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Abstract

Differential scanning calorimetry and photon correlation spectroscopy have been used to study the interaction
between poloxamers P338 and P407 and dimyristoylphosphatidylcholine (DMPC) liposomes. The extent of the
interaction was found to be dependent on the incubation temperature in addition to the poloxamer concentration. At
low poloxamer concentrations (0.1–1.0% w/v) an interaction with the phospholipid bilayer was detected by a
reduction of the pre-transition enthalpy of DMPC. At higher concentrations (2.0–5.0% w/v), the main phase
transition temperature of the liposomes decreased and the endotherm broadened with a shoulder on the high
temperature side, indicative of phase separation. Maximum increases in the diameter of small freeze–thaw extruded
liposomes were shown to occur at temperatures close to the poloxamer critical micelle temperatures. At higher
temperatures and surfactant concentrations there was evidence of solubilization of phospholipid into mixed micelles.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Poloxamers are non-ionic surface-active block
copolymers having two hydrophilic poly-
oxyethylene (POE) moieties and a hydrophobic
polyoxypropylene (POP) moiety. They have been

* Corresponding author. Tel.: +44-020-77535853; fax: +
44-020-77535920.

E-mail address: kevin.taylor@ulsop.ac.uk (K.M.G. Taylor).

0378-5173/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PII: S0 378 -5173 (01 )00685 -8



J.D. Castile et al. / International Journal of Pharmaceutics 221 (2001) 197–209198

included in liposomal drug delivery systems, to
sterically stabilise liposomes, prolonging the dura-
tion of their circulation in the bloodstream
(Woodle et al., 1992). The interaction between
poloxamers and liposomes is poorly understood,
but may result in sterically stabilised systems
which are less stable than those employing PEG-
lipids (Woodle et al., 1992), which have been used
successfully in commercially available formula-
tions. In the presence of poloxamers, the bilayer
permeability of egg phosphatidylcholine (eggPC)
liposomes was shown to increase with loss of
encapsulated marker (Jamshaid et al., 1988)
though this was not observed for hydrogenated
soybean PC/cholesterol liposomes (Woodle et al.,
1992) or dipalmitoylphosphatidylcholine (DPPC)/
cholesterol liposomes (Khattab et al., 1995).
Jamshaid et al. (1988) suggested that poloxamers
associate with relatively fluid eggPC bilayers in a
way that results in the POE groups projecting
from the liposome surface resulting in increased
particle size. Such increases were not observed
when poloxamers were added to gel state (dis-
tearoylphosphatidylcholine; DSPC) liposomes
(Moghimi et al., 1991). This suggests that the
interaction between poloxamers and liposomes
may not be the result of surfactant adsorption
onto the liposome surfaces, but rather involves
penetration of poloxamer into liquid crystalline
state bilayers.

Baekmark et al. (1997) used differential scan-
ning calorimetry (DSC) to study the interaction of
DPPC liposomes with POE-containing lipopoly-
mers and POE–polystyrene–POE triblock co-
polymers. The main phospholipid gel to liquid
crystalline phase transition endotherm, measured
as the half height width (HHW), broadened as
POE-containing lipopolymer concentration was
increased. The results were indicative of conven-
tional impurity-induced depression of the temper-
ature of the main phase transition (Tc), and since
aqueous solutions of POE molecules do not bind
to liposome surfaces (Evans and Needham, 1988),
it was concluded that the copolymer incorporated
into the lipid bilayer (Baekmark et al., 1997). This
has been confirmed with high sensitivity differen-
tial scanning calorimetry (HSDSC) investigations
of the interaction between poloxamers P338 and

P407 and dimyristoylphosphatidylcholine
(DMPC) and DPPC liposomes (Castile et al.,
1999). The phospholipid pre-transition was shown
to be more sensitive to the association between
poloxamers and liposomes than the main transi-
tion, with the enthalpy of the pre-transition re-
duced in the presence of poloxamer for
liquid–crystalline state, but not gel state
liposomes.

2. Materials and methods

2.1. Materials

Poloxamer P338 was obtained from ICI,
France and poloxamer P407 from Blagden, UK.
Details of the composition, molecular mass and
critical micelle concentration (cmc) of these polox-
amers are shown in Table 1. DMPC (99%+
pure) was obtained from Sigma Chemicals Ltd,
UK and chloroform (HiPerSolv) from BDH
Chemicals, UK. Bi-distilled deionised water was
produced (Model WP700, Whatman, UK) and
further purified by passing through an Elgastat
Ultra High Quality Purification System (Elga
Ltd., UK).

