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Microemulsions have unique physical proper-
ties. They are composed of water, oil and a mixture
of surfactants making a homogeneous, optically iso-
tropic and thermodynamically stable solution. Mi-
croemulsions can be sterilized by filtration and their
production is relatively simple and inexpensive. Be-
cause of these properties, they have attracted a great
interest as drug delivery vehicles (1,2). Microemul-
sions can be applied as liquid membrane carriers to
transport lipophilic substances through an aqueous
medium or to carry hydrophilic substances across li-
poidal medium. They are proposed for oral, topical,
dermal, transdermal, parentenal and pulmonary ad-
ministration of drugs (3). Although microemulsions
have been known for a long period, their potential as
vehicles for topical ocular drug delivery has been in-
vestigated only within the last decade (4). 

The main problem in a microemulsion applica-
tion is a high concentration and a narrow range of
physiologically acceptable surfactants and co-sur-
factants (5, 6). On the other hand, the large surfac-
tant concentration determines their stability. Several
authors have reported preparation of microemul-
sions using alcohols of short or medium length cha-
ins (e.g., butanol, heptanol or pentanol) as co-surfac-
tants (7). These substances limit the potential appli-

cation of microemulsion due to their toxic and irri-
tant properties. A selection of components for mi-
croemulsions suitable for pharmaceutical use in-
volves a consideration of their toxicity and, if the
systems are to be used topically, their irritation and
sensitivity properties (8). The ionic surfactants are
generally too toxic to be used for preparation of lipid
emulsions; therefore, non ionic surfactants, such as
the poloxamers, polysorbates, polyethylene glycol
are preferred. Polysorbate 80 is widely applied to
pharmaceutical preparations, including ophthalmic
preparations, due to its history of usefulness and safe-
ty, and it is listed in the United States Pharmacopo-
eia-National Formulary, the European Pharmacopo-
eia and the Japanese Pharmacopoeia (9). 

With the recent improvements in aseptic pro-
cessing and the availability of new well-tolerated
emulsifieres (polysorbate 80), emulsion technology
is currently under evaluation for topical cyclospori-
ne A delivery. Ding (10) developed a castor oil in
water microemulsion. This microemulsion is stabi-
lized by polysorbate 80 where the active substance
cyclosporine A remains stable over 9 months and
causes only mild discomfort and slight hyperemia
on the rabbit eyes applied 8 times per day during 7
days. This encouraging result allowed the formula-
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tions to undergo clinical trials of phase II and III in
dry eye disease. The II phase trial performed on 162
patients demonstrated good tolerance of the emul-
sion (12).

It is known that most of the substances which
are physiologically acceptable are chemically unsta-
ble. In our study, we prepared stable and pharma-
ceutically approved microemulsion systems for po-
tential applications as ophthalmic drug vehicles. 

In the first part of the study, we report the pseu-
do-ternary phase diagrams of water / isopropyl my-
ristate (oil phase) and lecithin, Cremophor EL, tria-
cetin, Tween 80 as surfactants. Lecithin is an attrac-
tive component of microemulsion due to its non-
-toxicity (11). Some microemulsions were prepared

with n-butanol as a co-surfactant. N-butanol was
used in order to compare the influence of this short-
-chain alcohol on the physical parameters and phase
diagram of microemulsion with the same parameters
of formulations containing non-toxic ingredients.
Stability of all physical parameters suitable for eye
drops, are described in the second part of the paper.
The aim of the present in vitro study is to examine
possible changes of physical parameters (i.e., densi-
ty, viscosity, particle size, pH, osmotic tension) dur-
ing long term incubation and to assess the existence
range of microemulsions reported in phase dia-
grams. The values of the physical parameters pre-
sented below refer to the systems obtained with the
smallest surfactants concentration, which were

Figure 1. Pseudo-ternary phase diagram of the microemulsion containing isopropyl myristate/water, Tween 80 and :
ñ (A) Epikuron 200; ñ (B) n-butanol; ñ (C) Triacetin; ñ (D) Cremophor EL
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transparent and single-phase for at least 12 months
at the temperature 25OC.

EXPERIMENTAL

Materials

Soybean lecithin (Epikuron 200) with phos-
phatidylcholine content > 93% was purchased from
Degussa GmbH&Co. KG (Germany) and used with-
out further purification. Isopropyl myristate (98%
pure), triacetine and n-butanol were supplied from
Sigma-Aldrich Chemicals (Poland). Tween 80 (pol-
yoxyethylene 20 sorbitan monooleate, Polysorbate
80) was from Merck Co. (Germany), Cremophor EL
(castor oil polyoxyl) was from BASF GmbH (Ger-
many). Bidistilled water from a well-seasoned all-
-glass system was used throughout the study.

