INTERNATIONAL
CONFERENCE ON
ENGINEERING

ICE UBI2011

28-30 Nov 2011

University of Beira Interior

Covilha Portugal



Skin Delivery of Gallic Acid from Biofunctional
Cotton Fabric.

Vanessa Martinez, Cristina Alonso, Alfons de la Maza, José L. Parra, Meritxell Marti and Luisa
Coderch

Advanced Chemical Institute of Catalonia, (IQAC-CSIC), Jordi Girona 18-26, 08034 Barcelona, Spain

Contact e-mail: meritxell.marti@iqgac.csic.es

Scientific Area- CT24

Abstract

In these recent years, many studies about biofunctional textiles have been published. These textiles have
incorporated different types of cosmetic or pharmaceutical active compounds. These compounds are able to move to
the skin of the person who wears the biofunctional garment and they can act as a conventional cosmetic or
pharmaceutical product.

The absorption and desorption of the antioxidant Gallic acid vehiculised in liposomes and mixed micelles applied onto
a cotton fabric has been studied. A much greater absorption was found for the mixed micelles treatment related to
liposomes. However, also a much higher desorption for the mixed micelles treated fabric could indicate a superficial
absorption of mixed micelles easily lost with the aqueous washings.

The active compound penetration was followed by a specific in vitro percutaneous absorption methodology.
Penetration of acid Gallic formulated as liposomes is much higher than when formulated as a mixed micelles. When
Gallic acid is embedded into the biofunctional textile, it always promoted a reservoir effect; similar penetration was
obtained for the textiles treated with Gallic acid in mixed micelles or liposomes in the skin compartments such as
stratum corneum, epidermis and even the dermis. This methodology could serve to verify penetration in human skin
of encapsulated substances which can exert a marked influence on specific doses of active agents to be released to
the skin.
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Introduction

Biofunctional textiles are the textiles with smart and new properties and added value
especially related to comfort. Such textiles constitute the basis for the delivery system of
cosmetic or pharmaceutical substances when the textile comes into contact with the skin. As
most of the human body is covered with some sort of textile, the potential of biofunctional
textiles is considerable. Textiles that have functional properties for the skin have been
studied and patented in recent years (1, 2).

Encapsulation is one of the techniques used to apply substances onto textiles (3). Vesicles, in
particular lipid vesicles (liposomes), have an impact on a variety of areas, which range from
fundamental science to biotechnology. Vesicles serve as models for cell membranes and allow
the study of the basic mechanisms of membrane function, such as fusion (4, 5). Furthermore,
liposomes of controllable size are used as biocompatible and protective structures to
encapsulate a wide spectrum of active principles that include cosmetics (6-10), compounds
for gen therapy (11), for the treatment of allergies (12), as carriers of enzymes (13) and
antibiotics (14), they are also used in textile industry (15-17).

There are different methodologies to prepare lipid vesicles; one of them is using detergent
removal techniques: dilution, dialysis, gel exclusion chromatography, adsorption onto
polymeric materials, temperature changes, or biochemical reactions (18). All these methods
rely on the very high solubility of detergents compared to lipids. The equilibrium and
transient structures encountered in lipid-surfactant mixtures and the kinetics of the
dissolution and of the closure to vesicles are important issues, and have attracted
considerable interest (19, 20).

In this research due to the mixed micelles constituted by a lipid and a surfactant agent are
capable of transforming in liposomes when the surfactant is eliminated by simple dilution
with water, a new application will be proved with the aim to study their application onto
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textile fabric and later by dilution (water washing treatment} its potential ability to be
structured as liposomes into the textile fabric.

Antioxidants are substances used as natural resources to regulate the processes related to the
external aggressions, preventing the oxidative stress. One of the organism defence systems is
the generation of endogenous antioxidants, but the organism also incorporates exogenous
antioxidants with the diet. On the other hand, the skin is a zone increasingly used as topical
route of application of compounds. There has been demonstrated that these exogenous
antioxidants can diminished the effects of the free radicals with analogous defence
mechanisms that the endogenous antioxidant ones.