Table 1
Properties for poloxamers P338 and P407 (sources: Alexan-
dridis et al., 1994; Buckton and Machiste, 1996)

P338Poloxamer P407

Composition (POE)128(POP)54 (POE)98(POP)67

(POE)98(POE)128

14 000Molecular mass 11 500
(nominal)

CMC (%w/�) in water at
4.020°C –
0.725°C 4.5

0.830°C 0.1
0.15 0.002535°C

0.0080.0440°C
0.00845°C –
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2.2. Critical micelle temperature of poloxamers

The endothermic peak associated with micel-
lization of P338 and P407 was measured using
HSDSC. CMTs were determined at poloxamer
concentrations of 0.5, 1, 2, 5 and 10% w/v in
bi-distilled water. A 500 �l aliquot of poloxamer
solution was pipetted into an aluminium
crucible with screw-top lid (Setaram, France),
weighed and sealed. A crucible containing an
equal mass of bi-distilled water was prepared as
a reference. Samples were analysed between 5
and 70°C at a heating rate of 1°C/min as previ-
ously described (Mitchard et al., 1992; Arm-
strong et al., 1994; Paterson et al., 1997).
Temperature and enthalpy calibration was per-
formed using indium (Perkin Elmer, UK) as the
calibrant.

2.3. Preparation of liposomes

Multilamellar vesicles (MLVs) were prepared
by weighing appropriate amounts of DMPC
into a round bottomed flask and dissolving in
chloroform. Chloroform was removed by rotary
evaporation under vacuum, in a water bath at
55°C for 15 min. The flask was then flushed
with nitrogen to remove traces of residual or-
ganic solvent. An appropriate volume of filtered
[100 nm pore filter (Poretics, USA)], bi-distilled
deionised water was added to the dry film in the
flask to give the appropriate phospholipid con-
centration. Glass beads were added to aid dis-
persion, the flask was flushed with nitrogen,
gently rotated for 30 min in the water bath, and
shaken to produce MLVs. The suspension was
annealed for a further 2 h in the water bath
before storage under nitrogen in a refrigerator
at 4°C.

2.3.1. Standardised freeze-thaw procedure
MLVs, with water as the aqueous phase, were

extruded ten times through a 2 �m polycarbon-
ate filter (Cyclopore Ltd, UK), held in a 25 mm
syringe filter holder, to standardize the size of
the liposome population. Each dispersion (4 ml)
was frozen in liquid nitrogen at −196°C for 3
min and then thawed for 3 min at 50°C in a

water bath. Frozen and thawed MLVs (FATM-
LVs) were then extruded ten times at 35°C
through double stacked 100 nm pore filters, held
in a LiposoFast Miniextruder (Avestin, Canada)
after initial passage twice through a single 100
nm pore filter, to produce unilamellar vesicles.

2.4. The effect of poloxamer on the thermal
profile of DMPC MLVs

Conventional differential scanning calorimetry
(DSC; DSC7, Perkin Elmer) and high sensitivity
differential scanning calorimetry (HSDSC; Micro
DSC III, Setaram, France) were used to study
liposome/poloxamer interactions by determining
the effect of poloxamers on the phase transition
behaviour of DMPC MLVs. Poloxamers P338
and P407 were dissolved in filtered (100 nm
pore filter; Poretics) bi-distilled water and added
to DMPC liposomes to give a final lipid concen-
tration of 50 mg/ml and poloxamer concentra-
tions of 0.1, 0.2, 0.5, 1.0, 2.0, 3.0 and 5.0% w/v.
Liposome dispersions and poloxamer solutions
were equilibrated at the incubation temperature
for 30 min prior to preparation of the final dis-
persion. In addition, liposomes were prepared in
the absence of poloxamer. All samples were in-
cubated for 24 h at 4, 18, 25 or 37°C for 24 h
before DSC analysis. Each suspension (20 or
100 �l for DSC and HSDSC analysis respec-
tively) was pipetted into the sample container:
hermetically sealed pans (TA instruments, UK)
for conventional DSC, aluminium crucible with
screw-top lid (Setaram) for HSDSC, weighed
and sealed. A reference pan (DSC) or crucible
(HSDSC) containing an equal volume of bi-dis-
tilled water was also prepared and placed in the
DSC apparatus and heated at a scan rate of
5°C/min (DSC) or 1°C/min (HSDSC) from 3 to
45°C. Temperature and enthalpy calibration for
DSC was performed using indium (Perkin
Elmer) as the calibrant.