Preparation of microemulsions

Appropriate amounts of the surfactants and co-
-surfactants or mixture of two surfactants were dis-
solved in the oily phase (isopropyl myristate). The
samples were stirred during a sufficient time (20
min. at 25OC), and then bidistilled water was added.
In the presence of n-butanol, at first a mixture con-
sisting of oily phase, surfactant and bidistilled water
was obtained, then n-butanol was added up to the fi-
nal concentration of the microemulsion. The compo-
sitions of microemulsions used in the study are giv-
en in Table 1. 

The systems obtained were classified as micro-
emulsions on the basis of the criterion of transparen-
cy. After preparation, all formulations were left to
equilibrate at 25OC for 24 h prior to measurements. 

METHODS

Particle size analyses of the oil droplets or wa-
ter droplets were determined by photon correlation

spectroscopy (PCS) with an N4 Plus apparatus (Co-
ulter Electronics GmbH, Coulter Scientific Instru-
ments, Great Britain). The light source was a he-
lium-neon laser (632.8 nm). The intensity of the
scattered light was measured at the angle of 90O, and
at least three runs for each sample were done. The
viscosity of microemulsions was measured with ro-
tational viscometer Dv-1 P Anthon Paar (Anthon
Paar, Austria) equipped with a low viscosity adapter
(LV Adapter). We used the controlled shear rate meth-
od at a constant shear rate of 1.32 rpm/s at the tem-
perature of 25OC. The density of microemulsions
was measured with the DA-110 M density meter
(Mettler Toledo, Germany). A thermostat controlled
the temperature at 25 ± 0.01OC. The osmotic tension
was indicated for all o/w microemulsion systems by
Osmometer 800 (Trident, Poland). For measuring
refractive index, an Abbe refractometer (Analytik
Jena, GmbH, Germany) was used. For all formula-
tion systems, the pH changes were measured by pH
meter CG 842 (Schott Glass, Germany) with a spe-
cial electrode for emulsion systems ñ Electrode Blue
Line 13. All measurements were made at 25OC.

Prior to the measurements, the microemul-
sions were filtered through 0.22 µm membrane fil-
ters (Millipore, UK). The formulations were incu-
bated at 25OC, and the physical stability parameters
were determined at the time of 0, 3, 9 and 12 
months (Table 2).

Construction of ternary phase diagram

To investigate the microemulsion regions, pha-
se diagrams were constructed by a progressive titra-
tion of series of surfactant/co-surfactant mixtures in
the oily phase with bi-distilled water at the room
temperature. Each series contained from 5% to
100% of water. When a sample exhibited birefrin-
gence, the titration was continued so as to determine
the endpoint of the liquid crystalline area and to es-

Table 1. Compositions of the microemulsion systems [% w/w].

Components Microemulsion systems

A B C D

Isopropyl myristate 59.5 18.0 36.0 1.2

Aqua bidistilled 3.3 40.0 10.0 86.0

Epikuron 200 28.9

n-Butanol 12.0

Triacetin 18.0

Tween 80 8.3 30.0 36.0 7.9

Cremophor EL 3.7

Glicerol 1.2
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tablish a second isotropic region. The phase behav-
ior of the systems was mapped on the phase dia-
grams with the top apex representing by Tween 80
and the other apices represented by oil and a surfac-
tant (Cremophor EL, triacetine, n-butanol or Epicu-
ron 200). The samples were assessed visually to de-
termine the regions of transparency (13, 14, 15). All
formulations prepared with compositions within
transparent microemulsion regions were stable for at
least 3 months, when they were stored at 25OC. The
results are presented in Figure 1.

RESULTS AND DISCUSSION

Preparation of microemulsions requires deter-
mination of the existence range of microemulsions
which depend on mixtures of surfactants, co-surfac-
tants, oily phase and aqueous phase reported in
a phase diagram (4). Thus, knowledge of a phase
diagram of a multicomponent system is a necessary
step for understanding of physics of the system
(1,16). The diagrams of the systems show the dismi-
xing limit and the stable single-phase mixtures. We
did not investigate any other forms of surfactant sys-
tems, e.g., mesophases. 

