
ORIGINAL CONTRIBUTION

Elaboration of sponge-like particles for textile functionalization
and skin penetration

Ahmad Bitar1 &Nadiah Zafar1 & Jean Pierre Valour1 &Géraldine Agusti1 &Hatem Fessi1 &

Philippe Humbert2 & Sophie Robin2
& Céline Viennet2 & Nathalie Lévêque3 &

Abdelhamid Elaissari1

Received: 11 May 2015 /Revised: 29 June 2015 /Accepted: 7 July 2015 /Published online: 25 July 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract The preparation and characterization of active-
loaded microparticles for cosmetic textile applications were
studied in this work. The double emulsion diffusion/
evaporation technique was served and the Eudragit® RS100
(ethyl acrylate and methyl methacrylate copolymers) was used
as biodegradable polymer. Two actives molecules, vitamin E
and Lauryl isoquinolinium bromide (LIB) were successfully
loaded during the formulation. Obtained particles were spher-
ical in shape with a little variable diameter about 1 μm and
zeta potential of 55 mV. The cutaneous penetration of the
particles was evaluated by dermal microdialysis, tape strip-
ping, and punch-biopsy techniques from ex vivo human skin.
LIB or vitamin E concentrations in the different layers of the
skin were analyzed by high-performance liquid chromatogra-
phy method. Finally, these particles were adsorbed onto a
textile in optimized conditions. The scanning electron micros-
copy is used to confirm the total threads coverage by particles.
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Introduction

Recently, the preparation of particles, as new active carriers,
which control the amount of drug released and their localiza-
tion, has become an important field of research. The facilities
provided by the nanotechnologies have opened many ways to
present the active molecules, transfer them into the target and
release them at the desired site. Nowadays, particle synthesis
is widely based on biodegradable polymers, so the active mol-
ecules are loaded inside the particles, which allow their con-
trolled release over prolonged time [1, 2]. Encapsulation tech-
niques are used to improve the administration efficacy, reduce
the toxicity, protect the drug, and control the release. Drug
release from particles occurs either by diffusion through the
matrix or by matrix degradation [3].

Cosmetic industries [4], in addition to medicine and phar-
macy, are highly interested by nanotechnology and polymer
capsules applications as new drug administration methods. In
these cases, encapsulation is used to hide the active molecules
inside the polymer cavity, protect it from the external environ-
ment, and control the amount released during the capsule life.

Eudragit® polymers are used to prepare particles contain-
ing active molecules for prolonged release [5]. Whereas, these
polymers are insoluble in water, non-toxic, have low perme-
ability, and pH-independent swilling, they are suitable inert
carriers of drugs and active molecules [6, 7]. Various tech-
niques have been used to encapsulate active molecules into
Eudragit® particles. These techniques include double emul-
sion [8], nanoprecipitation [9], supercritical fluid [10], and
spray drying [11]. Among them, double emulsion method
[12] is widely used to synthesize drug-loaded polymeric par-
ticles. Here, W/O/W-type double emulsion was selected and
several steps for its preparation are required: (1) first emul-
sion: an aqueous solution of the active molecule (the internal
aqueous phase W1) is emulsified into an organic solution
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consisting of biodegradable polymer and organic solvent (this
is the oil phase O). (2) Then, the obtained emulsion (W1/O)
can be emulsified in second aqueous phase (external phase
W2) to get the double emulsion (W1/O/W2). (3) The next step
is the evaporation of organic solvent to solidify the polymer
and result in the formation of solid polymeric particles, which
entrap the active molecules. (4) The last step is the particles’
separation, usually by centrifugation or freeze-drying. In ad-
dition, double emulsion technique is suitable for both hydro-
philic and hydrophobic [13] molecules.

The objectives of this study were to synthesize active-loaded
polymeric particles of Eudragit® RS100 using double emulsion
solvent diffusion and evaporation technique. Then, these parti-
cles were deposited onto the textile using the electrostatic forces.
The adsorbed particles should resist against washing and release
the active molecules over a prolonged period.