2.5. Effect of incubation temperature on the mean
diameter of small DMPC liposomes

Extruded DMPC liposomes and P338 and
P407 solutions were equilibrated at a specific in-
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Fig. 1. Typical HSDSC scan for a 5% w/v aqueous solution of poloxamer P407.

cubation temperature for 30 min before being
mixed to give final poloxamer concentrations of
0.05, 0.1, 0.2, 0.3, 0.5 and 1% w/v and a final lipid
concentration of 2 mg/ml. Resultant dispersions
were incubated in a shaking water bath at 18, 25
or 37°C for 24 h before size analysis by photon
correlation spectroscopy (PCS) using a Malvern
Autosizer 2C (Malvern Instruments, UK) with a
thermostatically controlled sample chamber set at
the respective incubation temperature prior to
analysis. PCS measurements were made at a scat-
tering angle of 90° and a hydrodynamic diameter
calculated by the instrument software by reference
to the Stokes–Einstein equation. Generally sub-
micron particles are well characterised by
PCS, though accuracy of measurement may be
compromised with polydispersed systems, and care
should be taken when interpreting data generated.

3. Results and discussion

3.1. Critical micelle temperatures (CMTs) of
poloxamers

A typical HSDSC scan of P407 (5% w/v) is
shown in Fig. 1. Mitchard et al. (1992) demon-
strated a good agreement between CMTs deter-
mined using HSDSC and theoretically derived
values, so onset temperature (T0) and peak temper-
ature (Tmin) values were extracted from each en-
dotherm as a measure of the CMT for each
poloxamer at a particular concentration. For a
thermal transition, such as the melt of a crystal,
the onset temperature would be the appropriate
descriptor for the melting point, whereas for a
polydisperse polymer the peak temperature may be
more suitable. In this instance, the micellization of
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a polydisperse surfactant is probably best charac-
terised by the peak temperature, rather than the
onset, though for thoroughness both parameters
have been used in calculations. The T0 and Tmin

values of each poloxamer decreased as concentra-
tion increased (plot of T0 against concentration is
shown in Fig. 2), allowing the relationship between
T0 or Tmin and concentration to be applied to a
linear regression model in order to determine the
extrapolated y-intercept temperature, which is the
CMT of the poloxamer solution at infinite dilution
(Hecht and Hoffman, 1995). At infinite dilution
P338 had a CMT of 25.92�0.69°C, calculated
using T0 and a CMT of 32.17�0.40°C calculated
using Tmin, compared to P407 with a CMT of
25.80�0.51°C calculated using T0 and a CMT of
29.23�0.39°C calculated using Tmin.

The plots of T0 and Tmin against concentration
had R values �0.98 indicating good linearity,
agreeing with previous findings (Wanka et al., 1994;
Hecht and Hoffman, 1995). At low concentrations
of poloxamer the plots showed some deviation
from linearity, as previously described (Hecht and
Hoffman, 1995). P407 has a greater number of POP
units per monomer than P338 (Table 1) and would
thus be predicted to have a lower CMT at a given

concentration since CMT should decrease as the
molecular weight of the POP moiety increases. The
heat of micellization is due to the dehydration of
POP moieties and so is strongly correlated to the
size of the POP block (Beezer et al., 1992; Wanka
et al., 1994). Consequently, the CMT at infinite
dilution, calculated using Tmin data seem to be most
reliable.

3.2. Effect of poloxamers on the thermal
transitions of DMPC MLVs

The effects of poloxamers on the enthalpy of the
phospholipid pre-transition in the concentration
range 0.1–1.0% w/v were assessed. This approach
has been used previously to assess the interaction
of various molecules with liposomal phospholipid
bilayers (Jain and Wu, 1977; Fildes and Oliver,
1978; Posch et al., 1983). The enthalpy of the
pre-transition of formulations that included polox-
amer (�Hp) was divided by the enthalpy of the
pre-transition of formulations without poloxamer
(�H) to normalise any differences between repli-
cate phospholipid suspensions. The �Hp/�H values
of dispersions incubated with P338 and P407
(shown in Fig. 3A and B) showed similar decreases
as poloxamer concentration was increased at 18, 25

Fig. 2. CMT onset temperature (T0) for poloxamer solutions (n=3�S.D.).
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Fig. 3. �Hp/�H for the pre-transition of DMPC (50 mg/ml) MLVs incubated with (A) P338 and (B) P407 at 4,18, 25 or 37°C for
24 h (n=4�S.D.).

