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ABSTRACT SUMMARY 

Dye release from loaded lipid nanocapsules (LNC) to 
dye free oil medium (direct way) or from an oily phase 
containing dye to non-loaded LNC (back way) was 
performed in various conditions, by changing the nature 
of the dye and the oil, the oil volume and the LNC 
dilution. Results showed that the encapsulated dyes inside 
the LNC core (proved by surface tension) were able to be 
released, according to a partition coefficient behavior. In 
contrast, when the dyes were entrapped in the surfactant 
shell of LNCs, no release was observed. Dyes-loaded 
LNC were put in cell culture and dye diffusion was 
clearly observed from LNC to cells, without LNC uptake. 
 
INTRODUCTION 
 Since biological fluids are hydrophilic, in vitro 
release of drug or dye from nanoparticles against water or 
buffers is a classical experiment to test formulation. 
Nevertheless, with encapsulated hydrophobic compounds, 
to our knowledge, no clear protocol was described for in 
vitro release studies. When release was operated against 
water or buffer, only the stability of the vector was 
assessed, and the hydrophobic compounds do not leave 
the nanoparticles due to thermodynamic consideration.1 
An original process was developed to study the release of 
amiodarone from nanoparticles to liposomes or non-
loaded particles.1 The results were not easy to extrapolate, 
due to the presence of the dialysis membrane separating 
the two media. 

Here we proposed a new and simple method to study 
in vitro release of dyes from nanoparticles to lipophilic 
media, without any medium separation. In vitro release of 
various dyes was studied and new insights about dye 
localization in nanoparticle were brought. Finally, the 
release properties observed in vitro were illustrated with 
cell culture, showing the possibility of misinterpretation if 
proper characterization was not previously performed. 
 
EXPERIMENTAL METHODS 

Nanoparticles were formulated based on the principle 
of a phase inversion process to obtain LNCs with various 
sizes: 25, 50 and 100 nm-diameter, structured as a 
triglyceride core surrounded by lecithins and a nonionic 
surfactant as already described.2 Lipophilic dyes: Nile 
Red (NR), 6-Coumarine (6C) and DiD, DiI and DiO 
(lipophilic carbocyanine dye family) were added at the 
beginning of the formlation process at various 
concentrations: 1, 0.5 and 0.1 mg/goil.  

The hydrodynamic diameter, polydispersity index 
(PdI) and derived count rate (DCR) were measured using 

dynamic light scattering (Zetasizer® Nano Series DTS 
1060, Malvern Instruments S.A., UK). DCR was 
measured vs. LNC concentrations, for each LNC size. 

Dye release was studied from LNC to oily phase 
(direct way). Basically, oil (LabrafacTM WL 1349, 
Captex® 200, Captex® 300, ethyl oleate, perfluoro-15-
crown-5-ether (PFCE)) was added to dye-loaded LNC 
suspensions. Ratio of oil inside LNC and oily phase were 
2, 1 and 0.5 (v/v). Besides, LNC suspensions were diluted 
by a factor 1, 2 and 3.5. Mixtures of LNC suspension and 
free oil were vortexed during 15 s, then centrifugated 
(4000 rpm, 30 min). Once complete separation was 
obtained, hydrodynamic diameter, PdI and DCR were 
measured in the LNC suspension phase. Fluorescence 
intensities were measured on LNC suspension and oily 
phase, using Fluoroskan® (Thermo Scientific, Waltham, 
USA). Same experiments were performed to study the 
dye release from oily phase to non-loaded LNCs (back 
way), with the addition of LabrafacTM WL 1349 
containing dye (as oily phase) to non-loaded LNC 
suspensions. 

Surface tension at the interface oil-water was 
measured with various dye concentrations using a drop 
tensiometer (Tracker, IT Concept, France). 

HEI-OC1 cells were incubated (at 4 and 37°C for 1 
and 8 h) with i) physical mixture of DiO-loaded LNCs 
and NR-loaded LNCs and ii) double loaded LNCs (DiO 
and NR). Confocal laser scanning microscopy (LEICA 
SP5, LEICA, Mannheim, Germany) was performed to 
visualize the presence of dyes inside the cells. 
 For each dye-release data set, significant differences 
between dye-release means were analyzed by one-way 
analysis of variance, followed by Tukey’s post hoc test 
for pairwise comparisons. 
 
