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Abstract 24 

The present study describes the production and characterization of phosphatidylcholine 25 

based ethosomes and organogels, as percutaneous delivery systems for crocin. 26 

Crocin presence did not influence ethosome morphology, while the drug slightly increased 27 

ethosome mean diameter. Importantly, the poor chemical stability of crocin has been found 28 

to be long controlled by organogel. To investigate the performance of phosphatidylcholine 29 

lipid formulations as crocin delivery system, in vivo studies, based on tape stripping and 30 

skin reflectance spectrophotometry, were performed. Tape stripping results suggested a 31 

rapid initial penetration of crocin exerted by the organogel, probably due to a strong 32 

interaction between the peculiar supramolecular aggregation structure of phospholipids in 33 

the vehicle and the lipids present in the stratum corneum and a higher maintenance of 34 

crocin concentration in the case of ethosomes, possibly because of the formation of a 35 

crocin depot in the stratum corneum. Skin reflectance spectrophotometry data indicated 36 

that both vehicles promoted the penetration of crocin through the skin, with a more rapid 37 

anti-inflammatory effect exploited by ethosomes, attributed to an ethanol pronounced 38 

penetration enhancer effect and to the carrier system as a whole. 39 

 40 

Keywords: phospholipid, nanotechnology, viscosity, chemical stability, permeation 41 

enhancers 42 

 43 

 44 

Abbreviations: Ethosomes (ETHO); organogels (ORG); crocin (CRO); xanthan gum (X 45 

GUM), phosphatidylcholine (PC); minimal erythemal dose (MED). 46 
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 3 

1. Introduction 48 

Bioactive natural components, such as phytochemicals derived from edible plants, are 49 

effective in preventing or suppressing the process of carcinogenesis and other chronic 50 

diseases (Weng and Yen, 2012). For instance polyphenols, flavonoids, isoflavonoids, 51 

proanthocyanidins, phytoalexins, anthocyanidins and carotenoids have been recognized 52 

as potential skin cancer chemopreventive agents (Mittal et al, 2003; Suhr, 2003; 53 

Nanadakumar et al, 2008; Meeran et al, 2009; Weng and Yen, 2012;). Moreover many of 54 

them are under clinical study, being able to interfere with specific stages of the 55 

carcinogenic process (Wanga et al, 2012). Skin carcinogenesis is a multistep process 56 

which consists in malignant growth of the epidermis induced by chemical carcinogens or 57 

UV irradiation, generating reactive oxygen species (Robertson, 2012). In this respect 58 

cellular antioxidant and cytoprotective proteins can protect against skin carcinogenesis 59 

(Chun et al, 2014). 60 

Crocin (CRO), the diester of the disaccharide gentiobiose and the dicarboxylic acid 61 

crocetin, is a carotenoid compound responsible for the colour of saffron, occurring 62 

naturally in crocus and gardenia fruit (Winterhalter and Straunbirger, 2000). Due to its 63 

powerful antioxidant properties, CRO could be useful in a number of pathologies, i.e. 64 

neurodegenerative disorders, atherosclerosis, depression and liver diseases (Alavizadeh 65 

and Hosseinzadeh, 2014). In addition CRO exerts significant antinociceptive and anti-66 

inflammatory activity, as well as chemopreventive and anti-cancer properties, as 67 

suggested by different studies (Escribano et al, 1996; Konoshima et al, 1998). 68 

Unfortunately, CRO is scarcely stable, indeed it loses most of its functionality after 69 

exposure to heat, oxygen, light and acids (Tsimidou and Tsatsaroni, 1993). Moreover it 70 

has been demonstrated that CRO has poor absorption and low bioavailability after oral 71 
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 4 

administration, being hydrolyzed by β-glucosidase and rapidly eliminated (Asai et al, 72 

2005). Thus, despite its beneficial effects, CRO chemical instability and high susceptibility 73 

to process conditions represent obstacles for its therapeutic application. 74 

In the present study, in an attempt to design topical vehicles for CRO able to improve its 75 

stability, different phosphatidylcholine based nano-systems, such as ethosomes (ETHO) 76 

and organogels (ORG), have been considered. 77 

Phosphatidylcholine (PC), a versatile natural and biocompatible surfactant, is able to form 78 

a number of supra-molecular structures (i.e. direct and inverted micelles or hexagonal, 79 

cubic and lamellar phases), providing the opportunity to produce innovative (trans)dermal 80 

forms (Grdadolnik, 1991). Indeed due to its affinity with skin lipids, PC can exert 81 

penetration enhancer properties, increasing skin permeation (Wohlrab et al, 2010; Tian et 82 

al, 2012). 83 

ETHO can be defined as lipid vesicular systems constituted of phospholipids (such as soy 84 

PC), ethanol and water. ETHO find interesting application as percutaneous delivery 85 

systems. Indeed the presence of ethanol in high concentrations (20-45%) confers to ETHO 86 

a soft structure which promotes enhancer delivery to/through the skin (Toitou et al, 2000). 87 

The penetration enhancement mechanisms of ETHO should be ascribed to fusion with 88 

skin lipids, as well as to penetration of intact ETHO, as a function of ETHO composition 89 

and physical characteristics (Godin and Toitou, 2003; Jain et al, 2007).  90 

ORG are gel-like reverse micellar systems in which PC is solubilized in a biocompatible oil 91 

(Rault et al, 2012). Particularly, the addition of a precise amount of water to a PC oil 92 

solution initially leads to production of spherical reversed micelles, afterwards the micellar 93 

aggregates intertwine, forming a three-dimensional network in the bulk phase. Their 94 

peculiar structure and the possibility to modulate the system viscosity make ORG suitable 95 
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 5 

for (trans)cutaneous administration of hydrophilic and lipophilic molecules (Patil et al, 96 

