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ABSTRACT

We studied the application of unilamellar liposomes of a defined size (200 nm)
containing cholesterol as vehiclesfor oxidative reagentsin wool chlorination. To this
end, we first studied the interaction between liposomesand chlorine in order to de-
terminethe physicochemical stability of these systemsin the presence of thisoxidative
agent. We assessed physica stability by measuring both the mean vesicle sze distri-
bution of the vesicle suspensionsand the changesin the ahsorbance of these systems,
which are directly related to the aggregation or solubilization of liposomes. Our stndy
of chemical stability wasbased on thelipid peroxidationindex of liposomesat different
chlorine concentrations at pH value 6.5. As regards the oxidative effects caused by
the chlorine treatments of wool applied directly or by means of liposomesat pH 1.5,
we investigated the extent of cysteic acid formation groupsin wool fibers. Increasing
amounts of chelesterol in the id ilay s of lipesomes enhance both the physico-
chemical stability of these systems and the inhibitory ability of cysteic acid formation

when samples have been treated with chlorine-liposomesystems.

The reaction of keratin fibers with agueouschiorine
sol utions has been widely investigated, with special at-
tention paid to the quantitativeand qualitativeaspects
of the oxidizing reactionsthat lead to both chemical
and physica modifications of the fiber [15, 22, 28].
The chlorination process preferentially oxidiiescystine
residuesto cysteic acid residues; in acidic solutions, the
oxidation occurs by means of intermediate oxidation
products. In general terms, thereis atendency in tech-
nological processesto either suhstitute the chiorination
of the fihers by other oxidative processes with lesser
degradative and more homogeneouseffects, or evento
avoid theoxidative pretreatment altogether {7, 9, 21].

Phospholipid vesicles or liposomes are lipid-water
systems that have come into widespread use as sim-
plified models of different biologica membranes and
asddivery sysemswhere encapsulation and protection
of substancesare required for hydrophilicand lipophilic
structures[3, 4, 14, 27].

Although initially dow to exploit the technotogy of
liposomes, the textileindustry has now produced a wide
vanety ofinnovations using the basic principles of tar-
geting, dow release, and protection of sengitive chem-
icas, principally in dyeing and finishing [6, 17}.

Including cholesterol in bilayer membranes has a
condensing effect and tendsto retard protein penetra-
tion {10]}. The presence of this component is also a
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very important factor for obtaining liposome formu-
lationsthat are both stable in biological environments
and suitable as chemical camers [20]. Furthermore,
theliposome-cellfusionis based largely on the apparent
uptakeof liposomal lipidsor their contentshy thecelis
[2, 18].

Previously, we reported using phosphatidylcholine
liposomesas a vehicle for agueous chlorine solutions
in woal chlorination processes{5]. In thiswork, bear-
ing in mind that cholesterol is one of the main com-
ponents of the internal lipids of woal [231, we have
studied the effectscaused by includingthis component
in lipid bilayers to obtain improved liposome tech-
nologica applications. To this end, we have investi-
gated the physiwchemical stability of phosphatidyl-
choline/cholesterol liposomes at different lipid con-
centrations (PC : CH 10:0, 9.1, and 8.2 molar ratios)
in the presence of different agueoussolutionsof sodium
hypochlorite at pH 6.5 during and after preparation.
Furthermore, we have evaluated the use of these li-
posomes as camers of chlorine agqueous solutions to
wod fibersat different chlorine concentrationsand acid
pH to abtain improved chlorination. For thispurpose,
we studied the cysteic acid content of the chlorinated
wooal fihers, treated directly or with liposomes, in a
lipid concentration range between 0 and 25 mmol.
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Experimental
MATERIALS

Australian Merino wool 64's samples were Soxhlet
extracted for 2 hours with methylene chloride and
rinsed with water purified by the Milli-Ro system
{Millipore) to remove all contaminating substances.
Samples were then dried at room temperature.

Phosphatidylcholine was purified from egg lecithin
(Merck) according to the method of Singleton [24]
and shown to be pure by thin-iayer chromatography.
Cholesterol was purchased from Sigma. The sodium
hypochlorite solution was an 8% w/v active chlorine
solution obtained from Carlo Erba. The other chemi-
cals used throughout were of reagent grade quality.
Polycarbonate membranes of 200, 400, and 800 nm
and membrane holders used for liposome extrusion
were purchased from Nucleopore.

