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Abstract

The effect of the incorporation of the non-ionic surfactant sucrose palmitate in dioctadecyldimethylammonium chloride
(DODAC) large unilamellar vesicles was studied by using several spectroscopic techniques. Significant changes in the liposome
bilayer were detected prior to the formation of mixed micelles. Turbidity experiments show major growth in vesicle size.
This behavior is rarely observed in large unilamellar vesicles. The vesicle size increase is accompanied by several alterations
of the lipidic bilayer. Fluorescence of 6-dodecanoyl-2-(dimethylamino)-naphthalene (Laurdan) and pyrene incorporated in
liposomes shows a dependence on sucrose palmitate addition, this is compatible with modifications of polarity and fluidity of
its surroundings, probably due to a decrease in the bilayer water content. In contrast, diphenylhexatriene anisotropy changes
indicate that deeper microenvironments are not substantially affected. In addition, changes in the quenching constant of pyrene
and its derivatives by oxygen are indicative of the increase in oxygen solubility when the sucrose ester is incorporated in the
liposome. These changes in the structure-dependent properties of DODAC liposome bilayer are explained by the location of the
voluminous co-surfactant sucrose head groups on the liposome surface.
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1. Introduction upon liposome bilayer saturation, the mixed liposome
o o _ _ evolves into mixed micelles. The last stage (stage
Solubilization and reconstitution of biological |I), corresponds to a decrease of lipid/surfactant ratio