At first, the phase diagrams were made in order
to establish the ranges of the microemulsion phase
and to find the most stable systems containing the
least amount of surfactants. 

One of the factors which affects the phase be-
havior of the microemulsions systems is the hydro-
carbon chain length of various oils and surfactants.
Phase behavior of the microemulsion, e.g. with iso-
propyl miristate, has larger microemulsion area than
that one with isopropyl palmitate (using the same
surfactants systems). The same situation is observed
using such surfactants as Tween 80 and Tween 20.
Tween 20 has shorter hydrocarbon chain than Twe-
en 80 and decreases the microemulsion area (17). 

Also, the phase behavior is strongly influenced
by the size of molecule of the oil used (18). Isopro-
pyl myristate is small in size compared to medium
chain triglycerides. Depending on the chain length
and on the volume of the molecule, penetration of
the surfactant into the hydrocarbon tails will change
the hydrocarbon chain volume of the surfactant mol-
ecule and thus the effective geometric packing para-
meter (19). It is one of the reasons why in our study
we used isopropyl myristate and Tween 80 in micro-
emulsion formulations. 

The main disadvantage of using microemul-
sions for pharmaceutical application is that they usu-
ally contain a large amount of surfactants which can
cause, e.g., irritation of the eye ball. In the systems
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investigated here, the concentration of surfactants
varied from 11.6 to 54.0% (Figure 1). The surfac-
tants used included Tween 80, Cremophor EL, soy-
bean lecithin in the form of Epikuron 200, triacetin
and the co-surfactant ñ n-butanol. Although n-buta-
nol is highly toxic, it is commonly used as a model
co-surfactant (3, 20). 

As expected, the greatest range of the micro-
emulsion phase was found for the systems with n-
-butanol. The medium and short chain alcohol sur-
factants are such alcohols which are capable of
swelling the chain volume allowing substantial oil
uptake (21) (Figure 1 B). Similar results were ob-
tained in the systems with triacetin. The smallest
range of the microemulsion phase occurrence was
found for the system with soybean lecithin (Figure 1
A). Because of being too lipophilic, lecithin is not
capable of producing isotropic solutions of water
and oil without a second surfactant. It is known to
form highly rigid films (22). 

Due to addition of higher amounts of non ionic
surfactant, the lecithinís hydrophilicity increases
what favors the interfacial film curvature and leads
to the microemulsion formation (23). 

Due to its surface activity, Tween 80 is capable
to reduce the interfacial tension of the system and to
increase the hydrophilic-lipophilic balance of leci-
thin. Lecithin also contributes to the higher solubili-
zation of oil in the internal phase of the microemul-
sion due to its amphiphilic nature (24). 

The system containing 37% of the mixture of
lecithin and Tween 80 gave a stable microemulsion
whose parameters met the requirements of eye
drops. The systems containing either less than 35%
or more than 40% of the mixture of the surfactants,
did not meet these requirements. The lowest concen-
tration of surfactants (11.6%) was obtained when
Cremophor EL was used in the mixture with Tween
80 (Figure 1D). 

For the system with triacetin and Tween 80,
a stable microemulsion was obtained already for
54% concentration of the surfactants (Figure 1C). 

The creation of the phase diagrams made it pos-
sible to select the stable microemulsion systems
with the lowest concentration of surfactant. 

On the basis of values of the physical parame-
ters determined (viscosity, density, osmotic tension
and particle size), the microemulsions meeting the
requirements of eye drops (fully or in part) were se-
lected (Table 2). The system with n-butanol as a co-
-surfactant was a reference system for all other bio-
logically accepted microemulsions.

The therapeutic substances applied as eye
drops must be isotonic and isohydric; their pH can