METHODS

Unilamellar veside suspensions (LUV) of defined
vesdesize (200 nm) and different lipid concentrations
(1 to 25 mmol) containing diverse concentrations
of sodium hypochlorite agueous solutions were pre-
pared essentially following a method described by
Bangham [1].

A lipid film was formed by removing the organic
solvent under nitrogen atmosphere and low vacuum
(350 mm HQ) by rotatory evaporation from a chlo-
roform solution of egg phosphatidylcholine /cholesterol
{10:0, 9:1, and 82 molar ratios). An agueous phase
containing KC1 (200 mmol) and different concentra-
tionsof sodium hypochloriteto be trappedin thelipid
film wasthen added. The solutionswerestirred by hand
to deliver the lipid from the walls of the flask and to
disperse large lipid aggregates; glass beads were added
to facilitate dispersions. The resulting milky suspen-
sions were vortexed for 5 minutes. The liposome sus-
pensionswereextruded through 800,400, and 200 nm
polycarbonate membranes to obtain a uniform size
distribution [261, and the pH vaue was adjusted to
6.5 with 4 N hydrochloric acid. Finally, the chlo-
rine content in the liposome suspensions was deter-
mined [16].

Merino wool fibers (1 g) were treated with LUV
liposomes (70 ml) freshly prepared at different lipid
concentrations{ ! to 25 mmol) containing three dif-
ferent concentrations of sodium hypochlorite solutions
(0.07, 0.14, and 0.28% Ci, weight/volume), after ad-
justing the liposomesuspension to pH = 1.5 with hy-
drochloricacid {buffer KCl/HC1}. Thetreatments were
done for 15 minutesat 20°C and stirred constantly in

aclosed bath. Sampleswerethen rinsed with water and
treated with sodium metabisulphite (1%)at a bath ratio
of 1:30 for 5 minutes to remove the excess oxidative
reagent. Thechlorinated wool sampleswere then rinsed
in water purified by the Milli-R¢ system and dried at
room temperature.

CHARACTERIZATION AND STABILITY OF LIPOSOME
PREPARATIONS

Themean particle Szeand polydispersity of the LUV
liposome preparations were determined by a Photon
Correlator spectrometer { Matvern Autasizer 4700¢ PS/
MV). Sampleswere adjusted to the appropriate con-
centration range with a 200 mmol KCl agueous o
lution at pH 6.5. The measurements were made at
25°C, with a detection angle of 90".

The aggregation state of the vesicles was estimated
as a measurement of the physical stability of the li-
posomesuspensions. Thiswasdone by monitoringthe
absorbance variations of the liposome suspension (5
mmol lipids ) using a Shimadzu UV spectrophotometer
(A =500 nm, cell length = 0.2cm), and by measuring
the variation of the mean vesicle sze distribution of
liposome suspensionsas a function of time.

Accordingto Klein [12], the ratio of absorbance at
233 and 215 nm can be taken as a measurement of
lipid peroxidation. In this work, we determined the
presenceof conjugaied dienes after adding 0.1 ml of a
specificliposome preparation (20 mmol o lipidsin a
200 mmoi KT agueoussolution) to 3.0 ml of absolute
ethanol,and measuring absorbanceina 1 cm celi length
at 233 and 215 nm, using a Shimadzu UV-240 spec-
trophotometer.

The concentration of activechlorine in theliposome
suspensions was determined by using the iodometnc
method {161, The oxidation state of the wool fibers
was determined by measuring the cysteic acid con-
tent of chlorinated wool samples usng the IWTO
method [25].