membranes by using surfactants has captured thein previously formed mixed micelles. We are partic-
attention of biochemists and chemists since the ularly interested in the study of changes promoted
mid-1970s[1-7]. In these studies, involving several by the incorporation of the non-ionic surfactant su-
surfactant-liposome systems, the interaction betweencrose palmitate into the liposome at stage I. The
surfactant and liposome structure has been alwaysability of surfactants to induce both changes in the
described in terms of a three-stage mofdég! In the water—liposome interface and in the lipidic bilayer
first stage (stage 1), the surfactant is distributed be- structure is crucial in order to understand the nature
tween liposome and the aqueous phase. In stage Il,of the interactions between physiologically active
molecules and liposome bilayers. Of particular inter-
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of newer technological applicatio8,9]. Nowadays, water molecules and above this freedom of dipolar
non-ionic surfactants are being widely employed, be- motion increases. These differences are reflected in
cause they are readily incorporated as co-surfactantsemission spectra of Laurd§®?2], allowing its use as a
into liposomes([4,8,10] or as alternatives to ionic  valuable probe in observing physico-chemical micro-
surfactants, forming microaggregates (niosomes) properties in compartmentalized systems. To account
[11-14] Non-ionic surfactants generally are cheap for observed emission shifting in Laurdan spectra, a
and successful alternatives of non-biological origin. A well-known parameter is the change in generalized
particularly interesting group of surfactants that can be polarization (GP). High values of GP are ascribed to
employed as co-detergents to form mixed liposomes a less fluid surroundinf?3].
are the fatty acid esters of monosaccharides and disac- Another hydrophobic fluorescent membrane probe,
charides. These kinds of surfactants have unique prop-1,6-diphenylhexatriene (DPH), is slightly sensitive
erties being non-toxic, skin compatible, non-polluting to environment polarity, and it is primarily used to
and biodegradable. Also, their obtainment is not estimate the internal viscosity of the bilayers by
dependent on the petrochemical industry and they measuring fluorescence polarization or anisotropy. In
can be made from renewable sources. However, dueaddition, pyrene is a very useful fluorescent probe
to the difficulties to synthesize and purify sucrose due to the sensitivity of its fluorescence spectra and
monoester$15,16], only a limited number of exper-  singlet state lifetime to the properties of the envi-
imental studies that concern their physico-chemical ronment where it is solubilized. Also, the excited
properties have been carried out with pure compounds pyrene—oxygen interaction rate is indicative of oxy-
[17]. Currently, mixtures of mono and polyesters, gen accessibility to the probe location. Considering
or mixtures of several monoesters are being used.the relatively free pyrene motion, several carboxylic
A classical example is the use of the WASRGe- derivatives of this aromatic compound, with different
ries, mixtures in which hydrophobicity is controlled alkyl chains and a carboxylic acid terminal, are ade-
by varying the length of the alkyl chains and the quate to anchor the probe at different bilayer depths.
proportion of mono- and polyestef3].
In this work, we studied the effect of the incor-
poration of a unique isomer of sucrose monopalmi- 2. Experimental
tate, PAL, on the structure and the physico-chemical
properties of dioctadecyldimethylammonium chloride 2.1. Chemicals
(DODAC) liposomes. Several fluorescent probes were
selected to sense specific properties of both the more Sucrose palmityl ester(p-fructofuranosyl-60-
hydrophobic regions of the liposome bilayer and the palmityl-a-p-glucopyranoside (PAL)) was synthe-
water—liposome interface, to gain a better understand- sized by the Lindhart et al.’s proceduf24] that
ing of the effect of surfactant incorporation. yields a relatively complex mixture of monoesters
An amphiphilic fluorophore, such as 6-dodecanoyl- (mainly 6-O and presumably ®), di- and triesters.
2-(dimethylamino)-naphthalene (Laurdan), incorpo- Preparative HPLC was employed to isolate PAL.
rates into membranes with the fluorescent moiety DODAC from Herga Ind. (Brazil) was purified as de-
localized in the region of the acyl bonds on the scribed elsewher@5]. Pyrene and DPH from Sigma
glycerol backbone of phospholipid$9]. Therefore, and pyrene decanoic acid (PyC10) and Laurdan from
spectroscopic behavior of this probe in the microag- Molecular Probes were used as received.
gregate is related to the membrane polarity and/or the
membrane fluidity (gel or fluid lamellar phasiQ], 2.2. Isolation and characterization of
because of its sensitivity to the solvent dielectric re- palmityl sucrose
laxation effects. Also, according to recent data, mea-
surements of Laurdan fluorescence polarization can be Semipreparative low-pressure liquid chromatogra-
used to monitor perturbations of membrane ordering phy was performed by using a LOBAR LiChropfep
[21]. Lipid packing below the lipid phase transition RP-18 (40—63.m) column (Merck) attached to a Shi-
temperature restricts the movements of associatedmadzu LC-9A HPLC pump. Methanol-water (70:30)
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at 2.00 ml/min was the mobile phase. The composition
of collected fractions was observed by using thin layer
chromatography employing chloroform—methanol
(4:1) to elute samples and staining with a butanolic
solution of urea—orthophosphoric acid. The purity
of isolated PAL, after combining the fractions con-
taining the ester, removing the solvent and drying in
vacuo, was monitored in a Waters 600 HPLC system,
equipped with a Waters PDA detector (at 205 nm)
and a Merck LiChrosph& 60 RP Select B (fm)
column. Experiments were carried out in the iso-
cratic mode by employing methanol-water (70:30) at
1.00 ml/min, as the mobile phase. The NMR spectra
of PAL, performed in a Bruker ADX 300 spectrome-
ter in DMSQy-g containing 5% of CHOD, to avoid
micellization, agrees well with the previously reported
spectrg24].

2.3. Liposome preparation

Large unilamellar liposomes (LUVS) were obtained
by controlled injection of a DODAC—chloroform
solution (20mM) in Milli-Q water thermostated
at 75+ 0.5°C, according to the procedure previ-
ously described[25]. The final concentration was
fixed by the amount of DODAC-chloroform solution
injected.

2.4. Fluorescence spectroscopy

65
2.5. Turbidity

UV-Vis dispersion determinations were carried out
on an UV-4 spectrophotometer (Unicam). Dispersion
was also observed in fluorescence experiments car-
ried out on Fluorolog Tau-2 spectrofluorimeter (SPEX,
Jobin Ybon).

