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1.1.1. DEFINITION AND CHARACTERISTICS 

Figure 1.1. Visual aspect of a nano-emulsion. 
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1.1.2. STABILITY 

Figure 1.2. Schematic representation of emulsion breakdown processes. 
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1.1.3. PREPARATION METHODS 
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The Phase Inversion Temperature (PIT) method 
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The Phase Inversion Composition (PIC) method 

Figure 1.3. Schematic representation of nano-emulsion formation by the phase inversion 
composition (PIC) method [Solans, 2012]. 
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1.1.4. APPLICATIONS 
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1.2.1. DEFINITION AND CHARACTERISTICS 
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NanocapsuleNanosphere NanocapsuleNanosphere
Figure 1.4. Structure of different types of nanoparticles, nanospheres and nanocapsules 

[Vauthier, 2009]. 

  
1.2.2. PREPARATION METHODS 
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Figure 1.5. Scheme of the nanoparticle preparation process with oil phase abbreviated as 
O and surfactant(mixture) as S.

1.2.3. APPLICATIONS 
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3.1.1. SURFACTANTS 

Nonionic surfactants 

Figure 3.1. Structural formula of Sorbitan monooleate (Span® 80). 
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Figure 3.2. Structural formula of Sorbitan monolaurate (Span® 20).

Figure 3.3. Structural formula of Polyoxyethylene (4) sorbitan monolaurate (Tween® 21) 
with w + x + y + z = 4.
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H3C O
OH

x y  
Figure 3.4. General structural formula of a polyoxyethlene alky ether with (x + 1) carbon 

atoms in the alkyl chain and y ethylene oxide groups. 
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Cationic surfactants 
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Figure 3.5. General structure of a double chained esterquat.
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Figure 3.6. Structural formula of Ricinoleamidopropyltrimonium Methosulfale (Varisoft® 

RTM 50). 
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3.1.2. POLYMERS 

Figure 3.7. Structural formula of Ethylcellulose. 
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Table 3.1. Properties of EC4 and EC10 [Rowe, 2009; Dow Cellulosics]. 

(1) determined by gel permeation chromatography; (2) estimated value considering the 
molecular weight; (3) viscosities for a 5% solution measured at 25°C in an Ubbelohde 
viscometer in a mixture of 80% toluene and 20% ethanol; (4) 15 g polymer in 100 mL 
solvent at 25°C; (5) Solubility rated on a mixture of 2 g ETHOCEL in 18 mL of solvent.  

3.1.3. AQUEOUS COMPONENTS 

Figure 3.8. Structural formula of 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid 
(HEPES).
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Figure 3.9. Structural formula of D-(+)-Glucose.
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Table 3.2. Formula, molecular weight (MW) and mass concentration of used phosphate 
buffer components. 

3.1.4. ORGANIC SOLVENTS 

  
Figure 3.10. Structural formula of ethyl acetate.
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3.1.5. BIOMOLECULES 

Figure 3.11. Structural formula of (2S)-2-[(4-{[(2-amino-4-hydroxypteridin-6-
yl)methyl]amino}phenyl)formamido]pentanedioic acid) (folic acid).
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3.1.6. MATERIALS FOR IN VITRO ASSAYS 
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3.1.7. OTHERS 

Figure 3.12. Structural formula of oleylamine.
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3.2.1. PHOTON CORRELATION SPECTROMETER 
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�

3.2.2. LIGHT BACKSCATTERING (LBS) APPARATUS 

�

3.2.3. ZETASIZER 
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Figure 3.13. Illustration of zeta potential and the electrical double layer which surrounds 
each particle in suspension.
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Figure 3.14. Visualization of the functional principle of Zetasizer Nano Z. 

3.2.4. TRANSMISSION ELECTRON MICROSCOPE (TEM) 
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3.2.5. OSMOMETER 

�

�
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Figure 3.15. Measurement principle of the Micro Osmometer Type 15, Löser Messtechnik 
[Advanced Instruments, Inc.].

 
 3.2.6. CONDUCTIMETER 

�

3.2.7. DIFFERENTIAL REFRACTOMETER 

3.2.8. OTHERS 
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3.3.1. PHASE INVERSION DETERMINATION 
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3.3.2. NANO-EMULSION PREPARATION BY THE LOW-ENERGY PHASE INVERSION 
COMPOSITION (PIC) METHOD 

3.3.3. NANO-EMULSION REGION DETERMINATION 

3.3.4. NANOPARTICLE PREPARATION 
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3.3.5. PARTICLE SIZE DETERMINATION BY DLS 
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3.3.6. PARTICLE SIZE DETERMINATION BY TEM 

3.3.7. NANO-EMULSION AND NANOPARTICLE DISPERSION STABILITY 

 

[ ]. 

. 
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3.3.8. SURFACE CHARGE DETERMINATION 

3.3.9. REMOVAL OF SURFACTANT EXCESS FROM NANOPARTICLE DISPERSIONS 
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3.3.10. ELECTROPHORETIC MOBILITY SHIFT ASSAY (EMSA) 

�

�

3.3.11. CYTOTOXICITY ASSAY BY MTT 
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Figure 3.16 MTT reduction in live cells by mainly mitochondrial reductase, resulting in the 
formation of insoluble formazan. 
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3.3.12. RED BLOOD CELL (RBC) HEMOLYSIS 
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3.3.13. TRANSFECTION EFFICIENCY ASSAY 
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4.1.1. SELECTION OF NANO-EMULSION COMPONENTS AND PRELIMINARY SCREENING 
OF SYSTEMS FOR NANO-EMULSION FORMATION 

Selection of nano-emulsion components 
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Aqueous components 

Oil components 



 49

Surfactants

Table 4.1. Commercial name and purity of selected cationic surfactants. 
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Table 4.2. Commercial name and HLB values of selected nonionic surfactants. 

