2. MATERIALS AND METHODS 

2.1. Chemicals
Bicosomes were formed using 1,2- dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and 1,2- dihexanoyl-sn-glycero-3-phosphocholine (DHPC) purchased from Avanti Polar Lipids (Alabaster, USA). Cholesterol (CHO) obtained from Sigma-Aldrich (Sto Louis, MO, USA) and Lipoid S-100, whose main component (>94%) is phosphatidylcholine (PC) was obtained from Lipoid GmbH (Ludwigshafen, Germany). β-carotene was purchased by Sigma-Aldrich and DMPO (>99%) was purchased by Dojindo (Tokyo, Japan) and purified water was obtained by an ultra-pure system, Milli-Q plus 185 (Millipore, Bedford, USA). Chloroform was purchased from Merck. 

2.2. Preparation of bicosomes incorporating β-carotene
Bicosomes with β-carotene (Bcb) were prepared by mixing appropriate amount of DPPC, DHPC and β-carotene in a chloroform solution. Once the components were mixed, the chloroform was evaporated with a rotary evaporator and the obtained lipid film was hydrated. The obtained water dispersion was subjected to several cycles of sonication and freezing until the sample became transparent.  
Next, another lipid film was prepared by mixing appropriate amounts of PC and CHOL in chloroform. The chloroform was removed with a rotary evaporator until a lipid film was obtained. Finally, the film was hydrated with the first prepared dispersion. 
The concentration of each ingredient in the bicosomes was the following (w/v %):
DPPC 4.25%, DHPC 0.75%, β-carotene 0.01%, PC: 8% and CHOL 2%. 

2.3. Dynamic light scattering (DLS)
The hydrodynamic diameter (HD) of Bcb were determined by Dynamic light scattering (DLS) using a Zetasizer nano ZS90 (Malvern Instruments, UK). The particle sizes were determined by detection and analysis of the scattered light from the 632 nm He/Ne laser beam. Non-invasive back scatter technology was used in order to minimize multiple scattering effects. The detection of the light scattered was performed at an angle of 173º.  
The relationship between the size of a particle and its speed due to Brownian motion is defined by the Stokes-Einstein equation (eq 1):
                                                        
HD= kB T/3πηD  (eq 1)

where HD is the hydrodynamic diameter of a hypothetical hard sphere that diffuses with the same speed as the particle in the experiment, D is the translational diffusion coefficient (m2/s), kB is the Boltzmann`s constant (1.3806503 x 10-23 J K-1), T is the absolute temperature (K) and η is the viscosity (mPas) [22]. 
DLS measurements were performed in triplicate and the mean size and standard deviation (SD) of the different populations in the distribution curves were obtained.

2.4. Skin treatment with bicosomes  
The skin obtained from the back of Landrace large white pigs was provided from the Hospital Vall Hebron, Barcelona, Spain. The skin was removed from the back of the pig minutes after the animal was sacrificed. The removed skin was cleaned with water and dermatomed to 500 ± 50 µm thick pieces (Dermatome GA630, Aesculap, Tuttlingen, Germany), vacuum packed and stored at 4ºC.  After 18 h the skin was cut into 25 mm2 pieces. Then, 10 µL of Bcb were applied on skin pieces for 24 h at room temperature (20-25°C). The incubation of the skin pieces was performed on a Petri plate on wet filter paper. Then, the plate was covered with paraffin. Under these conditions, drying of the skin and evaporation of the solvent were avoided. The relative humidity inside the Petri plate was approximately 90%. During the treatment, the hydration and temperature of the skin samples remained constant. The bicosome treatment was performed in triplicate, that is, in three skin pieces.

2.5. Electron Paramagnetic Resonance (EPR) 
10 µl of DMPO 5M in water were added to the surface of the native and treated skin samples for 20 min at room temperature. During DMPO treatment the skin was maintained away from the light. In the case of the skin samples treated with Bcb, the DMPO was added after the bicosome application. Then, the excess of DMPO was removed from the skin and samples were washed with distilled water. 