Firstly, we synthesized blank particles by a systematic
study and investigated all the parameters that can affect the
size andmorphology of particles, such as the polymer amount,
the stirring speed and time, the external phase volume and the
water volume of final dilution. Obtained particles were then
adsorbed onto negatively charged textiles. The textile was
incubated with the particles’ suspension for a predetermined
(or specific) time, and the adsorbed particles’ amount was
evaluated using SEM and zeta potential. Different parameters
of adsorption were investigated such as the pH of medium and
the time of incubation. Secondly, we synthesized active-
loaded particles; two actives, vitamin E and lauryl
isoquinolinum bromide (LIB), were chosen respectively for
their hydrating and anti-body hair growth effects. The encap-
sulation efficiency was analyzed by high-performance liquid
chromatography (HPLC) method. The cutaneous penetration
of the particles was evaluated by dermal microdialysis [14,
15], tape stripping, and punch-biopsy techniques from
ex vivo human skin. LIB or vitamin E concentrations were
determined in the different layers of the skin.

Materials and methods

Materials

Eudragit® RS100 (ethyl acrylate and methyl methacrylate co-
polymers), weight average molar mass: approx. 32,000 g/mol,
was purchased from EVONIK (EVONIK, Germany). Vitamin
E, LIB, dichloromethane (DCM), and poly(vinyl alcohol)
(PVA) were obtained from Sigma-Aldrich. Deionized water
was used throughout the study.

Preparation of particles

Eudragit® RS100 particles were prepared using double emul-
sion W/O/W method. To prepare the first emulsion, two types

of homogenizer were used (Ultra Turrax® T-10, IKA®Werke,
Staufen, Germany, and/or ultrasound). The steps of the gener-
al experiment were briefly as follows; 1 g of Eudragit® RS100
was dissolved in 5 ml DCM and emulsified with 1 ml water
using Ultra Turrax® or ultrasound. The obtained emulsion W/
O was injected in 30ml water (with or without stabilizer PVA)
and emulsified using Ultra Turrax® (T-25, IKA® Werke,
Staufen, Germany). Then, the second emulsion W/O/W was
poured into 100 ml water and magnetically stirred for 15 min
(using simple magnetic bar). Finally, the double emulsion was
evaporated to remove the organic solvent, DCM, and solidify
the particles (rotary evaporator). The obtained particles were
filtered on glass wool to remove the potential aggregations.

Optimization of particles’ size

We studied the influence of all synthesis parameters on the
particles’ morphology and size.

The effect of polymer amount

The amount of Eudragit® dissolved in 5 ml of DCM varied
from 0.25 to 1.5 g: Emulsions were prepared using 1 ml water
for internal aqueous phase (W1) and 50 ml water for external
aqueous phase (W2). The ultrasound was used to emulsify the
first emulsion (70 % power and 1.5 min) and Ultra Turrax® to
prepare the second emulsion (13,500 rpm for 15 min). Finally,
the double emulsion was diluted in 100 ml water, stirred for
15 min, and evaporated to remove DCM.

The effect of Ultra Turrax speed and time (first emulsion)

The first emulsion was prepared initially using a small-size
Ultra Turrax (T-10) and the effects of its speed and emulsifi-
cation time were investigated. Speed varied from 13,500 to
24,500 rpm and used times were 2, 3, and 4 min.

The effect of ultrasound power and time (first emulsion)

Particles’ size of the first emulsion influences the finale parti-
cles’ size, so we studied the effect of ultrasound power and
time on the finale particles’ size. One gram of Eudragit® was
dissolved in 5 ml DCM and emulsified with 1 ml water using
variation of ultrasound time. The second emulsion was pre-
pared as previously described (Ultra Turrax®, 13,500 rpm for
15 min).

The effect of external aqueous phase volume

The volume of external aqueous phase, W2 was changed from
30 to 90 ml water and the particles were prepared using 1 g
Eudragit® in 5 ml DCM. The first emulsion was prepared by
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ultrasound (70 % for 1.5 min) and the second emulsion was
prepared by Ultra Turrax® (13,500 for 15 min).

