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E5880, a novel platelet activating factor receptor antagonist, was dispersed in water for use in an
injectable formulation and the physicochemical properties of the preparation were characterized. The
critical concentration for formation of micelles was 0.12 mM. Using area per molecule data, the critical
packing parameter was calculated, indicating that the structure of the micelles was spherical and that
each micelle containes 49 molecules. The diameter of the micelles was 8.1 nm. Attractive interactions
occurred between E5880 molecules in the micelle. The hydrocarbon region in the micelle was more
rigid and less hydrated than that of other surfactants, stearyltrimethylammonium chloride and cetyltri-

methylammonium chloride.

1. Introduction

Platelet activating factor (PAF), 1-alkyl-2-acetylglyceryl-
phosphocholine, comprises a group of biologically active
phosphoglycerides with actions more diverse than those of
eicosanoids (Hanahan 1986). PAF exhibits a variety of bio-
logical activities including the activation of platelets (Ben-
veniste et al. 1972), neutrophils (Shaw et al. 1981), bron-
chonstriction (Vargaftig et al. 1980), hypermeability in periph-
eral veins (Humphery et al. 1982), hypotension (Blank et al.
1979), and cardiac dysfunction (Bessin etal. 1983). Be-
cause these biological activities represent mediators of in-
flammation (Saeki et al. 1985), they play important roles in
the pathology of thrombosis, asthma or hypotension in
shock (Oh-ishi etal. 1986; Imura etal. 1986; Takizawa
et al. 1988). Consequently, it would be expected that septic
PAF receptor antagonists may be beneficial for the treat-
ment of these diseases, and many efforts to develop potent
and specific PAF antagonists have been made.

Several PAF antagonists, such as CV-3988 (Terashita et al.
1983), CV-6209 (Terashita et al. 1987), SRI63-072 (Hand-
ley et al. 1986), U66985 (Tokumura et al. 1985) have been
synthesized and their biological activities were evaluated.
These compounds have hydrocarbon chains (Cig.p) and
are amphililic, indicating that some aggregates would be
expected to be formed in aqueous media. They were dis-
solved in an aqueous medium and injected into animals
for evaluation of their biological activities. It is note-
worthy, however, that their physicochemical properties
have not been reported.

E5880, a newly synthesized PAF antagonist (Formel-
schema), is more potent in terms of PAF receptor binding
than PAF (Nagaoka et al. 1991). This compound is amphi-
philic and would be expected to form micelles in aqueous
media. For the treatment of the above mentiened diseases,
an injectable formulation would be extremely useful. In
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order to develop an injectable formulation, it is important to
clarify the characteristics of the physicochemical proper-
ties of E5880 micelles.

In this study, to better understand the behavior of
E5880 micelles in water, the critical micelle concentration
was determined by surface tension measurements. From
this, the surface density was calculated, and a surface
pressure-molecular area curve could be obtained. The lat-
eral interaction between the molecules was also evaluated,
and the micropolarity in the vicinity of the hydrocarbon
region of the micelles was determined using fluorescence
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Chemical structures; (a) Novel platelet activating factor receptor antagonist,
E5880, (b) Stearyltrimethylammonium chloride (STAC), (c) Cetyltrimethyl-
ammonium chloride (CTAC)
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Fig. 1: Surface tension versus concentration curves for aqueous solutions
of E5880, STAC and CTAC at 25 °C (O) E5880, (A) STAC, (O)
CTAC

techniques. These features were compared with the surfac-
tants, stearyltrimetylammonium chloride (STAC), which
has the same length of hydrocarbon chains (C;g.¢) as
E5880, as well as with cetyltrimetylammonium chloride
(CTAC), which has a fewer carbon number (Cig.¢) than
either E5880 or STAC.

2. Investigations, results and discussion
2.1. Surface tension

In order to determine the cmc, the surface tension of the
lipids were measured. Fig. 1 shows the surface tension vy
vs. concentration c¢ curves for the three lipids, aqueous
E5880, STAC and CTAC solution. The vy value decreased
with increasing molarity c, and passed through a break
point at the molarity corresponding to critical micelle con-
cantration (cmc). The cmc values of E5880, STAC and
CTAC were found to be 0.12, 0.33 and 1.6 mM, respec-
tively. The cmc values of STAC and CTAC were similar
to previously reported values (Rosen 1978).