Preliminary Screening of Water / Cationic:nonionic surfactant / [EC10 in 
ethyl acetate] systems for nano-emulsion formation 

Dehyquart® AU-04:nonionic surfactant mixtures 

Table 4.3. Nano-emulsion (NE) formation in Water / Dehyquart® AU-04 : nonionic 
surfactant / [6 wt% EC10 in ethyl acetate] systems with a water content of 90 wt%, at 25ºC.  
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Dehyquart® L 80:nonionic surfactant mixtures 

 
Table 4.4. Cationic:nonionic surfactant ratios studied in the Water / Dehyquart® L 80 : 

nonionic surfactant / [EC10 in ethyl acetate] systems.  
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Varisoft® RTM 50:nonionic surfactant mixtures 

Table 4.5. Nano-emulsion (NE) formation in Water / CatA : nonionic surfactant / [EC10 in 
ethyl acetate] systems with a water content of 90 wt%, at 25ºC.  

(1) Polymer concentration in the oil component. 
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SUMMARY on Selection of nano-emulsion components (4.1.1) 

� 

� 

� 
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4.1.2. NANO-EMULSIONS IN THE WATER / CATA:SPAN® 80 / POLYMER SOLUTION 
SYSTEM 

  

Figure 4.1. Oil-in-water (O/W) nano-emulsion region in the Water / [CatA:Span® 80 = 1:1] / 
[6 wt% EC10 in ethyl acetate] system at 25ºC. The dotted line for the O/S ratio 70/30 

indicates the dilution path which was followed for conductivity measurements. 
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�

Figure 4.2. Conductivity (*102) as a function of total water content in the Water / 
[CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system along the dilution path at the 

O/S ratio 70/30, at 25ºC. The dashed line indicates that the conductivity could not be 
measured with accuracy. Water-in-oil (W/O) and oil-in water (O/W) regions are indicated. 
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�

Table 4.6. pH values of as-prepared nano-emulsions and droplet diameters and 
polydispersity indices (PI) of nano-emulsions of the Water / [CatA:Span® 80 = 1:1] / [6 wt% 

EC10 in ethyl acetate] system with 90 wt% of water content as obtained with DLS upon 
dilution 1/100 with water saturated with ethyl acetate, at 25ºC. 
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Figure 4.3. Zeta potential (�) values of nano-emulsions of the Water / [CatA:Span® 80 = 
1:1] / [6 wt% EC10 in ethyl acetate] system as a function of the concentration of nano-
emulsion in the diluting medium (water (pH = 5.6) or PB (pH=7.4)), at 25°C. The nano-

emulsion composition was: O/S ratio 60/40 and 90 wt% water. The symbols are the 
experimental data and the lines a guide to the eye. 
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Figure 4.4. Zeta potential (�) values of nano-emulsions of the Water / [CatA:Span® 80 = 
1:1] / [6 wt% EC10 in ethyl acetate] system as a function of the O/S ratio, at 25°C. The 
nano-emulsions, initially with 90 wt% water, were diluted to a concentration of 20 mg/g 

either in water or PB. 

Table 4.7. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system, initially with 90 
wt% water, in water (pH 5.6) and PB (pH 7.4) as diluting media, at a concentration of 20 

mg/g. 
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Figure 4.5. Backscattering data during 24 hours of nano-emulsions of the Water / 
[CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system with 90 wt% water and O/S 

ratio of a) 60/40 and b) 70/30, at 25ºC. Grey shaded regions indicate the bottom and 
meniscus of the sample in the glass cell. 

Table 4.8. Stability assessment of the three selected O/S ratios of nano-emulsions of the 
Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system by visual 
observation and light backscattering at 25ºC, and calculated from Stokes’ law.  
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Effect of oleylamine 

Table 4.9. pH values, droplet diameters and polydispersity indices (PI) of nano-emulsions 
of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate and oleylamine] 

system with 90 wt% water. Droplet size values were obtained by DLS upon dilution 1/100 
with water saturated with ethyl acetate, at 25ºC. 
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Figure 4.6. Zeta potential (�) values of nano-emulsions of the Water / [CatA:Span® 80 = 
1:1] / [6 wt% EC10 in ethyl acetate (and oleylamine)] system as a function of the O/S ratio. 
The nano-emulsions, initially with 90 wt% water, were diluted to a concentration of 20 mg/g, 

either in water or PB. 
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Table 4.10. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate and oleylamine] system 

in water (pH 5.6) and PB (pH 7.4) as diluting media, at a concentration of 20 mg/g, at 25°C.  
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Figure 4.7. Backscattering data of nano-emulsions of the Water / [CatA:Span® 80 = 1:1] / 
[6 wt% EC10 in ethyl acetate with oleylamine] system with 90 wt% water and O/S ratio of a) 

50/50 during 24 hours b) 60/40 during 14 hours and c) 70/30 during 24 hours, at 25ºC. 
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Figure 4.8. Backscattering intensity at a sample height between 10 and 20 mm (total 
sample height: about 32 mm) as a function of time of nano-emulsions with O/S ratio 70/30 

and 90 wt% water of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] 
system at 25°C. 

Table 4.11. Stability assessment of the three selected O/S ratios of nano-emulsions of the 
Water / [CatA Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate and oleylamine] system by 

visual observation and light backscattering at 25ºC, and calculated from Stokes’ law.  
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Table 4.12. pH values obtained with HEPES solution (20 mM, pH 7.4), HCl (0.1 M, pH 1.2) 
and HCl (0.01 M, pH 2.1) for nano-emulsions of the Water / [CatA:Span® 80 = 1:1] / [6 wt% 

EC10 in ethyl acetate and oleylamine] system. 
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4.1.3. NANO-EMULSIONS IN THE WATER / CATA : CREMOPHOR® WO7 / POLYMER 
SOLUTION SYSTEM 
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Effect of cationic:nonionic surfactant ratio 

Figure 4.9. Oil-in-water (O/W) nano-emulsion region in the Water / [CatA:CWO7] / [6 wt% 
EC10 in ethyl acetate] system for CatA:CWO7 ratios of 1:1 and 1:3, at 25ºC. The dotted 

line indicates the dilution path for the O/S ratio 70/30, followed for conductivity 
measurements. 
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�
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�

Figure 4.10. Conductivity (*102) as a function of total water content in the Water / 
[CatA:CWO7 = 1 : 3] / [6 wt% EC10 in ethyl acetate] system along the dilution path with an 
O/S ratio of 70/30, at 25ºC. Water-in-oil (W/O) and oil-in water (O/W) regions are indicated. 
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Table 4.13. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] systems with 90 and 95 wt% of water 
content obtained by DLS, at 25ºC. Shadowed areas correspond to samples diluted (1/100) 

with water saturated with ethyl acetate. 