The effect of final dilution volume

Particles prepared by double emulsion were diluted in water to
help the organic solvent to diffuse outside the particles. The
amount of water used for this dilution varied and the effect of
this dilution on the particles’ size and morphology was inves-
tigated. The double emulsions were prepared as previously
described.

Characterization of particles

Particles’ morphology

Scanning electron microscopy SEM, was performed with a
Hitachi S800 FEG microscope, at the Bcentre technologiques
des microstructures^ CTμ at the University of Lyon. For the
sample preparation, a drop of the sample was deposited on a
flat steel holder and dried at room temperature overnight. The
samples were coated under vacuum cathodic sputtering with
platinum. The particles were examined using SEM under ac-
celerating voltage of 15 kV.

Particles’ size analysis

Particles’ size and size distribution were measured with a laser
diffraction particle size analyzer (Beckman Coulter LS 13
320). Samples were prepared by adding drops of aqueous
particle suspension to the instrument container, already filled
with distilled water.

Zeta potential analysis

The zeta potential of particles was measured using Zetasizer
instrument (Zetasizer Nano S, Malvern®, UK). Particles were
highly diluted in NaCl 1 mM and potential zeta was measured
using special zeta cell DTS1070 (Malvern®, UK). Potential
zeta, of particles, as a function of pH was measured using
autotitrator (MPT-2, Malvern®, UK). Sample was highly di-
luted in NaCl 1 mM and potential zeta was measured between
pH 3 and 11.

Cutaneous penetration

Encapsulation efficiency

Particles’ suspensions were centrifuged and the supernatants
were removed and stored at −20 °C until analysis.

Ex vivo microdialysis

Microdialysis system consisted of a CMA/100® syringe pump
and a CMA/140 microfraction collector (Phymep, France).
Microdialysis probes (CMA/20®) had a 20-kDa cut off with
a polycarbonate membrane (length 10 mm). The probes (3 per
condition) were inserted into the dermis of ex vivo
abdominoplastic skin fragments. Probes were perfused with
Ringer’s lactate/3 % BSA solution at an optimal flow rate of
3 μl/min. The penetration areas were demarcated on the skin
with metallic ring. Five hundred microliters of standard and
encapsulated molecules were applied to the demarcated area
of the skin. Samples were collected every 90min over a period
of 24 h and stored at −20 °C until analysis.

The depth of microdialysis probes in the skin was mea-
sured by ultrasound scanning.

Tape stripping and biopsies

D-squame® tapes (Monaderm, France) were applied and re-
moved. Discs 1–10were stored at −20 °C until analysis (disc 1
for skin surface and 2 to 10 for stratum corneum). Skin biop-
sies were realized and epidermis was separated from dermis
by dispase incubation. Tissues were stored at −20 °C until
analysis.

Sample analysis

ExtractionThe content of vitamin E and LIB in the tape strips
and biopsies was analyzed following extraction procedure
[16]. Methanol was added to tape strips. Tubes were shacked
during 10 min, centrifuged at 14,000×g for 10 min before
collecting the supernatant. Human dermises or epidermises
were weighted in glass tube. After homogenization using a
dispersing Ultra Turrax®, methanol was added, shaken, and
sonicated for 10 min. After centrifugation at 14,000×g for
10 min, the supernatant was collected. The concentration of
vitamin E and LIB in dialysates was measured without pre-
treatment.

Vitamin E quantification Vitamin E was assayed by HPLC
using a Shimadzu Prominence HPLC system equipped with a
pump model LC-20AB, an autosampler model SIL-20A.
Double detection was used: photodiodoarray detector model
SPD-M20A (Shimadzu, France) coupled with a triple
quadripole TSQ Vantage (ThermoFisher, France). Separation
was performed on a Prevail C18 column (150 × 4.6 mm,
3.1 μm, Alltech, Deerfield, IL, USA) using mobile phases
composed of acetonitrile:0.05 % phosphoric acid solution
(35:65, v/v) at a flow rate of 1 ml/min and of acetonitrile
(100 %). UV detection wavelength of 285 nm was used for
vitamin E detection and quantification. Standard solutions of
the drugs were prepared in methanol or acetonitrile, and
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linearity was achieved over the range of 1–100 μg/ml
(r2 > 0.99) [17].

