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Abstract

Incorporation of the phospholipid,N-acyl-phosphatidylethanolamine (NAPE), has shown to increase the liposomal stability
towards plasma components in vitro. Besides increasing the circulation-time, NAPE has been shown to contain fusiogenic prop-
erties. Hence, fusion between NAPE-liposomes and target cells may be expected, resulting in a favorable delivery of drug to the
target cell. In this study, NAPE has been tested as a potential liposomal component of phosphatidylcholine-liposomes. The lipo-
somes were characterized by size, long-term stability and phase transition temperature (Tm). In vivo behavior of NAPE-liposomes
was determined by the blood-circulation half-life in mice.

A characterization of the liposomes revealed that high content of NAPE resulted in liposomes of increased size compared to
pure phosphatidylcholine-liposomes. However, the liposomes showed only a slight increase in size during storage for 5 weeks.
Determination ofTm for NAPE-liposomes showed increasing values ofTm by increasing percentage of NAPE in the liposomal
bilayer, due to the higherTm of NAPE compared to phosphatidylcholine. Blood-clearance studies showed an initial increase in
blood-circulation of liposomes containing high amounts of NAPE.

Thus, these results suggest that liposomes containing high percentage of NAPE may be a promising candidate for long-circula-
ting liposomes, possibly in combination with other stabilizing components, e.g. cholesterol.
© 2002 Elsevier Science B.V. All rights reserved.
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Using liposomes as drug delivery system, you
have the advantages of manipulating the behavior of
conventional liposomes by changing the liposomal
composition. Hence, liposomes have the potential to
overcome many of the requirements of a drug deliv-
ery system for the treatment of diseases like cancer
and inflammation. Due to the membrane stabiliz-
ing effect and the fusiogenicity of the phospholipid
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N-acyl-phosphatidylethanolamine (NAPE), the incor-
poration of NAPE into liposomal compositions may
result in long-circulating liposomes with increased
delivery of the drug directly to the target cell com-
partment.

NAPE is a negatively charged phospholipid that
contain a third fatty acid linked to the amine
group. NAPE is found in small amounts in normal
tissue. However, NAPE is found to accumulate at
pathological conditions (Schmid et al., 1990). Thus, it
has been suggested that NAPE may act as protective
agents (Hansen et al., 1995, 1997).
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Beside this, NAPE has been suggested as a fu-
siogen (Shangguan et al., 1998; Mora et al., 2000).
N-Acylation can convert the H-II phase-generating
lipid, phosphatidylethanolamine, into a bilayer-prefer-
ring lipid, NAPE (Shangguan et al., 1998). However,
the interaction with Ca2+ can reverse the lamellar
NAPE into a non-lamellar lipid, which have been pro-
posed as intermediate for membrane fusion processes
(Cullis and De Kruijff, 1979). Thus, NAPE may have
a potential as component of liposomes in order to fuse
and deliver drug into cells.

In general, fusion-mediating lipids show membrane
destabilizing effects rather than stabilizing the mem-
brane. However, NAPE has been found to stabilize
a bilayer conformation in conditions in which fusion
may be favored (Morillo et al., 1998). Until now the
liposome stabilizing effect of NAPE has only been
tested in vitro. In this study, the in vivo behavior, e.g.
blood clearance and biodistribution, of liposomes con-
taining different percentage of NAPE has been inves-
tigated, and the liposomes were characterized by de-
termination of size and phase transition temperature
(Tm).

Liposomes composed of dipalmitoylphosphatidyl-
choline (DPPC) and various amounts (0, 10, 25,
50 mol%) of N-palmitoylphosphatidylethanolamine
(NPPE) were prepared by dissolving and mixing the
phospholipids in chloroform. Dipalmitoylphospha-
tidyl[N-methyl-3H]choline ([3H]DPPC) was used
as radioactive marker. Chloroform was removed
overnight by rotation evaporation, and the resulting
lipid film was first striped with ethanol and then left
overnight in the rotation evaporator. The multilamel-
lar liposomes were formed by hydration in buffer
for at least 1 h. The hydration temperature was 10◦C
above theTm of the phospholipid. Subsequently, the
NAPE-liposomes were sonicated for 10 min in in-
tervals of 30 s using a tip sonicator. One hundred
nanometer unilamellar liposomes were made from the
multilamellar liposomes by extrusion through 100 nm
polycarbonate filters. Size measurements were per-
formed by dynamic light scattering (DLS) using a
Zetasizer 4 (Malvern, UK).Tm were determined by
Differential Scanning Caleometry (DSC; MicroCalTM

Incorporated). NAPE was prepared byN-acylation of
dipalmitoylphosphatidylethanolamine with palmitic
acid anhydride. The reaction was catalyzed by tri-
ethylamin, in the molar ratio 1:2:11, and the resulting

product was purified by thinlayer chromatography
(TLC) (Shangguan et al., 1998).

Blood clearance of the liposomes was performed
by i.v. injection of radioactive liposomes of the dif-
ferent compositions into the tail-vein of mice. The in-
jected dose corresponded to 1.5 mg phospholipid and
2.5�Ci [3H]DPPC per 30 g body weight. Blood sam-
ples were taken at different time points, and they were
bleached with hydrogenperoxide before scintillation
counting. At time 360 min the mice were sacrificed
and the organs (liver, diaphragm, spleen, lung, heart,
kidney, brain, intestine/stomach) were isolated. The
organs were solubilized and bleached before radioac-
tivity counting.