� �
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Figure 4.11. CryoTEM images of the nano-emulsion of the Water / [CatA:CWO7 = 1:3] / [6 
wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% of water content, 

at 25ºC. 
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Figure 4.12. Droplet size distribution of the nano-emulsion of the Water / [CatA:CWO7 = 
1:3] / [6 wt% EC10 in ethyl acetate] system with O/S ratio 70/30 and 95 wt% of water 

content, assessed from cryoTEM image analysis. 
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Table 4.14. Electrophoretic mobility (�), zeta potential (�) of nano-emulsions of the Water / 
[CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system, initially prepared with 90 and 95 wt% 

water content, respectively, after dilution with MilliQ® water to 20 mg/g, at 25ºC. 

� � � � � � � �
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Table 4.15. Stability by visual observation of nano-emulsions of the Water / [CatA:CWO7] / 
[6 wt% EC10 in ethyl acetate] system with 90 and 95 wt% water content, at 25ºC. 
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Figure 4.13. Backscattering data of the nano-emulsions with the O/S ratio 70/30, 95 wt% of 
water content and 6 wt% EC10 with the mixed CatA:CWO7 ratio of a) 1:1 and b) 1:3, 

during 24 hours. Grey shaded regions indicate the bottom and meniscus of the sample in 
the glass cell. 
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Figure 4.14. Droplet diameter of the nano-emulsion of the Water / [CatA:CWO7 = 1:3] / [6 
wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% of water content 

as a function of time, at 25ºC. 
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Figure 4.15. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] systems with the O/S ratio 70/30 and 

90 and 95 wt% water content as a function of CatA:CWO7 mixing ratio, at 25ºC. 

Table 4.16. Theoretical stability assessment of nano-emulsions of the Water / 
[CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 90 and 

95 wt% water, calculated from Stokes’ law. 



 79

 

Figure 4.16. Stability by visual observation of nano-emulsions of the Water / [CatA:CWO7] 
/ [6 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30 and 90 and 95 wt% water 

content as a function of the CatA:CWO7 mixing ratio, at 25°C. 
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Table 4.17. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30, 
initially prepared with 90 and 95 wt% water content, respectively, after dilution with MilliQ 

water to 20 mg/g, at 25°C. 
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Figure 4.17. Zeta potential (�) values of nano-emulsions of the Water / [CatA:CWO7] / [6 
wt% EC10 in ethyl acetate] system as a function of CatA:CWO7 mixing ratio with an O/S 
ratio of 70/30 and 90 and 95 wt% of water content, respectively, after dilution with MilliQ 

water to 20 mg/g, at 25ºC.
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Effect of polymer concentration 



 82

 

Figure 4.18. Oil-in-water (O/W) nano-emulsion region in the Water / [CatA:CWO7] / [EC10 
in ethyl acetate] system at 25ºC. The nano-emulsion region with 6 wt% of polymer 

concentration is shown in light green color while the region with 10 wt% is shown as the 
yellow line along the O/S ratio 70/30. 
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Table 4.18. Droplet diameters and polydispersity indices of nano-emulsions of the Water / 
[CatA:CWO7 = 1:3] / [EC10 in ethyl acetate] system with the O/S ratio 70/30 and 90 and 95 

wt% of water content at 25ºC. 

� �

Table 4.19. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:CWO7 = 1:3] / [EC10 in ethyl acetate] system with the O/S ratio 70/30 at 

a concentration of 20 mg/g, at 25°C. 

� � � � � � � �
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Table 4.20. Estimated droplet number in 1 mL of nano-emulsion of the Water / 
[CatA:CWO7 = 1:3] / [EC10 in ethyl acetate] system with the O/S ratio 70/30. 
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Table 4.21. Stability by visual observation of nano-emulsions of the Water / [CatA:CWO7 = 
1:3] / [EC10 in ethyl acetate] system with the O/S ratio 70/30 and with 90 and 95 wt% water 

content, at 25ºC. 
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4.1.4. NANO-EMULSIONS IN THE WATER / CATA:(CREMOPHOR® WO7:CREMOPHOR® 
EL) / POLYMER SOLUTION SYSTEM 
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Effect of cationic:mixed nonionic surfactant ratios 

Table 4.22. Formation of  nano-emulsions of the Water / [CatA:(CWO7:CEL)] / [EC10 in 
ethyl acetate] system with  the O/S ratio 70/30, 95 wt% water and 6 and 10 wt% polymer, at 

25ºC. 

(1) N.D.: not determined
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Figure 4.19. Droplet sizes of nano-emulsions of the Water / [CatA:(CWO :CEL)] / [6 wt% 
EC10 in ethyl acetate] system as a function of CWO7:CEL mixing ratio with the O/S ratio 

70/30 and 95 wt% of water content, at 25ºC. 
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Table 4.23. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:(CWO7:CEL)] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 
70/30 and 95 wt% of water content, after dilution to a concentration of 20 mg/g, at 25°C. 
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Figure 4.20. Zeta potential (�) values of nano-emulsions of the Water / [CatA:(CWO7:CEL)] 

/ [6 wt% EC10 in ethyl acetate] system as a function of CWO7:CEL mixing ratio with the 
O/S ratio 70/30 and 95 wt% of water content after dilution to a concentration of 20 mg/g, at 

25°C. 
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�

Effect of polymer concentration 

Table 4.24. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / [CatA:(CWO7:CEL)] / [10 wt% EC10 in ethyl acetate] system with the O/S ratio 

70/30 and 95 wt% of water content at 25ºC, as obtained with DLS. 

� �

      N.D.: not determined
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Table 4.25. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / [CatA:(CWO7:CEL)] / [10 wt% EC10 in ethyl acetate] system with the O/S ratio 

70/30 and 95 wt% of water content, at a concentration of 20 mg/g, at 25°C. 

