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ABSTRACT

The main objective of this work was to increase tbtarding effect of the acid
dye Telo” Blue RR (C.I. Acid Blue 62) release on polyamiderds dyeing by
encapsulation of the dye in liposomes as an alie@m# synthetic auxiliaries, in order
to reduce effluent pollution. The retarding effexxthieved with the use of mixed
cationic liposomes of dioctadecyldimethylammoniumorbide (DODAB)/soybean
lecithin (containing a 10% molar fraction of DODABJ)as better in comparison with
either pure soybean lecithin liposomes or synthatixiliaries. The retarding effect of
liposomes on the dye release was analysed throbghges in the absorption and
fluorescence spectra of the acid dye at differentitions. The effect of temperature (in
the range of 25 °C - 70 °C) on the spectroscophaweur of the dye in the absence and
in presence of polyamide was also studied, in ordesimulate the dyeing conditions.
Exhaustion curves obtained in dyeing experimenwsk that, below 45 °C, the
retarding effect of the mixed liposomes (lecithi@’DAB (9:1)) was similar to that of
the auxiliaries, but better than the one of pureithen liposomes. At higher
temperatures (above 45 °C), the system lecithin/BBPresents a better performance,
achieving a higher final exhaustion level when cared with the commercial levelling

agent without losing the smoothing effect of leicith



INTRODUCTION

Liposomes are generally spherical structures (lesgicconstituted by a
phospholipid bilayer that entraps an aqueous cbrelepending on the nature of the
lipids, different types of liposomes (multilamellanilamellar) ranging from very small
(20 nm diameter) to very large vesicles (dozensicfometers) can be formed. Due to
their amphiphilicity, hydrophobic molecules can toapped within the bilayer while
hydrophilic molecules can be entrapped in the agsiemmpartment (1-3). Physical-
chemical properties such as permeability, phasesitian temperature or stability
depend on the phospholipids fatty acid composif{fodrocarbon chain length, degree
of saturation as well as properties of the cortstigupolar head groups) (4,5).

In textile industry, there is a growing interesthe development of eco-friendly
textile processing, with the use of naturally ocityy materials (6-8). The non-
uniformity that occurs in the dyeing process ofyaotide, caused by the irregularities
in the surface properties of the fibre, is redubgdthe use of levelling agents. The
leveling agents can promote both levelness andrageeof fibre irregularities, blocking
the accessible sites in the fibre. These prodecisae the initial rate of dye uptake and
the extent of this retardation in the dyeing ratecrdases with the increasing
temperature of dyeing. Liposomes release the micaygsulated dye slowly, promoting
a retarding effect, comparable with the one obthiwih retarding agents, making them
a good and eco-friendly alternative to commeraselling products (8-11).

The retarding effect of liposomes at the first stagf dyeing process with
hydrophobic dyes may be due to the higher affinityhe dyes to the liposomes in the
bath in comparison to the fibres (9). Another facan be the chemical structure of the
dyes that may affect both the assembly propertigbheodye-liposome system and the

hydrophobic interactions with the hydrophobic regiavithin the fibre (11,12).



In previous work (9) we have studied the interactiof soybean lecithin
liposomes with polyamide and cotton fibres and @svwobserved a retarding effect of
these liposomes in dyeing assays (8-9). The etietémperature, pH and surfactant
addition on the control release of the dye was dsscribed (13,14). The retarding
effect is crucial to achieve level dyeing and isoapresent (although in less extent)
when the dyeing assay is performed with non-endafestidyes but in the presence of
liposomes (9).

The encapsulation efficiency of the liposomes ddpemn the chemical structure
of the trapped agent (reactive or non-reactive ,dye) type of media solution and the
additives on the liposome formulation (11). Lipossmmay be prepared using
amphoteric, anionic or cationic amphiphilic molessul

A number of synthetic cationic surfactants havenbieeind to form stabilized
vesicles and has been widely used in several badb@pplications such as gene
delivery (16-19), antiseptic and disinfectant (Z)-2The double-chain quaternary
ammonium surfactant DODAB (dioctadecyldimethylamimom bromide) is a synthetic
vesicles-forming lipid when dispersed in water abtive gel to liquid-crystalline phase
transition temperature () (23-25). Since J of aqueous DODAB dispersions is
between 44.8 and 45.5 °C, it is generally acceped DODAB vesicles at room
temperature are in the gel phase (23,24).

