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Solubilization of timolol maleate in reversed micellar
systems

Measurement of particle size using SAXS and PCS
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Abstract

Small angle X-ray scattering (SAXS) and photon correlation spectroscopy (PCS) are two methods to measure
particle sizes in the order of 10 nm magnitude, which can be used to characterize reversed micellar systems, in this
case reverse micelles consisting of lecithin and isopropyl myristate (IPM). In this study these micelles are loaded with
different concentrations of the amphiphilic anti-glaucoma drug timolol maleate (TM). The PCS results are consistent
with those yielded by SAXS, showing a decrease of particle size with higher TM concentration. In addition, SAXS
is capable to give information about the particle shape. This kind of evaluation yields an ellipsoidal shape for micelles
with low drug loads, which transform into nearly spherical micelles at higher drug concentrations. © 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Reversed micellar systems (RMS) consisting of
30% lecithin in isopropyl myristate (IPM) trans-
form into liquid crystals on the addition of water
(Hamann, 1990).

It was shown on examples that in the case of a
solubilized drug this transformation provides sus-
tained drug release (Hamann, 1990; Papantoniou,
1995).

To develop an appropriate drug formulation
using this transformation effect it is necessary to
consider the physicochemical properties of the
RMS. These properties such as viscosity, the lat-
tice constant of the liquid crystal and the diffusion
of the drug from the liquid crystal correlate
closely with the interactions between the drug and
the reverse micelles. Information about these in-
teractions is gained by measuring the micellar
sizes and shapes in dependence of the drug
concentrations.

In this study differences in particle size of re-
verse micelles containing the anti-glaucoma drug
timolol maleate (TM) in varying concentrations
are characterized by small angle X-ray scattering
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(SAXS) and photon correlation spectroscopy
(PCS).

2. Materials and methods

2.1. Materials

The lecithin used is Phospholipon 90 G®

(Rhône-Poulenc Rorer, D-Köln), which contains
at least 90% phosphatidylcholine. Isopropyl
myristate was obtained from Henkel KG, D-Düs-
seldorf. Dr Winzer Pharma GmbH, D-Olching,
kindly provided timolol maleate.

2.2. Preparation of the re6ersed micellar systems

To prepare a reversed micellar stock solution,
30% lecithin is dissolved in 70% IPM at a temper-
ature of 60°C while being stirred (Papantoniou,
1995).

As TM is insoluble in IPM, the drug needs to
be dissolved 1:16 in water before being added to
the RMS. By this way the drug is inserted in the
resulting liquid crystal. The water is removed at a
temperature of 60°C under continuous stirring for
circa 36 h. After this time, a clear yellowish
solution without visible particles is obtained.

The declared percentages of drug concentra-
tions further in the text refer to the 30% stock
solution.

2.3. PCS

The PCS measurements are taken with a Zeta-
Sizer 3 (Malvern, D-Herrenberg) equipped with a
35 mW He/Ne-Laser (Spectra Physics, Mt.View,
CA). Due to the large viscosity of the stock
solution, the systems are diluted 1:6 with IPM,
resulting in RMS solutions which contain 5%
lecithin. The scattering light is collected at an
angle of 90°. For each sample the PCS measure-
ments are repeated 3–5 times for at least 300 s
each. PCS is based on the measurement of inten-
sity changes in the scattering pattern, which are
results of the diffusion of particles in the solution.
Hence the gained values are the hydrodynamic
diameters of the micelles.

2.4. SAXS

The SAXS measurements are carried out with a
Kratky compact camera (Anton Paar, A-Graz)
with a block-collimation system (Kratky and Sta-
binger, 1984). The scattering data are collected by
a PSD-50M position sensitive detector (MBraun,
D-München) and evaluated with the programs
PDH and ITP-92, developed by O. Glatter (Glat-
ter, 1977; Glatter and Kratky, 1982).

The primary scattering curve consists of the
interference patterns from the scattering light of
electron pairs. Therefore only those parts of the
micelle can be recognized which differ from the
solvent in electron density, in the samples of this
study this is the hydrophilic micellar core.

There are two methods possible to obtain the
micellar size, the Guinier approximation and the
electron distance distribution, the latter provides
information about the particle shape in addition.
� The Guinier approximation is based on the fact

that the scattering curve shows Gaussian shape
at small angles, of which the slope depends on
the radius of gyration (Glatter and Kratky,
1982). Assuming a spherical symmetry, it is
possible to calculate the micellar diameter (Fig.
3).

� The electron distance distribution p(r) is ob-
tained from the sample electron density by a
Fourier transformation (Glatter, 1977). p(r) de-
scribes the number of electron pairs with dis-
tance r, which means that the maximum
extension of the micellar core is found at the
first point of intersection with the abscissa (Fig.
2).
To avoid interparticular interferences, the pri-

mary 30% samples are diluted 1:15 to gain 2%
RMS, where no concentration effects are dis-
cernible (Müller and Glatter, 1982).

3. Results and discussion

Although SAXS data give just information
about the core of the micelles, the results yielded
by Guinier approximation are consistent with the
PCS data (Figs. 1 and 3), i.e. a low drug load
increases the micelle diameter whereas with higher
drug loads the micelles become smaller.
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With higher drug concentrations the maximum
extension of the micelles approaches the micelle
diameter from the Guinier approximation (Fig. 3,
Table 1), becoming equal in the range of standard
deviations at a load of 4% TM. This indicates that
the micelles have an ellipsoidal shape at zero or
low drug concentration and become more spheri-
cal at higher drug loads. In addition this state-
ment is substantiated by the p(r)-curves (Figs. 2
and 3) (Glatter, 1977), which show a transition
from a Gaussian (4% TM) to an asymmetric form
at lower drug loads that indicates an ellipsoidal
shape.

Finally the measurements show that SAXS en-
ables to recognize very small shape and size differ-
ences in the order of A, ngström magnitude.

Fig. 2. Electron distance distribution p(r) for RMS with
different drug loads (upper). Abscissa intersections of p(r)
which show the extension of the micellar core (lower).

Fig. 1. Hydrodynamic diameter measured by PCS. Data with-
out standard deviation are measured just once.

Fig. 3. Diameter calculated from the radius of gyration in
comparison to the maximum micelle extension.

Table 1
Diameter calculated by the radius of gyration (Guinier) and
maximum micellar core extension in dependence of the drug
concentration

TM (%) dgyr [A, ] dmax [A, ]

40910.0 6292
0.25 61924191
0.5 59924191

589240911.0
53921.5 3991
46922.0 3991
379237914.0
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