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ABSTRACT

The purpose of this study was to clarify the physicochemical properties of the mi-
celles of platelet-activating factor (PAF; C18:0). The critical micelle concentration
(CMC) of PAF (C18:0) was determined (0.20 µM) using fluorescence techniques. The
fluidity and the micropolarity of the PAF (C18:0) micelle were similar to those of the
micelle of stearoyl lysophosphatidylcholine.
Key Words: Critical micelle concentration; Fluidity; Micropolarity; Platelet-
activating factor; Stearoyl lysophosphatidylcholine.

INTRODUCTION

Platelet-activating factor (PAF), 1-alkyl-2-acetylglyc-
erylphosphocholine, is a group of biologically potent ac-
tive phosphoglycerides with actions more diverse than
those of eicosanoids (1). PAF exhibits a variety of biolog-
ical activities, including activation of platelets (2), neu-
trophils (3), bronchoconstriction (4), hyperpermeability
in peripheral veins (5), hypotension (6), and cardiac dys-
function (7). Because these biological activities of PAF
are extremely potent, it is generally accepted that PAF is
a mediator of inflammation (8) and plays important roles
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in the pathology of thrombosis, asthma, or hypotension
in shock (9–11). Since the discovery of the PAF, a great
deal of attention has been focused on alkyl ether phos-
pholipids and their effects on the host defense system
(12).

Many of the effects of PAF on biological systems are
related to the amphiphilic character of the molecules. The
surface activities of PAF, as well as other physical char-
acteristics in solution, have been studied by a number of
workers (13–16). However, most reports deal with PAF
(C16:0), and little attention for PAF (C18:0) has been given
to the fundamental properties of the micelles.
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In this study, we focused on the physicochemical
properties of PAF (C18:0). The critical micelle concentra-
tion (CMC) of PAF (C18:0) was determined using the flu-
orescence probe of 1-anilinonaphthalene-8-sulfonate. In
addition, the fluidity and the micropolarity around the hy-
drocarbon region of the micelles were determined by the
fluorescence techniques. These features of the micelles
were compared with those of stearoyl lysophosphatidyl-
choline.

EXPERIMENTAL

Materials

1-o-Octadecyl-2-o-acetyl-sn-glycero-3-phosphocho-
line [PAF (C18:0)] and L-α-stearoyl lysophosphatidylcho-
line (SlysoPC) were purchased from Sigma Chemical
Company, Limited (St Louis, MO) (Fig. 1; Table 1).
1-Anilinonaphthalene-8-sulfonate (ANS) and 1,6-diphenyl-
1,3,5-hexatriene (DPH) were purchased from Wako Pure
Industrial Limited (Osaka, Japan). Nile red (NR) was
purchased from Lambda Company, Limited (Graz,
Austria).

Methods

Determination of the Critical Micelle
Concentration of Platelet-Activating Factor
(C18:0) Micelle

Fluorescence techniques were employed to determine
the CMCs for PAF (C18:0) and SlysoPC in water. The
method used was according to the report by Nakagaki
et al. (17) and used a spectrophotometer (model F-4500,
Hitachi Co., Ltd., Tokyo, Japan). ANS was used to label

Figure 1. Chemical structure of the (a) PAF (C18:0) and (b)
SlysoPC.

Table 1

Comparison of the Physicochemical Properties of PAF
(C18:0) and SlysoPC

PAF (C18:0) SlysoPC

Critical micellization concentration 0.20 0.25
(µM)

Fluorescence anisotropy at 25°C 0.082 0.072
(DPH probe)

Emission maximum at 25°C (nm) 631 632
(NR probe)

the hydrophobic interior of the micelles in water. The dye
has previously been used to study the CMC values of
anionic, zwitterionic, and nonionic surfactants (18) and
exhibits a strong environment-dependent blue shift, a
high quantum yield, and low fluorescence in water.

The samples were prepared as follows. A known
amount of ANS in tetrahydrofuran (5 µl to 5 ml sample
volume; final concentration of ANS 1 µM) was added to
the samples, and the samples were mixed thoroughly.
The spectra were determined with excitation at 356 nm
and emission at 480 nm.

Fluidity of Hydrocarbon Regions
in the Micelles

The fluidity of hydrocarbon regions in PAF (C18:0) and
SlysoPC micelles was determined at 25°C using a fluo-
rescence polarization technique (1,6-diphenyl-1,3,5-hex-
atrine [DPH] probe) as reported by Iwamoto et al. (19).
DPH was added at 1 mol% of total lipids. The excitation
and emission wavelengths used were 360 nm and 428
nm, respectively. The steady-state fluorescence anisot-
ropy rs is defined by the following equation:

rs 5 (IVV 2 Cf ⋅ IVH)/(IVV 1 2Cf ⋅ IVH)

where I is the fluorescence intensity, and subscripts V
and H indicate the vertical and horizontal orientations of
excitation (first) and analysis (second) polarizers, respec-
tively. Cf (5 IHV/IHH) is the grating correction factor.