In this sense, the textiles containing antioxidants might have a similar diffusion than the
transdermal liberation patches used in the pharmaceutical field. Nowadays, the majority of
the exogenous antioxidants used come from natural extracts as polyphenols from the grape or
the tea (epicatechin, quercetin, resveratrol, etc.} (21}, isoflavons from the soybean (22, 23)
or phenols from the olive oit (hydroxytyrosot) (24, 25) among others. In this study, an
antioxidant (Gallic Acid, GA) was used as active principle for its interest as chemical
trustworthy tracer and for its eventual beneficial action when, incorporated in a biofunctional
fabric, intended to be used in contact with the skin. Liposomes and mixed micelles made up
with the same phospholipids but with the presence of Oramix as a surfactant, were used as
vehicles to study their absorption and desorption properties when applied to cotton fabric.
Skin delivery of Gallic acid embedded into the textile was determined at the different skin
layers (stratum corneum, epidermis or dermis} by a specific in vitro percutaneous absorption
methadology to determine the suitability of the vehicles for skin permeation (26).

In vitro percutaneous absorption is an interdisciplinary subject that is relevant to a number of
widely divergent fields {27). The main areas of interest are the development of transdermat
devices, dermatological formulations and safety assessment of cosmetics topically applied.
There exists suitable evidence that in vitro data may be predictive for in vivo percutaneous
absorption in both animals and humans {27). Furthermore, the usefutness of the pig skin as an
experimental model for skin permeation in humans is widely appreciated because their
permeability properties are remarkable similar (28).

Experimental Part

Materials

The standard fabric used was plain cotton fabric {CO), (Bleached Desized Cotton Print Cloth,
Style 400 [SO 105-F02).

Liposomes were prepared using commercial lipids {(phospholipids) Emulmetik 900 (Lucas Meyer
GMbH, France) and mixed micelles using the same lipids and the surfactant Oramix CG 110
(Sppic Italy Srl, Italy). An antioxidant active principle Gallic Acid {GA)(Sigma-Aldrich} was
used. Al chemicals used were of analyticat grade. For high-performance liquid
chromatography with UV detector (HPLC-UV) analysis, methanol, (HPLC grade) and distilled
water were used. Methanol (Carlo Erba, France) was used for the GA extractions from
textiles.

Liposome preparation
Liposome (4 wt% of lipid, 2wt% GA} was prepared using a thin-film method reported
elsewhere (10).

Mixed micelles preparation

Mixed micelles {30 wt% of surfactant, 4 wit% of lipid, 2wt% GA) were prepared mixing all the
ingredients; solubilisation was performed by gently shaking until absolutely clear solutions
were obtained. All actions took place at room temperature.

Vesicles size and zeta potential
Liposome and mixed micelle sizes were measured using Malvern Zetasizer Nano Z590.

Textile application procedure
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Liposomes or mixed micelles were applied onto ‘cotton fabrics in triplicate by bath
exhaustion, bath ratio 1/5, at 60°C for 60 min with manual stirring every 10 minutes. To
quantify the amount of liposomes absorbed into the fabrics, the samples were weighted
before and after 24h application under standard ambient conditions {20£2°C and 65x5%
relative humidity, 150 554-1976).

Desorption procedure

The treated cotton fabrics were washed in three different water baths at room temperature,
the samples were weighted before and after 24h washing with deionised water {1/5 bath
ratio) during 5 min with magnetic stirring, under standard ambient conditions (20:2°C and
65+5% relative humidity, 150 554-1976). Samples were also weighted before and after washing
at standard ambient conditions in a second wash with dejonised water (1/10 bath ratio)
during 5 min with magnetic stirring, and the third wash, with deionised water {1/25 bath
ratic) during 5 min with magnetic stirring.