and 37°C. This is indicative of an interaction
between poloxamers and bilayers at temperatures
near to and above the gel to liquid–crystalline
phase transition temperature (24.04–24.23°C;
Table 2) of DMPC MLVs. Interestingly, there
was no significant difference for data (P�0.05)

extracted at any of these temperatures following
incubation with either poloxamer, suggesting that
the magnitude of the interaction at 18°C [ie.
above the pre-transition of 15.5°C (Castile et al.,
1999) but below the main transition] was not
different to that detected following incubation
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above the main transition temperature. The �Hp/
�H values were relatively unaffected following
incubation with either poloxamer at 4°C, with
�Hp/�H values significantly higher than at 18, 25
and 37°C (P�0.05), indicating that the rigid struc-
ture of the gel state inhibited poloxamer penetra-
tion and interaction with the bilayer.

3.3. Effect of high concentrations of poloxamers
on the thermal transitions of DMPC MLVs

Addition of poloxamers in the concentration
range 2.0–5.0% w/v had a much greater effect on
the thermal profile than was observed in the lower
concentration range. Fig. 4 shows a typical HSDSC
trace of DMPC MLVs incubated at 25°C for 24 h
with 5% w/v P407. Poloxamers P338 and P407
affected both the co-operativity and temperature of
the main transition. HHW values were calculated
by measuring the width of the main transition peak
(°C) at half its height and are used to assess the
co-operativity of the transition (Jain and Wu,
1977).

The HHWs of the main phospholipid phase
transition peak of DMPC MLVs incubated at 18,
25 and 37°C with up to 5% w/v P338 and P407 are
shown in Fig. 5A and B. At concentrations above
2% w/v, the HHW of formulations containing
either poloxamer increased significantly (P�0.05).
Preparations incubated with P338 (Fig. 5A) at 25°C
had significantly higher HHWs than those incu-
bated at 18 and 37°C (P�0.05), indicating that
incubation at 25°C facilitated penetration of this
poloxamer molecule into the bilayer. This temper-

ature is close to the main gel to liquid crystalline
phase transition temperature for DMPC, at which
the bilayer should be particularly permeable to
extraneous solutes (Deamer and Bramhall, 1986).
Large increases in HHW were also obtained for
preparations incubated with P407 at poloxamer
concentrations above 2% w/v (Fig. 5B). The HHW
of formulations incubated with the more hydro-
phobic P407 at 25°C were not significantly different
(P�0.05) to those incubated at 18 or 37°C.

The main Tc of DMPC MLVs decreased when
incubated with P338 and P407 at concentrations
above 2% w/v (Table 2). Following incubation at
18°C, significant reductions in Tc were observed for
formulations containing 5% w/v P338 and �3%
w/v P407. The greatest reductions were observed
for dispersions incubated at 25 and 37°C (signifi-
cant, P�0.05, at all concentrations of P338 and
P407 except for the formulation incubated with 2%
w/v P407 at 25°C). The reduction of Tc with
increasing poloxamer concentration coincides with
the development of a broad shoulder on the high
temperature side of the main transition peak (Fig.
4). This was a feature of the scans of systems
incubated at all temperatures studied, but was
especially evident for those incubated at 25°C. It is
indicative of an impurity-induced depression of the
Tc (Cater et al., 1974), which suggests that polox-
amer interferes with the packing order of the
bilayer, by incorporating into the phospholipid
bilayer. However, the data do not rule out the
formation of a mixed micellar phase or disk-like
aggregates. Inclusion of PEG-lipid conjugates
within the bilayers of DPPC liposomes (Bedu-

Table 2
Main transition temperature (Tc) of DMPC MLVs following incubation at 18, 25 or 37°C for 24 h with P338 or P407 (n=3�S.D.)

Formulation Tc (°C)

(incubation at 25°C) (incubation at 37°C)(incubation at 18°C)

No poloxamer 24.04�0.17 24.23�0.04 24.18�0.06
24.03�0.04+2% P338 22.34�0.1023.93�0.04

23.63�0.24+3% P338 23.22�0.27 23.61�0.31
+5% P338 22.32�0.11 22.34�0.29 22.49�0.02

22.98�0.0622.71�1.0323.35�0.45+2% P407
22.49�0.06+3% P407 22.44�0.01 22.46�0.03
21.28�0.47+5% P407 21.15�0.27 21.49�0.07
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Fig. 4. Typical HSDSC scan of DMPC (50 mg/ml) MLVs +5% w/v P407 incubated at 25°C for 24 h.