2011; Esposito et al, 2013). 97 

In the present investigation, the efficiency of ETHO and ORG as cutaneous delivery 98 

systems for CRO has been studied.  99 

Notably, the capability of ETHO and ORG to control CRO stability has been investigated. 100 

Special regard has been devoted to an in vivo investigation aimed to study CRO amount in 101 

stratum corneum and CRO anti-inflammatory activity after cutaneous application. 102 

103 
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 6 

2. Materials and methods 104 

 105 

2.1. Materials 106 

 107 

Crocin (CRO, crocetin digentibiose ester), xanthan gum (X GUM) and isopropylpalmitate 108 

were purchased from Sigma Chemical Company (St Louis, MO, USA). The soybean 109 

lecithin (PC) (90% phosphatidylcholine) used for ETHO and ORG preparation was 110 

Epikuron 200 from Lucas Meyer, Hamburg, Germany. Solvents were of HPLC grade and 111 

all other chemicals were of analytical grade. 112 

 113 

2.2. Production of ethosomes 114 

 115 

For the preparation of ETHO, PC (30 mg/ml) was first dissolved in ethanol (30%, v/v). 116 

Afterwards isotonic Palitzsch buffer (IPB) (5 mM Na2B407, 180 mM H3BO3, 18 mM NaCI), 117 

was slowly added to the ethanolic solution under continuous stirring at 700 rpm by an IKA 118 

Eurostar digital (IKA Labortechnik Janke & Kunkel, Staufen, Germany). Mechanical stirring 119 

was performed for 30 min at room temperature in the dark. In the case of CRO containing 120 

ETHO (ETHO-CRO), CRO (0.5 mg/ml) was added to IPB before addition to PC ethanol 121 

solution. Table 1 reports the ETHO composition. 122 

In order to obtain homogeneously sized vesicles, ETHO-CRO were subjected to two 123 

extrusion cycles through 400 nm pore size polycarbonate filters.  124 

 125 

2.3. Characterization of ethosomes 126 

 127 

2.3.1 Cryo-Transmission Electron Microscopy (Cryo-TEM) 128 

 129 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 7 

Samples were vitrified as described in a previous study (Esposito et al, 2012). Briefly a 130 

sample droplet of 2 uL was put on a lacey carbon filmed copper grid (Science Services, 131 

Muenchen) for 30 s. Subsequently, most of the liquid was removed with blotting paper 132 

leaving a thin film stretched over the lace holes. The specimens were instantly shock 133 

frozen by rapid immersion into liquid ethane cooled to approximately 90 K by liquid 134 

nitrogen in a temperature-controlled freezing unit (Zeiss Cryobox, Carl Zeiss Microscopy 135 

GmbH, Jena, Germany). The temperature was monitored and kept constant in the 136 

chamber during all the sample preparation steps. After freezing the specimens, the 137 

remaining ethane was removed using blotting paper. The vitrified specimen was 138 

transferred to a Zeiss/Leo EM922 Omega EFTEM (Zeiss Microscopy GmbH, Jena, 139 

Germany) transmission electron microscope using a cryoholder (CT3500, Gatan, Munich, 140 

Germany). Sample temperature was kept below 100K throughout the examination. 141 

Specimens were examined with reduced doses of about 1000-2000 e/nm2 at 200 kV. 142 

Images were recorded by a CCD digital camera (Ultrascan 1000, Gatan, Munich, 143 

Germany) and analysed using a GMS 1.9 software (Gatan, Munich, Germany).  144 

 145 

2.3.2 Photon Correlation Spectroscopy (PCS) 146 

Submicron particle size analysis was performed using a Zetasizer 3000 PCS (Malvern 147 

Instr., Malvern, England) equipped with a 5 mW helium neon laser with a wavelength 148 

output of 633 nm. Glassware was cleaned of dust by washing with detergent and rinsing 149 

twice with sterile water. Measurements were made at 25 °C at an angle of 90° with a run 150 

time of at least 180 s. Samples were diluted with bidistilled water in a 1:10 v:v ratio. Data 151 

were analysed using the “CONTIN” method (Pecora, 2000). Measurements were 152 

performed in triplicate on freshly prepared samples and after 6 months from production. 153 

 154 

2.4. CRO content of ethosomes 155 
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 8 

 156 

The entrapment capacity (EC) of CRO in ETHO was determined (Toitou et al., 2000). 100 157 

μl aliquot of ETHO-CRO was loaded in a centrifugal filter (Microcon centrifugal filter unit 158 

YM-10 membrane, NMWCO 10 kDa, Sigma Aldrich, St Louis, MO, USA) and centrifuged 159 

(Spectrafuge™ 24D Digital Microcentrifuge, Woodbridge NJ, USA) at 8,000 rpm for 20 160 

min. The amount of free and entrapped CRO was determined by dissolving the 161 

supernatant with a known amount of ethanol (1:10, v/v). The amount of CRO in the 162 

supernatant was determined by high performance liquid chromatography (HPLC) method, 163 

as below reported. The EC was determined as follows: 164 

 165 

(1)     EC=TCRO− SCRO /TCRO× 100 166 

 167 

where TCRO stands for the total amount of CRO added to the formulation and SCRO for the 168 

amount of drug measured in the supernatant. 169 

 170 

2.5. Production of organogels 171 

 172 

Production of ORG was conducted by adding precise amounts of water to PC (200 mM) 173 

solution in isopropylpalmitate, under stirring. The amount of added water has been 174 

expressed as the molar water to PC ratio ([water]/[PC]) (Schipunov, 2001). [Water]/[PC]max 175 

was determined, i.e. the highest amount of water that can be incorporated into the PC 176 

solution with no phase separation. The samples were maintained under stirring at 25° C 177 

for 30 minutes and later examined under a Leitz diaplan microscope (Lietz Wetzlar, 178 