RESULTS AND DISCUSSION 

Formulations of dye-loaded LNCs were obtained 
with various hydrodynamic diameters. The variation of 
DCR vs. LNC concentration was linear (with constant 
size and PdI), whatever the size of nanoparticles. The 
quantification of LNC concentration is possible with DCR 
measurements. 

Release protocol was performed in direct and back 
ways with the mixture of LNC suspension and oily phase. 
After centrifugation, a complete separation was observed 
and size, PdI and DCR values of LNC suspensions 
remained comparable to the values before experiments. 
LNC recovery was complete in LNC suspensions and no 
nanoparticle was trapped in the oily phase after 
centrifugation.   
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Various release behaviors were obtained, depending 
on the dye nature. About 70% of NR and 6C remained in 
LNC (direct way) or entered the LNC (back way) (Figure 
1). No difference in the release was observed when dye 
concentration was modified. In contrast, differences in the 
release were obtained when the ratio of oil inside LNC 
and oily phase (v/v) was changed. Thus, these 
observations meant that there was a real partition 
coefficient between the oily phase and the encapsulated 
oil for these dyes. Besides, dilution of LNC suspensions 
diminished the release and the entry of these dyes. 
Finally, the release proportion depended on the nature of 
acceptor compartment: no release was observed when oily 
phase was PFCE, due to the NR non-solubility in this oil.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Percentage of dyes in LNC after the direct way 
(grey bars) and the back way (white bars) (n=3, mean ± 
SD) (****: p<0.001). LNC hydrodynamic diameter: 50 
nm; oily phase: labrafacTM WL 1349; dye concentration:  
1 mg/goil; ratio of oil inside LNC and oily phase (v/v): 1. 
 
 On the other hand, no release and no entry were 
observed for lipophilic carbocyanine dyes (DiD, DiO and 
DiI) with direct and back ways, respectively (Figure 1).  
 Localization of the various dyes was determined in 
LNCs. Increasing dye concentration from 0 to 3 mg/goil, 
surface tension of the oil-water interface remained 
constant at about 23 mN/m for NR and 6C while it 
decreased from 23 to 16 mN/m for DiD and DiI. NR and 
6C had no influence on LNC interface. Thus we assumed 
that these dyes were encapsulated inside the LNC core 
and were able to easily leave the LNCs, in presence of an 
acceptor compartment. On the other hand, DiI and DiD 
acted like surfactant at the LNC interface and they 
actively participated to LNC assembly. These dyes were 
entrapped in LNC surfactant structure, explaining the 
absence of release observed.  
 Physical mixture of NR-loaded LNCs and DiO-
loaded LNCs were incubated with HEI-OC1 cells, at 4 
and 37°C for 1 and 8 h. The same experiments were 
carried out with double-loaded LNCs (DiO and NR). 
Similar results were obtained. Regardless of the 
experimental temperature, there was no presence of DiO 
inside cells after a 1 h-incubation (Figure 2 B and C), 
meaning that no LNC was internalized by cells. DiO was 

visible only after a 8 h-incubation at 37°C (Figure 2 E and 
F). However, NR was detected inside cells directly after a 
1 h-incubation (Figure 2 A) even at 4°C when endocytosis 
of LNCs is inhibited. Since no LNCs were internalized 
after a 1 h-incubation (absence of DiO signal), the NR 
signal was not a proof of LNC presence inside the cell. As 
for the previous in vitro release observation, NR can 
diffuse from LNC to lipophilic area of cells. To deduce 
that LNCs were internalized due to the presence of NR 
signal inside the cells would be a misinterpretation.  
 

 

 
Figure 2. Double-loaded LNCs (DiO and NR) incubated 
with HEI-OC1 cells at 37°C for 1 h (A to C) and 8 h (D to 
F). NR channel (A/D), DiO channel (B/E) and overlay 
and DAPI channel (C/F).  
 
 The diffusion process was confirmed by the higher 
amount of NR inside cells at 37°C than at 4°C. Besides, 
no DiO and NR colocalization on the pictures were 
observed meaning that it did not correspond to the 
double-loaded LNCs. Finally, a shift in emission 
fluorescence of NR proved that it was not NR 
encapsulated in LNCs but NR in phospholipid zones of 
the cells. 
 
CONCLUSION 

A new protocol was developed to evaluate the release 
of hydrophobic compounds from nanocapsules to 
lipophilic media. As proof of concept, hydrophobic dyes 
were used but it could be tested with hydrophobic drugs, 
to obtain information about a rapid non controlled release 
of drugs. It will allow improvement of interpretation 
about cellular uptake and in vivo biodistribution 
experiments.  
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