Addo et al., 1996) or DSPC liposomes (Kenwor-
thy at al., 1995) has previously been shown to
result in a shoulder on the high temperature side
of the main phase transition endotherm. This was
ascribed to the gradual solubilization of liposomes
from the lamellar state to a mixed micellar state
as the concentration of polymer conjugate was
increased. The theory was supported by PCS
analysis which indicated that there was an appre-
ciable decrease in particle size with 17 mol%
PEG(3000)-PE (Bedu-Addo et al., 1996). P407 has
a larger hydrophobic POP group than P308, and
thus reduces the temperature of the main transi-
tion to a greater extent.

Interestingly, a pre-transition endotherm was
apparent at high poloxamer concentrations possi-
bly indicating separation into poloxamer-rich and
poloxamer poor phases. Following incubation at
25°C with 5% w/v P338 or P407, it was not
possible to reproducibly measure the diameter of
liposomes using laser particle size analysis, sug-
gesting that vesicles may have been solubilized to

mixed micelles. This has been previously described
for other poloxamers (Johnsson et al., 1999) and
for high concentrations of PEG–lipid conjugates
included in liposome formulations (Hristova et
al., 1995; Kenworthy et al., 1995; Bedu-Addo et
al., 1996). It has also recently been demonstrated
using cryo-transmission electron microscopy that
poloxamers containing large POE blocks, such as
are present in P338 and P407 when included in
liposome bilayers can induce the formation of
disk-like aggregates, which may co-exist with the
liposomes (Johnsson et al., 1999).

Jain and Wu (1977) assigned the non-ionic sur-
factants they studied to a type A profile: broaden-
ing of the endothermic peak accompanied by a
lowering of the Tc. The types of molecules that
produce type A profiles are generally straight
chain structures with a polar and nonpolar end,
which disrupt both the packing and co-operativity
of the bilayer, and are localized in the vicinity of
the first eight carbons of the phospholipid hydro-
carbon chains. This would require them to be
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relatively large and moderately amphipathic. The
POP moiety of P338 or P407 could extend into
the hydrocarbon chain region of the bilayer and
upset the molecular packing. At low concentra-
tions this would be symbolized by a reduction of
pre-transition enthalpy. Only at higher concentra-
tions would there be enough poloxamer molecules

present to significantly change the Tc and reduce
bilayer co-operativity (increase HHW). In addi-
tion, the reduction in the Tc is said to indicate a
preferential localisation in liquid crystalline re-
gions of the bilayer (Van Osdol et al., 1992;
Biltonen and Lichtenberg, 1993), although further
studies are required to verify this hypothesis.

Fig. 5. Half height width (°C) of the main transition of DMPC (50 mg/ml) MLVs incubated with (A) P338 and (B) P407 at 18, 25
or 37°C for 24 h (n=3�S.D.).
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3.4. Effect of incubation temperature on the mean
diameter of small DMPC liposomes

Preliminary experiments (data not shown)
showed that small increases in mean liposome
size were observed until approximately 15–24 h
after addition of poloxamer, after which no fur-
ther increases were observed. Consequently, 24 h
was chosen as a standardised incubation time for
further experiments. Populations of liposomes
with polydispersities of 0.1 or less can be re-
garded as monodispersed (Elorza et al., 1993).
All liposomes in this study had mean polydisper-
sities less than 0.1 and they did not significantly
change during incubation (P�0.05), indicating
that aggregation or fusion of vesicles due to the
presence of poloxamers, or storage did not occur
to any great extent.

The mean diameters of freeze–thaw extruded
2 mg/ml DMPC liposomes incubated with P338
and P407 at 18, 25 and 37°C are shown in Fig.
6A and B. At 18°C, an increase in mean diame-
ter was observed as poloxamer concentration
was increased, with significant changes (P�0.05)
in mean diameter at �0.1% w/v P338 (Fig. 6A)
and �0.3% w/v P407 (Fig. 6B). A temperature
of 18°C is below the CMTs of both poloxamers
at all concentrations studied here (Fig. 2), possi-
bly explaining why the size increases were less
than at higher temperatures, since poloxamers
are more thermodynamically stable in water at
lower temperatures (Beezer et al., 1992; Mitchard
et al., 1992; Wanka et al., 1994; Hecht and
Hoffman, 1995). Under these conditions DMPC
bilayers are likely to adopt the P�� (‘ripple’) con-
formation (Nagle and Scott, 1978) as 18°C is
between the pre- and main transition tempera-
tures of DMPC liposomes, suggesting that the
level of disorder within the bilayers is sufficient
to facilitate significant poloxamer penetration.

