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A simple methodology to test the fluorescence-labeling 
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INTRODUCTION 
Drug or dye in vitro release study is a classical experiment 
to test the encapsulation stability of a formulation. 
Nevertheless, when encapsulated molecules are 
hydrophobic, no clear protocol was described. Only the 
stability of the vector was observed when the release was 
performed against water or a buffer, and the hydrophobic 
molecules do not leave the nanoparticles due to 
thermodynamic consideration. An original process was 
developed to study the release of amiodarone from 
nanoparticles to liposomes or non-loaded nanoparticles 
(Lamprecht et al., 2002). Due to the presence of the dialysis 
membrane separating the two media, the results were not 
easy to extrapolate. 

Here, we proposed a new and simple method to study in 
vitro release of dyes from nanoparticles to lipophilic media, 
without any medium separation (Bastiat et al., 2013). In 
vitro releases of various fluorescent dyes were achieved and 
new indications about dye localization in nanoparticle were 
brought. Finally, the fluorescence-labeling stability or 
instability of the nanocarriers observed in vitro was 
illustrated with cell culture. If proper characterization was 
not previously performed, internalization results can be 
misinterpreted.  

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 (Heurtault et al., 2002). Lipophilic dyes: 
Nile Red (NR), 6-Coumarine (6C) and DiD, DiI and DiO 
(lipophilic carbocyanine dye family), were added at the 
beginning of the formulation 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 
method). Basically, oil (LabrafacTM WL 1349) 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 centrifuged (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 
(reverse method), with the addition of LabrafacTM WL 1349 
containing dye (as oily phase) to non-loaded LNC 
suspensions. The separation process is sketched in Figure 1.  

 
Figure 1. Separation process and fluorescent dye transfer 
descriptions (Bastiat et al., 2013).  
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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 
Various hydrodynamic diameters: 25, 50 and 100 nm were 
obtained for dye-loaded LNCs. Whatever the size of 
nanoparticles, the variation of DCR vs. LNC concentration 
was linear (with constant size and PdI). So, the 
quantification of LNC concentration is possible with DCR 
tool. 

Release protocol was performed in direct and reverse 
methods with the mixture of oily phase and LNC 
suspension. After centrifugation, a complete separation was 
observed and with constant size, PdI and DCR values for 
LNC suspensions, in comparison to values before 
experiments. No nanoparticle was trapped in the oily phase 
after centrifugation as LNC recovery was total. 

Depending on the dye nature, various release behaviors 
were obtained,. About 70% of NR and 6C remained in LNC 
(direct method) or entered the LNC (reverse method) 
(Figure 2). When dye concentration or LNC size was 
modified, comparable release was obtained. In contrast, 
when the ratio of oil inside LNC and oily phase (v/v) was 
changed, the release was modified. It means that there is a 
real partition coefficient between the oily phase and the 
encapsulated oil for NR and 6C (data not shown). On the 
other hand, no release and no entry were observed for 
lipophilic carbocyanine dyes (DiD, DiO and DiI) with 
direct and reverse mehods, respectively (Figure 2).  

The dye localizations were determined in LNCs. Surface 
tension of the oil-water interface remained constant at about 
23 mN/m for NR and 6C while it significantly decreased 
from 23 to 16 mN/m for DiD and DiI, when dye 
concentrations were increased from 0 to 3 mg/goil (data not 
shown). No influence on LNC interface was observed for 
NR and 6C, so these dyes are encapsulated inside the LNC 
core. The release from LNC is possible in presence of an 
acceptor compartment. On the other hand, DiI and DiD 
acted like surfactant at the LNC interface. They participated 
to LNC assembly in an active fashion. So the absence of 
release can be explained with the dye entrapment in LNC 
surfactant structure. 

Illustration was performed with cell culture (HEI-OC1 
cells) using physical mixture of NR-loaded LNCs and DiO-
loaded LNCs, incubated at 4 and 37°C for 1 and 8 h. 
Similar experiments and results were carried out with DiO 
and NR double-loaded LNCs (data not shown). Whatever 
the temperature, no presence of DiO was observed inside 
cells after a 1 h-incubation. No LNC was internalized by 
cells  and DiO was visible only after a 8 h-incubation at 
37°C. However, after a 1 h-incubation, NR was visualized 
inside cells even at 4°C when endocytosis of LNCs is 
inhibited. The NR signal was not a proof of LNC presence 
inside the cell. NR can diffuse from LNC to lipophilic area 
of cells as observed for the previous in vitro release study. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Percentage of dyes in LNC after the direct method 
(grey bars) and the reverse method (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.  
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