Commercial soybean lecithin, containing (%omol/n26 phosphatidylcholine,
20% phosphatidylethanolamine, 20% phosphatidyltnbsind 10% phosphatidic acid
as main components, presents a very low~T-20 °C and forms large lamellar
liposomes in aqueous media.

In this work, the potential usefulness of mixediaat lecithin/DODAB

liposomes for the encapsulation and dyeing withl asies is assessed for the case of



polyamide. The main objective is to increase tharding effect of acid dye release and,
consequently, improving the equalizing effect of tholour, without losing the
smoothing effect of lecithin (9).
Dyeing assays were performed with the acid dy@ifeBlue RR (C.I. Acid

Blue 62) encapsulated in mixed lecithin/DODAB lipases and in pure lecithin
liposomes, for comparison. To understand the intena between liposomes and the
encapsulated dye, fluorescence spectroscopy wak dge to its high sensitivity and
dependence on the environment. As T8lBfue RR dye is itself fluorescent, the use of
external probes is avoided and information abopidAdye interactions is obtained

through the intrinsic fluorescence of the dye.

MATERIALSAND METHODS

Commercial soybean lecithin, containing (Y%omol/n&2%6 phosphatidylcholine,
20% phosphatidylethanolamine, 20% phosphatidyltnbsind 10% phosphatidic acid
as main components, was supplied by Stern (Fortné/dndiana, USA).

Acetic acid and sodium acetate were purchased 8mma-Aldrich (St. Louis,
Missouri, USA), while the synthetic lipid dioctagggimethylammonium bromide
(DODAB) was obtained from Tokyo Kasei (Tokyo, Japarhe dye Telon Blue RR
(Acid Blue 62) sodium salt was purchased from DySgarankfurt, Germany).

Structures of the dye and DODAB are shown below.
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Telon” Blue RR dye (sodium salt)



Liposome preparation with Telon" Blue RR (Acid Blue 62)

Liposomes were prepared according to the thin fiydration method. Briefly,
lipids were dissolved in chloroform and dried underargon stream. The lipid film was
then hydrated with a buffered aqueous solution £g55) containing the dye (1.820°
M) and sonicated for 15 minutes at room temperatordecithin vesicles and above
45 °C (the melting temperature of DODAB) (23-25) fecithin.DODAB mixed
vesicles (containing 10% molar fraction of DODABhe quantity of dye that was not
encapsulated into the liposomes was removed bfilggation chromatography through

a Sephadex G-50 (from Sigma-Aldrich) column.

Spectroscopic M easur ements

All the solutions were prepared using spectroscgpacle solvents and ultrapure
water (Milli-Q grade). Absorption spectra were netgal in a Shimadzu UV-3101PC
UV-Vis-NIR spectrophotometer, equipped with a Relttemperature controllable
cuvette holder. Fluorescence measurements wererped using a Fluorolog 3
spectrofluorimeter, equipped with double monochnmmsa in both excitation and
emission and a temperature controllable cuvettddnol

In order to study the effect of temperature ondiie release, aliquots obtained
from the chromatographic column, containing lipossmvith encapsulated dye, were

submitted to increasing temperatures (from 25 °C0t8C), to simulate the first part of



the dyeing process of polyamide. TéloBlue RR emission was obtained with an
excitation wavelength of 640 nm.

Spectroscopic measurements in the presence ofpulgavere also performed,
to a more realistic simulation of the dyeing coiwdis. For this purpose, a piece of
polyamide was placed at one face of the fluorese@uwvette containing the solution
with the encapsulated dye. The temperature wagddiom 25 °C to 70 °C and
absorption and fluorescence spectra of the renmidiye were measured at several

temperatures.

