F: 20) at different times.
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Table 1 .

 1 Size (hydrodynamic diameter), size distribution (PDI), and zeta potential values of bare PLGA particles incorporating BSA-FITC, and corresponding LipoParticles (DOPC/DOTAP 10/90 mol/mol) with 0.1 mM PS (= photoresponsive LipoParticles) and without PS (= non photoresponsive Lipoparticles). Effect of the formulation temperature (20 or 50°C) of LipoParticles on these parameters.

		Elaboration temperature (°C)	Size (nm) a	PDI a	Zeta potential (mV) b
	PLGA/BSA-FITC particles	/	314	0.20	-14.2
	Non	50	275 ± 6	0.23	+ 23.4
	photoresponsive				
	LipoParticles	20	284 ± 15	0.23	+ 19.2
	Photoresponsive	50	270 ± 4	0.24	+ 19.6
	LipoParticles				
		20	300 ± 12	0.22	+ 18.3

a Measured by DLS b Measured by zetametry Secondly, a TEM characterization of PLGA particles and corresponding photoresponsive
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