Germany) equipped with a polarizer positioned in the light pass before the specimen. 179 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 9 

To produce CRO containing ORG (ORG-CRO), CRO was previously solubilized in water 180 

before addition to PC solution. CRO final concentration in ORG-CRO was 0.05 % w/v. 181 

Table 1 reports the ORG composition. 182 

 183 

2.6. Prediction of long-term stability 184 

 185 

The stability of CRO was assessed in aqueous solution, ETHO-CRO and ORG-CRO 186 

stored in glass containers at 25°C for 3 months.  187 

Chemical stability was evaluated, determining CRO content by HPLC analyses. Shelf life 188 

values were calculated as below reported (Pugh, 2007). 189 

Log (CRO residual content, %) was plotted against time and the slopes (m) were 190 

calculated by linear regression. 191 

The slopes (m) were then substituted into the following equation for the determination of k 192 

values: 193 

 194 

(2)     k = m x 2.303        195 

 196 

Shelf life values (the time for 10% loss, t90) and half-life (the time for 50% loss, t1/2) were 197 

then calculated by the following equations: 198 

 199 

(3)     t90 = 0.105/k         200 

 201 

(4)     t1/2 = 0.693/k        202 

 203 

2.7. Gel production 204 

 205 
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Ethosome viscosity has been improved by adding x-gum (1% w/w) directly into the 206 

dispersion and by slowly stirring for 1 hour until complete dispersion of the gum. The 207 

obtained viscous ETHO formulation has been named ETHO-CRO X-GUM. 208 

 209 

2.8. Rheological measurements 210 

 211 

Rheological measurements were performed with an AR-G2 rotational rheometer (TA 212 

Instruments). The geometry used was an aluminium cone-plate with a diameter of 40 mm 213 

and an angle of 1°. Flow curves were obtained by increasing the shear rate from 0.01 s-1 214 

to 5000 s-1 with 5 points per decade, each point was maintained for a duration of 180 s in 215 

order to perform measurements in the permanent regime. The temperature was set at 216 

25°C or 35°C and controlled with a Peltier plate. A solvent trap was used to prevent water 217 

evaporation. Measurements were performed in triplicate for each sample, to ensure 218 

reproducibility. 219 

 220 

2.9. In vivo studies 221 

 222 

2.9.1 Volunteers recruitment 223 

 224 

In vivo experiments were performed on two groups of ten volunteers: group A enrolled for 225 

the first in vivo experimentation (tape-stripping) and group B enrolled for the second one 226 

(evaluation of anti-inflammatory activity). 227 

Experiments were conducted in accordance with The Code of Ethics of the World Medical 228 

Association (Helsinki Declaration 1964) and its later amendments for experiments 229 

involving humans.  230 
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The volunteers were of both sexes in the age range 25–55 years and recruited after 231 

medical screening including the filling of a health questionnaire followed by physical 232 

examination of the application sites. Informed consent was obtained from all individual 233 

participants included in the study. The participants did not suffer from any ailment and 234 

were not on any medication at the time of the study. They were rested for 15 min prior to 235 

the experiments and room conditions were set at 22±2 °C and 40–50% relative humidity. 236 

 237 

2.9.2 Tape Stripping 238 

 239 

 For each subject (group A), ten sites on the ventral surface of each forearm were defined 240 

using a circular template (1 cm2) and demarcated with permanent ink. One of the ten sites 241 

of each forearm was used as control, three sites were treated with 300 mg of ETHO-CRO-242 

X GUM, three sites were treated with 300 mg of ORG-CRO and the remaining three with 243 

300 mg of X GUM-CRO. The preparations were spread uniformly by means of a solid 244 

glass rod and then the sites were occluded for 6 h using Hill Top Chambers (Hill Top 245 

Research, Cincinnati, OH). After the occlusion period, the residual formulations were 246 

removed by gently wiping with cotton balls (different for each pretreated site). Ten 247 

individual 2 cm2 squares of adhesive tape (Scotch Book Tape 845, 3M) were utilized to 248 

sequentially tape-strip the stratum corneum on the application sites. The removal of 249 

stratum corneum in each pretreated site was effected at 1 h (t = 1), 3 h (t = 3) and 6 h (t = 250 

6) after formulation removal (Esposito et al., 2014). 251 

Each adhesive square, before and after skin tape stripping, was weighed on a semi-micro 252 

balance (sensitivity 1mg, Sartorius model ME415S, Goettingen, Germany) to quantify the 253 

weight of removed stratum corneum. After each stripping, the tapes were put in the same 254 

vial containing 2 ml of the HPLC mobile phase methanol:water (65:35 v/v) and subjected 255 

to vortical stirring over 30 s. The extracted CRO was then quantified by HPLC. The 256 
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recovery of CRO was validated by spiking tape-stripped samples of untreated stratum 257 

corneum with 2 ml of a mobile phase containing CRO 10 mg/ml. The extraction efficiency 258 

of CRO was 97.2 ± 0.5 % (n= 3). 259 

 260 

2.9.3 In vivo anti-inflammatory activity 261 

 262 

The in vivo anti-inflammatory activity has been evaluated by measuring the inhibition of the 263 

UVB-induced skin erithema. In particular, the UVB-induced skin erythema was monitored 264 

by using a reflectance visible spectrophotometer X-Rite model 968 (XRite Inc. Grandville, 265 

MI, USA), calibrated and controlled as previously reported (Esposito et al, 2005). 266 

Reflectance spectra were obtained over the wavelength range 400–700 nm using 267 

illuminant C and 2° standard observer. From the spectral data obtained, the erythema 268 

index (EI) was calculated using Eq. (5). 269 

 270 

(5) 271 

 272 

where 1/R is the inverse reflectance at a specific wavelength (560, 540, 580, 510 and 273 

