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Abstract

Structural transformations were investigated in unloaded and celecoxib-loaded microemulsions on a dilution line contai-
ning, initially, 12 wt. % of Mygliol 812® and 88 wt. % of the surfactant (Labrasol®)/co-surfactant (Plurol Oleique®), 4:1
wt. % mixture. Electrical conductivity, viscosity, surface tension and density measurements revealed that two structural
transitions take place along the dilution line studied. At ~27 wt. % of water the oil-continuous (w/0) system converted to
a bicontinuous microemulsion and a transition to a water-continuous (o/w) microemulsion followed at ~45 wt. % of wa-
ter. After incorporation of celecoxib at 1 wt. % concentration the microemulsion remained stable and no change in its mi-
crostructure was observed. Celecoxib release was then measured for each type of microemulsion. It was shown to be inf-
luenced by the microstructure and solubilization capacity of the system, and can, to a certain extent, be predicted. Stabi-
lity testing of celecoxib-loaded microemulsions revealed that they are stable over 90 days storage at 40 °C.
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1. Introduction

Microemulsions are optically isotropic and ther-
modynamically stable nanosized mixtures of oil, water,
and amphiphile(s) that form spontaneously. They usually
contain cosolvents or cosurfactants to achieve the low in-
terfacial tension and required packing parameters.'> Due
to low interfacial tension between oil and water, a wide
range of microemulsion structures is possible. In general,
microemulsions can be divided into 3 types: water-in-oil
(w/o), bicontinuous, and oil-in-water (o/w). The effective
use of microemulsions in many scientific and industrial
applications is directly related to an understanding of their
microstructure, which is one of the most basic aspects of
formulation design. Thus, many studies have been focu-
sed on this particular topic.*”’

Microemulsions are stable; however they are not
inert vehicles. The addition of a drug to pharmaceutical

microemulsions may therefore significantly affect their
phase behaviour and thus the microstructure and stability
of the system.® Due to the variety of structures, microe-
mulsions also display diverse behaviour regarding the re-
lease of solubilized drug. In order to investigate the drug
delivery potential of microemulsion vehicles, it is therefo-
re necessary to characterize the microstructure of drug-
free as well as drug-loaded systems. In contrast to the sim-
plicity of microemulsion preparation, characterization of
their microstructure is a far from trivial matter and requi-
res a combination of several techniques. Although microe-
mulsions are thermodynamically stable, their microstruc-
ture in the bicontinuous region is continuously changing,
thus complicating structure determination. Using a num-
ber of different methods, such as electrical conductivity,
rheology, density, surface tension and differential scan-
ning calorimetry (DSC), it is possible to characterize the
internal structure of the microemulsion.* Further experi-
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mental techniques reported to be used in characterization
of these systems include small-angle neutron and X-ray
scattering (SANS, SAXS), nuclear magnetic resonance
(NMR), fluorescence correlation spectroscopy (FCS) and
freeze-fraction transmission electron microscopy (cryo-
FESEM).”"!

Solubilization of hydrophobic drugs with low aque-
ous solubility has been a major area of interest in recent
years. Most commonly encountered techniques for solubi-
lizing such drugs involve addition of cosolvent or surfac-
tant, pH adjustment and complexation with cyclodextrins.
Application of microemulsions has also received attention
in this field.">'* When a microemulsion is introduced into
a physiological environment it can change its structure,
due to dilution with physiological fluid. Consequently, the
variety of possible structures implies different release ra-
tes. It is therefore important to characterize microemul-
sions that are formed in situ during the dilution step and
lie on the same dilution line.

In this study a microemulsion system comprising
Mygliol 812®, Labrasol®, Plurol Oleique® and double di-
stilled water was selected to improve the solubility of a
specific cyclooxygenase-2 inhibitor, celecoxib. Celecoxib
is a weakly acidic (pKa is 11.1) and hydrophobic (log P is
3.5) drug, almost insoluble in water (3—7 pug ml™'; at pH 7
and 40 °C). The gradual changes in the microstructure of
the unloaded and drug-loaded systems on dilution have
been investigated by conductivity, viscosity, density and
surface tension measurements and the influence of the mi-
crostructure on release behaviour of solubilized celecoxib
has been evaluated. Additionally the influence of celeco-
xib on the stability of drug-loaded systems during 3
months storage at 40 °C has been examined.

