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ABSTRACT. The noncytotoxic biosurfactant Poloxamer 188 (P188) is a
three-block copolymer (consist of poly-ethylene oxide–poly-propylene oxide–poly-
ethylene oxide /PEO-POP-PEO/) which is known to repair damaged membranes and
thus to restore the structural integrity of the cells. P188 can seal membrane pores in
skeletal muscle cells after electrical injuries, heat shocks, burns, frostbite, etc. P188
has an average molecular weight of about 8400 and it has amphiphilic structure. The
length of the hydrophilic chain might influence the strength of the interaction
between the permeabilized membrane and the surfactant and thereby influence the
effectiveness of a surfactant in sealing permeabilized membranes.

The aim of the present work was to study the hydrodynamic properties of lipid
thin liquid films (formed by the microinterferometric method of
Sheludko and Exerowa) from dipalmitoleoylphosphatidylethanolamine
(DPoPE) with added P188 and to correlate it with the viscosity (determined with
Hoppler falling-ball rheoviscosimeter) of mixed Lipid-P188 dispersions.

The obtained results demonstrate that at both applied pressures in the
viscosimetric studies addition of DPoPE leads to decreasing of the reduced viscosity
(ηred) values and maintaining of low viscosity for broad P188 concentration range.
These results correlate with similar behavior of film thinning time (T0-1) values.
These effects were explained with adsorbtion of P188 molecules to the surface of
DPoPE vesicles, thus keeping constant low value of the number of “free” P188
monomers for broad range of P188 bulk concentration values.
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INTRODUCTION
The Poloxamers belong to a class of water-soluble multi-block copolymers that

have important surface-active properties. The Poloxamer series covers a range of
liquids, pastes and solids, with molecular weights varying from 1100 to about 14000.
The PEO/POP weight ratios range from about 1:9 to about 8:2. Poloxamer P188 is a
three-block copolymer often abbreviated as PEO-POP-PEO with PEO and POP
representing poly(oxyethylene) and poly(oxypropylene) respectively. The POE
chains are hydrophilic due to their short carbon unit between the oxygen bridges
whereas the POP center is hydrophobic due to the larger propylene unit (Figure 1).
P188 has molecular weight of about 8400 and it is prepared from 1750 average
molecular weigh hydrophobic and its hydrophilic comparises about 80% of the total
molecular weight

The possibility of augmenting repairs of cell membrane wounds using
synthetic surfactants is now well established although the exact mechanisms of repair
(i.e. sealing) is still under investigations (1). Known effective agents include the
surfactant class of Poloxamers, representing a group of three-blocs copolymers.
Poloxamer 188 (P188) made by Anatrace (USA) was initially shown to seal cells
against loss of carboxy-fluorescein dye after electroporation (2).

In the following years, it has been demonstrated that P188 can also seal
membrane pores in skeletal muscle cells after heat shock (3) and enhance the
functional recovery of lethally heat-shocked fibroblasts (4) and following high-dose
ionizing radiation (5). Very recently, P188 has been shown to protect embryonic
hippocampal neurons against death due to neurotoxic induced loss of membrane
integrity (6).

Most often P188 is used at a sub-critical micelle concentration (sub-CMC) of
0.1 mM to 1.0 mM for membrane repair in vitro (2). Above their CMC surfactants
self-aggregate to micelles causing the surfactant monomer concentration to remain
constant (=CMC) independently of the total surfactant concentration. The capability
of these amphiphilic copolymers to repair cell membranes at millimolar
concentrations distinguishes the sealing capability of this copolymer from purely
hydrophilic polymers such as PEG poly (ethyleneglycol) which require molar
concentrations (7).

Thus the investigation on the interaction between lipids molecules and
poloxamer P188 is important for the cell physiology.

The aim of the present work was to study the hydrodynamic properties of Lipid
Thin Liquid Films with added poloxamer P188 and to correlate it with the viscosity
(determined with Hoppler falling-ball rheoviscosimeter) of Lipid-P188 dispersiones.

