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Summary

The penetration ability of human serum albumin in neutral monolayers of cholesterol, dipalmitoylphosphatidyicholine and
mixtures at the same molar ratio, has been studied. The effect of the protein on unilamellar liposomes of cholesterol-di-
palmitoylphosphatidylcholine has been determined by measurement of the amount of carboxyfluorescein released from the
liposomes. There is a relation between the penetration ability in such monolayers and the leakage effect on the liposomes.

Introduction

It is well established that liposomes interact
with serum components, especially with lipopro-
teins and proteins (Zborowski et al., 1977; Wein-
stein et al,, 1981; Agarwal et al., 1986; Shiffer et
al., 1988). Such interaction can modify the release
of the liposomal content or can even produce the
leakage of liposomes.

From a pharmaceutical view-point, it is im-
portant to know about liposomal behaviour in
biological fluids, since the effectiveness of lipo-
somes as drug delivery vehicles will depend on
their exposure to the blood and plasma compo-
nents and also on protein—lipid interactions. When
liposomes are used to introduce substances into
cells they lose their stability when brought into
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contact with complex systems such as blood or
culture media and thus release part of their con-
tent.

The interaction of hydrophobic proteins with
some monolayers is governed by the surface activ-
ity (hydrophobicity) of the macromolecules.
Hydrophobicity does not guarantee interaction of
a protein with lipids in dispersion, but it favors
penetration of proteins into monolayers at the
air—water interface (Phillips et al, 1975). The
situation is not so clear for highly water-soluble,
globular proteins where complete penetration does
not occur, although at least a part of the protein
must be embedded in the lipid film. With such
proteins, the adsorption could be affected by the
electrostatic interaction between lipid and protein,
but the hydrophobic interaction also plays an
important role, since the surface activity and
lipid-binding capabilities of proteins are thought
to be mediated by the amphipatic a-helices within
the protein {Krebs and Phillips, 1984).
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The stability of liposomes in the presence of
serum proteins can be enhanced by changing the
lipid composition of the liposomes. The partial
replacement of phosphatidylcholine by cholesterol
causes a slight decrease of leakage. Modifications
in the phospholipid structure can also prevent the
lysis of liposomes in serum. In this way, a struct-
ural change, consisting of the replacement of the
C-2 ester bond in phosphatidylcholine by an ether
linkage, enhanced the liposome stability (Agarwal,
1986).

This present work attempts to determine
whether the interaction of uncharged unilamellar
liposomes with albumin involves an increase in the
permeability of liposomes to cholesterol and di-
palmitoylphosphatidylcholine obtained by an ex-
trusion procedure.

For this purpose we employed on one hand the
monolayer technique to check the primary interac-
tion between albumin and lipids. Monolayers are
a convenient experimental model system for the
study of protein-lipid interactions because they
provide a stable interface with a lipid composition
identical to liposomes. On the other hand, the
effect of albumin on the integrity of membranes is
conveniently measured in lipid vesicles with the
water-soluble fluorescent marker, carbo-
xyfluorescein. Its fluorescence is self-quenched
during containment in liposomes and leakage into
the surrounding medium can be continuously and
sensitively monitored as an increase in fluo-
rescence due to dilution of the marker.

Materials and Methods

Human serum albumin (HSA), L-a~dipalmitoyl-
phosphatidylcholine (DPPC), specified as 99%
pure, and cholesterol (CHOL), type 99 + % pure,
were purchased from Sigma (U.S.A.). Carboxy-
fluorescein (CF) was purchased from Eastman
Kodak (U.8.A)) and, since it contains both hydro-
philic and hydrophobic impurities, a further puri-
fication was necessary which involves two steps:
(1) recrystallization; and (2) gel filtration chro-
matography on a Sephadex LH-20 column
(Pharmacia, Sweden) preswollen in distilled water.
Organic solvents (chloroform, methanol and

ethanol) obtained from Merck (F.R.G.) were twice
distilled before use to avoid the presence of
surface-active impurities. Water was double-dis-
tilled, the last time in the presence of potassium
permanganate in borosilicate apparatus, and then
purified through a Milli-Q system (Millipore,
U.8.A).

Monolayer technique

Films of DPPC and CHOL at several propor-
tions (100:0, 50: 50 and 0:100, molar ratio) were
spread over the subphase of a teflon trough filled
with Tris buffer solution, pH 7.4. HSA, at 40
pg/ml concentration in Tris buffer solution, was
injected ontc the subphase and the increase in
surface pressure was measured. Other characteris-
tics about the technique and apparatus have been
described elsewhere (Hernindez et al., 1989).

Liposome preparation

Liposomes of CHOL and DPPC in a molar
ratio of 50:50 and encapsulating CF were ob-
tained by extrusion through polycarbonate mem-
brane filters of 0.1 um pore size (Nucleopore,
U.S.A.). Encapsulation efficiency was determined
from fluorescence measurements with dilute ves-
icle suspensions employing a Perkin Elmer model
204 fluorometric spectrophotometer (Hernandez
et al., 1987).

Results and Discussion

Measurements of surface activity

Initially we determined the free protein adsorp-
tion to a surface without a lipid monolayer. As
shown in Fig. 1, the increase in surface pressure
presents a plateau (steady state) at concentrations
above 80 pg/ml with a value of approx. 16-17
mN /m. At the protein concentration chosen to be
injected into the subphase, 40 pg,/ml, an increase
of 14.60 mN /m was obtained.