� � � � � � � �

N.D.: not determined

�
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44..11..55..  NNAANNOO--EEMMUULLSSIIOONNSS  IINN  TTHHEE  AAQQUUEEOOUUSS  SSOOLLUUTTIIOONN  //  CCAATTAA::CCRREEMMOOPPHHOORR®®  EELL  //  
PPOOLLYYMMEERR  SSOOLLUUTTIIOONN  SSYYSSTTEEMM  
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Effect of buffer solution 
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Table 4.26. pH, osmolarity, conductivity and solutes of each aqueous solution. 

�

���

Figure 4.21. Oil-in-water (O/W) nano-emulsion region in the Water / [CatA:CEL = 1:1] / [6 
wt% EC10 in ethyl acetate] system, at 25°C.  
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Figure 4.22. Oil-in-water (O/W) nano-emulsion region in the Aqueous solution / [CatA:CEL 
= 1:1] / [6 wt% EC10 in ethyl acetate] system at pH 7.4 with a) PBS solution (0.16 M), and 

b) HEPES solution (20 mM), at 25°C.

����
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Figure 4.23. Conductivity (*102) as a function of total aqueous solution content in the 
Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system along the 
dilution path with the O/S ratio of 70/30, with water (pH 5.6), phosphate buffered saline 

(PBS, 0.16 M, pH 7.4) and HEPES solution (20 mM, pH 7.4), at 25°C. The inset 
corresponds to a magnification of the graphs obtained with water and HEPES solution.  
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Figure 4.24. Droplet diameters of nano-emulsions of the Aqueous solution / [CatA:CEL = 
1:1] / [6 wt% EC10 in ethyl acetate] system as a function of O/S ratio with 95 wt% of 

aqueous solution content, with water (pH 5.6) and HEPES solution (20 mM, pH 7.4), at 
25ºC, as obtained with DLS. 
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Table 4.27. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with 95 

wt% of aqueous solution content , in water (pH 5.6) and HEPES solution (20 mM, pH 7.4), 
at 25°C. 
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. (1) As nano-emulsions were very instable, values are not included 
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Figure 4.25. Zeta potential (�) values of nano-emulsions of the Aqueous solution / 

[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system as a function of O/S ratio with 95 
wt% of aqueous solution content, with water and HEPES solution (20 mM, pH 7.4), at 25°C. 
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Figure 4.26. Stability by visual observation of nano-emulsions of the Aqueous solution / 
[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with 95 wt% aqueous solution 

content as a function of the O/S ratio, at 25°C. 
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Figure 4.27. Backscattering data of the nano-emulsions of the Aqueous solution / 
[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30 and 95 

wt% aqueous solution content a) in water and b) in HEPES solution, at 25°C. 
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Figure 4.28. Droplet diameter of the nano-emulsion of the Aqueous solution / [CatA:CEL = 
1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% of 

aqueous solution content as a function of time, at 25ºC. 
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Figure 4.29. Osmolarity of the HEPES buffered glucose (HBG solution) as a function of 

glucose content (%) in the buffer solution.  
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Figure 4.30. Osmolarity of the HEPES buffered glucose (HBG solution) as a function of 
glucose content (%) in the buffer solution. In light blue is marked the aimed osmolalarity 

range, the arrows mark the required % glucose concentration in the HEPES solution. 
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�

Figure 4.31. Droplet diameter (nm) and zeta potential (�) values of the nano-emulsion of 
the Aqueous solution / [CatA : CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an 

O/S ratio of 70/30 and 95 wt% of aqueous solution content as a function glucose 
concentration (%) in the HEPES solution, at 25ºC. 

Effect of polymer molecular weight 
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Figure 4.32. Oil-in-water (O/W) nano-emulsion region in the Aqueous solution / [CatA:CEL 
= 1:1] / 6 wt% polymer solution system with water (pH 5.6) and HEPES solution (20 mM, 

pH 7.4), for a) EC4 and b) EC10, at 25°C. 
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Figure 4.33. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Aqueous system / [CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system as a function of 

the O/S ratio, with 95 wt% aqueous solution content, at 25ºC, as obtained with DLS. 
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Table 4.28. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with 95 wt% 

of aqueous solution content, at 25°C. 
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Figure 4.34. Zeta potential (�) values of nano-emulsions of the Aqueous solution / 

[CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system as a function of O/S ratio, with 95 
wt% of aqueous solution content, at 25°C. 
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Figure 4.35. Backscattering data of the nano-emulsions of the Aqueous solution / 
[CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with an O/S ratio of 70/30 and 95 

wt% a) water and b) HEPES content, at 25°C. 
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Figure 4.36. Droplet diameter of the nano-emulsion of the Aqueous solution / [CatA:CEL = 
1:1] / [6 wt% EC4 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% water and 

HEPES solution, respectively, as a function of time, at 25ºC. 
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4.1.6. NANO-EMULSIONS IN THE WATER / CREMOPHOR® EL / POLYMER SOLUTION 
SYSTEM 

 

 

CEL
CatA : CEL
CEL
CatA : CEL
CEL
CatA : CEL

Figure 4.37. Oil-in-water (O/W) nano-emulsion region in the Water / CEL / [6 wt% EC10 in 
ethyl acetate] system compared to the region of the Water / [CatA:CEL = 1:1] / [6 wt% 

EC10 in ethyl acetate] system, at 25ºC.  
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�

Figure 4.38. Conductivity as a function of total water content in the Water / CEL / [6 wt% 
EC10 in ethyl acetate] system along the dilution path at the O/S ratio 70/30, at 25ºC. 

Water-in-oil (W/O) and oil-in water (O/W) regions are indicated. 
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Table 4.29. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / CEL / [6 wt% EC10 in ethyl acetate] system compared to those of the CatA:CEL 

ratio 1:1 system, with 95 wt% of water content, obtained by DLS at 25ºC. 
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Table 4.30. Electrophoretic mobility (�) and zeta potential (�) values of nano-emulsions of 
the Water / CEL / [6 wt% EC10 in ethyl acetate] system, compared to those obtained with 

the CatA:CEL ratio 1:1 system, at room temperature. 
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Figure 4.39. Droplet diameters and zeta potential (�) values of nano-emulsions of the 
Water / CEL / [6 wt% EC10 in ethyl acetate] system as a function O/S ratio with 95 wt% of 

water content, at 25°C. 
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Effect of polymer molecular weight 
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Figure 4.40. Conductivity as a function of total water content in the Water / CEL / [6 wt% 

polymer in ethyl acetate] system along the dilution path at the O/S ratio 70/30 at 25ºC. The 
graph in green represents the values obtained with EC10 and in brown those with EC4. 