In vitro percutaneous absorption experiments (Franz diffusion cells)

For these studies pig skin was used from the unboiled back of Landrace large white pigs
weighing 30-40 kg. The pig skin was provided by the Clinic Hospital of Barcelona, Spain. After
excision, the skin was dermatomed to a thickness of about 500 = 50 um with a Dermatome
GA630 (Aesculap, Germany). Skin discs of a 2.5 ¢cm inner diameter were prepared and fitted
into the Franz-type diffusion cells.

The skin absorption studies were injtiated by applying 10 pl. of liposomes or mixed micelles
{about 70 pg/cm?) or by applying the fabrics treated with the same liposomes or mixed
micelles(about 150-250 pg/cm?) onto the skin surface. Between the textile and the skin, 20pl
of distilled water was added to ensure a close contact. A control skin disc (without product
application on the skin surface) was used to rule out possible interferences in the analysis of
the GA by HPLC-UV. According to the OECD methodology used (27); the skin penetration
studies were performed after 24 h of close contact between the textile and the skin.

In order to increase the contact pressure between textile fabric and skin, skin permeation
experiments were also carried out by placing a steel cylinder on the textile-skin substrate at
a constant pressure in accordance with standard conditions (125 g/ cm?) (150 105-E04, 1996)).
A thin Teflon disc full of holes served as a rigid base to prevent an eventual flexing effect on
textile or on skin because of the cylinder pressure. The real conditions of “corset” use can he
simulated with the device illustrated in Figure 1.

Hlolunctional Textle

Tefon dlx

Shatum comoum (SC)

Franz Diffusion Sell
Figure 1. Diagram of in vitro percutaneous absorption experiments.

After the exposure time, the receptor fluid was collected and brought to 5 mlin a volumetric
flask. In the case of formulations, the skin surface was washed with a specific solution (500wl
SLES (Sodium Lauryl Ether Sulphate} (0.5%) and twice 500ul distilled water) and dried with
cotton swabs. In the case of textiles, the fabrics were removed from the skin surface and
collected together with the top of the cell. In both cases, after eliminating the GA excess
from the skin surface, the stratum corneum of the skin was removed using adhesive tapes {D-
Squame, Cuderm Corporation, Dallas, TX, USA) apptied under controlled pressure (80 g/cm?
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for 5 sec). The first tape was individually separated, the second to the fourth, and the fifth to
the eighth tapes were pooted together. The epidermis was separated from the dermis after
heating the skin at 80°C for five seconds.

GA was extracted from the different samples (surface excess, cotton or skin layers) using
methanol:water (50:50), 30 min at room temperature by ultrasound bath. The receptor fluids
were directly analyzed. After filtration on a Millex filter (0.22 um, Millipore, Bedford, MA,
USA), the solutions containing GA were assessed by HPLC-UV.

Gallic Acid analytical detection

GA from the different extraction bath samples was determined by HPLC equipped with an UV-
Vis detector previously described (10). The column used was a LiChrocart 125-4/Lichrosorb
RP-18 (5 um) (Darmstadt, Germany). The mobile phase was 80% water / 80% methanol at 1
mL/min flow rate. The GA retention time was about 3.3 min. The area below the peak was
used to calculate the concentration of GA using external standards that showed linearity over
the concentration range of 0.25 to 100 pg/ml. The intra-day and inter-day variations of the
method were less than 5%.

Statistics
Standard deviations were calculated for all mean values. Analysis of variance {ANOVA) with a
one-way layout was used for group comparisons.

Results and discussion

The precise amount of active agents present in the biofunctional textile has been established
before its use as a textile drug delivery system. The amount of vehicles {liposomes or mixed
micelles with GA incorporated into textiles was determined by weighting of the fabrics before
and after the exhaustion treatment. The amounts of formulation absorbed and desorbed in
cotton are detailed in Table 1 and Figure 2.