LIB quantification LIB was analyzed by HPLC-DAD. The
column used was a C18 Xterra, 5 μm (4.6 × 150 mm, SN°:
T32753G) and the system was a P4000 pump coupled with a
UV6000LP diode array detector (Thermo Separation Prod-
ucts, Les Ulis, France).The acquisition software was
ChromQuest (Thermo Separation Products, Les Ulis, France).
The mobile phase was composed of 60 % acetonitrile and
40 % ammonium formate (0.1 M, pH = 3.5) with a flow rate
of 1 ml/min. The quantification was done at 335 nm. The
retention time was 4.8 min and the volume of injection was
20 μl. Linearity was obtained in the range 0.1 to 10 μg/ml
(r2 > 0.99) [18].

Statistical data

Statistical analyses were performed using a two-way ANOVA
(for microdialysis) and one-way ANOVA (for tape stripping
and biopsies), followed by a Fischer test.

Active-loaded particles and adsorption onto textile

Two active molecule models used were the vitamin E and
lauryl isoquinolinum bromide (LIB). Particles were prepared
as described above and the active molecules were added to the
first emulsion (W1/O). In our case, the actives are hydrophobic
and soluble in the organic phase. Therefore, the actives were
added to the organic phase. In the case of hydrophilic active,
they can be added in the internal aqueous phase.

The obtained particles were incubated with small pieces
(1 cm2) of fabrics, polyamide. Next, the pieces were immersed
in distilled water to remove the excess of particles. The opti-
mum conditions of adsorption were investigated by testing the
pH of medium and incubation time. Particle-treated textiles
characterized by SEM and surface zeta potentials were deter-
mined before and after particles’ adsorption.

Results and discussion

Particles’ preparation

Double emulsion diffusion evaporation (W1/O/W2) technique
was used to prepare the particles. The first emulsion W1/O
was formed by emulsification of organic solution of a polymer
containing the active molecules with an aqueous solution.
Then, the second emulsion formed by emulsifying the first
one (W1/O) with an aqueous solution of PVA. Size and mor-
phology of the obtained particles depend on several factors
such as the following:

– The droplet size of the first emulsion.
– The organic solvent and its diffusion into the external

aqueous phase.
– The volume of the external aqueous phase.
– Stabilizer and its concentration.
– Homogenizer used, its speed and treatment time.

Usually, particles obtained by double emulsion, using a
mechanical homogenizer, have a minimum size of 10 μm
[19]. This is due to the limited efficient of the mechanical
homogenizer to produce very small droplets.

In this study, particles were prepared by two different ways,
the preparation of the first emulsion only, using the Ultra
Turrax® and the ultrasound.

The particles prepared using Ultra Turrax® were big in
size, between 10 and 40 μm, and those that were prepared
using ultrasound had sizes in the range of 1 μm, as shown in
Fig. 1.

These results are due to the high fragmentation power of
ultrasound, which formats small drops (W1/O). In addition, as
it is shown in the Fig. 1, the surface properties are also differ-
ent. The particles obtained by Ultra Turrax® were porous,
with big pores, while the particles obtained by ultrasound
had smooth surfaces with few and small holes. As the same
quantity of polymer was used in both cases, walls of the small
particles were thicker than walls of the big particles, so the
solvent evaporation is more effective in the case of big parti-
cles, which produced bigger holes in the particles walls. The
specific surface area of small particles was higher than that in
the big particles, so the contact area between organic and
aqueous phases in small particles was larger than that in the
big particles. Therefore, the organic solvent diffusion to the
aqueous phase was faster in the case of small particles, which
lead to rapid solidification of the polymer matrix. This is a
second reason why big particles were more porous than the
small ones. Size distribution in both cases was wide.