610). The skin erythema was induced by UVB irradiation using a UVM-57 ultraviolet lamp 274 

(UVP, San Gabriel, CA, USA) ultraviolet lamp emitting in 290–320 nm range, with 302 nm 275 

output peak, the rate measured at the skin surface was 0.80 mW/cm2. The minimal 276 

erythemal dose (MED) was preliminarily determined, and an irradiation dose 277 

corresponding to twice the value of MED was used throughout the study. For each subject 278 

(group B), seven sites on the ventral surface of each forearm were defined using a circular 279 

template (1 cm2) and demarcated with permanent ink. One of the seven sites of each 280 

forearm was used as control, three sites were treated with 300 mg of ETHO-CRO-X GUM 281 

and the remaining three with 300 mg of ORG-CRO. The preparations were spread 282 
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uniformly by means of a solid glass rod and then the sites were occluded for 6 h using Hill 283 

Top Chambers (Hill Top Research, Cincinnati, OH). After the occlusion period, the 284 

chambers were removed and the skin surfaces were gently washed and allowed to dry for 285 

15 min. Each pre-treated site was exposed to UV-B irradiation 1, 3 and 6 h (t = 1, t = 3 and 286 

t = 6, respectively) after ETHO-CRO-X GUM and ORG-CRO removal and the induced 287 

erythema was monitored for 52 h. EI baseline values were taken at each designated site 288 

before application of gel formulation and they were subtracted from the EI values obtained 289 

after UV-B irradiation at each time point to obtain EI values. For each site, the AUC was 290 

computed using the trapezoidal rule. To better outline the results obtained, the PIE 291 

(percentage of inhibition of erythema) was calculated from the AUC values using Eq. (6): 292 

 293 

(6) 294 

 295 

where AUC(C) is the area under the response/time curve of the vehicle-treated site 296 

(control) and AUC(T) is the area under the response/time curve of the drug-treated site.  297 

 298 

2.9.4 Statistical Analysis 299 

 300 

Statistical differences of in vivo data were determined using repeated-measures analysis 301 

of variance (ANOVA) followed by the Bonferroni-Dunn post hoc pairwise comparison 302 

procedure. The employed software was Prism 5.0, Graph Pad Software Inc. (La Jolla, CA - 303 

USA). A probability of less than 0.05 is considered significant in this study. 304 

 305 

2.10 HPLC Procedure 306 

 307 
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HPLC determinations were performed using a quaternary pump (Agilent Technologies 308 

1200 series, USA) an UV-detector operating at 440 nm, and a 7125 Rheodyne injection 309 

valve with a 50 μl loop. Samples were loaded on a stainless steel C-18 reverse-phase 310 

column (15×0.46 cm) packed with 5 μm particles (Grace® - Alltima, Alltech, USA). 311 

Elution was performed with a mobile phase containing methanol:water (65:35, v/v); at a 312 

flow rate of 0.8 ml/min, retention time was 4.5 min. The method was validated for linearity 313 

(R2 = 0.995), repeatability (relative standard deviation 0.01%, n=6 injections) and limit of 314 

quantification (0.04 g/ml). 315 

316 
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3. Results  317 

 318 

3.1. Preparation and characterization of ethosomes 319 

 320 

Production of ETHO was spontaneously obtained by slow addition of an aqueous buffer to 321 

a PC ethanol solution under continuous stirring at room temperature. The presence of 322 

ethanol allowed to solubilize PC and to confer initial optical transparency to the dispersion. 323 

The addition of IPB buffer resulted in an increase of turbidity, suggesting the formation of 324 

ethosomal vesicles. In the case of CRO containing ETHO, the presence of the drug 325 

conferred a yellow colour to the dispersion (as shown in Online Resource 1 A).  326 

The morphological analysis of ETHO investigated by cryo-TEM, shown in Fig. 1, revealed 327 

the presence of multilamellar spherical vesicles and multivesicular vesicles, both in the 328 

case of ETHO (Fig. 1 A, B) and ETHO-CRO (Fig. 1 C, D). At the highest magnification the 329 

presence of a double layer in ETHO vesicle conformation can be observed (Fig. 1 B, D). 330 

Table 2 summarizes the dimensional distribution of ETHO dispersions obtained by PCS 331 

analysis. Vesicle mean diameter was 332 and 454 nm in the case of ETHO and ETHO-332 

CRO, respectively. Particularly vesicles were characterized by a bimodal dimensional 333 

distribution (PI 0.32 and 0.38). The presence of CRO slightly increased both mean 334 

diameter and polydispersity of vesicles. In order to obtain homogeneous monolamellar 335 

vesicles, ETHO-CRO vesicles have been extruded through polycarbonate membranes 336 

with calibrated pores (400 and 200 nm), this strategy led to a decrease of mean diameter 337 

up to 250 nm, PI 0.28. 338 

After 6 months from production, mean diameters underwent a 48 or 18% increase in the 339 

case of ETHO and ETHO-CRO respectively. 340 

 341 

3.2. Preparation of organogels 342 
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Production of ORG was conducted by adding precise amounts of water to reverse micellar 343 

solutions constituted of PC solubilized in isopropylpalmitate. After 30 min of magnetic 344 

stirring, transparent gels were obtained, whose consistency was a function of the amount 345 

of added water (as shown in Online Resource 1 B). Particularly 1:1, 2:1 and 3:1 346 