Table.1. Product percentage absorbed onto cotton fabric after treatment, after first water washing, and after total
water washings, (Gowf: % over weight of fiber)

Tpeiofd) Treatment (% owf) After 10mi wash (% owf) | After total wash (% owf)
Mixed Micelles 35.43+2.73 12.72+0.44 2.4240.06
Liposomes 10.99+0.39 7.3242.43 5.58+0.39

‘ @ Trastment
£3Alter 10 mi washing
i @After totdd wishing

% owf Product on cottan fabric

Micels Liposomes

Figure 2. Product percentage absorbed onto cotton fabric after exhaustion treatment, and remaining after first
water washing, and after total water washings.

A much greater absorption was found for the mixed micelles treatment related to liposomes.
The high amount of surfactant present in the mixed micelles formulation absent in the
tiposome formulation could be the reason. However, there is a much higher desorption for the
mixed micelles treated fabric due o the high solubility of the surfactant present, leading to
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less amount of absorbed material in the textile after washing related to the liposome treated
fabric,

Based on the different sizes between micelles and liposomes {around 10nm and 500nm
respectively) higher penetration of the mixed micetles formulation onto the cotton fabric was
expected. This could be supported by the high amount of product absorbed with micelles
related to liposomes. However, the micelle-vesicle transition due to surfactant ditution in the
washing baths which would account to an increase of the vehicle size, were expected to
increase retention of the formulation inside the fibre after washing. Indeed, the opposite
effect was found. Much desorption of mixed micelles were observed which could indicate a
superficial absorption of mixed micelles easily lost with the aqueous washings.

Particle size was determined to elucidate the vehicle size and their changes with elution on
the initial baths and washing baths. Mean particle size and a polydispersity index were
obtained by dynamic light scattering measurements with Malvern Zetasizer Nano 7590 (Table
2).

Table 2. Size (Z-Average) and Polydispersity Index of different baths with mixed micelles and liposomes.

L - Size (Z-Average

Treatment. = . Anglys_ed Bath R . Diar;eter (mi)) Pdi
Initial Bath . 6,94:20.82 0.98+0.04

Mixed Micelles Bath after exhaustion treatment 107.18x30.95 0.98+0.03
Bath after 1sr water washing (10 mij 206.66+176.46 0.3440.12
Bath after 3rd water washing {50 mi) 210.97+38.20 £.3120.02
Initial Bath 525.60426.06 0.68+0.03

Liposomes Bath after exhaustion treatment 375.25364.56 0.51+0.12
Bath after 1sr water washing (10 mi) 474.33+32.22 0.68+0.20
Bath after 3rd water washing (30 ml) 623.53+18.75 0.32+0.03

As it could be expected, in the initial bath of mixed micelles particles of around 7nm were
found and in the initial bath of liposomes much bigger particles of about 500nm were
detected. The particles elution from the initial bath to the last water washing baths does not
have much effect with liposome size which is maintain around 500nm, however a big increase
in size from 7 to 200nm was found for mixed micelles which indicate liposome formation due
to surfactant dialysis. This increment in size does not help the formulation to remain in the
textile, on the contrary it favours its desorption.

Having in mind the percentage of GA present in each formulation, the theoretical amount of
GA in the textiles was calculated, without considering possible preferential affinities of a
particular component by the fibre (Table 3 and Figure 3)

Table 3. Gallic Acid percentage absorbed onto cotton fabric after treatment, and remaining after first water
washing, and after total water washings.

-Fabric % Typerdf Theatiment: Treatment (% owf) After 10mi wash (% owf) | After total wash (% owf)
Co Mixed Micelles 1,980,156 0.71+0.02 0.14+0.00
[} Liposomes 3.66+0.13 2.44+0.24 1.86+0.13

T
E 54 HTreatment
£ |1 Daster 10ml wash
-
2 .4 [ After total wash
B 2
E
o
®
Mixed Micetles Liposomes
[oe] <0

Figure 3. Gallic Actd percentage absorbed onto cotton fabric after exhaustion treatment, and remaining after first
water washing, and after total water washings.
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The comparison between Figure 2 and Figure 3 indicates that the higher amount of
formulation absorbed in the mixed micelle treated textile is mainly due to the presence of
surfactant Oramix. Therefore, if all components of formulations have the same affinity for
the fibre, a lower amount of GA will be present in the cotton fibre both after the absorption
process but moreover after the desorption one.