 117

Table 4.31. Droplet size, polydispersity index (PI), electrophoretic mobility (�) and zeta 
potential (�) values of nano-emulsions of the Water / CEL / [6 wt% EC4 in ethyl acetate] 

system with 95 wt% of water content, at 25ºC. 

� � ��
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Figure 4.41. Droplet diameters and zeta potential values of nano-emulsions of the Water / 
CEL / [6 wt% EC4 in ethyl acetate] system as a function O/S ratio with 95 wt% of water 

content, at 25°C.  
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4.1.7. SUMMARY ON NANO-EMULSIONS: FORMATION AND CHARACTERIZATION 
(SECTION 4.1.) 
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4.2.1. FORMATION OF NANOPARTICLES FROM SELECTED NANO-EMULSIONS AND 
CHARACTERIZATION 

 

Water / [CatA:Span® 80] / [6 wt% EC10 in ethyl acetate] system 

Table 4.32. Main characteristics (diameter, surface charge and stability) of a nano-
emulsion (NE) of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system 
with an O/S ratio of 70/30 and 90 wt% of water content and of the nanoparticle dispersion 

(NP) obtained from the nano-emulsion. 

� �

1 1/100 dilution with water saturated with ethyl acetate (nano-emulsion) and water (nanoparticle 
dispersion); 2 Concentration: 20 mg nano-emulsion or nanoparticle dispersion / g solution. 
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Figure 4.42. Nanoparticle size distribution, assessed from TEM image analysis, of a 
nanoparticle dispersion obtained from a nano-emulsion of the Water / [CatA:Span® 80 = 
1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 90 wt% water. 
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Figure 4.43. TEM micrograph of a negatively stained nanoparticle dispersion obtained from 
a nano-emulsion of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] 

system with an O/S ratio of 70/30 and 90 wt% water. 
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Figure 4.44. Backscattering data during 24 hours of a nanoparticle dispersion obtained 
from a nano-emulsion of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] 
system with an O/S ratio of 70/30 and 90 wt% water, at 25ºC. Grey shaded regions indicate 

the bottom and meniscus of the sample in the glass cell. 
 

 

Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system 
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Table 4.33. Characteristics (diameter with polydispersity index, surface charge and stability 
assessed visually) of nano-emulsions of the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl 

acetate] system with 90 wt% water and of nanoparticle dispersions obtained from the nano-
emulsions. 

�

1 Concentration: 20 mg nano-emulsion or nanoparticle dispersion / g solution (water). 
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Figure 4.45. Diameter (a), zeta potential (�, b) and stability assessed visually (c) as a 
function of O/S ratio of nano-emulsions and from those obtained nanoparticle dispersions 

of the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl acetate] system with 90 wt% 
water content, at 25°C.  
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Figure 4.46. Diameter (a), zeta potential (�, b) and stability assessed visually (c) as a 
function of CatA:CWO7 ratio of nano-emulsions and from those obtained nanoparticle 

dispersions of the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system with 90 
wt% water content, at 25°C.
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Table 4.34. Characteristics (diameter with polydispersity index, surface charge and stability 
assessed visually) of nano-emulsions of the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl 

acetate] system with 95 wt% water and of nanoparticle dispersions obtained from the nano-
emulsions. 

�

1 Concentration: 20 mg nano-emulsion or nanoparticle dispersion / g solution (water). 
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Figure 4.47 Diameter (a), zeta potential (�, b) and stability assessed visually (c) as a 

function of O/S ratio of nano-emulsions and from those obtained nanoparticle dispersions 
of the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl acetate] system with 95 wt% 

water content, at 25°C. 
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Figure 4.48 Diameter (a), zeta potential (�, b) and stability assessed visually (c) as a 
function of CatA:CWO7 ratio of nano-emulsions and from those obtained nanoparticle 

dispersions of the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] system with an O/S 
ratio of 70/30 and 95 wt% water, at 25°C. 
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Water / [CatA:(CWO7:CEL)] / [6 wt% EC10 in ethyl acetate] system 
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Table 4.35. Characteristics (diameter, surface charge and stability assessed visually) of 

nano-emulsions of the Water / [CatA:(CWO7:CEL)] / [6 wt% EC10 in ethyl acetate] system 
with an O/S ratio of 70/30 and 95 wt% water and of the nanoparticle dispersions obtained 

from the nano-emulsions. 

�
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Figure 4.49. Diameter (a) and zeta potential (�, b) as a function of CWO7:CEL mixing ratio 

of nano-emulsions and from those obtained nanoparticle dispersions of the Water / 
[CatA:(CWO7:CEL) = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 

and 95 wt% water, at 25°C. 
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Figure 4.50. Diameter (a) and zeta potential (�, b) as a function of CWO7 : CEL mixing 
ratio of nano-emulsions and from those obtained nanoparticle dispersions of the Water / 

[CatA:(CWO7:CEL) = 1:3] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 
and 95 wt% water, at 25°C. 

 
 

Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] 
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Table 4.36. Characteristics (diameter with polydispersity index, surface charge and stability 
assessed visually) of nano-emulsions of the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% 

EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% aqueous phase and of 
the nanoparticle dispersions obtained from the nano-emulsions. 

�

(1) N.D.: not determined; (2) G: glucose; 
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Figure 4.51. Nanoparticle size distribution, assessed from TEM image analysis, of a 
nanoparticle dispersion obtained from a nano-emulsion of the Aqueous solution / 

[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 
wt% water and HEPES solution.

 
Figure 4.52. TEM micrograph of a negatively stained nanoparticle dispersion obtained from 
a nano-emulsion of the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] 

system with an O/S ratio of 70/30 and 95 wt% a) water and b) HEPES solution. 
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Figure 4.53. Particle diameter of nanoparticle dispersion obtained from nano-emulsion of 
the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S 
ratio of 70/30 and 95 wt% of water and HEPES solution, respectively, as a function of time, 

at 25ºC. 