Results
AGGREGATION MEASUREMENTS

Changesin liposomesizedue to aggregation or sol-
ubilization can be followed up by measuring both
changes in absorbance and mean vedcle size distri-
bution of these systemsusing spectrophotometric and
quasi-elastic light scattering methods [4, 11], respec-
tively,

The chiorine concentration for each liposome sus-
pension is given asthe molar ratio between both chlo-
rine and lipid components, which in this paper will be



46

defined asK. Figure 1 showsoptical density variations
versus time of chlorine-liposome suspensions at pH
6.5 with different molar ratios( K ) . The optical density
of liposome suspensionsdecreases linearly with time,
being especidly pronounced when the K values are
higher than 40 (20% absorbance decrease after 4-6
hours for K = 40). For K vaues lower than 5, the
changesin absorbanceof these systems versus timeare
clearly reduced. Thus, for K = 5.0, thereis only a 30%
decreasein absorbancefollowing 24 hoursof liposome
preparation. Furthermaore, increasingamounts of cho-
lesterol in lipid bilayersresultsin an increased stability
of these structuresto the independent aggregation of
theK chlorine/lipid molar ratios. Thus, liposomesus-
pensions containing cholesterol (PC : CH 8:2 molar
ratio) show only a 20% decrease after 24 hours.
Theresuit of monitoringthe variation of mean ves-
icke size over timeof aliposomesuspension for K = 50
isindicated in Table L. Regarding the data, alow de-
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crease in the mean vescde size occurs with time, the
polydispersity index remaining below 0.25 24 hours
after preparation of the lposomal suspensions. It is
noteworthy that includingincreasingamounts of cho-
lesterol in liposomes increases the stability of these
structureswith respect to aggregation, both the mean
particle Szedistribution and the polydispersity indexes
being enhanced. The results shown in Table!l arein
agreement with those given in Figure 1.

LIPID PEROXIDATION

We detected the formation of conjugated dienes in
unsaturated fatty acids by measuring the UV adsorp-
tion of liposome suspensions at 233 and 215 nm. In
accordancewith Klein's suggestion {12], we used 215~
nm as a reference wavelength, the lowest wavelength
wherethe adsorption depended linearly on theamount
of lipid used and was independent of the degree of
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FiGURE 1. Absorbance of LUV chlorine-liposomesuspensions containingincreasing amounts of cholesterol in the lipid bilayers
(PC:CH 18, 9:1, and 8:2 molar ratios) at different ¢chlorine phospholipid melar ratios(K}, a pH 6.5, versas time.

TABLE 1 Variationsof mean vesdesize and polydispersity of chiorine liposomesat pH 6.5 containing increasingamounts of cholesterol
in the lipid bilayers(PCCH 10:0, 9:1, and 8:2 molar ratios) at a chlorine lipid molar ratio of K = 5.0, over time.

Time, hours
1 2 4 8 12 16 20 24
Lipid
composition A" B> A B A B A B A B A B A B A B
PCCH 10:0 202 0113 203 0118 198 0126 189 0140 188 0.148 182 0.458 178 0175 170 0.194
PCCH 91 200 O0.112 201 @015 199 0117 197 0124 193 0.138 190 0146 184 0156 180 0.185
PCCH 82 20t 0110 200 0.112 200 0114 19 0116 19 0123 194 0132 187 0147 18 0.176
'A = mean vesicle Sire. nm. * B = Polydispersity index.
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peroxidation unti! an Asz3a nm/ Azis nm Of 0.8113]. The
ratio of these absorptionsis defined as the ' oxidation
index'" and shown in Figure 2. In thisfigure, the oxi-
dation index of LUV liposomesuspensionscontaining
different concentrationsof sodium hypochlorite solu-
tions(lipid concentration 20 mmol) at pH 6.5 is plotted
versus time. The oxidationindex increaseslinearly with
time for each molar ratio of chlorine/lipid (K) for the
liposome suspension investigated. Thus, for aK vaue
of 20, thelipid peroxidation increasesrapidiy (oxida-
tion index = 0.8 after 6-7 hours of treatment), and
for low K vaues the increase in peroxidation is not
very rapid. Approximately 21 hours are needed to de-
tect an oxidation index valuedof around 0.8 for K = 5.0.

Moreover, in all cases, liposomes containingincreasing
amounts of chelesterol appear to be more resistant to
the lipid peroxidation, especidly for K molar ratios
lower than 5.

In general terms, we could assign the importance of
the presence of the sodium hypochlorite solutions
trapped in liposome suspensions in relation to the
physicochemicd stability of liposomal structures. In
thisconnection, and given that hypochlorousacid pre-
dominatesat pH 6.5, we have concluded from the re-
sults reported above that the physicochemical stability
o these systlemswith timedepends directly on themo-
lar rati osexisting between the oxidizing agentsand the
lipids, Only at Kvalues lower than 2.0 is there physi-
cochemical gability during a time period exceeding 24
hours at pH 6.5. Note that the presence of increasing
amounts of cholesteral in thelipid bilayers(molar ra-
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tios9:1 and 8:2) resultsin an increased stability of the
chlorine-liposome systems versus lipid peroxidation
and vesicle aggregation.