Figs. 2—4 show the influence of the composi-
tion of the monolayer on the lipid-protein inter-
action at initial surface pressures of 20, 30 and 40
mN/m. In the surface activity experiments, an
increase in surface pressure (A=) of a lipid mono-
layer is taken to indicate an interaction of al-
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Fig. 1. Steady state surface pressure increase (mN/m) as a

function of the concentration of human serum albumin for

adsorption to a surface without lipid monolayer. Subphase
buffer: 0.1 KCI-10 mM Tris-HCl, pH 7.4.
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bumin from the subphase with the lipid film. Fig.
2 shows data from cholesterol monolayers plotted
as A7 vs. time for 1 h. Figs. 3 and 4 show similar
plots with a mixed monolayer (CHOL: DPPC,
50:50) and a DPPC monolayer. Fig. 5 sum-
marizes the variation in surface pressure at 60
min. From these results we concluded that an
initial surface pressure of 20 mN/m is concom-
itant with an increase in surface pressure and
consequently with a protein-lipid interaction,
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Fig. 2. Variation in surface pressure for the interaction of
human serum albumin with cholesterol monolayer. Subphase
buffer: 0.1 KC1-10 mM Tris-HCI, pH 7.4. The initial pressures
of the film were 20 mN/m (0), 30 mN/m (a) and 40 mN/m
(m).
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Fig. 3. Variation in surface pressure for the interaction of
human serum albumin with cholesterol-dipalmitoylphos-
phatidylcholine (50:50, molar ratio) monolayer (for condi-
tions, see legend of Fig. 2).

while at 40 mN/m initial pressure, a negative
variation was obtained. Working at 30 mN/m
initial pressure, the interaction depends on the
monolayer composition.

The influence of the composition of monolayer
films was determined by plotting Az (at 1 h) vs.
m;. The 7, intercept of a least-squares linear fit of
these data with the =, axis indicates the critical
value above which no adsorption occurs. The =
intercept reflects the ability of the protein to ad-
sorb to an infinitely dilute lipid monolayer (practi-
cally speaking, a clear air/water interface). The
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Fig. 4. Variation in surface pressure for the interaction of
human serum albumin with a dipalmitoylphosphatidylcholine
monolayer (for conditions, see legend Fig. 2).
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Fig. 5. Variation of A= for human serum albumin (concentra-
tion in the bulk: 40 pg/mil) adsorbing to three lipid mono-
layers at initial surface pressures of 20, 30 and 40 mN/m.

values given in Table 1 demonstrate that DPPC
and CHOL appear to interact similarly with HSA.
However, the A= intercept for DPPC . CHOL was
fower than for both pure CHOL and DPPC mono-
layers.

Measurements of released carboxyfluorescein

As far as the effect of HSA on liposomes is
concerned, Fig. 6 shows the fluorescence retained
by liposomes at different times of incubation. The
residual fluorescence of the liposomes was taken
as 100% latency. Maximal fluorescence, obtained
after disruption of the liposomes with Triton X-100
(0.1%) was taken as 0% latency. As shown, the rate
of efflux of CF is concentration-dependent. Lipo-
somes rapidly lose entrapped CF when incubated

TABLE 1

Monolayer 7, Intercept  An Intercept Slope r
(mN/m) (mN /m)

DPPC 30.4 11.5 —0.378 0.95

DPPC:CHOL 298 9.1 —-0.341 091

CHOL 34.8 11.9 —0.341 099

Data obtained from Ar at 1 h vs. #; plots of monolayers of
cholesterol (CHOL), dipalmitoylphosphatidyl-
choline : cholesterol (50:50, molar ratio) (DPPC:CHOL) and
dipalmitoylphosphatidylcholine (DPPC) at three initial surface
pressures: 20, 30 and 40 mN/m.
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Fig. 6. Effect of human serum albumin on carboxyfluorescein
leakage from liposomes of dipalmitoylphosphatidylcholine and
cholesterol (50:50, molar ratio) at the following concentra-
tions: 4 mg/ml (O), 400 pg/ml (a), 40 pg/ml (v), and 4
ug/ml (M). Fluorescence obtained after disruption of the lipo-
somes with Triton X-100 (0.1%) was taken as 0% latency,
whereas the residual fluorescence of the liposomes was taken

as 100% latency.

in the presence of HSA solutions with concentra-
tions higher than 40 pg/ml.

At a concentration of 4 pg/ml only a slight
effect during the period 0 min to 24 h after
injection was observed.

Based upon the above results, we can conclude
that the values at the air/water interface indicate
an interaction between monolayer films and HSA.
Two mechanisms seem to be involved in the inter-
action: a process of ‘solubilization’ (at 30 mN/m
initial surface pressure for DPPC monolayers and
at 40 mN/m for whatever type of monolayer
studied) and a ‘penetration’ in the rest. In this
case, the penetration did not seem to be of an
electrostatic nature, given that the lipids used are
neutral. A Raman spectroscopic study (Lis et al,,
1976) suggested that phosphatidylcholine under-
goes a conformational change and that the hydro-
carbon chain environment is more polar in the
presence of albumin.

Beyond that, a equimolecular lipid ratio of
CHOL and DPPC slightly reduced the interaction.
The study of the lipid mixture in the liposome
composition is therefore an aspect to bear in mind.

Finally, the correlation between monolayer and
liposomes experiences has been evidenced.
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