To study the active principle penetration into the skin, an in vitro methodology based on
percutaneous absorption has been applied to demonstrate the delivery of an encapsulated
principle from the textile to the different skin layers (stratum corneum, epidermis or dermis).
Percutaneous absorption of the two formulations; 2% GA, 4% of PC liposomes and 2% GA, 4% of
PC and 30% of Oramix CG mixed micelltes were evaluated as well as the cotton textiles
impregnated with the same liposomes or mixed micelles. The two formulations were formed
in the presence of 2% of GA as described in the experimental part. The cotton textile, were
treated with the same formulations already described. The two formulations and the cotton
textiles previously treated with the formulations were put in contact with the skin disks. In
the case of textiles between the textile and the skin a little amount of distilled water was
added to ensure a close contact. Besides, in order to increase the contact pressure between
textile fabric and skin, skin permeation experiments were carried out by applying a steel
cylinder on the textile-skin substrate at a constant pressure according to standard conditions
{125 g/cm?) (26) (See experimental part).

The aim of this assay was to demonstrate the tracer delivery in to the different layers of the
skin. GA encapsulated in mixed micelles and PC liposomes which were embedded or not in
cosmeto-textiles were applied to skin to study their percutaneous absorption. After three
experiments with each sample, GA was analysed from each extract of washing sample, fabric,
stratum corneum, rest of epidermis, dermis and receptor fluid. Results are listed in Table 4,

Table 4. In vitro percutaneous absorptien of GA (Gallic Acid} from Mixed Micelles and Liposomes and their

bicfunctional textiles (CO: cotton) (SC: stratum cornelm, R. Ftuid: recepter fluid)

“rMixed:Micglle, TGA in Mixed Micelles GA in mix. Micelles on Cotton
Compartments % . pgfom? % pgfom?
Total applied - 70.34 - 242.61

Wash/Fabric 69,304,972 48,80+3.46 86,9146.30 210.85+15.68
s5C 4,6240.62 3.25+0.44 5.21%1.02 12.64:+2.48
Epidermis 1.60+0.60 0.8720.06 1.8320.35 4.4530.86
Dermis 1.5740.13 1.10+5.09 (.87+0.54 2.12:41.30
R. Fluid 12.5840.35 8.85x0.25 4,7040.44 16.10+1.03
Recovery 92.37%6.49 63,67+4.50 29.57+4.82 241.47+11,69
- Liposomes:i GA in Liposomes GA in Liposomes on Cotton
Comparfments % pglem? % ug/em?
Total applied - &67.45 - 147.95
Wash/Fabric 69.8315.48 47.10£3.69 88.73+9.72 131.28+14,38
SC 7.680.90 5.1840.60 5.4111.42 8.60+£2.26
Epidermis 2.72+0.07 1.89+0.15 1.75x0.87 2.78£1.93
Dermis 4,2940.27 2.8910.18 0.7240.41 1.1520.66
R. Fluid 23.10%1.83 15.58+1.24 0.00+0.00 0.00x0.00
Recovery 107.672+4.26 72.65£2.82 96.61+7.91 143.8134.25

Results in Table 4 and Figure 4 indicate that penetration of GA formulated as liposomes is
much higher than when formulated as mixed micelles. All skin compartments have a higher
amount of GA when vehiculized as liposome related to mixed micelles, when formutations
alone are applied. When GA is embedded into the biofunctional textile, it always promoted a
reservoir effect, a lower GA skin penetration was obtained than when it was applied directly
onto the skin, being in this case much lower for the liposome applied cotton textile.
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Figure 4. In vitro percutaneous absorption of Gallic Acid (GA} from mixed micelles, liposomes and their biofunctionat
textiles (CO: cotton). (SC: stratum corneum, E: epidermis, D dermis, FR: receptor fluid}

The higher penetration of the PC liposomes related to mixed micelles can not be related to
the different size since mixed micelles are much smaller. Perhaps the bilayer structure of the
vesicles has more affinity to the similar lipid bilayer structures present in the stratum
corneum and rest of the skin. Besides mixed micelles have been reported to be less
deformable in nature and also have less skin permeation ability across the skin in comparison
with elastic liposomes (29).