As known that the particles prepared by emulsification
process have non-uniform (polydisperse) sizes and to improve
the uniformity, an expenditure of high energy for longer du-
ration is required. Here, for our desired applications, polydis-
persity was not a big problem so it was not so necessary to
spend high energy for a long time to get better results.

After these preliminary studies, we decided to use ultra-
sound in the first emulsification step since our target size
was 1 μm,which was achieved by the ultrasonication (without
any stabilizer).

Particles’ size optimization

The effect of polymer amount

Different quantities of polymer were used to prepare particles,
0.25, 0.5, 1, 1.5, and 2 g Eudragit® RS100. Table 1 resumes
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the results of preparations using different quantities of
polymer.

Slight increasing trend in particle size was observed as
polymer amount was increased from 0.25 to 1.0 g, but this
slight increase was followed by a sudden large increase in
particle size (~13 μm) which was observed at 1.5 g of poly-
mer. The viscosity became more important, so the energy
needed for the fragmentation is greater than the supplied.

At higher concentration, 2 g and more, particles’ formation
was not observed due to the high viscosity of organic solution.
It is obvious that the particles’ size was highly sensitive to the
polymer concentration, due to the absence of surfactant or
stabilizer agent so the particles’ coagulation was effective at
high polymer concentration. Yang et al. [19] found similar
results where it was observed that the polymer concentrations
of 16.7 and 33.3 mg/ml gave particles’ diameters of 97.9 and
125.8 μm, respectively.

The effect of other parameters, ultrasound, external aqueous
phase, and final dilution phase

Ultrasound was used to emulsify the first emulsion W1/O; the
drops were prepared without surfactants or stabilizers and
poured directly into the external phase to prepare the second

emulsion. Generally, droplets size of the first emulsion does
not affect the final particles’ size (in condition that the drop-
lets’ size is relatively smaller than the final particles [20, 21]).
To study the effect of ultrasound onto the particles’ size, two
polymer concentrations were chosen, 0.25 and 1 g. Particles
were prepared using double emulsion diffusion/evaporation;
with the first emulsion being prepared using ultrasound at
70 %. Ultrasonication times were varied from 1.5 to 6.0 min
and the results are displayed in Table 2.

It was clear that the ultrasound time at these conditions
showed no effect on the final particles’ size evenwith different
polymer concentrations. By comparing these particles with
the particles prepared using Ultra Turrax® over all the exper-
iments, we found that the average particles’ size is 40 μm.
This was due to the size of first droplets formulated by Ultra
Turrax®. Even with high speed (24,000 rpm), these droplets
were too big and the final particles were so far from 1 μm.
These results suggested that in these conditions, we could not
mechanically reach to very small droplets to have submicron
particles in the final step.

In addition, the effect of the external phase on the particles’
size was investigated. The volume of the external phase varied
from 30 to 90 ml. Table 3 shows the average particles’ sizes of
particles prepared with different external phase volume.

Fig. 1 SEM photographs of
particles obtained using
ultrasound (a) or Ultra Turrax®
(b) to emulsify the first emulsion

Table 1 Preparations of Eudragit® RS100 particles obtained using different polymer amounts

Preparation Eudragit RS100 (g) DCM (ml) Internal aq. phase (ml) External aq. phase (ml) Diameter (μm) Zeta potential (mV)

1 0.25 5 1 30 0.87 39.5

2 0.50 5 1 30 1.1 44.9

3 0.75 5 1 30 1.1 48.6

4 1.00 5 1 30 1.2 51.8

5 1.50 5 1 30 13.3 51.3

6 2.00 5 1 30 X X
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Changing the volume of the external phase increased
slightly the particles’ size. In this case, increasing the external
phase volume decreased the efficacy of homogenizer, so the
average particles’ size was bigger with extra volume of exter-
nal aqueous phase.Moreover, for completing the investigation
of the external water effect on the particles’ size, the effect of
dilution with excess volume of water was also studied.