Effect of polymer molecular weight 

Table 4.37. Characteristics (diameter with polydispersity index, surface charge and stability 
assessed visually) of nano-emulsions of the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% 
EC4 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% aqueous phase and of 

the nanoparticle dispersions obtained from the nano-emulsions. 

�

(1) N.D.: not determined;  
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Figure 4.54. Nanoparticle size distribution, assessed from TEM image analysis, of a 
nanoparticle dispersion obtained from a nano-emulsion of the Aqueous solution / 

[CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with an O/S ratio of 70/30 and 95 
wt% water and HEPES solution. 

 

Figure 4.55. TEM micrograph of a negatively stained nanoparticle dispersion obtained from 
a nano-emulsion of the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] 

system with an O/S ratio of 70/30 and 95 wt% a) water and b) HEPES solution. 
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Figure 4.56. Particle diameter of nanoparticle dispersion obtained from nano-emulsion of 
the Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with an O/S 
ratio of 70/30 and 95 wt% of water and HEPES solution, respectively, as a function of time, 

at 25ºC. 



 138

SUMMARY on Formation of nanoparticles from selected nano-emulsions 
and characterization (Section 4.2.1.) 

� 

� 
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� 

4.2.2. EXCESS SURFACTANT REMOVAL FROM NANOPARTICLE DISPERSIONS 

Water as dialysate 
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Figure 4.57. Conductivity values as a function of time measured in the dialysate (water) 
during dialysis of a nanoparticle dispersion obtained from a nano-emulsion of the Water / 
[CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 

and 90 wt% of water content, at 25ºC. 

Figure 4.58. TEM micrographs of the negatively stained nanoparticle dispersion of the 
Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 

70/30 and 90 wt% water, after dialysis. 
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Table 4.38. Particle size (determined by DLS and TEM image analysis) and zeta potential 
(�) values of a nanoparticle dispersion obtained from a nano-emulsion of the Water / 

[CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 
and 90 wt% water content, before and after dialysis. 

� �

1 1/100 dilution with water; 2 Concentration: 20 mg nanoparticle dispersion / g solution.  
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Figure 4.59. Nanoparticle size distribution, assessed from TEM image analysis, of a 

nanoparticle dispersion obtained from a nano-emulsion of the Water / [CatA:Span® 80 = 
1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 90 wt% water, 

before and after dialysis. 
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Figure 4.60. Backscattering data during 24 h of a nanoparticle dispersion obtained from a 
nano-emulsion of the Water / [CatA:Span® 80 = 1:1] / [6 wt% EC10 in ethyl acetate] 

system with an O/S ratio of 70/30 and 90 wt% water, after dialysis, at 25ºC. Grey shaded 
regions indicate the bottom and meniscus of the sample in the glass cell. 
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Figure 4.61. Conductivity values as a function of time measured during dialysis of a 
nanoparticle dispersion obtained from a nano-emulsion of the Water / [CatA:CWO7 = 1:3] / 
[6 wt% EC10 in ethyl acetate] system with on O/S ratio of 70/30 and 95 wt% water content 

(a) in the dialysate (water) and (b) in the nanoparticle dispersion. 
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Table 4.39. Particle size (determined by DLS) and zeta potential (�) values of a 
nanoparticle dispersion obtained from a nano-emulsion of the Water / [CatA:CWO7 = 1:3] / 
[6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% water, before 

and after dialysis. 

�

1 Concentration: 20 mg nanoparticle dispersion / g solution. 

�

�



 145

�

Figure 4.62. Zeta potential (�) values as a function of time of a nanoparticle dispersion 
obtained from a nano-emulsion of the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl 

acetate] system with an O/S ratio of 70/30 and 95 wt% of water content. 
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�

 
Figure 4.63. Zeta potential (�) and conductivity values as a function of time during dialysis 
of a nanoparticle dispersion obtained from a nano-emulsion with an O/S ratio of 70/30 and 

95 wt% water content of the Water / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] 
system with water as dialysate. 

�

�

PBS as dialysate 
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Figure 4.64. Zeta potential (�) and conductivity values of the nanoparticle dispersion as a 
function of time during dialysis of a nanoparticle dispersion obtained from a nano-emulsion 
with an O/S ratio of 70/30 and 95 wt% water content  of the Water / [CatA:CEL = 1:1] / [6 

wt% EC10 in ethyl acetate] system with PBS (0.33M) as dialysate. 
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Figure 4.65. pH of a nanoparticle dispersion obtained from a nano-emulsion of the Water / 
[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 

wt% water as a function of time with PBS (0.33M) as dialysate.
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Figure 4.66. Zeta potential (�) values of a nanoparticle dispersion obtained from a nano-
emulsions of the HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system 

with an O/S ratio of 70/30 and 95 wt% HEPES solution and conductivity values of the 
dialysate (HEPES buffer, 20 mM, pH 7.4) as a function of time. 
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�

�

Table 4.40. Particle size (determined by DLS) and zeta potential (�) values of a 
nanoparticle dispersion obtained from a nano-emulsion of the HEPES solution / [CatA:CEL 

= 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% 
HEPES solution, before and after dialysis. 

�

SUMMARY on Excess surfactant removal from nanoparticle dispersions 
(Section 4.2.2.) 
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4.2.3. FUNCTIONALIZATION OF CATIONIC NANOPARTICLES 

Complexation with folic acid 
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Figure 4.67. Zeta potential (�) values as a function of the c+/a- ratio between the cationic 
charges present in a nanoparticle dispersion (c+) and the negative charges provided by the 
folic acid (a-), at 25°C, at pH 7.4. The nanoparticle dispersion was obtained from a nano-
emulsion of the Water / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an 

O/S ratio of 70/30 and 95 wt% water. 
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HEPES solution as continuous phase 
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Figure 4.68. Complex size and zeta potential (�) values as a function of the c+/a-  ratio 
between the cationic charges present in a nanoparticle dispersion (c+) and the negative 

charges provided by the folic acid (a-), at 25°C, at pH 7.4. The nanoparticle dispersion was 
obtained from a nano-emulsion of the HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in 

ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% HEPES solution. 
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Effect of glucose 
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Figure 4.69. Osmolarity values as a function of the c+/a- ratio of complexes formed 

between nanoparticles and folic acid (2 mM), at 25°C. Nanoparticles were obtained from 
nano-emulsions of the HEPES buffered glucose solution / [CatA:CEL = 1:1] / [6 wt% EC10 
in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% HEPES buffered glucose 

containing 4.3% and 4.5% glucose. 
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Figure 4.70. Size and zeta potential (�) values as a function of the c+/a- ratio of complexes 
formed between nanoparticles and folic acid (2 mM), at 25°C. Nanoparticles were obtained 
from nano-emulsions of the HEPES buffered glucose solution (HBG, 4.3%glucose, pH 7.4) 
/ [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 

wt% HBG. 