2. Experimental
2. 1. Materials

The microemulsion system was composed of the
medium chain triglyceride Mygliol 812® (Hiils, Germany)
as lipophilic phase, caprylocaproyl macrogolglycerides
Labrasol® (Gattefosse, France) as surfactant, polygly-
ceryl-6 dioleate Plurol Oleique® (Gattefosse, France) as
cosurfactant, and double distilled water as hydrophilic
phase. The lipophilic drug celecoxib was obtained from
Lek Pharmaceuticals d.d.. All chemicals were of labora-
tory grade.

2. 2. Methods

2. 2. 1. Microemulsion Preparation

A phase diagram (Figure 1) was constructed at room
temperature by admixing the appropriate quantities of the
various components by gentle hand mixing.'” A stock so-
Iution was prepared comprising 88 wt. % of surfactant
mixture and 12 wt. % of Mygliol 812°. The appropriate

Swrfactants mixhre

Water il
Figure 1. Phase diagram of the system containing Labrasol®/Plurol
Oleique®Miglyol 812®/water. A — the investigated dilution line,
dark area — microemulsions, white area — unstable emulsions.

Table 1. Composition of the microemulsion samples along the di-
lution line (shown in Figure 1).

Sample Water Miglyol 812° Surfactant

[%] [%] mixture [%]
1 0.00 12.00 88.00
2 4.76 11.43 83.81
3 11.11 10.67 78.22
4 16.70 10.00 73.30
5 21.60 9.41 68.99
6 27.27 8.73 64.00
7 31.03 8.28 60.69
8 36.51 7.62 55.87
9 41.18 7.06 51.76
10 45.21 6.58 48.21
11 50.00 6.00 44.00
12 55.55 5.34 39.11

amount of water was then added to obtain the desired mi-
croemulsion composition (Table 1). In order to evaluate
their delivery potential, drug-loaded microemulsions were
prepared by adding celecoxib to already prepared microe-
mulsions at 1 % concentration.

2. 2. 2. Conductivity Measurements

Electrical conductivity of the samples was measured
using a conductivity meter MA 5964 (Iskra, Slovenia)
with a home-made conductivity cell with constant of
0.7265 cm™. Measurements were made in triplicate at 20
+0.5 °C.

2. 2. 3. Viscosity Measurements

Viscosity of microemulsions was measured with a
Hoeppler’s viscometer at 20 + 0.5 °C. The falling time of
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ball was measured three times. The density of the ball was
8.135 g cm™ and the constant 0.12234 mPa cm® g

2. 2. 4. Surface Tension

Surface tension was measured by Kruss processor
tensiometer K21 (Kruss GmbH, Germany) using Wil-
helmy’s plate method at 20 = 0.5 °C. A square platinum
plate was cleaned, rinsed with bidistilled water and heated
in a reductive flame to purge all impurities. This cleaning
procedure was repeated before every measurement. All
measurements were made in triplicate.

2. 2. 5. Density Measurements

The density of microemulsions and their compo-
nents was measured with a Density Meter — DMA 5000
(Anton Paar, Austria). Temperature was controlled at
20.00 £ 0.009 °C. The accuracy of density measurements
was within = 5 x 10° kg dm™'.

2. 2. 6. Solubilization Capacity

The saturated solubility of celecoxib in the selected
microemulsions along the dilution line A was determined
by adding excess drug and stirring continuously for at
least 72 h at 20 + 0.5 °C to reach equilibrium. After centri-
fugation (4000 rpm for 30 min) the supernatant was filte-
red with a 0.45 pm membrane filter (Minisart®-RC, Sarto-
rius, Germany) and analyzed by HPLC after appropriate
dilution with a mixture (80:20 v/v) of acetonitrile and bi-
distilled water.