3. Results and discussion

3.1. Effect of palmityl sucrose addition on
liposome properties

The influence of sucrose ester addition on the prop-
erties and stability of DODAC liposomes was studied
using different fluorescent probes and several experi-
mental techniques.

Solubility of PAL in water was assessed by mea-
suring fluorescence intensity and generalized po-
larization of Laurdan at 425nn¥ig. 1 shows the
dependence of both parameters as a function of PAL
concentrationFig. 1 shows that the Laurdan fluores-
cence intensity at 425nm increases linearly at low
PAL concentration whereas the GP values decreases
linearly in the same PAL concentration range. Both
parameters display a sharp break point at PAL con-
centration of (1.97 + 0.16) x 10°>M. Above this
PAL concentration, the GP values remain practically
unchanged and the fluorescence intensity of Laurdan

Steady state fluorescence measurements of pyrendncreases very slowly. These changes in spectroscopic

and Laurdan were accomplished in a Fluorolog Tau-2
spectrofluorometer (SPEX, Jobin Ybon). Anisotropy
and polarization measurements of DPH (214,
Lex 350nm, Aem = 450nm) were carried out
in a LS-50B (Perkin-Elmer) spectrofluorimeter.
Time-resolved fluorescence lifetimes of pyrene and
pyrene derivatives (B x 10°M), gave no spec-
tral evidence of excimer formation,ex = 337 nm.

behavior of Laurdan can be ascribed to surfactant
micellization, which yields a critical micellar concen-
tration (cmc) of (1.97 + 0.16) x 10°>M for PAL.
This cmc value agrees with literature reported values
equal to 174 x 10~° and 181 x 10~°>M [24]. This
result implies that the solubility of PAL in water is
very low and indicates that it will incorporate into
DODAC liposomes with a very low concentration as

The oxygen quenching constants were measured infree ‘detergent’ in the agueous pseudophase.

a custom-made system that is comprised of a ni-
trogen laser PL 2300 (PTI), a custom-wired pho-
tomultiplier R928 (Hamamatsu) connected to an
oscilloscope TDS 3032 (Tektronix). Data were ac-
quired and processed with a language G Labview

To study the effect of PAL addition on the struc-
ture and physico-chemical properties of DODAC li-
posomes in stage |, it was necessary to determine the
range of PAL concentrations at which DODAC lipo-
somes remain intact. The transformation of liposomes

based software. All the above-mentioned equipment (lamellar structures) into mixed micelles, sometimes

and systems were temperature controlled within
0.5°C.

termed ‘solubilization’, takes place when the ratio of
concentrations of detergent to lipi®,(present in the
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Fig. 1. Changes of Laurdan emission intensit{)(425nm and M) Laurdan GP) as a function of PAL concentration. Both properties
show a break point upon micellization at [PAY] (1.97 4 0.16) x 10~2 M, corresponding to the cmc at 200 (rex = 365 nm).