Native and treated skin samples were put into the quartz tissue cell of EPR spectrometer (EMX-Plus 10/12 Brucker BioSpin spectrometer), with a X-band microwave bridge (~9 GHz) (EMX Premium X), magnet of 10” (ER073) with a 12 kW (ER083) power supply. The EPR spectra were registered before and during the IR radiation at the following measurement conditions: magnetic field 3485 G; sweep width 100 G; microwave frequency  9.73 GHz; microwave power 20 mW; modulation amplitude 2 G; modulation frequency 100 kHz and time constant 20.48 mn.  
Changes in the skin properties during the experiment would affect the EPR signal. Thus, in order to check the stability of the skin structure, a sample with DMPO spin-trap was placed in the EPR cavity under aforementioned conditions for 2 h. The EPR signal was evaluated during this period. Given that no changes in the structure and in the composition of the registered spectra were observed for 2 h, we assume that the stability of the skin is not disturbed with the conditions of the experiment. 
Each spectrum was acquired at intervals of 2-3 minutes accumulating ten scans. The second integration of the signal was calculated from the obtained spectra at different irradiation times. This integration value is directly correlated to the FR concentration in the skin [23]. In the current work, the second integration value was used to compare the FR formation in the different skin samples. 
EPR measurements were performed in triplicate (in three native skin pieces and in other three skin pieces treated with Bcb).

2.6. Small Angle X-ray Scattering (SAXS) 
The SAXS profile of each skin sample was analysed to characterise the organisation of collagen in the skin. The diffraction experiments were performed at NACD beamline, ALBA Synchrotron Light Source (Cerdanyola del Valles, Barcelona, Spain), with a monochromatic beam of 12.4 keV. The scattering patterns were recordered with a SAXS 2D detector ADSC 210r (ADSC, Poway, CA, USA) with single exposed times of about 3 seconds.  The sample to detector distance was 6.4 m. The typical axial periodicity of collagen is the result of the displacement of each molecule with respect to the adjacent molecules in a particular direction. The scattered intensity I (in arbitrary units) was measured as a function of the scattering vector Q (in reciprocal Å). The latter is defined as the following (eq 2):

Q=(4πsinθ)/λ  (2)

where θ  is the scattering angle, and λ is the wavelength of the radiation (in this case 1 Å). The position of the scattering peaks is directly related to the repeat distance of the molecular structure, as described by Bragg´s law [24] (eq 3):

2dsin θ = nλ  (3)

Where n and d represent the order of the diffraction peak and repeat distance, respectively. In a lamellar structure, the various n peaks are located at equidistant positions (eq 4),
Qn = 2 πn/λ  (4)

and Qn represents the position of the nth order reflection.
SAXS measurements were performed in triplicate (in three native skin pieces and in other three skin pieces treated with Bcb). 

2.7. IR exposure
FR determination
The skin samples were irradiated with IR light in situ in the EPR equipment using a homemade coupled device (fig. 2). This device consists of an IR lamp of 250 W (Philips Infrared BR I 25), which is isolated from the external environment and ambient light with an aluminum block (A). In this way, the whole IR radiation that is emitted by the lamp hits the sample within the EPR cavity (B). The IR range emitted by the lamp is 800-1500 nm (IR-A). The distance between the lamp and skin samples was 38 cm and IR exposure time was 120 min.  At these conditions the irradiation intensity from the lamp was 0.11 W/cm2 and the dose applied was 777.60 J/cm2. The temperature in the EPR cavity and in the sample was maintained stable with a ventilator (C) and was measured using a probe Pt-100 immersion (Cat. nº: 30.900.971). The maximum skin temperature reached during the experiment was 30ºC. Using this device the IR radiation and the EPR measurements were performed simultaneously in the spectrometer. In this way, the formation of FRs by IR radiation with independency of the temperature could be evaluated. 
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