[water]/[PC] ratio have been considered (Online Resource 1 B). (Luisi et al, 1990). Since 347 

the [water]/[PC]max was found to be 3:1, the corresponding amount of water was selected 348 

for ORG and ORG-CRO production. Both ORG and ORG-CRO were transparent, yellow, 349 

macroscopically monophasic and isotropic under polarized light.  350 

 351 

3.3. Entrapment capacity (EC) 352 

 353 

The preparation of ETHO-CRO and ORG-CRO was spontaneously performed at 25°C 354 

under magnetic stirring in dark vials, preventing drug loss on mechanical devices, as well 355 

as thermal or light degradation. For this reason, it was reasonable to obtain almost 356 

quantitative recovery of drug into the formulations.  357 

Nonetheless it should be considered that in the case of ORG-CRO, being constituted of 358 

reverse micelles, CRO was entrapped inside the micelles in the aqueous environment, 359 

while in the case of ETHO-CRO, CRO was expected to be dissolved partly inside the 360 

vesicles and partly within the aqueous environment out of the vesicles (Fig. 2). Therefore, 361 

the ultracentrifugation method was employed in order to calculate the EC (Toitou et al, 362 

2000). 363 

The obtained data indicate that CRO inside the vesicles was 74%, while the amount of 364 

CRO out of the vesicle was 26% (Table 3). 365 

It should be underlined that the strategy of extruding ETHO-CRO resulted in a loss of the 366 

drug. Indeed the extrusion process led to an escape of CRO, finally resulting in a 48±3% 367 
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EC value for ETHO-CRO. For this reason ETHO-CRO have been employed for in vivo 368 

studies as they were. 369 

For in vivo experiments CRO amount in ETHO-CRO and in ORG-CRO was the same, 370 

because unentrapped CRO was not separated from ETHO-CRO vesicles. 371 

 372 

3.4. Crocin stability 373 

 374 

CRO content in ETHO-CRO and ORG-CRO was determined as a function of time and 375 

expressed as percentage of the total amount used for the preparation (Fig. 3). It is evident 376 

that the degradation of CRO was more controlled by ORG-CRO than by ETHO-CRO, 377 

indeed CRO residual content after 3 months was 78% and 30%, respectively. Conversely 378 

CRO solution was almost completely degraded after 15 days. 379 

Table 3 reports shelf life (t90) and half life (t1/2) values calculated by equations (3) and (4).  380 

It was found that ORG could maintain 90% of CRO stability for almost 38 days, whilst in 381 

the case of ETHO, t90 was 7 days. The t1/2 values reached almost 8 months in the case of 382 

ORG-CRO, and 2 months in the case of ETHO-CRO. All data were statistically significant 383 

(p<0.0001). 384 

Nevertheless both ETHO-CRO and ORG-CRO did not show changes in physical 385 

appearance by time, maintaining homogeneous aspect, absence of phase separation 386 

phenomena and/or aggregates also after six months from production. 387 

 388 

3.5. Gelation of ethosomes and rheological analyses 389 

 390 

ORG-CRO with 3:1 [water]/[PC] ratio is characterized by a suitable viscosity for cutaneous 391 

administration (8.03±0.3 Pa.s at 25°C, shear rate 10 s-1). Instead, the low viscosity of 392 
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ETHO-CRO, did not enable its topical application, for this reason X GUM was directly 393 

added into ETHO dispersion. The resulting ETHO-CRO-X GUM possessed a viscosity 394 

adequate for cutaneous administration, being 2.72±0.2 Pa.s at 25°C, shear rate 10 s-1.  395 

Fig. 4 shows flow curves for ETHO-CRO-X GUM (A), ORG-CRO (B) and CRO-X GUM 396 

(C). In particular the viscosity vs. shear rate has been measured at 25°C (grey profile) and 397 

35°C (black profile), in order to mimic storage condition or skin application, respectively. 398 

The points on the curves are the means of three experiments and error bars represent 399 

standard deviation. All samples were very slightly thixotropic, indeed the upward and down 400 

curves are almost superimposed. 401 

In Fig 4A and 4C, flow curves exhibit a marked non-Newtonian shear thinning behavior: 402 

the steady shear viscosity sharply decreased as an increase in shear rate. In addition, the 403 

first and second Newtonian plateaux are not observed at low and high shear rates 404 

respectively. The temperature did not influence the behaviour of the material, in fact the 405 

curves at 25°C or 35°C are superimposable. 406 

In Figure 4B ORG-CRO shows an initial Newtonian plateau at both temperature followed 407 

by a shear thinning behaviour: the Newtonian plateau extends from 0.01 s-1 to 2 s-1 (at 25 408 

°C) or 10 s-1 (at 35 °C), and the viscosity decreases significantly after the Newtonian 409 

plateaux. Indeed, the shear is then high enough to break significantly the structure of the 410 

gel (shear thinning behaviour) and, above 200 s-1 , to conceal the effect of temperature.  411 

Below 200 s-1, the viscosity is higher at 25 °C than at 35 °C, with a difference of one order 412 

of magnitude at the Newtonian plateaux. The second Newtonian plateau can't be 413 

observed, even at the maximum shear rate of the experiment: the microscopic structure of 414 

the material could be possibly modified at higher shear rate. 415 

Flow curves of ETHO, ORG and X GUM are not shown since they are superimposable to 416 

the reported curves. Indeed, the presence of CRO did not influence the viscosity of the 417 

material. 418 
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 419 

3.6. Tape-stripping evaluation 420 

 421 

The tape stripping experiment was employed for quantifying drug presence in the viable 422 

epidermis and the amount of CRO responsible for the anti-inflammatory effect (Esposito et 423 

al, 2005; Esposito et al, 2014). Formulations have been applied and removed from the 424 

forearms as depicted in the scheme of Fig. 5 A. From the analysis of the data reported in 425 

Fig. 5 B, both ETHO-CRO-X GUM and ORG-CRO induced a depletion in the amount of 426 

CRO in the stratum corneum. Notably in the case of ORG-CRO the depletion was more 427 

intense, indeed after 1, 3 and 6 h the amount of CRO was 1/2, 1/3 and 1/6 with respect to 428 