bilayer) reaches a critical value, representeBd426]. To evaluate the dependence of the micropolarity
This condition is achieved when the aqueous concen- of DODAC liposomes on PAL incorporation to the
tration of detergent in aqueous pseudophase equals itsilayer, we used pyrene as a fluorescent probe. It
cmc[26]. To examine the effect of increasing PAL con- is well known that the vibrational structure of the
centration on DODAC liposome structure and to mon- pyrene fluorescence spectrum and the ratio between
itor mixed micelle formation, we employed turbidity ~emission bands I and Il (ratio I/lll) are very sensitive
measurements:ig. 2shows the changes of dispersion to micropolarity of the environment where pyrene is
at 400 nm of DODAC liposome solutions at different located[27,28] Ratio I/lll could also be convenient
DODAC concentrations. Scattered light increases con- to monitor changes due to liposome solubilization.
siderably and monotonically and, upon PAL addition, Fig. 4 shows the progression of ratio I/1ll when PAL
independent of liposome concentration. All plots show is incorporated in DODAC liposomes. Data kig. 4
that scattered light has an abrupt break point when the show a clear decrease of ratio I/lll when PAL incor-
sucrose ester concentration is twice than that of DO- porates in the liposome, independent of liposomes
DAC, giving anRe value near 2. concentration. This result is compatible with a de-
Similar results were found from our steady-state crease of micropolarity of the environment sensed by
fluorescence polarization study of the effect of the probe. It has been reported that when pyrene is
PAL upon DPH-labeled DODAC liposomes. The employed in high proportion (10 mol%), liposomes
anisotropy dependence of DPH on PAL incorpora- undergo shape transitions and/or size changes by an
tion into liposomes is depicted iRig. 3. At R values increase of membrane area due to enhanced space
below 0.75, DPH anisotropy is insensitive to PAL requirement of photoexcited prof29]. In our exper-
presence, whereas f&in the range between 1 and 2, iments using pyrene, this effect can be disregarded
DPH anisotropy decreases from 0.255 to 0.185. This because of the low pyrene concentration employed.
latter value indicates DPH anisotropy is measured in In addition, turbidity measurements did not show
a DODAC-PAL mixed micelle environment. any evidence of changes in the DODAC liposome
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Fig. 2. Turbidity (400nm) of aqueous solutions of DODAC liposomes as a function of PAL addition. [DODBG]1MmM; (O) 2mM;

(&) 4mM. All cases shows a significant increase of dispersed light on PAL incorporation into the liposome. This result can be attributed
to a increase in the vesicle size. Also there is a break point, the beginning of liposome ‘solubilization’, when [PAL]/[DODAC] takes a
value near 2.07 = 20+ 0.5°C.
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Fig. 4. Dependence of the ratio between bands | (371 nm) and Il (382 nm) of pyrene fluoresegre8850 nm),I,/1;;, on the incorporation
of PAL to DODAC liposomes at several concentrations of DODAC. A decrease of micropolarity sensed by the probe, independent on
DODAC concentration, was observed. [DODAC[JY 0.5mM, ©) 1mM; (v) 2mM. T = 20+ 0.5°C.

structure caused by pyrene incorporation to the tion (Eq. (1), aK, value for PAL partition between
membrane. DODAC liposomes and the aqueous phase about of
In order to obtain further information related to 2 x 10°, was obtained. This value implies that essen-
changes in physico-chemical properties of the lipo- tially all the sucrose ester incorporates into the bilayer.
some bilayer such as fluidity and/or polarity upon PAL
addition, we carried out Laurdan generalized polariza- , | 555 1
tion measurements:ig. 5 shows that GP is strongly €= { K, cmc h }
dependent orR, although independent of DODAC
concentration. For low values &, the GP value in- In previous studies of the solubilization pro-
creases from-0.30 (R = 0) to 0.40 R = 1.75). For cess in phosphatidylcholine (DPP(J] and phos-
R ranging between 1.75 and 2.0, GP begins to de- phatidylcholine/phosphatidic acid (EPC/EPA) li-
crease, indicating a loosely packed microenvironment, posomes|[3,20], induced by octyl glicoside (OG,
ascribed to mixed micelle formation (liposome solu- cmc= 22 mM), sodium dodecyl sulfate (SDS, crac
bilization). The lowest expected value for GP should 8.00 mM) or Triton X-100 (cmc= 0.15mM), it was
be 0.02, a value determined for Laurdan-labeled PAL reported that dispersion increases slightly before bi-
micelles. As mentioned earlier, turbidity experiments layer solubilization. Also, it was shown that when the
show forRe a value near 2.0, slightly larger than that solubilization process begins, there is an important
measured with Laurdan. reduction in the intensity of scattered light. In a recent
According to Lichtenberd6], Re can be related to  study of the solubilization process of giant vesicles,
the partition constank, and the cmc of the surfac- involving a wide number of lipids and detergefits,
tant. From theR; values between 1.0 and 2.0, mea- different behaviors were observed, where the most
sured by dispersion and fluorescence experiments andcommon were a stepwise or smooth shrinkage. For
using a modification of the Lichtenbef§] proposi- non-ionic surfactants such as O®, takes values