2.2. Surface density and surface pressure vs. molecular
area curve

Surface density I is calculated from the slope of the y-c
curve using the following equation (Handa et al. 1990);

I'=—(c/iRT)(0v/9¢)rp (1)

35

0F

251
7 20f
z
Ca

10+

5| a

¢ b
0 L] L L]
0.5 1 15 2 25

Fig. 2: Surface pressure versus molecular area of aqueous solutions of
E5880, STAC and CTAC at 25 °C (a) E5880, (b) STAC, (c) CTAC
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Fig. 3: Relationship between 0 and In{(1/c) - [6/(1—0)]} for the evaluation
of lateral interaction parameters of the lipids. (a) E5880, (b) STAC,
(c) CTAC

Here, T is temperature and R is the gas constant, and i
indicates the number of ions from electrolytes. The I' va-
Iue increases with increasing concentration of ¢ and ap-
proaches the saturated surface densities I’y at cmc.

The surface pressure is expressed by

=" =Y (2)
and surface area per lipid molecules A is calculated by
A=1/NyT (3)

where Np is Avogadro’s number. Fig. 2 shows the surface
pressure vs. molecular area (;t — A) curves. The limiting
areas for ES880, STAC and CTAC were determined to be
0.840, 0.633 and 0.627 nm?, respectively. The molecular
structure of the head group of E5880 is larger than those
of STAC and CTAC, as a result, the limiting area of
E5880 is the largest among the three lipids.

2.3. Lateral interaction between the lipid molecules

A theory for equilibrium between the monolayer and the
solution has been reported using chemical potential values
(Handa et al. 1992). The adsorption isotherms of the lipids
were evaluated by eq. (4):

n{(1/¢)-[0/(1 — 0)]} = 200 + InK 4)

The fraction of the interface, 0, is equal to I'/T. K and o
are parameters that correspond to the magnitude of ad-
sorption and lateral interactions in the monolayer, respec-
tively. The attractive and repulsive interactions are repre-
sented by negative and positive values of the w parameter.
When the w values exceed 2, phase separation occurs in
the monolayer.

Fig. 3 illustrates the relationship between 6 and In{(1/c)-
[6/(1 —0)]} for evaluating the lateral interaction para-
meters of the lipids. The K and w values are summarized
in Table 1. The magnitude of adsorption of E5880 was the
smallest among the lipids tested. These results indicate the
existence of attractive interactions between the molecules.

Table 1: Lateral interaction parameter K and o values of
E5880, STAC and CTAC

K (L/mol)  (RT)
E5880 15.6 1.33
STAC 1.19 2.70
CTAC 0.33 2.49
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2.4. Critical packing parameters for the micelles

The critical packing parameters (Israelachvili etal. 1977,
1980) for E5880, STAC and CTAC were calculated
based on the area per molecule results (Fig.2), the vo-
lume of the hydrophobic position and the length of the
alkyl chain. For the formation of closed lamellar bilayer
structures, the effective cross-section of the hydrocarbon
moiety must be lower than that of the hydrophobic head-
group region. This assumption can be confirmed by esti-
mating the critical packing parameter according to
eq. 5);

x=v/a-l (5)

where v is the volume of the hydrophobic part, a the area
of the hydrophobic head group and 1 the length of the
alkyl chain. When x < 1/3 spherical micelles are formed,
while 1/3 <x < 1/2 gives tubular micelles form, 1/
2 <x <,l vesicles and 1 < x, hexagonal Hy structures.
The volume of the hydrocarbon domain (v) and the length
of hydrocarbon chain (1) were calculated using the follow-
ing equations;

v =(27.4+269n)x 10~ (nm~?) (6)
1=0.15+ 0.1265n (nm) (7)

where n represents the number of hydrocarbon chains. For
E5880, v = 0.5116 nm>, 1 = 2.427 nm, a = 0.843 nm?. For
STAC, v =0.5116 nm?, 1 = 2.427 nm, a = 0.633 nm?. For
CTAC, v=04578nm?, 1=2.174nm, a=0.627 nm2
The x values for ES880, STAC and CTAC were found to
be 0.25, 0.33 and 0.33, respectively. The above values
indicate that these three lipids exist as spherical inverted
micelles. The radius (R) and the number of molecules in
the micelles (N) were calculated using the following equa-
tions:

R =3v/a (8)
and
N = 47R?/a 9)

For E5880, R=182ném and N =49. For STAC,
R =242nm and N = 116. For CTAC, R =2.19 nm and
N =96. The values of N for CTAC was reported to be
102 (Milliaris et al. 1986), consistent with our results re-
ported here.