ETHO-CRO-X GUM. Contrarily, in the case of X GUM-CRO, CRO amount was nearly the 429 

same all over the period after formulation removal. Importantly the amounts of CRO 430 

recovered in the stratum corneum after removal of ETHO-CRO-X GUM, ORG-CRO and X 431 

GUM-CRO were significantly different.  432 

 433 

3.7. In vivo anti-inflammatory activity 434 

 435 

Since CRO can exert anti-inflammatory activity (Christodoulou et al, 2015; Nam et al, 436 

2010), ETHO-CRO-X GUM and ORG-CRO were further investigated to determine their in 437 

vivo ability to inhibit the UVB-induced skin erythema. Skin reflectance spectrophotometry 438 

was used to determine the extent of the erythema and to assess the inhibition capacity of 439 

the formulations after their preventive application onto the skin. Fig. 6 A outlines the design 440 

of application of formulations on the forearm of volunteers. For each subject the AUC was 441 

determined plotting ΔEI values versus time. The PIE values reported in Fig. 6 B indicate 442 

that after 1 h from the removal of formulations, ETHO-CRO-X GUM was more effective 443 

than ORG-CRO in inhibiting the induced erythema, while at 3 and 6 hours ORG-CRO 444 
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induced a higher inhibitory ability, respectively double and quadruple with respect to 445 

ETHO-CRO-X GUM (p < 0.05).  446 

  447 
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4. Discussion 448 

In this study, in order to find cutaneous vehicles able to control CRO instability, different 449 

PC based nanosystems have been explored. The entrapment of the drug in ETHO and 450 

ORG has been spontaneously obtained upon addition of CRO solution to PC respectively 451 

solubilized in ethanol or in isopropylpalmitate. In both cases the production procedure did 452 

not imply heating or high energy input, avoiding in this way physico-chemical stresses 453 

towards the labile CRO molecule (Tsimidou and Tsatsaroni, 1993). 454 

The different supramolecular organization of PC resulted in the formation of spherical 455 

multilamellar vesicles in the case of ETHO-CRO or in an entanglement of extended worm-456 

like reverse micelles in the case of ORG-CRO. Thus the former is an aqueous low viscous 457 

dispersion, while the latter is a w/o microemulsion with a viscosity depending on the 458 

amount of added water. As expected, in the case of ETHO-CRO, EC was not quantitative 459 

since the hydrophilic drug (log P -4.72) distributed partly in the aqueous environment 460 

outside the vesicles, contrarily ORG-CRO allowed complete entrapment of CRO in the 461 

aqueous domain inside the reverse micelles. ETHO-CRO have been employed for in vivo 462 

studies as they were, with no separation of the amount of CRO out of the vesicles and 463 

without extrusion. Indeed the extrusion process resulted not only in a decrease of vesicle 464 

mean diameter, but also in a halving of CRO entrapment in the vesicles due to CRO 465 

leakage. Concerning ETHO-CRO mean diameter, it should be taken in consideration that 466 

the final gel formulations were designed for a cutaneous administration and not for a 467 

parenteral one, where mean diameter plays a fundamental role. 468 

The peculiar CRO location has accounted for the different stabilizing power of ETHO-CRO 469 

and ORG-CRO, indeed in the case of ETHO-CRO the drug is partly distributed outside the 470 

vesicles and thus more exposed to chemical degradation, actually ORG-CRO was 5 fold 471 
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more efficacious than ETHO-CRO in controlling CRO degradation. However both 472 

formulations remarkably controlled CRO stability with respect to plain solution, in fact it 473 

should be underlined that CRO in water was rapidly decomposed (t1/2 2.26 days) (Table 3). 474 

ORG-CRO was constituted of PC 200 mM, a concentration effective for penetration 475 

enhancement, isopropylpalmitate, a biocompatible oil particularly suitable for transdermal 476 

delivery, and water (Fiume, 2001; Changez et al, 2006). In ORG-CRO the reverse micelles 477 

initially formed, upon further addition of water linearly grew and entangled, finally 478 

constituting a three-dimensional network of interpenetrating worm-like micelles, stabilized 479 

by hydrogen bonds between PC and polar solvent molecules (Vintiloiu and Leroux, 2008; 480 

Kumar and Katare, 2005). While ORG-CRO possessed a viscosity suitable for cutaneous 481 

application, ETHO-CRO required an improvement of viscosity by direct X GUM addition. 482 

Rheology studies evidenced a steady shear flow behaviour typical of X GUM dispersions 483 

for ETHO-CRO-X GUM (Song et al, 2006). Indeed it can be suggested that X GUM 484 

molecules aggregate through hydrogen bonding and polymer entanglement, leading to a 485 

high shear viscosity at low shear rates or at rest (Marcotte et al, 2001). The increase in 486 

shear rate caused a decrease of the steady shear viscosity since the polymer network 487 

disentangled and to individual macromolecules align in the shear flow direction, resulting in 488 

a low shear viscosity at high shear rate region. Shear removal resulted in reconstitution of 489 

network structure, rapidly recovering the viscosity (Vintiloiu and Leroux, 2008). ETHO 490 

presence did not influence the rheology behaviour of ETHO X-GUM. 491 

In the case of ORG-CRO the typical rheological behaviour of PC ORG was observed. 492 

Indeed, as previously found, the vehicles exhibited a Newtonian flow over the low shear 493 

rate range, with a near constant viscosity, suggesting that the micelle network did not 494 

break in this range (Schipunov and Hoffmann, 2000; Hashizaki et al, 2008).  495 
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A further increment in shear rate led ORG-CRO to behave as a non-Newtonian fluid, 496 

displaying a decrease in viscosity. This behaviour could be attributed to a breakage of the 497 

micelle network structure provoked by the shear rate increment (Schipunov and Hoffmann, 498 