Complexation with oligonucleotides 
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Figure 4.71. Size and zeta potential (�) values as a function of the N/P ratio of complexes 
formed between nanoparticles and the antisense oligonucleotide (ASO) phosphorothioate, 

at 25°C. Nanoparticles were obtained from nano-emulsions of the HEPES solution / 
[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 

wt% HEPES solution. 
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Figure 4.72. Zeta potential (�) values as a function of the N/P ratio of complexes formed 
between nanoparticles and the antisense oligonucleotide (ASO) phosphorothioate in the 

absence and presence of Fetal Bovine Serum (FBS), at 25°C.Nanoparticles were obtained 
from nano-emulsions of the HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl 

acetate] system with an O/S ratio of 70/30 and 95 wt% HEPES solution. 
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Figure 4.73. EMSA gel shift assay obtained after 8 hours, to analyse the ability of the 
nanoparticles to form complexes with the antisense oligonucleotide (ASO) 

phosphorothioate. Nanoparticles were obtained from a nano-emulsions of the HEPES 
solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 

70/30 and 95 wt% HEPES solution. The numbers indicate the N/P ratios. 

048121620242830



 159

Figure 4.74. TEM micrograph of the negatively stained complex between a nanoparticle 
dispersion and the antisense oligonucleotide phosphorothioate, in the N/P ratio 30. 

Nanoparticles were obtained from a nano-emulsion of the HEPES solution / [CatA:CEL = 
1:1] / [6wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 wt% HEPES 

solution. 

Figure 4.75. Complex size distributions, assessed from TEM image analysis, of a 
negatively stained nanoparticle dispersion nanoparticle dispersion of the HEPES solution / 
[CatA:CEL = 1:1] / [6wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 95 

wt% HEPES solution and of the complex between nanoparticles and the antisense 
oligonucleotide phosphorothioate, in the N/P ratio 30. 
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SUMMARY on Functionalization of cationic nanoparticles (Section 4.2.3.) 
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4.2.4. IN VITRO STUDIES OF NANOPARTICLE DISPERSIONS 

Cytotoxicity test with 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium 
bromide (MTT) 

�
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Figure 4.76. Absorbance (at�� = 570 nm) of HeLa cells as a function of nanoparticle 
concentration after 4 hours of treatment. Nanoparticles were obtained from a nano-

emulsion of the HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system 
with an O/S ratio of 70/30 and 95 wt% HEPES solution. The blank bar indicates the sample 

without nanoparticles. 

 
In vitro hemolysis test 
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Table 4.41. Osmolarity and percentage of hemolysis (%) of different concentrations of 
cationic species present in CatA in a nanoparticle dispersion, obtained from a nano-

emulsion of the HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system 
with an O/S ratio of 70/30 and 95 wt% HEPES solution. 

Table 4.42. Osmolarity and percentage of hemolysis (%) of complexes with different c+/a- 
ratios formed between a nanoparticle dispersion, obtained from a nano-emulsion of the 

HEPES solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with an O/S ratio 
of 70/30 and 95 wt% HEPES solution and varying concentrations of a folic acid solution. 
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Figure 4.77. Hemolysis (%) as a function of cationic:anionic charge (c+/a-) ratio of positively 
charged nanoparticles and negatively charged folic acid. 

Transfection efficiency of nanoparticle:oligonucleotide complexes 
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Figure 4.78. Gene-specific silencing activities for phosphorothioate antisense 
oligonucleotide, targeting the Renilla luciferase mRNA expressed in HeLa cells. The N/P 

(nanoparticle:antisense oligonucleotide) ratios tested for gene knockdown were N/P 28, 30 
and 35. The ASO concentration was 60 nM. The bar named Blank is the result of 

luciferase activity of the HeLa cells with the two transfected plasmids. The bar named WT 
is the result without using nanoparticles. 
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Figure 4.79. Gene-specific silencing activities with 10% serum for unmodified 

phosphorothioate antisense oligonucleotide (WT) at different concentrations (60, 150 and 
270 nM) and for the N/P ratio 28 (nanoparticle:antisense oligonucleotide) using mentioned 
ASO concentrations, targeting the Renilla luciferase mRNA expressed in HeLa cells. The 

bar named Blank is the result of luciferase activity of the HeLa cells with the two 
transfected plasmids.  
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SUMMARY on in vitro studies on nanoparticle dispersions (Section 4.2.4.) 

� 
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1.1. NANO-EMULSIONES 

Definición y características 
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Estabilidad 

Sedimentation Creaming Flocculation Coalescence Ostwald Ripening

Nano-emulsion

Phase separation

Sedimentation Creaming Flocculation Coalescence Ostwald Ripening

Nano-emulsion

Phase separation

Figura 8.1. Representación esquemática de los procesos de desestabilización de las 
nano-emulsiones. 
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Métodos de preparación 
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Figura 8.2. Representación esquemática de la formación de nano-emulsión por el método 
de composición de inversión de fase (PIC). 
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Aplicaciones 

1.2. NANOPARTÍCULAS 

Definición y características 



 198

Métodos de preparación 

O/S mixture Nano-emulsion
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evaporation
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Figura 8.3. Representación esquemática del processo de preparación de nanopartículas 

con la fase de aceite abreviado con O y el tensioactivo (mezcla) con S. 
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Aplicaciones 



 200

 

 

 

 

3.1. NANO-EMULSIONES: FORMACIÓN Y CARACTERIZACIÓN 
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3.1.1. Selección de componentes y de ensayos preliminares  de  
formación de nano-emulsiones 