Larger size increases were observed at 25 and
37°C following incubation with both P338 and
P407. At both temperatures, maximal diameters
were detected at 0.5% w/v P338, above which
there were decreases in the mean diameter.
Changes in mean diameter were significant at
concentrations of 0.05–0.5% w/v P338 (P�0.05)
at 25 and 37°C. At 25°C the mean diameter of

liposomes was highest at 0.3% w/v P407, after
which there was a decrease in the vesicle mean
diameter. At 37°C, the highest mean diameter
was detected at 0.1% w/v P407, after which there
was a steady decrease in mean diameter.
Changes in mean diameter were significant for
0.05–0.5% w/v P407 at both 25 and 37°C (P�
0.05).

The greater size increases at 25°C than 37°C
seen following incubation with P338 may be due
to the proximity of the incubation temperature
to the Tc of DMPC liposomes, at which point
bilayers are most permeable due to a maximum
lateral compressibility caused by head group
fluctuations and by boundary defects formed be-
tween gel-state phospholipid molecules and liq-
uid–crystalline state molecules during melting
(Doniach, 1978; Nagle and Scott, 1978; Deamer
and Bramhall, 1986). This may facilitate the pen-
etration of the hydrophobic moiety of the polox-
amer into the hydrophobic region of the bilayer.
However, size increases were greater at 37°C
than 25°C following incubation with P407, indi-
cating that incubation near to or above that
poloxamer CMT was a more influential parame-
ter. It is clear that both poloxamer CMT and
liposome state influenced the magnitude of size
increase for DMPC liposomes, with bilayers
most disordered around the Tc and poloxamers
seemingly more likely to interact with the bilayer
at temperatures near to their CMT. Low concen-
trations of poloxamers incorporated into egg
phosphatidylcholine liposomes, have been re-
ported to result in the formation of bilayer disks
and disk-like aggregates, though the size of these
structures was not determined (Johnsson et al.,
1999). It is thus possible that the increase in size
seen in this study at low concentrations may be
indicative of disk formation.

The decrease in size detected for preparations
incubated with 1% w/v P338 at 25 and 37°C
may indicate that some solubilization of lipo-
somes by the poloxamer had occurred.
Kostarelos et al. (1995) ascribed similar de-
creases in the diameter of soybean phosphatidyl-
choline liposomes at high poloxamer
concentrations to the formation of mixed mi-
celles.
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Fig. 6. Mean diameter of FT extruded 2 mg/ml DMPC liposomes incubated with (A) P338 and (B) P407 at 18, 25 or 37°C for 24
h (n=4�S.D.).

4. Conclusion

Differential scanning calorimetry combined
with particle size analysis has proved useful for

exploring the nature of the interaction of polox-
amers P338 and P407 with DMPC liposomes. At
low poloxamer concentrations (up to 1% w/v) a
concentration dependent reduction in the en-
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thalpy of the DMPC pre-transition was observed
at 18, 25 and 37°C. This demonstrated that polox-
amers interact directly with the liposome bilayer
at temperatures close to, or in excess of, the main
phospholipid temperature. However, such interac-
tion was minimal following incubation of lipo-
somes with either poloxamer at 4°C. A direct
interaction of the hydrophobic POP moiety of
poloxamers with liposomal bilayers, rather than
adsorption of the surfactant on the liposome sur-
face is likely to be desirable to achieve steric
stabilisation of these systems in vivo. Higher con-
centrations of poloxamers reduced the tempera-
ture of the main transition endotherm, the shape
of which was indicative of phase separation. This
was confirmed by size analysis which showed a
decrease in mean vesicle size of liposomes at
relatively high poloxamer concentrations, suggest-
ing the presence of mixed micelles. Addition of
lower poloxamer concentrations (up to 0.5%), re-
sulted in an increase in the size of the vesicles,
which was temperature dependent, with maximal
increases at temperatures close to the critical mi-
celle temperature of the surfactant. Further study
is required to determine whether the concentra-
tion and temperature dependance of the interac-
tion between poloxamer and liposome can be
exploited to optimize the location of the surfac-
tant within the bilayer and minimize leakage of
entrapped materials, and to establish whether
structural changes in the liposomes, for instance
the formation of disks is occurring in these
systems.
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