MATERIAL AND METHODS
Preparation of Thin Liquid Films (TLFs): Black TLFs (Figure 2) were

investigated by the microinterferometric method (8) in its currently used version (9).
Microscopic horizontal TLFs of radius 0.2 mm were formed in a specially
constructed glass cell in the middle of a biconcave drop. Equilibration for about 30
min before film formation was necessary to allow for phospholipid adsorption, vapor
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pressure saturation and temperature adjustment. It was equipped with an optical
system for observation and investigation of TLFs. The bilayer TLFs consist of two
monolayers of amphiphilic molecules in a gaseous phase, which are in contact with
each other through their polar head groups (Figure 2C). After sucking the solution
from the biconcave drop, the TLF initially forms as a thick film (thickness more than
100 nm) and further spontaneously becomes thinner. During film drainage, black
spots may appear on its surface, resulting from local thinning; then these spots fuse
and expand to full up the entire film area. Two kinds of black TLFs are known:
common black film (CBF) and Newton black film (NBF). The common black films
contain a free water layer between the two monolayers and their thickness varies
from 10 nm to 20 nm (Figure 2B). The Newton black films contain no free water
(Figure 2C). Their thickness is less than 8 nm. The formation of bilayer TLFs
depends on the electrolyte conditions. We used 0.5 M NaCl solutions for our
measurements, where all the stable DPoPE films we observed were bilayer TLFs.

Viscosimetric study: For the viscosity investigations of the pure DPoPE, P188
and lipid+P188 dispersiones we used Hoppler falling-ball rheoviscosimeter as
previously described (10). Reduced viscosity ηred (g/dl) was measured as the ratio
among the dispersion specific viscosity (ηsp) and bulk P188 concentration ηred = ηsp/C.

RESULTS AND DISCUSSION
Results from formation of TLFs
The probability W for stable Black TLFs formation (W=∆N/N ,where ∆N is the

number of trials when stable films are formed and N is the total number of trials; thus
the value of W varies from 0 to 1, reflecting film no formed or formation of a stable
film, respectively) as function of DPoPE and P188 concentration in DPoPE/P188
pure and mixed dispersions at room temperature was studied (Table 1,2). The
obtained results demonstrated that pure P188 no formed black films at all applied
concentrations (from 0.125 mg/ml to 10 mg/ml). But adding different amount of
phospholipids (100 or 200 µg DPoPE /ml) caused the formation of Newton black
film at all mixed P188+DPoPE dispersions. Table 1 shows that the time from the
opening of film to the appearance of first black spot /T0→1/ increased from about 1
minute at lowest P188 concentration (0.125 mg/ml) to about 3 minutes at the highest
poloxamer concentrations (7-10 mg/ml).

The obtained results clearly indicate that time of the increase of the black spots
T1→2 grew gradually with increase of concentration of P188 in relation of constant
concentration of DPoPE (0.145 M) from 2 seconds at ratio DPoPE/P188=12/1
(molecule/molecule), to 90 seconds at DPoPE/P188= 1/1 (Table 2). We also found
that type of the formed films was changed at ratio DPoPE/P188=4/1 to common
black film. It should be noted that the presence of large numbers of polymer
molecules at the bulk led to transformation of film type from truly bilayer NBFs to
thicker CBFs.
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Results from reduced viscosity (ηred ) measurements
 Results from reduced viscosity measurements at two applied pressures of 0,5

and 2,5 g/cm2 are shown at Figure 3, panel A and B respectively. It can be seen that
at both pressures addition of DPoPE (at concentration ≥ 100 µg/ml) leads to
substantial decreasing of ηred value and maintaining of low viscosity for broad P188
concentration range; the data correlate with similar behavior of film thinning time
(T0-1) value (see tables). These effects were proportional to DPoPE concentration for
both experimental techniques - Hoppler rheoviscosimeter and Thin Liquid Films;
they could be explained with adsorbtion of P188 molecules to the surface of DPoPE
vesicles, resulting in constant low value of the number of nonadsorbed “free” P188
monomers for broad range of P188 bulk concentration values. When DPoPE vesicles
surface became saturated with adsorbed P188 molecules, at some threshold P188
concentration (3 mg P188/ml for 100 µg DPoPE /ml and 9 mg P188/ml for 200 µg
DPoPE /ml) ηred became steeply to increase and finally reaches the value for pure
P188 dispersions (3 and 1,8 g/dl at 0,5 and 2,5 g/cm2, respectively).