The resulting size of DPPC liposomes incl. 0, 10,
25 and 50 mol% NPPE was: 118.5±2.0, 110.0±0.9,
119.1 ± 0.4, 132.1 ± 2.9 nm (n = 3). Long-term sta-
bility of the liposomes tested at 4 and 25◦C showed
for all liposome suspensions only a slight increase in
size—between 5 and 12%—during the 5 weeks, and
there was found no difference in stability when storing
the liposomes at the different temperatures. A charac-
terization of the liposomes by DSC revealed that in-
creasing amounts of NPPE (Fig. 1) in the liposomal
bilayer resulted in increasing values ofTm correspond-
ing to 41.8, 55.2 and 60.8◦C for DPPC-liposomes incl.
10, 25 and 50 mol% NAPE.

Blood clearance studies of the3H-labeled liposomes
containing 25 and 50 mol% NAPE showed an initial
increase in blood circulation time (Fig. 2) correspond-
ing to t1/2 of 40 and 45 min, respectively. However,
incorporation of 10 mol% NAPE did not change the
clearance profile compared to pure DPPC-liposomes
(Fig. 2). The t1/2 corresponded to 11 and 13 min, re-
spectively. The tissue distribution of the liposomes was
investigated in mice by determination of the content of
radioactivity in the isolated organs 6 h after i.v. admin-
istration of radioactive labeled liposome suspensions.
The liver and stomach/intestine accumulated approxi-
mately 40 and 5–7% of the radioactivity, respectively.
Only a slight amount of radioactivity was observed
in the other organs. The biodistribution data revealed
no difference between the different liposome compo-
sitions (Fig. 3).

DLS revealed that the sizes of the liposomes
containing small amounts of NAPE were almost
identical to pure DPPC liposomes. However, incor-
porating 50 mol% NAPE resulted in liposomes of
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Fig. 1. Phase transition temperatures (Tm) (DSC) of liposomes composed of DPPC and 10, 25 and 50 mol% NAPE corresponding to 41.8,
55.2 and 60.8◦C, respectively.

slightly increased size. This is in agreement with
Domingo et al. (1993)who have shown that phos-
phatidylcholine vesicles grow with increasing content
of NAPE. The negatively charged NAPE may in-
duce an electrostatic repulsion at the bilayer which

Fig. 2. Comparison of the initial blood clearance of liposomes
composed of3H-DPPC and 0, 10, 25 and 50 mol% NAPE (n = 6).
Data points give the relative amount of the i.v. administered
lipid-associated radioactivity in the blood as a function of the time.
(�) 0 mol% NAPE (∼100 mol% DPPC), (�) 10 mol% NAPE,
(�) 25 mol% NAPE, (×) 50 mol% NAPE.

may favor a reduced bilayer curvature resulting
in a larger cross-sectional area compared to pure
phosphatidylcholine-liposomes.

The Tm of NAPE-liposomes increased with in-
creasing amounts of NAPE in the bilayer. TheTm

Fig. 3. Biodistribution of liposomes composed of3H-DPPC and
10, 25 and 50 mol%, respectively, in mice 6 h after i.v. injection
(n = 6).
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increased from 41.8◦C (∼10 mol% NAPE) to 60.8◦C
(∼50 mol% NAPE) (Fig. 1). However, the increase in
Tm was expected as theTm of pure DPPC-liposomes
has been determined to 41.2◦C (Vermehren et al.,
1998) and theTm of pure NPPE-liposomes corre-
sponds to 64.0◦C (Lafrance et al., 1990). The increase
in Tm may result in a more ordered/rigid system which
may be less interactive with degrading components.
Thus, NAPE has been found to stabilize a bilayer
conformation. The membrane stabilizing effect of
NAPE has been suggested to be related to the bilayer
penetration ofN-acyl chains containing more than 10
carbon atoms (Schmid et al., 1990). In this way, the
headgroup motion may be reduced, andN-acylation
of PE was found to reduce the hydrogen bonding be-
tween the amino and phosphate groups, resulting in
increased hydration of the phosphate group. Hence,
the increased hydration level as well as the restriction
of the motion of the lipid molecules have been pro-
posed to contribute in the membrane stabilizing effect.
Like this, NAPE-liposomes showed increased stabil-
ity toward serum components in vitro and there was
found a synergistic stabilizing effect of NAPE and
cholesterol when the liposomes contained between 10
and 22 mol% NAPE (Mercadal et al., 1995). Kára et al.
(1994)found at1/2 of 2.5 h within 24 h of i.v. admin-
istered plasmanyl-(N-acyl)ethanolamine preparation
in mice, however, no in vivo data of NAPE-liposomes
are available. In the present study, an initial increased
circulation time in mice of liposomes containing 25
and 50 mol% NAPE was observed (Fig. 2). However,
including cholesterol in NAPE-liposomes is expected
to increase the circulation time further. In agree-
ment with Mercadal et al. (1995), the incorporation
of 10 mol% NAPE did not influence the circula-
tion time compared to conventional DPPC-liposomes
(Fig. 2).

For all NAPE-liposome compositions the biodistri-
bution study revealed an accumulation of liposome-
associated radioactivity in the liver corresponding to
approximately 40% of doses, indicating that uptake
by the reticuloendothelial system of the different lipo-
some compositions may be independent of the NAPE
content (Fig. 3). However, it was expected that the liver
uptake may increase with increasing mol% of anionic
lipids in the liposomes (Senior, 1987). The relatively
high amount of radioactivity in the stomach/intestine
may be a result of the metabolism of the liposomes

taken up in the liver followed by drain from the bile
into the intestine.

Thus, these results suggest that it may be possible
to prepare stable NAPE-liposomes of appropriate size.
The observed initial increase in circulation-time may
be further prolonged by incorporation of other stabi-
lizing agents, hereby optimizing a selective passive re-
tention of NAPE-liposomes in leaky pathologic tissue,
e.g. cancer and inflammation tissue.
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