2.5. Determination of the size of the micelles

Using the DLS techniques, the weight-averaged diameters
for ES880, STAC and CTAC were determined to be 8.1,
6.3 and 5.1 nm, respectively. These values are in agree-
ment with values calculated using critical packing param-
eters.
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Fig. 4: Relationship between solvent polarity and emission maximum of
NR (excitation: 549 nm) at 25 °C. 1, methanol; 2, ethanol; 3, pro-
panol, 4, butanol; 5, isobutanol; 6, acetone; 7, tetrahydrofuran; 8,
acetonitrile

2.6. Micropolarity around NR in the micelles

The micropolarity around NR (Nile Red) in the micelles
was determined, as were the emission maxima of NR em-
bedded in the micelles. It has been reported that the fluor-
escence characteristics of NR are dependent on the micro-
polarity around the probe, which is located in a
hydrophobic region in the micelles (Greenspan and Flower
1985; Sackett and Wolff 1987). Therefore, the emission
maxima of NR in the micelles are generally thought to
provide information on the micropolarity around the hy-
drocarbon chains. Fig.5 shows the relationship between
solvent polarity (Dimth and Reichardt 1963) and the emis-
sion maximun of NR at 25 °C. The emission maxima of
E5880, STAC, CTAC micelles were 621, 636, 636 nm,
respectively, indicating that the micropolarity around the
probe in the micelles is similar to that of isobutanol,
methanol, methanol, respectively. This indicates that the
hydrocarbon regions around NR in STAC and CTAC mi-
celles are more hydrated than that of ES880 micelles.

2.7. Conclusions

The physicochemical properties of E5880, STAC and
CTAC micelles are shown in Table 2. E5880 readily forms
micelles in water. The cmc of E5880 at 25 °C was deter-
mined to be 0.12 mM. Using area/molecule results, the
micelles were determined to have a spherical structure and
to contain 49 molecules per micelle. Attractive interactions
occurred between E5880 molecules in the micelle. The hy-
drocarbon region in the micelle was more rigid and less
hydrated than that of either STAC, or CTAC.

Table 2: Physicochemical characteristics of E58880, STAC and CTAC

E5880 STAC CTAC
Cmc (mM) 0.12 0.33 1.6
Saturated surface density: I’y (mol/m?) 2.0 2.6 2.7
Area/molecule (nm?) 0.840 0.633 0.627
Critical packing parameter 0.25 0.33 0.33
Shape of micelle spherical spherical spherical
The Number of molecules per micelle 49 116 96
Size of micelles (nm) 8.1 6.3 5.1
Emission maximum (nm) at 25 °C 621 636 636
Micropolarity (comparable to organic solvent) isobutanol methanol methanol
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3. Experimental

E5880 was obtained from Eisai Chemical Co., Ltd. (Ibaraki, Japan). Stear-
yltrimethylammonium chloride (STAC) was purchased from Tokyo-kasei
Co., Ltd (Tokyo, Japan). Cetyltrimethylammonium chloride (CTAC) was
purchased from Wako Pure Chemical Industrial Ltd. (Osaka, Japan). Nile
Red (NR) was purchased from Lambda Co., Ltd (Graz, Austria).

3.1. Surface tension measurement

To determine the critical micelle concentration and nature of the interaction
between molecules, the surface tension of aqueous solutions of E5880,
STAC and CTAC was measured as a function of the concentration of these
lipids. The measurements were performed by Whilhelmy’s plate method
using a surface tensiometer (model CBVP-A3, Kyowa Kaimenkagaku Co.,
Ltd., Tokyo) at 25 °C.

3.2. Determination of size of the micelles

The size of E5880, STAC and CTAC micelles (concentration: 10 mM:
more than critical micelle concentration) was determined by a dynamic
light scattering (DLS) technique using a particle analyzer equipper with an
Ar laser (model DLS-7000DL, Ohtsuka Electronics Co., Ltd., Osaka) at
25°C. The data was analyzed by the histogram method (Gulari et al.
1979) and the weight-averaged size of the micelles was evaluated.

3.3. Determination of the micropolarity around NR in the micelles

The micropolarity of the hydrocarbon regions in E5880, STAC and CTAC
micelles was determined using a fluorescence technique (probe: NR). NR ex-
hibits a strong environment-dependent blue shift, a high quantum yield and
low fluorescence in water (Greenspan and Fowler 1985; Sackett and Wolff
1987). Fluorescence spectra were measured using a fluorescence spectrophot-
ometer (model F-4500, Hitach Cp., Ltd., Tokyo) excited at 549 nm at 25 °C.
The micropolarity of NR incorporated into micelles was evaluated using the
wavelength corresponding to the maximum intensity of emission. Twenty-
eight micrograms of NR were dissolved in 8.8 ml of acetone (0.1 mM). Five
microliters of each solution was then diluted with 5 ml of 10 mM aqueous
solutions of E5880, STAC and CTAC or methanol, ethanol, propanol, butanol
isobutanol, acetone, tetrahydrofuran, acetonitrile, respectively (each concen-
tration: 10 mM, more than critical micelle concentration). The wavelengths
corresponding to the maximum fluorescence intensity of each solution were
plotted against the polarity of each solvent (Dimorth and Reichardt 1963). The
micropolarity around the probe was determined using this standard curve.
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