2000; Hashizaki et al, 2008). 499 

CRO cutaneous biodistribution after application of ETHO-CRO-X GUM or ORG-CRO has 500 

been investigated by tape stripping and reflectance spectroscopy. The tapestripping 501 

technique allows direct quantification of drug amounts in the stratum corneum, while 502 

reflectance spectroscopy is able to give information about the concentration of CRO in the 503 

viable epidermis since it measures the anti-inflammatory effect due to CRO presence in 504 

the blood. In this respect the two methods can be considered complementary. In particular 505 

reflectance spectrophotometry monitores the degree of skin reddening. Before discussing 506 

the results, a brief methodological comment is in order. From reflectance spectra, 507 

generally in the range of 400-700 nm, the values of different colour space systems 508 

(CIELab, Lch, etc.) can be obtained using different International Commission on 509 

Illumination, CIE illuminants (C, D, A, etc.) and 2 or 10° illuminant observer. From spectral 510 

data it is possible to calculate at different wavelengths the relative reflectance or the 511 

logarithm of inverse reflectance (LIR), which is related to the light absorption of skin 512 

chromophores (hemoglobin, melanin, etc.). The EI obtained from skin reflectance spectral 513 

values is thought to give a more accurate and reliable evaluation of skin erythema 514 

(Harrison et al, 2004). Since this is due to an increased hemoglobin content in skin 515 

vessels, EI values are calculated by subtracting LIR values at 510 and 610 nm (mainly 516 

related to melanin absorbance) from the sum of LIR values at 540, 560, and 580 nm, the 517 

absorption peak wavelengths for hemoglobin. 518 

 519 
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CRO depletion profiles obtained by tape stripping suggested that both ETHO-CRO-X GUM 520 

and ORG-CRO enhanced the penetration of CRO with respect to X GUM. Nonetheless, 521 

the higher CRO amount found in the case of ETHO-CRO-X GUM could be justified the 522 

hypothesis of the formation of a PC depot in the stratum corneum from which CRO can be 523 

released in a controlled fashion (Esposito et al, 2014). Moreover it should be consider the 524 

heterogeneous distribution of CRO in ETHO-CRO-X GUM, indeed a portion of CRO is 525 

distributed in the multilamellar vesicles, while the unentrapped portion of CRO is free in the 526 

gel. Due to its heterogeneous distribution, CRO interact with the skin in different ways, 527 

resulting in a sustained presence in the stratum corneum. 528 

Surprisingly, the profile obtained by reflectance spectroscopy evidenced an initial higher 529 

anti-inflammatory activity exploited by ETHO-CRO-X GUM, followed by a more 530 

pronounced decrease with respect to ORG-CRO. Notably, in the case of ETHO-CRO-X 531 

GUM, after 3 and 6 hs, CRO probably reached the dermal zone, afterwards the drug was 532 

rapidly removed by the blood stream. It could be tentatively supposed that after 1 h from 533 

ETHO-CRO-X GUM removal, CRO could exert an intense anti-inflammatory activity due to 534 

the presence of a high amount of ethanol, acting as penetration enhancer (Harrison et al, 535 

2004). Indeed ethanol is known to penetrate through intercellular lipids, increasing the cell 536 

membrane lipid fluidity and decreasing the density of lipid multilayer (Verma end Pathak, 537 

2010; Toitou and Godin, 2007). However the higher enhancing effect of ETHO cannot be 538 

only due to the presence of ethanol, which is a permeability enhancer, but overall in the 539 

resulting drug carrier system as a whole. As suggested by other authors, it seems 540 

plausible that ETHO-CRO could form a colloidal film on the skin surface, this film would 541 

result in a reduction of skin dehydration and an impairment of the barrier properties 542 

(Bodade et al, 2010). In addition the well known flexibility of ETHO can also be a critical 543 

parameter (Mishra et al, 2013). Anyway both ETHO-CRO-X GUM and ORG-CRO were 544 
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able to increase CRO penetration. Indeed it is reasonable to suppose a strong interaction 545 

of PC with the stratum corneum lipids (El Maghraby and Williams, 2009; Sataphy et al, 546 

2013) resulting in a high concentration of CRO in the vascularized section of the skin, 547 

where it displayed an anti-inflammatory activity.  548 

 549 

5. Conclusions 550 

 551 

ETHO and ORG have been demonstrated to be efficient vehicles for CRO administration 552 

on skin. Particularly ORG was able to better control CRO labile stability. 553 

In vivo studies have demonstrated that thanks to the peculiar supramolecular organization 554 

of PC, both ETHO-CRO and ORG-CRO vehicles enhanced CRO absorption through skin, 555 

suggesting their suitability to treat inflammatory skin disorders. Moreover CRO can also 556 

have a protective effect on the surface of the skin, like sunscreens. This double effect 557 

could be useful for instance in melanoma prevention and therapy. Nonetheless, to verify 558 

this hypothesis animal studies should be performed. 559 
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FIGURE LEGENDS 739 

 740 

Figure 1. Cryo-transmission electron microscopy images (cryo-TEM) of ETHO (A, B) and 741 

ETHO-CRO (C, D). Bar corresponds to 200 or 85 nm in panels A, C and B, D respectively. 742 

 743 

Figure 2. Photographs and schematic drawings of ETHO-CRO (A) and ORG-CRO (B). In 744 

particular in panel A is drawn the possible distribution of CRO (●) in the aqueous 745 

environment inside and outside ETHO-CRO vesicles, while in the case of ORG-CRO (B) 746 

CRO is mainly located in the aqueous domain inside the reverse micelles. 747 

 748 

Figure 3. Variation of CRO residual content in ETHO-CRO (grey), ORG-CRO (light grey) 749 

and CRO aqueous solution (black) as a function of time. The formulations were stored in 750 

glass containers at 25°C for 3 months. Data are the means of 5 analyses on different 751 

batches of the same type of formulations. Standard deviations were comprised between ± 752 