The volume of external phase is important in this process of
particles’ formulation, specially its effect on the size and mor-
phology. The process of polymer solidification depends on
removing the organic solvent, which can be done by extrac-
tion and evaporation. Extraction step depends on the miscibil-
ity between the organic solvent and water [16]. In this study,
the double emulsion was diluted with water after the second
emulsion preparation to help the organic solvent diffusion into
the external aqueous phase and start the polymer solidifica-
tion. This pre-solidification step has an effect on the final
particles’morphology [16]. Table 4 shows the results obtained
by variation in the volume of water used to dilute the W1/O/
W2 emulsion.

Results in Table 4 showed that the dilution step had no
effect on the average particles’ size and adding more water
only slightly decreased the average particles’ size. This was
due to the poor solubility of DCM in water, 1.3 g/100 ml at
20 °C (ethyl acetate 8.2 g/100 ml at 20 °C). Moreover, the
used external aqueous phase did not contain any surfactant or
a stabilizer agent, which could help to increase the DCM sol-
ubility in water.

Characterization of particles

The morphology and the surface characteristics of obtained
particles were observed using scanning electron microscope.
Figure 2 shows the SEM photographs of particles prepared by
double emulsion diffusion/evaporation. It was seen that the
particles were spherical in shape, polydisperse, and with rough
surface, which can be related to the diffusion and evaporation
processes applied after the particles’ synthesis.

In addition, zeta potential values of prepared particles were
measured using ZetaSizer, and it was found that these values
were almost stables and independent of formulation recipe.
The zeta potential values were between 45 and 55 mV. This
independence of formulation method was due to the usage of
the same polymer in all preparations and absence of any sta-
bilizer agent or surfactant, which could modify the electrostat-
ic characteristics of particles’ surface.

Study of the encapsulation efficiency and skin penetration

Here, we studied the encapsulation efficiency and the penetra-
tion of active-loaded microparticles through the skin using
microdialysis, tape stripping, and punch-biopsy techniques.
Two actives, vitamin E-loaded particles and LIB-loaded par-
ticles, and two standard solutions (as control) were used in this
work. Particles’ suspensions were centrifuged and the super-
natants were removed to study the encapsulation efficiency.

Table 4 The effect of dilution phase volume onto the particle size

Water (ml) 60 80 100 120

Diameter (μm) 1.7 1.7 1.7 1.6

Table 2 The effect of ultrasound time on the final particle size

Time (min) 1.5 3 4 6

Diameter (μm), (0.25 g) 0.78 0.88 0.41 0.63

Diameter (μm), (1 g) 1.16 1.23 1.21 1.18

Table 3 The effect of external aqueous phase volume on the particle
sizes

Water (ml) 30 45 60 75 90

Diameter (μm) 0.93 1.0 1.2 1.2 1.3
Fig. 2 SEM photographs of obtained particles
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The actives’ concentration in the supernatants showed that the
encapsulation efficiency was 98 % for vitamin E and 100 %

for LIB (data not illustrated). For vitamin E, results obtained
by dermal microdialysis are shown in Fig. 3.

Fig. 3 Microdialysis. a Concentration vs time curve for the cutaneous penetration of vitamin E-loaded particles vs standard. Vitamin E concentrations
(mean ± S D) are presented for n = 3. **p < 0.01 and ***p < 0.001. b Area under the curve. *p < 0.05

Fig. 4 Tape stripping and biopsies after 24 h of vitamin E-loaded particles and standard application. Vitamin E concentrations (mean ± SD, n = 3) in tape
strip samples of skin surface (a) and stratum corneum (b) in biopsies of the epidermis (c) and dermis (d)
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Fig. 5 Microdialysis. a Concentration vs time curve for the cutaneous penetration of LIB-loaded particles vs standard. LIB concentrations (mean ± SD)
are presented for n = 3. **p < 0.01 and ***p < 0.001. b Area under the curve. ***p < 0.001