2. 2. 7. Dissolution Studies

Celecoxib release through a hydrophobic PTFE
membrane (pore size: 0.45 um, Sartorius, Goettingen,
Germany), soaked in receptor solution 24 h before experi-
ments, was determined with a Franz diffusion cell with an
area of 0.785 cm?. The cell held 8 ml of receptor medium
(stirred magnetically at 150 rpm), and 500 ul of microe-
mulsion on the donor side. To take account of the very low
solubility of celecoxib, isopropyl myristate solution with
1.6 wt. % Labrasol® and 0.4 wt. % Plurol Oleique® was
used as a suitable receptor phase. The system was kept in
a temperature-controlled water bath at 35 + 0.5 °C and the
receptor phase was stirred continuously. At predetermined
time intervals (15, 30, 45, 60, 120, 180, 240, 300 and 360
min) 0.3 ml samples were taken and replaced by the same
volume of fresh, preheated receptor phase. Each experi-
ment was carried out in triplicate.

The release profiles were evaluated by fitting the ex-
perimental data to equations describing different kinetic
orders. Linear regression analyses were made for zero-or-
der M/M, =k - 1), first-order (In (M,-M,) = k- t) and Hi-
guchi M/M,= (k- t)!"2) kinetics, where M/M, is the cele-

coxib fraction released at time t and k is the kinetic con-
stant.

2. 2. 8. Stability Studies

Tightly closed glass flasks with celecoxib-loaded
microemulsions were stored light protected at 40 + 0.5 °C
for 90 days. At 0, 45 and 90 days they were evaluated for
their chemical and physical stability. Chemical stability
was expressed in terms of celecoxib content. Physical sta-
bility was evaluated by visual inspection for their organo-
leptic properties, homogeneity and transparency, and by
measuring surface tension, electrical conductivity, density
and viscosity.

2. 2. 9. Analytical Methods

Celecoxib content was analyzed by HPLC (Agilent
1100). An ODS 250 x 4.6 HPLC column (Thermo, United
Kingdom) was maintained at 25 °C during the experi-
ment. Mobile phase, consisting of acetonitrile and water
(60:40 v/v), was pumped through the system at a constant
flow rate of 1 ml min™'. Celecoxib was detected at 258
nm.

3. Results and Discussion

3. 1. Conductivity Measurements

Electrical conductivity measurements provide struc-
tural information, mainly on possible transitions along the
dilution lines.® Electrical conductivity was measured as a
function of weight ratio of aqueous phase @ (wt. %) for the
oil-surfactant/co-surfactant mixture along the dilution line
A (shown in Figure 1). It is important to point out that the
occurrence of the percolation transition by electrical con-
ductivity measurements for microemulsions with non-io-
nic surfactants is usually studied in the presence of the dis-
solved electrolyte.'® However, the present microemulsion
system, containing non-ionic amphiphiles, exhibited elec-
troconductive behaviour in spite of its non-ionic type, as
has already been reported.’ A possible explanation for such
behaviour is the natural origin of the surfactants, which is
associated with the presence of impurities that contribute
to the electroconductance of the systems studied.

The electrical conductivity was ~1.433 uS cm™ for
bidistilled water and ~0.005 uS cm™ for Miglyol 812°.
The conductivity increases with aqueous phase dilution
(Figure 2). The behaviour of microemulsions exhibits the
profile characteristic of percolative conductivity.'” The
conductivity profile revealed three different solubilization
regions, manifested in three different slopes. In the region
with low water content (® < 27 wt. %) the conductivity of
the selected systems is low, suggesting that the water dro-
plets are isolated and exhibit little interaction, i.e. a w/o
microemulsion. In the middle region (27 wt. % < ® < 45
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wt. %) the conductivity increases linearly and sharply (k =
6.3, R = 0.9996). It could be concluded that, beyond the
percolation threshold, interactions between the aqueous
domains become increasingly important and form a net-
work of conductive channels (bicontinuous microemul-
sion). With further increase in water content (® > 45 wt.
%), the slope of the curve decreases (k =4.7, R =0.9979),
demonstrating the full transformation of the bicontinuous
domain into an o/w microemulsion. At @ > 55 wt. % wa-
ter, a macroscopic phase was formed. The percolation
threshold can be determined from the slope of the plot of
do/d®) as a function of a water weight ratio, @ (Figure 2
inset). The presence of percolative behaviour in the bicon-
tinuous region was confirmed by the maximum of the first
derivative at ~ 33 wt. % of water.*’