Similar penetration was obtained for the textiles treated with GA in mixed micelles or
liposomes in the skin compartments, stratum corneum, epidermis and even in the dermis.
Possibly, the textiles with the different vehicles embedded play a similar reservoir effect.
However, a large difference was obtained in the receptor fluid for the differently treated
fabrics, while liposome treated do not allow GA tiberation into the receptor fluid, an
important desorption (=5%) was fond for the mixed micelle treated fabric. This could be
related to the higher release properties of the GA when vehiculized with mixed micelles
contrary to the lower desorption when vehiculized as liposomes.

Conclusions

The precise amount of active agents present in the biofunctional textile was established
before its use as a textile drug delivery system. A much greater absorption was found for the
mixed micelles treatment related to liposomes. However, there is a much higher desorption
for the mixed micelles treated fabric, leading to less amount of absorbed material in the
textile after washing related to the liposome treated fabric which could indicate a superficial
absorption of mixed micelles easily lost with the aqueous washings. A big increase in size
from 7 to 200nm was found for mixed micelles which indicate liposome formation due to
surfactant dialysis. This increment in size does not help the formulation to remain in the
textile, an the contrary it favours its desorption.

Percutaneous absorption of the two formulations; 2% GA, 4% of PC liposomes and 2% GA, 4% of
PC and 30% of Oramix CG mixed niicelles were evaluated as well as the cotton textiles
impregnated with the same liposomes or mixed micelles. Results indicate that penetration of
GA formulated as liposomes is much higher than when formulated as a mixed micelles.
Perhaps the bilayer structure of the vesicles has more affinity to the similar lipid bilayer
structures present in the stratum corneum and rest of the skin.

When GA is embedded into the biofunctional textile, it always promoted a reservoir effect, a
lower GA skin penetration was obtained than when it was applied directly onto the skin, being
in this case much lower for the liposome applied cotton textile. Similar penetration was
obtained for the textiles treated with GA in mixed micelles or liposomes in the skin
compartments, stratum corneum, epidermis and even in the dermis, which indicates a similar
reservoir effect. However, while liposome treated do not allow GA liberation into the
receptor fluid, an important desorption (=5%) was fond for the mixed micelle treated fabric.
This could be related to the higher release properties of the GA when vehiculized with mixed
micelles contrary to the lower desorption when vehiculized as liposomes. This methodology
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could serve to verify penetration in human skin of encapsulated substances which can exert a
marked influence on specific doses of active agents to be released to the skin.
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Mfmhﬁwummmﬁﬂwpmm:mMﬂﬁWMaMmm 2%GA, 4% lipid Liposomeas and 2% GA, 4% lipid, 30%surfacront Mixed Micelles,
Great absorption wos found for mix. micelles, however high desorption was alse found. This could indicate a surperficial absorpfion of Mix. Micelles easily lost with agueous washings.

A big increase in size from 7 to 200 nm of diameter was found in mix. micelles which indi 1i formation due to surfactant dialysiz. This incremant in size could favour its desorption
from the cofteon fabric.

hmwmﬁmmlufmﬁntmmﬂmuf“fmlmdulipumkhgherihm-ﬂmhfm lated as o mix. micelles, Perhops biloyer liposome structure has more
affinity to the same structures in the stratum corneum and rest of the skin.

GA in biofunctional cotton do not medified its skin penetration in the case of mndnmwrimmnnunkcﬂed in the case of liposomnes, where GA not achieve the
receptor
The in vitro me thodalogy could ferve fo verify penetration in human skin of encopsulated substanced applied onto biofunctional textiles,