Determination of the Micropolarity Around
Nile Red in the Micelles

The micropolarity of hydrocarbon regions in PAF (C18:0)
and SlysoPC micelles was determined using a fluores-
cence technique (NR probe). NR exhibits a strong envi-
ronment-dependent blue shift, a high quantum yield, and
low fluorescence in water (20,21). The fluorescence spec-
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tra were measured on excitation at 549 nm at 25°C. The
micropolarity of NR incorporated into the lipid aggre-
gates was evaluated using the wavelength of maximum
intensity of emission. For this determination, 3.8 mg of
NR were dissolved in 10 ml of acetone (100 µM). Then,
5 µl of each solution were diluted with 5 ml of 10 mM
PAF and SlysoPC aqueous solutions, methanol, ethanol,
propanol, butanol, isobutanol, acetone, tetrahydrofuran,
and acetonitrile. The wavelengths at the maximum fluo-
rescence intensity of each solution were plotted against
the polarity of each solvent (22). The micropolarity
around the probe was determined using this relationship.

RESULTS AND DISCUSSION

Determination of the Critical Micelle
Concentration of the Micelles

When PAF (C18:0) was present at a concentration
above the CMC, there was a large increase in the emis-
sion intensity of ANS and a blue shift of about 40 nm in
the peak wavelength. It is generally observed that surfac-
tant solutions show sharp changes in physical properties
such as density, refractive index, surface tension, equiva-
lent conductance, solubility, and the like when the CMC
is reached (23).

Figure 2 shows the enhancement of fluorescence in-
tensity of ANS at 460 nm as a function of the concentra-
tion of the lipids. Two straight lines can be drawn through

Figure 2. Fluorescence titrations of ANS with s PAF (C18:0)
and d SlysoPC at 25°C. The wavelengths for excitation and
emission were 356 nm and 480 nm, respectively. The concen-
tration of ANS was 1 µM.

the experimental points; the intersections (0.20 µM and
0.25 µM) are taken as the concentrations above which
PAF (C18:0) and SlysoPC form micelles, indicating that
the CMCs of PAF (C18:0) and SlysoPC are 0.20 µM and
0.25 µM, respectively. The CMC value of SlysoPC (0.25
µM) studied (24) was estimated to be 0.25 µM, and our
result was similar to the reported value.

Fluidity of the Hydrocarbon Regions
of the Micelles

The fluidity of the hydrocarbon regions of the micelles
was determined by the fluorescence polarization method
using DPH as a hydrophobic probe. The fluorescence an-
isotropy values rs of PAF (C18:0) and SlysoPC micelles at
25°C were 0.082 and 0.072, respectively, indicating that
the fluidities of the hydrocarbon regions of PAF (C18:0)
and SlysoPC micelles are similar.

Micropolarity Around Nile Red
in the Micelles

The micropolarity around NR in the micelles was de-
termined using the emission maximum of NR. It has been
reported that the fluorescence characteristics of NR de-
pend on the micropolarity around the probe, and it is lo-
cated in a hydrophobic region in the lipid aggregates
(20,21). Therefore, it is expected that the emission maxi-
mum of NR in the lipid aggregates will provide informa-

Figure 3. Relationships between solvent polarity and emis-
sion maximum of NR (100 nm) at 25°C: 1, methanol; 2, etha-
nol; 3, propanol; 4, butanol; 5, isobutanol; 6, acetone; 7, tetrahy-
drofuran; 8, acetonitrile.
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tion on the micropolarity around the hydrocarbon chains.
Figure 3 shows the relationship between solvent polarity
and emission maximum of NR at 25°C. The emission
maximum of PAF (C18:0) and SlysoPC micelles were 631
and 632 nm, respectively, indicating that the micropolar-
ity around the probe in the micelles is similar and compa-
rable to that of methanol.

CONCLUSIONS

The physicochemical properties of the micelles of PAF
(C18:0) were investigated. The CMC of PAF (C18:0) was
determined (0.20 µM) using fluorescence techniques
(ANS probe). The fluidity of the PAF (C18:0) micelle was
similar to that of the micelle of SlysoPC. The micropolar-
ity around NR for the micelles of PAF (C18:0) and SlysoPC
were also similar and comparable to that of methanol.
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