Dyeing

Dyeing experiments were performed in an Ahiba Tutlwor dyeing machine
with a dye-bath ratio (ratio fibre/bath, w/v) ob0:in acetate buffer solution (pH=5.5).
Dyeing was started at 40 °C and the temperatureineasased to 95 °C (or 85 °C in
presence of liposomes) at a gradient of 0.8 °C/rkeeping the dyebath at this
temperature during 30 minutes.

The percentage of dyebath exhaustion was measured $Shimadzu UV/Vis.
spectrophotometer aknax Of absorption of the dye. The percentage of dyebat

exhaustion (%) was calculated according to the following equatio

%E=(A°_AFJ><100
Ao

where Ay and Ar are the concentrations of the dyebath before ditel ayeing,

respectively.



RESULTSAND DISCUSSION

Telon” Blue RR in homogeneous media

In order to understand the dye behaviour in envirents of different polarity,
solutions of Teloh Blue RR in different solvents were performed. fieRlue RR has a
very low solubility in non-polar media. UV-Visibl@ebsorption and fluorescence
emission spectra were recorded in ethanol andtadetdfer pH = 5.5 (Figure 1).

(Figurel)

Absorption spectra are similar in ethanol and agsemedia, the latter
presenting a very small red shift (2 nm). Fromdbsorption spectra obtained at several
dye concentrations, molar absorption coefficieltiea €) in ethanol and acetate buffer
(pH=5.5) were determined through the Lambert-Baer ¢ = 8.75<10° M cm* at 634
nm for ethanol and = 1.06<10*M™ cm* at 636 nm in acetate buffer.

Fluorescence emission in ethanol and acetate befhibit distinct spectral
features (Figure 1). In aqueous media, the emissidarge and structureless (with a
maximum near 715 nm), while in ethanol a more $tmed spectrum with two bands
appears (with maxima at ~680 nm and ~708 nm). l@saime concentration, the dye is
substantially more fluorescent in ethanol than wmffdr solution. This different
behaviour is essential to assess the dye environmieen encapsulated in liposomes

and the changes along the dyeing process of potigami

Telon” Blue RR encapsulated in lecithin liposomes

The fluorescence emission of Tel@iue RRencapsulated in lecithin liposomes
was studied at different temperatures (Figure 2xoAm temperature, the fluorescence

emission spectra of the dye exhibits notable difiees relative to the emission in pure



water (Figure 1), presenting a more structured kaamtla higher fluorescence quantum
yield. This behaviour shows that the dye feels ss laydrated environment when

encapsulated in lecithin liposomes.

(Figure2)

An expected decrease of fluorescence intensitiy witreasing temperature is
observed (~50% reduction between 25 °C and 70 ®@)td the increase of non-
radiative deactivation pathways. However, a changthe emission spectral shape is
observed, the spectra at higher temperatures Ipeomg similar to the one of free dye in
buffer solution (spectral shape of free dye dodsvaoy in this temperature rangeata
not shown). In fact, at lower temperatures, the fluoresceapectrum presents two
bands (at ~685 nm and ~715 nm), and the spectaglesis similar to the one observed
in ethanol.

This behaviour indicates that, at lower tempeesgtuthe dye is in a less hydrated
environment in lecithin liposomes, which can cgomsl to a location in the liposome
membrane, probably near the polar head groups. Wtteasing temperature, the dye
relocates to a more hydrated environment (Figurea)inferred from the emission
spectral shape and position. Above 55 °C, the emnispectrum is less structured with
only one band and the maximum emission wavelengtdthes the value in pure
aqueous bufferNqax ~ 716 nm). This behaviour shows that, at highewpratures, the
dye is released from the liposome membrane to glaea@us solution. The potential of
lecithin liposomes on the dyeing of polyamide anttan has already been proven for
other dyes (9). These results with TéldBlue RR dye are also promising for dyeing

assays in real conditions (see below).