@
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Fig. 5. Changes of Laurdan GP during addition of PAL in LAURDAN-labeled liposomes & 2@hen the [PALJ/[DODAC] ratio reaches
a value of 1.0, there is a slope change indicating the beginning of major changes in the probe microenvironments. The behavior is not
function of DODAC concentration, almost before solubilization. [DODAG}) (0.5 mM; (O) 1 mM; (J) 2 mM.

over 10.0[5,20], for Triton X-100 near 1.0, and for  at the water—liposome bilayer interface whereas the
ionic surfactants like SD3Re is near 1.0 or 2.0. inner core, which is sensed by DPH remains unal-
Our results indicate that the DODAC—PAL system tered. In additionRe values determined from DPH
in stage | of the solubilization process behave in a dis- anisotropy measurements are smaller than those ob-
similar manner to those previously studied. The large tained from turbidity experiments. The observed dif-
increase of scattered light at low PAL concentration ferences can be explained in terms of induced micel-
can be explained in terms of an enlargement of the lization or pre-micellization on the liposome surface,
liposome upon incorporation of PAL in the bilayer. so that the solubilization conditions are reached con-
In a previous work{26], an increase of turbidity at comitant with anisotropy reduction, but the system
the beginning of the solubilization process has been seems to be larger, as indicated by light dispersion.
observed for small unilamellar vesicles (SUVs), how-  The pyrene ratio I/1ll is not adequate for monitor-
ever, also at this stage LUVs usually do not show tur- ing the liposome solubilization process. The observed
bidity changes, and solubilization is accompanied by value of the ratio I/lll of pyrene emission in neat li-
turbidity diminution[26]. These differences could be posomes (1.6) is lower than that observed in water
related to the structural characteristics of PAL, mainly (1.8) and similar to that in acetone or ethylene gly-
the large number of hydroxylic groups in the polar col [30], indicating that pyrene is located near to the
head. The observed decrease of the intensity of scat-water—liposomes bilayer interface. No discontinuity
tered light, wherRis near 2.0, is compatible with for-  was observed upon ‘solubilization’, in the range of
mation of the first mixed micelles with simultaneous R values employed. However, its decrease indicates
reduction in the liposome size as has been describedthat PAL addition could impede the access of wa-
previously[26]. ter molecules to the site where the probe is localized
Comparison of DPH anisotropy and turbidity mea- and/or impel to pyrene move deeper into the liposome
surements indicates that addition of low PAL concen- bilayer. The values of ratio l/lll at highd®, between
tration R < 1, produces significant structural changes 1.05 and 1.1, could be indicative of mixed micelle
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formation. A similar ratio I/lll of 1.07 was determined It is interesting to consider the differences of Lau-
for 0.2mM PAL micelle solutions at 20C. Values rdan emission spectra when it is incorporated into
of 1.06, 1.16 and 1.12 have been reported for SDS, DPPC, EPC/EPA or DODAC liposomes. The emis-
Brij-35 and CTAC micelles, respective[31]. sion spectra obtained in DPPC microaggregates, be-
On the other hand, changes observed on GP at lowlow the transition temperature shows only the lower
R values, could be related to two possible effects. wavelength band (434 nm), meaning a very restrictive
The probe is sensing a more gelified environment, in gel lamellar phas§0], whereas in the EPC/EPA and
which the lipidic packing would restrict the motion DODAC, an additional shoulder appear at the red edge
of dielectrically associated molecules. This makes in the emission spectra indicating a less gelified mi-
dielectric relaxation less probable (the emission band croenvironment near to the probe. The effect of OG