CONCLUSION
The obtained results demonstrate that at both applied pressures (0,5 and 2,5

g/cm2) addition of DPoPE leads to decreasing of ηred value and maintaining of low
viscosity for broad P188 concentration range. The data correlate with similar
behavior of film thinning time (T0-1) value (see tables). The effects were proportional
to DPoPE concentration for both experimental techniques- Hoppler rheoviscosimeter
and Thin Liquid Films; it was explained with adsorbtion of P188 molecules to the
surface of DPoPE vesicles, thus keeping constant low value of the number of “free”
P188 monomers for broad range of P188 bulk concentration value. When DPoPE
vesicles surface was saturated with adsorbed P188 molecules, at some threshold P188
concentration ηred became steeply to increase and finally reaches the value for pure
P188 dispersiones.

On the basis of the obtained results we can conclude that the tri-block PEO-
POP-PEO polymer molecules of P188 possess very strong affinity to DPoPE
molecules/vesicles. This strong affinity of poloxamer molecules to lipid membranes
measured by both used experimental techniques (Hoppler rheoviscosimeter and Thin
Liquid Films) could explain the molecular mechanism ensuring the processes of P188
induced sealing of damaged cell membranes observed in vivo.
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TABLES AND FIGURES

Table 1: Type of the black bilayer film of P188 in 0.5 M NaCl at different concentrations
and after adding of different amount of DPoPE at room temperature.

Concentration of
P188 in 0.5M

NaCl

Amount of added
DPoPE

T 0→1

/time from the
opening of film to
the appearance of

black spots/

T 1→2

/time of the
increase of black

spots/

Type of the black film

0.125 mg/ml - Film ruptures - Film no formed
+100 µg/ml 1 min 1-2 sec NBF

2.5 mg/ml - Film ruptures - Film no formed
+100 µg/ml 1.05 min 1-2 sec NBF
+150 µg/ml 2.30 min 1-2 sec NFB
+200 µg/ml 3 min 2-3 sec NBF

4 mg/ml - Film ruptures - Film no formed
+100 µg/ml 2.30 min 2-3 sec NBF
+200 µg/ml 3 min 3 sec NBF

5.5 mg/ml - Film ruptures - Film no formed
+100 µg/ml 2.40 min 2-3 sec NBF
+200 µg/ml 3 min 3 sec NBF

7 mg/ml - Film ruptures - Film no formed
+100 µg/ml 2,53 min 3-4 sec NBF
+200 µg/ml 3 min 3-4 sec NBF

10 mg/ml - Film ruptures - Film no formed
+100 µg/ml 2.53 min 3-4 sec NBF
+200 µg/ml 3 min 3-4 sec NBF

Table 2: Type of the black bilayer film of DPoPE in 0.5 M NaCl at different concentrations
and after adding of different amount of P188 at room temperature.

Concentration of
DPoPE in 0.5 M

NaCl

Amount of added
P188

(2.5 mg/ml)

T 0→1

/time from the opening of
film to the appearance of

black spots/

T 1→2

/time of the increase
of black spots/

Type of the black
film

100 µg/ml - 1.30 min 1-2 sec NBF
0.145 M +2 µl /12 numbers

PLmolecules:1P188
/

2 min 2 sec NBF

+2 µl /6 numbers
PLmolecules:1P188

/

2 min 2 sec NBF

+2 µl /4 numbers
PLmolecules:1P188

/

2.50 min 56 sec CBF

+4 µl /2 numbers
PLmolecules:1P188

/

2.55 min 60 sec CBF

+2 µl /1 number
PLmolecules:1P188

/

3 min 90 sec CBF
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Fig. 1. Chemical structure of poloxamers. The series of different poloxamers is
constituted through varying numbers and ratios for PEO and POP.

Fig. 2. Lipid monolayer (A); common black film (B); Newton (bilayer) black film (C)
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A

B

Figure 3. Dependence of P188/P188 + DPoPE dispersions reduced viscosity ηred = ηsp/C on
poloxamer P188 concentration at two applied pressures of 0,5 and 2,5 g/cm2 (panel A and
B respectively). Data labels: pure P188- •; P188+100mg/ml DPoPE- o; P188+200mg/ml
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