Telon” Blue RR encapsulated in lecithin: DODAB  liposomes

With the intent of improving the dyeing efficienayith acid dyes, a mixed
liposome formulation with commercial soybean leicitand a cationic synthetic lipid
(DODAB) was optimized. The molar ratio 9:1 lecitid©DAB revealed promising in
preliminary polyamide dyeing assays. Therefore, flherescence emission of Tefdn
Blue RR in mixed lecithin/fDODAB liposomes (9:1) wstsidied at several temperatures
(Figure 3). As observed for lecithin liposomes,78&0decrease in emission is detected
in the range 25C to 70°C. Until the melting temperature of DODAB 45°C) (23,24),
the fluorescence spectrum is clearly structureti wio bands (more structured than the

ones observed in lecithin at the same temperatergs25 °C and 35 °C).

(Figure3)

All spectra are narrower and more intense in @iDODAB liposomes than in
pure lecithin liposomes (Figures 2 and 3). Consigethat the concentration of dye is
the same, this behaviour shows that the dye isafjipim a less hydrated environment in
the mixed liposomes than in lecithin ones. Figushdws a schematic representation of
the interaction of the dye with the liposome conmgmgs. This behaviour leads us to
expect a higher retarding effect in dyeing with thixked cationic liposomes, promoted
by the electrostatic attraction between the pasitkiarge of the cationic lipid and the
anionic dye molecule.

(Figure4)
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Telon” Blue RR encapsulated in lecithin liposomesin the presence of polyamide

From UVl/visible absorption measurements, it can dieserved that the
concentration of dye in solution decreases withheasing temperature (diminution of
ca. 50% between 25 °C and 70 °C), as the dye is psigedy being incorporated into
the fibre (Figure 5). The effect is very small@wvltemperatures<(35 °C). The rising of
the spectra at lower wavelengths is due to theachenistic light scattering effect
caused by the presence of large structures. Pewaark showed that the mean

hydrodynamic radius (R of soybean lecithin liposomes was near 800 nm (8)
(Figureb)

A decrease in fluorescence intensity with incregsiemperature is also
observed (Figure 6), but in a higher extaat (78%) than in the absence of polyamide
(Figure 2).

(Figure6)

The changes in spectral shape are similar to tpos@ously observed in the
absence of polyamide suggesting the relocatiomefdye in a more hydrated medium
at higher temperatures. This shows that, beside®ftiects previously observed (50%
reduction in emission), there is an additional dase in the dye fluorescence in the
presence of polyamide. This behaviour is certaéhlg to the incorporation of Telon
Blue RR into the polyamide fibre that promotes Hert release of dye from the
liposomes. The decrease in fluorescence emissiespscially notable between 65 °C
and 70 °C, showing that lecithin liposomes reledise dye mainly at higher

temperatures, which is confirmed by the exhaustignes (discussed below).

11



Telon” Blue RR encapsulated in lecithin/DODAB liposomesin the presence of

polyamide

The absorption spectra of TelorBlue RR encapsulated in lecithin/DODAB

liposomes in the presence of polyamide are showrigure 7.
(Figure?7)

As observed for lecithin liposomes, the dye is pesgively incorporated into
polyamide but in a higher extent than for lecithppsomes (in this case, a diminution
in absorbance of 72% in the range 25-70 °C is tedclt is observed that changes in
absorbance are negligible at temperatures belowP@5while a significant and
progressive decrease is detected at temperat8BSC. This behaviour shows that, not
only the consumption of dye is larger when it i<asulated in lecithin/DODAB
liposomes, but also the retarding effect of thepesbmes is more effective, when
compared with neat lecithin liposomes. Anotheriddtfeature is the much lower effect
of light scattering in the absorption spectra, ¢ating that these mixed cationic
liposomes are smaller than the lecithin ones. @, faeat DODAB vesicles are smaller

(R =544 nm) (26) than the neat soybean lecithin lipts® (R = 800 nm) (8).

Figure 8 shows the effect of the temperature ifltherescence of the dye in the
presence of polyamide in solution. A decreaseunréiscence intensity of the dye with
increasing temperature is observed in a higherneXta. 75%) than in absence of

polyamide (Figure 3), due to the progressive inctapon of the dye into the fibre.