Fig. 6 Tape stripping and biopsies after 24 h of LIB-loaded particles and standard application. LIB concentrations (mean ± SD, n = 3) in tape strip
samples of skin surface (a) and in biopsies of the epidermis (b) and dermis (c)
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The dermal penetration kinetic of vitamin E-loaded parti-
cles was different from the control, with a significant slower
initial penetration and a significant higher concentration found

at 9 vs 6 h for the control (Fig. 3a). The area under the curve
was significantly larger with vitamin E-loaded particles com-
pared with that in the control, indicating an increased dermal

Fig. 8 Zeta potential as a function of pH of obtained particles (blue) and studied textile (black)

Fig. 7 SEM photographs of
textile before (a) and after (b)
particle adsorption
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penetration (Fig. 3b). Results obtained by tape stripping and
biopsies are shown in Fig. 4. The content of vitamin E in the
skin layers, after 24 h of application, were not significantly
different between the two formulations.

For LIB, results obtained by dermal microdialysis are
shown in Fig. 5. The dermal penetration kinetic of LIB-
loaded particles was different from the control, with a signif-
icant slower initial penetration and a significant higher con-
centration found at 18 vs 13 h 30 for the control (Fig. 5a). The
area under the curve was significantly larger with LIB-loaded
particles compared with that in the control, indicating an in-
creased dermal penetration (Fig. 5b). Results obtained by tape
stripping and biopsies are shown in Fig. 6. The content of LIB
was significantly decreased in the skin surface and increased
in the epidermis layer after 24 h of application of LIB-loaded
particles compared with that in the control.

The content of LIB in the dermis, after 24 h of application,
was not significantly different between the two formulations
and LIB was not detected in the stratum corneum.

All these results proved that the encapsulation process is
good and does not modify the cutaneous penetration of
actives.

Adsorption onto the textile

According to the zeta potential results, the obtained par-
ticles are positively charged, ≈+50 mV and the textiles
target of this treatment are negatively charged, so we
supposed that the particles could be easily adsorbed by
electrostatic interaction onto the textile threads. To study
this interaction and get a maximum adsorption of parti-
cles onto the threads, the particles were adsorbed by a
sample incubation of textile pieces (1 g of pieces of
1 cm2) in 30 ml of aqueous particle suspension for
1 h. Then, the textile pieces were removed and im-
mersed for a short time in distilled water to remove
the excess particles. Textile pieces were dried and ana-
lyzed by SEM. Figure 7 shows the SEM photographs of
textiles before and after particles’ adsorption.

In this study, we investigated the effect of time and
pH on the adsorption efficiency. Figure 8 shows the
zeta potential values of particles and textile as a func-
tion of pH. As seen in Fig. 8, the range of pH between
5 and 9 was the best condition to perform the interac-
tion between particles and textile because in this area,
the difference of zeta potential values was at maximum.
The time effect was studied also and we found that
interaction was fast and did not require a long time
(30–60 min are enough). Figure 7 shows that the
threads were very well coated by particles in these con-
ditions. Hence, these results suggested a very good dis-
tribution of loaded actives onto the textile threads.

Conclusion

The successful preparation of active-loaded microparticles
was achieved using the double emulsion diffusion/
evaporation technique and the polymer Eudragit® RS100. A
systematic study of particles’ formulation and size optimiza-
tion was performed to identify the optimum formulation rec-
ipe. Obtained particles were characterized and studied by
SEM, which confirmed the spherical morphology of particles
with rough and porous surfaces. Controlling the particles’ di-
ameter could control the particles’ surface and the pores’ size.
Active molecules (vitamin E and LIB) were successfully load-
ed during particles’ synthesis and their skin penetration apti-
tude was confirmed in addition to the total active conserva-
tion. Finally, particles’ adsorption onto a negatively charged
textile was studied and a complete coverage of threads with
particles was accomplished.

In summary, we prepared positively charged microparti-
cles, which can be loaded with active molecules and can be
stably adsorbed onto a negatively charged textile. Particle-
activated textiles have promoted applications in cosmetic
and pharmaceutical industries.
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