centered near 435nm is higher) and/or micropolarity addition to EPC/EPA liposomes before the beginning
of the Laurdan environment diminishes as a result of ‘solubilization’, unlike that observed for PAL addi-
of hindrance to water penetration (by presence of tion to DODAC liposomes, leads to intensity decrease
sucrose moieties on the liposome surface). The hyp- of the blue band compared with the red one and a
sochromic shift upon PAL addition, explained in red shift of the whole spectra. The differences in the
terms of micropolarity decrease near to the probe, can spectroscopic behavior of Laurdan, reported for OG
be ascribed to a diminution in water content inside and those obtained for PAL, can be explained in terms
the liposome bilayer. The PAL incorporation could of dissimilar modifications of the membrane surface
produce several effects on the bilayer structure of DO- [32] due to volume differences between glucose and
DAC liposomes. The bulky sucrose head groups of sucrose polar head groups of OG and PAL, respec-
PAL could modify the charge density on the liposome tively. More significant changes in the surface charge
surface and sterically block channels for water pen- density would be expected with PAL addition, as a
etration. In addition, insertion of a non-charged PAL consequence of the liposome size increase and due to
between a pair of DODAC molecules can diminish, at the larger number of OH groups in the sucrose moiety
least partially the head to head repulsion of DODAC that could interact by hydrogen bonds.
in the water—liposome interphase. Additionally, hy-
drogen bond interactions between hydroxylic groups 3.2. Effect of PAL addition on the phase transition
of sucrose could further contribute to blocking water temperature of DODAC liposomes
access. Moreover, decrease in membrane fluidity can
be due to the minor water content inside the lipo- In addition to the above-described studies, we
some, concomitant with an increase of chain—chain examined the effect of PAL addition on the phase
hydrophobic interactions which results in a less-fluid transition temperature of DODAC LUVs, employ-
bilayer. For the sam®& value, our results show that ing DPH anisotropy measuremenkg. 6 shows the
PAL addition does not modify anisotropy of DPH in- dependence of DPH anisotropy with temperature for
corporated into a liposome. These results, apparently DODAC and DODAC/PAL R = 0.5) vesicles. DPH
contradictory, could be understood if DPH and Lau- anisotropy observed in DODAC LUVs, shows an im-
rdan are sensing different microenvironments in the portant decrease in the 30-80 range. Furthermore,
liposome bilayer. A more hydrophobic probe such as near the phase transition temperature DPH anisotropy
DPH would be located deeper in the bilayer sensing exhibit anomalous changes and the curve shows two
a micromedia which water molecules cannot access, up and down peaks that depart from the regular behav-
then, PAL addition does not produce significant struc- ior. The same effect has been reported by Lissi et al.
tural modifications at low PAL content in this zone. [33] observing temperature effects on both, ratios
Considering that the PAL and DODAC hydrocarbon I/lll and pyrene lifetimes incorporated into DODAC
chains are practically the same, no microviscosity and DPPC LUVs. This anomalous behavior was as-
changes deep in the bilayer should follow at low PAL cribed to a particularly higher water penetration in the
incorporation in the liposome. Addition of PAL pro- DODAC bilayer at the phase transition temperature,
duces different effects on the surface and the inner increasing ratio I/lll values and decreasing pyrene life-
bilayer of DODAC liposomes. times. Anomalies in the vicinity of the phase transition
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Fig. 6. Anisotropy of DPH Xex = 350 nm, Aem = 450 nm) in DODAC (O) and PAL/DODAC (1) vesicles as a function of temperature.
[DODAC] = 1mM; R = 0.4.