TREATMENTS OF SAMPLES WIiTH CHLORINE
LIPOSOMES

Wool fibers were immersed in chlorine-liposome
suspensions prepared at pH 6.5, and subsequently ad-
justed to pH 1.5, according to the experimental spec-
ificationsdescribed above. Figure 3 showsthe cysteic
acid content {pmols/g wool) of wool fiber samples
treated with chlorine liposomesat threedifferent chic-
rine concentrations (.07, 0.14, and 28%w/v) versus
liposome lipid concentrations. Three different bilayer
lipid compositionswere used (PC : CH {:0, 9.1, and
82 molar ratios).

A clear inhibition (50% approximately) in cysteic
acid formation occurred for thethree chlerine concen-
trationsinvestigated. Thisinhibition seems to be closely
connectedto the molar ratio vaues{ K between both
chlorine and lipid liposome components. Moreover,
the presence of increased amounts of cholesterol in
lipid bilayers resultsin an increased capacity of lipo-
somes to inhibit wool oxidation. Thus, in treatments
of wooal fibers at 0.28% chlorine concentration (curve
A), liposomescontai ning the highest concentration of
cholesterol (PC : CH 82 molar ratio) show inhibition
of cysteicacid formation from amolar ratio vaue(K)
corresponding to 12.9, whereas liposomes withont
cholesterol show thiscapacity from alesser K value (K
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FrGURE 2. Oxidation index of LUV chlorine-liposomesuspensionscontaining increasingamounts of cholesterol in the lipid bilayers
(PC: CH 10:0, 9:1, and 8:2 molar ratios) at different chlorine phospholipid moiar ratios(K), at pH 6.5, versus time.
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FiGURE 3. Cysteic acid content of wool fibess treated with chlorine-liposome suspensionscontaining increasing amounts of cholesterol
inthelipid bilayers(PC : CH 10:0, 9:1, and 82 motar ratios) at three chiorine concentration levels (A = 0.28%, B = 0.14%, and C = 0.07%,

w/v), versus phospholipidic concentration in liposomes.

= 9.75). Asa consequence, in the first case low lipo-
some lipid concentrations are needed to initiate the
inhibitory process. There were similar tendenciesfor
all the chlorine concentrations studied (curves B and
C corresponding to the 0.14 and 0.07% chiorine con-
centrations, respectively). Furthermore, the highest
inhibiting power of cysteicacid formation corresponds,
in all cases, to the K values of about 2.0.

We obtained the curvesin Figure 4 by plotting the
chlorine /lipid molar ratio values (K )necessary to ini-
tiate the inhibiting capacity of cysteic acid formation
versus chlorine concentration in liposomes. Notethat
bilayer structures containing the highest cholesterol
concentration(PC : CH 8:2 molar ratio) inhibit, inall
cases, the cysteic acid formation from higher molar
ratio values (K) . However, this capacity decreasesas
the chlerine concentration in liposomesincreases.

As regardsthe physicochemical stability of the chlo-
rine liposomes at pH 1.5 during wool treatments, the
oxidation index value rose rapidly and reached vaues
exceeding 0.8. Moreover, the mean veside size distri-
bution during these applicationsshowed a rapid deg-
radation of thelipid bilayers. Both effects occurred as
a consequence of the presence of free chlorine in the
liposome suspensionsat this pH.
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FIGURE 4. Chlorine/lipid molar ratios (K) necessarv t0 initiate
the inhibiting capacity of cysteic acid formation when wool fibers
aretreated with chlorine-liposomesystems containing different pro-
portions of cholesterol in the lipid bilayer (PC : CH 1¢:0, 9:1, and
8:2 molar ratios) versus chlorine concentration in liposomes(%).
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This paper seeks to extend our investigations of li-
posomesin wool chlorination [ 5] by studying the in-
fluence of the lipid bilayer compositionson the stability
and applications of these systems. The inclusion of
cholesterol in liposome bilayers is a very important
factor for obtaining liposome formulations that are
more stable with respect to the chlerine aqueous so-
lutions at neutral pH values and are also suitable as
chlorine camersin wool chlorination processes aswell
as olher stages of wool processing.