vary from 3.5 to 8.5 (25). As expected, the lowest
pH after 12 months was measured for the micro-
emulsions with soybean lecithin (Epikuron 200) be-
cause of small chemical stability of this substance
(26). During incubation, the oxidation of the acyl
chains at unsaturated sites or hydrolysis at the polar
head can be fast, especially in the presence of water.
The smallest difference in pH over a one year period
of storage was obtained for the microemulsion with
Cremophor EL. It should be emphasized that in all
systems the value of pH decreased over a year of
storage. This was caused by the appearance of acidic
decomposition products in the microemulsions. How-
ever, this decrease was never below pH=3.5, and all
systems met the requirements for eye drops (Table
2). As far as viscosity is concerned, it is known that
jump changes in its value occur upon phase inver-
sion and during critical phenomena (27). In general,
in all microemulsions studied an increase of vis-
cosity was observed over a year of storage by 0.8 ñ
46.0%. The smallest increase was noted for the mi-
croemulsions containing triacetin and Cremophor
EL, and the largest increase was observed for sys-
tems containing Epikuron 200. The high increase of
viscosity in microemulsion A (Table 2) was proba-
bly caused by polymerization process in this formu-
lation induced by autooxidation of soybean lecithin
(Epikuron 200). The growth of particle size in mi-
croemulsion A indicates beginning of the polymeri-
zation process. The high growth of viscosity in mi-
croemulsion type B (Table 2), where butanol was
used as a surfactant is probably caused by slow evap-
oration of this substance. It was also demonstrated
by growth of the particle size. Our results showed
that after one year of incubation, viscosity in all in-
vestigated microemulsions did not meet the require-
ments for eye drops (required viscosity for eye drops
cannot be higher than 20.0 mPa s) except one system
with Cremophor EL, where viscosity achieved the
value of 3.41 mPa s. 

It was found that the light refraction index un-
derwent rapid changes when a multi-component sys-
tem was transformed into a multiphase system. The
light refraction index of the tear fluid is 1.340. It was
recommended that the eye preparations should have
the refraction index not higher than 1.476, with an
optimum value equal to 1.404 (28). For the micro-
emulsions studied the refraction index varied in the
range of 1.368-1.446.

The values of the refraction index remained
unchanged over a year of storage. The values of den-
sity also did not change (Table 2). The absence of
changes of these parameters, confirmed a good se-
lection of surfactants which stabilized the systems
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physically. The osmotic tension of the eye prepara-
tions should be about 340 mOsm/L. The value of
this parameter in microemulsions could be control-
led by changing the composition, e.g., when it was
too low, a small addition of glycerol caused its in-
crease. For microemulsion systems B and C, the
osmotic tension was too high (Table 2). It was cau-
sed by the presence of butanol and triacetin which
themselves produced high osmotic tension. This dis-
qualified such microemulsions as potential eye
drops. The osmotic tension for the system with Cre-
mophor EL was biologically accepted, and the smal-
lest increase in this parameter after one year of stor-
age was noted. In the system with Epicuron 200 (as
a microemulsion of w/o type) the osmotic tension
was not measured.

Another parameter tested was the size of the
particles in the microemulsions. The smallest parti-
cles were noted for the microemulsions containing
n-butanol, what proved its stabilizing influence. The
largest particles after preparation were observed in
the systems with soybean lecithin. However, their
diameter did not exceed the value of 140 nm and all
systems remained monophasic and transparent. 

After one year of storage the size of particles
doubled almost in each system. The greatest in-
crease in the size of particles was noted in the sys-
tems with Epikuron 200 (soybean lecithin), what
means that it had the poorest stabilizing influence
and showed tendency to form aggregates. However,
this increase was not large enough to break the mi-
croemulsion phase (Table 2). 

The effect of temperature on stability of the
microemulsions was also investigated. After deter-
mination of the initial values of the particular physi-
cal parameters at the room temperature, the prepara-
tions were kept frozen at ñ20OC for 10 days, and
then heated again up to the room temperature (13).
The systems subjected to this procedure were still
monophasic. A similar result was obtained when the
procedure was reversed, and the systems were heat-
ed to 50OC and then cooled to the room temperature.
The systemsí parameters measured after this proce-
dure at the room temperature had the values equal to
the initial ones.

The abovementioned results showed that after
one year of storage the changes in the physical pa-
rameters of the microemulsions depended on ingre-
dients. In contrast to the microemulsions with bio-
logical acceptable ingredients, the microemulsions
containing medium-length aliphatic chains, e.g., n-
-butanol as a co-surfactant, are good model systems
for investigations of structure and properties of mi-
croemulsions. However, they cannot be used for

medical therapy because of their toxicity. All the
others ingredients were biologically acceptable. Le-
cithin (Epicuron 200) is a major component of
membrane lipids. Tween 80 and Cremophor EL as
non ionic surfactants are widely applied to pharma-
ceutical preparations including ophthalmic prepara-
tions (9). 

We concluded that the microemulsion systems
containing Epikuron 200 and Cremophor EL, partly
or fully met the requirements of eye drops. Thus,
they should be the subjects of further study. The sys-
tems obtained were characterized by considerable
thermodynamic stability which was typical for mi-
croemulsions. 
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