Selección de componentes 

Ensayos preliminares de formación de nano-emulsiones O/W en sistemas Agua 
/ cationico:nonionico / EC10 en acetato de etilo 
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3.1.2. Nano-emulsiones en el sistema Agua / CatA:Span® 80 / solución de 
polímero  

3.1.3. Nano-emulsiones del sistema  Agua / CatA:Cremophor® WO7 / 
solución de polímero  
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3.1.4. Nano-emulsiones en el sistema Agua / CatA:(Cremophor® 
WO7:Cremophor® EL) / solución de polímero  
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3.1.5. Nano-emulsiones en el sistema Solución acuosa / 
CatA:Cremophor® EL / solución de polímero  

Figura 8.4. Región de formación de nano-emulsiones aceite-en-agua (O/ W) en el sistema 
solución acuosa / [CatA:CEL = 1:1] / [6 wt% de EC10 en acetato de etilo], a 25 °.

����

���
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3.1.6. Nano-emulsiones en sistema Agua / Cremophor® EL / solución de 
polímero  
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3.2. NANOPARTÍCULAS CATIONICAS: FORMACIÓN Y CARACTERIZACIÓN 

3.2.1. Formación y characterización de nanopartículas a partir de las 
nano-emulsions seleccionadas 
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Figura 8.5. Micrografía TEM de una dispersión de nanopartículas obtenida a partir de una 
nano-emulsión del sistema Solución de HEPES / [CatA: CEL = 1:1] / [6 wt% de EC10 en 

acetato de etilo] con una relación O / S de 70/30 y 95 wt% de solución HEPES. 

3.2.2. Eliminación del exceso de tensioactivo de dispersiones de 
nanopartículas 

3.2.3. Funcionalización de nanopartículas catiónicas 
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Figura 8.6. Potencial zeta en función de la relación carga catiónica/aniónica (c+/a-) de una 
dispersión de nanopartículas obtenida a partir de una nano-emulsión del sistema Agua / 

[CatA:CEL = 1:1] /  [6 wt% EC10 en acetato de etilo] con la relación O/S de 70/30. La 
carga aniónica corresponde a ácido fólico. 
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Figura 8.7. Valores del potencial zeta (�) en función de la relación N/P de los complejos 
formados entre las nanopartículas y el oligonucleótido antisentido (ASO) fosforotioato en 

ausencia y en presencia de suero bovino fetal (FBS), a 25 °C. Las nanopartículas se 
obtuvieron a partir de nano-emulsiones del sistema solución de HEPES / [CatA:CEL = 1:1] 
/ [6 wt% de EC10 en acetato de etilo] con una relación O/S de 70/30 y 95 wt% de solución 

de HEPES.
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3.2.4. Estudios in vitro de dispersiones de nanopartículas 
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Figura 8.8. Absorbancia (��= 570 nm) de células HeLa en función de la concentración de 
nanopartículas después de 4 horas de tratamiento. Las nanopartículas se obtuvieron a 

partir de una nano-emulsión del sistema solución de HEPES / [CatA:CEL = 1:1] / [6 wt% de 
EC10 en acetato de etilo] con una relación O/S de 70/30 y 95 wt% de solución de HEPES. 

La barra blank indica la muestra sin nanopartículas.
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Table A 9.1. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / [CatA:CWO7] / [6 wt% EC10 in ethyl acetate] systems with the O/S ratio 70/30 and 
90 and 95 wt% of water content at 25ºC, as obtained with DLS. Shadowed cells correspond 

to samples diluted (1/100) with water saturated with ethyl acetate. 

� �

Table A 9.2. Visually assessed stability of nano-emulsions of the Water / [CatA:CWO7] / [6 
wt% EC10 in ethyl acetate] system with the O/S ratio 70/30 and 90 and 95 wt% water 

content, at 25ºC. 
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Table A 9.3. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Water / [CatA:(CWO7:CEL)] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 

70/30 and 95 wt% of water content at 25ºC, as obtained with DLS. 

�
�

Table A 9.4. Theoretical stability assessment of nano-emulsions of the Water / 
[CatA:(CWO7:CEL)] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30 and 95 

wt% water content, calculated from Stokes’ law. 
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Table A 9.5. Theoretical stability assessment of nano-emulsions of the Water / 
[CatA:(CWO7:CEL)] / [10 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30 and 

95 wt% water content, calculated from Stokes’ law. 

Table A 9.6. Droplet diameters and polydispersitiy indices (PI) of nano-emulsions of the 
Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system in water (pH 

5.6) and HEPES solution (20 mM, pH 7.4), as obtained with DLS, at 25°C. 

� �
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Table A 9.7. Theoretical stability assessment of nano-emulsions of the Aqueous solution / 
[CatA:CEL = 1:1] / [6 wt% EC10 in ethyl acetate] system with the O/S ratio 70/30, 

calculated from Stokes’ law. 

Table A 9.8. Droplet diameters and polydispersity indices (PI) of nano-emulsions of the 
Aqueous solution / [CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with 95 wt% of 

aqueous solution content at 25ºC, as obtained with DLS. 

� �

153.4 0.56 122.3 0.56 

118.4 0.48 101.2 0.50 

102.0 0.45 91.7 0.49 

96.2 0.42 91.6 0.46 

91.0 0.42 86.6 0.48 

Table A 9.9. Theoretical stability assessment of nano-emulsions of the Aqueous solution / 
[CatA:CEL = 1:1] / [6 wt% EC4 in ethyl acetate] system with 95 wt% aqueous solution 

content, calculated from Stokes’ law. 
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Table A 9.10. Theoretical stability assessment of nano-emulsions of the Water / CEL / [6 
wt% EC4 in ethyl acetate] system, compared to that of the CatA:CEL system, with 95 wt% 

of water content, calculated from Stokes’ law. 

(1) no nano-emulsion formed. 

Table A 9.11. Theoretical stability assessment of nano-emulsions of the Water / CEL / [6 
wt% EC4 in ethyl acetate] system with 95 wt% of water content, calculated from Stokes’ 

law, compared to that of the CatA:CEL system. 

 