temperatures were not found when PAL was added to 3.3. Effect of PAL addition on the oxygen quenching
a DODAC liposome g = 0.5), as shown irFig. 6. of pyrene and pyrene derivatives incorporated to
When PAL is incorporated, the anisotropy of DPH DODAC liposomes

diminishes regularly from about 0.25 at 25 to 0.05

at 45°C. The different behavior of the dependence of = The dynamics of fluorescence quenching of pyrene
DPH anisotropy on the temperature in net DODAC and and pyrene derivatives has been widely employed to
DODAC-PAL liposomes further supports our propo- characterize liposome bilayef34,35] The most rel-
sition that PAL addition to DODAC vesicles restricts evant intra-vesicle properties invoked to account for
water penetration inside the bilayer due to the sucroserates of fluorescence quenching of probes incorpo-
moiety present at the interface. PAL incorporation only rated in liposome bilayer are the oxygen concentra-
leads to minor differences at the phase transition tem- tion and the oxygen mobility. The experiments dis-
peratures since in this temperature range only slightly cussed earlier, indicate that PAL incorporation in DO-
lower microviscosities are sensed by the fluorescent DAC liposomes at loweR. does not produces sig-
probe DPH. The same effect of PAL addition on phase nificant changes in microviscosity of “core” bilayer
transition temperatures was sensed by employing the but the main effect is to prevent the water entrance
Laurdan GPFig. 7 shows that in DODAC liposomes to the liposome. In consequence, it can be expected
Laurdan generalized polarization decreases regularly that quenching rate constants of pyrene and/or pyrene
when temperature increases from 15 to 3Z5A derivatives by oxygen inside the liposome, increases as
major slope change is observed at the phase transitionthe PAL content increases. The lipidic volume in DO-
temperature zone and a small decrease in GP value isDAC LUVs is enough to guarantee that probe—oxygen
observed above this point. PAL incorporation into the interaction rates will be then determined only by the
bilayer increases GP, but an effect on the phase transi-intra-vesicle properties, and will be almost completely
tion temperature was not observed although the rangeindependent of the properties of the surrounding sol-
for transition seems to be more narronRmcreases.  vent. The apparent rate constants for quenching of
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pyrene and pyrene derivatives by oxygé&gy) in DO- the region in which pyrene is located (near to the in-
DAC and DODAC/PAL liposomes, were determined terface according to the l/lll ratio at 2&). The de-
from Stern—\Volmer plots, by measuring the probe life- crease of microenvironment polarity due to PAL ad-
time in nitrogen saturated, air saturated and oxygen dition, increase of oxygen solubility atgy augment,
saturated solution3able 1shows the results obtained although PAL addition can drive the probe to move
that are similar to those reported by Abuin and Lissi deeper inside the bilayer, where oxygen concentration
for pure DODAC LUVs[34]. is higher, effect that cannot be disregarded a priori.
The observed values féry in DODAC liposomes, Additional data supporting the increase of oxygen sol-
increase upon PAL incorporation, f&values below ubility upon PAL addition were obtained by measuring
Re. The increase okox on PAL addition can be ex- the apparent quenching rate constant of an anchored
plained in terms of release of water molecules from probe in the same conditions. The valueskgf ob-
tained employing PyC10, that is fixed to the bilayer by
interaction between the terminal carboxylic group and

Table 1 L . .
Values ofkoy for the quenching of pyrene and pyrene decanoic the qanomc he.'ad group of DODAC: Increases W'Fh
acid in DODAC and PAL/DODAC vesicles at 28 PAL incorporation in the liposome bilayer as shown in
Derivative [PALJ/[DODAC] Kox (x10Ps1) Table 1 Taking inFq account that microviscosi.ty does
not undergo significant changes due to PAL incorpo-
Pyrene 0.00 4.0% 0.11 ti d bv DPH at th
Pyrene 0.40 6.43 0.12 ration (as was sensed by OPH at the s_aRma_ nge),
Pyrene 0.84 6.4% 0.14 and that both the oxygen diffusion coefficient and the
Pyrene 1.56 6.65 0.03 kq values inside the bilayer must remain almost con-
PyC10 0.00 341 0.10 stant, we can conclude that oxygen solubility in the
PyC10 0.44 4.20£ 0.11 lipidic phase increases as a consequence of water en-
PyC10 1.00 5.04- 0.14

trance blockage.
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