Particularly during the conventional oxidative pro-
cess, there is a strong affinity between active chlonne
and wool fibers, which determiues a fast and uneven
reaction on the active sites of the fibers. The oxidative
irregularity could influence other parts of the industrial
processing of wool (shnnkproofing, dyeing, etc.). Using
liposomesin wool chlorination, especially those con-
taining cholesterol in thelipid bilayers, could inhibit
excessive fiber oxidation, resulting in a more regular
oxidative attack on the surface of the fibers and im-
proved performance during the last stages of processing.

Conclusions

From the work reported here, we have concluded
that the presence of cholesterol in phospholipid bilayer
liposomes can be considered suitable for enhancing
both the stability of these systemsand the applications
of these structures in wool chlorination.

The results from the physicochemical stability of
chlonneliposome suspensions at pH 6.5 show that for
chlorine /lipid molar ratio (K) values lower than 2.0,
theliposome suspensions are physicochemically stable
during a period of 24 hours. Increasing amounts of
cholesterol in lipid bilayers increase the physicochem-
ical stability of liposomes, making these structures more
resistant to aggregation and lipid peroxidation.

Theinhibitory capacity of lipesome-clorine systems
in cysteic acid formation of treated wool fibers is in-
creased by the presence of cholesterol in lipid bilayers.
These improvements are obtained in all the chlorine/
lipid molar ratios studied, regardless of the chlorine
aqueous concentrations used.

ACKNOWLEDGMENTS

We are indebted to Mrs. Mana Dolcet for help in
the experimental work and to Mr G. von Knomng for
expert technical assistance.

Literature Cited

. Bangham, A. D., Standish, M. M., and Watkins, J. C.,
Diffusion of Univalent Ions Across the Lameliae of

10.

13.

14.

15.

16.

Swollen Phospholipids, J. Mol. Biol. 13, 238 (1965).

. Batzri, S, and Korn, E D., Interaction of Phospholipid

Vedcdes with Cells: Endocytosis and Fusion as Alter-
native M echanismsfor the Uptake o Lipid-Soluble and
Water-Soluble Molecules, J. Cell Biol. 66, 621-634
(1975).

. Chapman, D., Physicochemical Properties of Phospho-

lipids and Lipid-Water Systems, in "Liposome Tech-
nology,” val. I, G. Gregoriadis, Ed., CRC PressInc., Boca
Raton, Florida, 1986, pp. 1-19.

Chong, C. S, and Colbow, K., Light Scatteringand Tux-
hidity Measurements on Lipid Vesdes Biochim. Bio-
phys. Ada436,260-274 (1976).

De laMaza, A., Parra, J. L., and Bosch, P., Using Li-
posomesin Woal Chlorination: Stability of Chlorine Li-
posomesand Their Application on Wool Fihers, Textile
Res. J. 61,357-362 (1991).

. DelaMaza, A, Parra,J. L., Bosch, P, and Coderch, L.,

Large Unilaméllar VesideLiposomesfor Wool Dyeing:
Stahility of Dye-Liposome Systemsand Their Applica
tion on Untreated Wool, Textile Res. .J. 62, 406-413
(1992).

. Erra, P, Julis, M. R, Infante, M. R., Coderch, M. L.,

and Garcia Dominguez, J. J., Shrink-resist Treatments
of Wooal with a Nucleophilic Reagent/Cationic Surfac-
tant/Cationic Resin Mixture, J. Soc. Dyers Color, 104,
93-96 (1988).

. Gains, N., and Hauser, H., Formation of Unilamellar

Liposomes by pH Adjustment, in *'Liposome Technol-
oy, val. I, G. Gregoriadis, Ed., CRC Press|nc., Boca
Raton, Florida, 1986, pp. 67-78.

. Garcia Dominguez, J. J., Erra, P, dela Maza, A, Julia,

M. R., and Shaw, T., The Useof Surfactantsto Improve
the Regularity of Deposition of Resin on Wodl, in *“Proc.
5th. Int. Wool Text. Res. Conf. Aachen,” vol. 111, 1975,
pp. 337-348,

Juliano, R. L., Interactionsof Proteins and Drugs with
Liposomes, ch. 2, in "Liposomes™ J. M. Ostro, Ed.,
Marcd Dekker, fnc., New York, 1983.