(Figure8)

The behaviour is roughly similar to the one obsedrwith lecithin liposomes,
but some important differences are detected. Thendition in fluorescence is almost
insignificant between 25 °C and 35 °C, showing that release practically does not

12



occur at these temperatures. The fluorescencergpeotmains slightly structured at 55
°C, indicating that, in average, dye molecules thatain out of the fibre are in a less
hydrated environment than in lecithin liposomethatsame temperature. Therefore, for
dyeing experiments with these cationic liposomes gwpect a higher retarding effect at
lower temperatures, but a higher exhaustion leveigher temperatures, as confirmed

by the exhaustion curves obtained in dyeing assays.

Exhaustion curves
Figure 9 compares the exhaustion curves for TeRine RR free in solution, in
the presence of auxiliaries, and when encapsulatediposomes (lecithin and

lecithin/DODAB).
(Figure9)

It can be observed that the commercial auxilign@ge a higher retarding effect,
but the exhaustion is not complete at the endefiifeing process, 90% as compared to
95% obtained with lecithin/DODAB. There is a sigeaint difference when comparing
the quantity of free dye left in solution in theseaof auxiliaries and of lecithin/DODAB
(5%), with implications in both, the efficiency dffeing and in removing the dye from
the effluent. Liposomes have in fact a dye retenéfiect, lecithin/fDODAB being more
effective than the pure lecithin ones. Consideting final level of exhaustion, both

types of liposomes have a similar performance, teetirat obtained with the free dye.

CONCLUSIONS
The acid dye TeldhBlue RR was encapsulated in liposomes, either cestpo

of soybean lecithin or lecithin/DODAB mixtures caiming 10% molar fraction of

13



DODAB. The effect of increasing temperature ontibbaviour of the encapsulated dye
was studied through UV-visible absorption and fasamence emission. For this acid
dye, the retarding effect of mixed cationic liposmrshowed to be more effective than
that of pure lecithin liposomes. Comparing with coercial auxiliaries, the retarding
effect of the lecithin/DODAB liposomes in dyeing peximents was similar, but a
higher final exhaustion level was achieved. Thisfems the potential of the cationic

lipid DODAB when used in mixed liposome formulatofor dyeing applications.
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FIGURES AND CAPTIONS
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Figure 1. Absorption (left) and fluorescence emission (figspectra of Telon Blue

RR dye (1.810° M) in aqueous acetate buffer (pH = 5.5) and in hte@thanol.
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Figure 2. Fluorescence spectra of TelorBlue RR (2.210° M) encapsulated in

soybean lecithin liposomes (1.4 mM), with incregdiemperatureNgx=640 nm).
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Figure 3. Fluorescence spectra of TeloBlue RR (2.210° M) encapsulated in mixed

soybean lecithin/DODAB liposomes (1.29 mM in leaidh with increasing temperature

(Aex=640 nm).
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Figure 4. Proposed mechanism for the interaction of Tel8fue RR acid dyeR, in
black) with liposomes; left side: soybean lecithiiposomes; right side:
DODAB:lecithin 1:9 (mol/mol) liposomes. Soybeanitety components (in whiteC:
phosphatidylcholine, E: phosphatidylethanolamine,l: phosphatidylinositol, A:

phosphatidic acid): other component®): DODAB molecules (in gray).
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Figure 5. Absorption spectra of Tel6hBlue RR (%10° M) encapsulated in soybean

lecithin liposomes (1.4 mM) in the presence of polyde, with increasing temperature.
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Figure 6. Fluorescence spectra of TeloBlue RR (%10° M) encapsulated in soybean
lecithin liposomes (1.4 mM) in the presence of patyde, with increasing temperature

(Aex=640 nm).
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Figure 7. Absorption spectra of TelonBlue RR (%10° M) encapsulated in mixed

lecithin/DODAB liposomes (1.29 mM in lecithin), ihe presence of polyamide, with

increasing temperature.
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Figure 8. Fluorescence spectra of TeloBlue RR (%10° M) encapsulated in mixed
lecithin/DODAB liposomes (1.29 mM in lecithin), ime presence of polyamide, with

increasing temperatura =640 nm).
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Figure 9. Exhaustion curves for the dyeing of polyamide wittlor® Blue RR in
solution, either alone, with auxiliari€Sandogene CN/Sandogene NH (1% each), or

when encapsulated in lecithin or lecithin/DODABdgomes.
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