5%. 753 

 754 

Figure 4. Rheological flow curves for ETHO-CRO-X GUM (A), ORG-CRO (B) and X GUM 755 

(C), determined at 25 (grey line) and 35°C (black line). The geometry used was an 756 

aluminium cone-plate. Flow curves were obtained by increasing the shear rate from 0.01 s-757 

1 to 5000 s-1 with 5 points per decade, each point was maintained for a duration of 180 s in 758 

order to perform measurements in the permanent regime. Data are the means of 3 759 

analyses on different batches of the same type of formulations. 760 
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 35 

Figure 5. Tape stripping evaluation. (A) Scheme of the forearm of the volunteers depicting 762 

the modality of application of the formulations. (B) CRO amount in the stratum corneum 763 

after ETHO-CRO-X GUM, ORG-CRO and X GUM-CRO application, removal and tape 764 

stripping. Tape stripping was performed after 1 ( ), 3 ( ), and 6 ( ) hours from the 765 

removal of formulations (B). Details are reported in the experimental section. Data 766 

represent the mean for ten subjects. 767 

 768 

Figure 6. Anti-inflammatory effect evaluation. (A) Scheme of the forearm of the volunteers 769 

depicting the modality of application of the formulations. (B) Variation of percentage of 770 

erythema index (P.I.E) after topical application and removal of ETHO-CRO-X GUM and 771 

ORG-CRO. P.I.E. evaluation was performed after 1 ( ), 3 ( ), and 6 ( ) hours from 772 

the removal of formulations. Details are reported in the experimental section. Data 773 

represent the mean for ten subjects. 774 
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Table 1: Composition of formulations employed in this study 776 
 777 

Formulations 
Soy  
phosphatidylcholine 
% w/w 

Ethanol 
% w/w 

Isopropyl  
palmitate 
% w/w 

Crocin 
% w/w 

Aqueous 
phase* 
% w/w 

ETHO 3.0 27.0 - - 70.00 (IPB)* 

ETHO-CRO 3.0 27.0 - 0.05 69.50 (IPB)* 

ORG 14.7 - 85.12 - 0.18 (water) 

ORG-CRO 14.7 - 85.12 0.05 0.13 (water) 

* isotonic Palitzsch buffer 778 
  779 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 37 

Table 2: Dimensional parameters of ethosomes as determined by PCS. 780 
 781 

Formulations 
Z average  
Size (nm) 

Polydispersity 
index 

Typical Intensity 
distribution  

peak nm area % 

ETHO 
332.1±20 
 
(492.2±40)* 

0.32±0.03 
 
(0.29±0.08)* 

1 440 26 

2 162 74 

ETHO-CRO 
454.0±32 
 
(534.0±50)* 

0.38±0.05 
 
(0.37±0.15)* 

1 850 7 

2 253 93 

* after 6 months from production 782 
  783 
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Table 3: Entrapment capacity and shelf life values of ethosomes and organogels 784 
 785 

Formulations ECa % mb Kc t90(days) c t1/2(days) c 

CRO solution n.d. 0.133 0.306 0.34 2.26 

ETHO-CRO 74.44±3.5 0.0063 0.014 7.13 47.14 

ORG-CRO 99.5±0.5 0.0012 0.002 37.75 236.51 

aEC: entrapment capacity;  786 
bslope of the line of log(CRO residual content %) kinetic, calculated as the mean of 3 independent 787 
determinations, s.d. ≤ 5% 788 
cK, t90 and t1/2 were calculated following eqs. 2, 3 and 4 respectively 789 
 790 
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Table 1: Composition of formulations employed in this study 
 

Formulations 
Soy  
phosphatidylcholine 
% w/w 

Ethanol 
% w/w 

Isopropyl  
palmitate 
% w/w 

Crocin 
% w/w 

Aqueous 
phase* 
% w/w 

ETHO 3.0 27.0 - - 70.00 (IPB) 

ETHO-CRO 3.0 27.0 - 0.05 69.50 (IPB) 

ORG 14.7 - 85.12 - 0.18 (water) 

ORG-CRO 14.7 - 85.12 0.05 0.13 (water) 

ETHO: ethosome; ETHO-CRO: ethosome prepared in the presence of crocin; ORG: organogel; ORG-CRO: 

organogel prepared in the presence of crocin; IPB:  isotonic Palitzsch buffer 
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Table 2: Dimensional parameters of ethosomes as determined by PCS. 
 

Formulations 
Z average  
Size (nm) 

Polydispersity 
index 

Typical Intensity 
distribution  

peak nm area % 

ETHO 
332.1±20 
 
(492.2±40)* 

0.32±0.03 
 
(0.29±0.08)* 

1 440 26 

2 162 74 

ETHO-CRO 
454.0±32 
 
(534.0±50)* 

0.38±0.05 
 
(0.37±0.15)* 

1 850 7 

2 253 93 

* after 6 months from production ETHO: ethosome; ETHO-CRO: ethosome prepared in the presence of 

crocin 

 

  



Table 3: Entrapment capacity and shelf life values of ethosomes and organogels 
 

Formulations ECa % mb Kc t90(days) c t1/2(days) c 

CRO solution n.d. 0.133 0.306 0.34 2.26 

ETHO-CRO 74.44±3.5 0.0063 0.014 7.13 47.14 

ORG-CRO 99.5±0.5 0.0012 0.002 37.75 236.51 

aEC: entrapment capacity;  

bslope of the line of log(CRO residual content %) kinetic, calculated as the mean of 3 independent 
determinations, s.d. ≤ 5% 

cK, t90 and t1/2 were calculated following eqs. 2, 3 and 4 respectively 

CRO solution: aqueous solution of crocin; ETHO-CRO: ethosome prepared in the presence of crocin; ORG-

CRO: organogel prepared in the presence of crocin 
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