. Kerker, M,, Light Scattering, in “Chemistry and Physics

of Interfaces|l,”” S Ross, Ed., American Chemical So-
ciety, Washington, D.C., 1971, p. 170.

. Klein, A. R., The Detection of Oxidation in Liposome

Preparations, Biochim. Biophys. Acta. 210, 486 (1970).
Konigs, A. W. T., Lipid Peroxidationin Liposomes, in
“Liposome Technology," vd. 1, G. Gregoriadis, Ed.,
CRC Press Inc., Boca Raton, Florida, 1986, pp. 139-
163.

Mayhew, E., and Papahadjopoulos, D., Therapeutic Ap-
plications of Liposomes, ch. 7, in "Liposomes' J. M.
Ostro, Ed., Marcel Dekker, Inc., New York, 1983.
McLaren, J. A., and Mauiligan, B, ""Wool Science The
Chemica Resactivity of the Wodl Fibre' Science Press,
Marrickville, NSW, Australia, 1981.

Norma UNE 55-528-77 |1, lodornetric Method to Be-
terminethe Concentration of ActiveChlorine in the So-
dium Hypochlorite Solutions.



50
17.

18.

19.

20.

2L

23.

24,

Ndson, G., Microencapsulates in TextileColorationand
Finishing, Rev. Prog. Colora. 21, 72-85{1991).
Pagano, R. E., Huang, L., and Wey, C., Interaction of
Phospholipid Vesdeswith Cultured Mammalian Cdls,
Nature 252, 166-170 {1974).

Papahadjopoulos, D., in "' Liposomesand their Usesin
Biology and Medicing' Ann. N.¥. Acad. Sei, pp. 1-
462, 1987.

Papahadjopoulos, D., Cowden, M., and Kimelberg,
H. K., Roledf Cholesterolin Membranes, Biochim. Bio-
phys. Acta 330, 8-16 {1973).

Parra, J. L., Garcia Pominguez, J J, delaMaza, A,
and Sanchez Ledl, J., The Application of Mixed Surfac-
tant Micellar in Wool Textile Finishing, J. Soc. Dyers
Color. 162, 227232 (1986).

Prémper, E, Kleg, D., Altenhofen, U., and Zahn, H.,
Methode zur quantitativen Erfassung oxidierender
Gruppen in ¢hlerierter und photooxidierter Wolle, Tex-
tilveredlung 18 (11), 330-334 (1983).

Rivett, D. E, Stmctural Lipidsof the Wool Fibre, Wool
Sei. Rev. 67, 1-25 {1991).

Singleton, W. S, Gray, M. S, Brown, M. L., and White,

25,

27.

TEXTILE RESEARCH JOURNAL

I. L., Chromatographically Homogeneous Lecithin from
Egg Phosphalipids, J. Am. il Chem. Soc. 42, 53 (1965).
Standard Specifications for Test Methods IWTO 23-70
(F), Methode de Determination dela Teneur en Acide
Cysteigue dans les Hydrolysates de Laine oar Electro-
phorese sur Papier et Colonmetne, Adopté C.T. FL.I,
Paris, 1969.

Szoka, F., Olson, F., Heath, T., Vail, W., Mayhew, E.,
and Papahadjoponlos, D., Preparation of Unilamellar
Liposomes of Intermediate size {100-200 nm} by a
Combination of Reverse Phase Evaporation and Extru-
sion Through Polycarbonate Membranes, Biochim. Big-
phys. Acta 601, 559-571 (1980).

Szoka, F., and Papahadjopoulos, D., Liposomes: Prep-
aration and Charactenzation, ch. 3, in "'Liposomes. From
Physical Structure to Therapeutic Applications™ C. G.
Knight, Ed., Elsevier Press, Amsterdam, 1981.

. Zahn, H., Oxidalive Filzfreiausriistung und oxidative

Bleiche von Woalle aus der chemischen Sicht, Textilver-
edlung 17 ( 10), 421-440 (1982).

Manuscript received May 19, 1992; accepted July 17, 1992,