The conductivity of the systems containing 1 wt. %
celecoxib was higher than for unloaded microemulsions;
however the shape of the curve did not change (Figure 2),
which suggests that incorporation of drug did not influen-
ce the microstructure of the system. The influence of drug
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Figure 2. Electrical conductivity () of selected unloaded (-#-)
and drug-loaded (-O-) microemulsions as a function of the water
weight ratio (). Inset: the first derivative of the electrical conduc-
tivity as a function of the water weight ratio for unloaded (solid li-
ne) and drug-loaded (dotted line) systems.

loading is minimal, as expected, when oil is the continu-
ous phase, but becomes more pronounced once the conti-
nuous phase is water and the hydrophilic part of the drug
molecule faces the water.

3. 2. Viscosity Measurements

The dependence of dynamic viscosity for the oil,
surfactant/co-surfactant mixture along the dilution line A
on the water weight fraction is shown in Figure 3. The vis-
cosity increased from 132 to 144 mPa s as @ increased
from 0 to 11 wt. %, which is in agreement with previous
findings.”! A possible explanation for this initial viscosity

increase are the attractive interactions and aggregation of
water droplets, including molecular reorganisation on the
interface. With further increase in ® up to 55 wt. % the
viscosity decreased from 144 to 40 mPa s. However, the
decrease was less pronounced when ® was between 27
and 45 wt. %. This is most probably due to the clustering
of the droplets at the percolation threshold, which leads
typically to an increase in viscosity and conductivity.® It
has been found that the percolation threshold can also be
determined from the plot of (1/m) (dn/d®) versus @ (Fi-
gure 3 inset).”” The maximum at ~33 wt. % of water coin-
cides well with that of the plot of (do/d®) versus ®.
Viscosity depends largely on the microemulsion struc-
ture, i.e., the type and shape of aggregates, concentration,
and interactions between dispersed droplets. Therefore, it
can be used to obtain important information concerning
structural transformations in microemulsions, although not
necessarily the points at which the transition occurs or is
completed.” In the present study the inversion point, defined
by the viscosity data, coincides well with the transition point
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Figure 3. Viscosity (1) of selected unloaded (- #-) and drug-loaded
(-0-) microemulsions as a function of the water ratio (®). Inset:
plot of (1/m).(dn/dw) as a function of the water weight ratio for un-
loaded (solid line) and drug-loaded (dotted line) systems.

determined by electrical conductivity measurements and
suggests transformation of the system structure from oil
continuous (® < 27 wt. %), via bicontinuous (27 wt. % < ®
< 45 wt. %), to water continuous (® > 45 wt. %).

The general viscosity patterns of unloaded and cele-
coxib-loaded microemulsions are similar (Figure 3).
When celecoxib is partitioned between the hydrophobic
tails of the surfactants, or dissolved in continuous oil pha-
se, the viscosity of the celecoxib-loaded systems is
slightly higher than that of the unloaded systems. The pre-
sence of celecoxib in the bicontinuous region or oil dro-
plets (o/w microemulsions) did not affect the viscosity of
the systems.
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3. 3. Surface Tension and Density

Values of surface tension and density are plotted
against water weight ratio (Figures 4 and 5). The surface
tension decreased with increase in ®. The decrease is
linear between 5 to 27 wt. % of water (k = -0.08,
R = 0.9999). and above 41 wt. % of water (k = —0.03,
R =0.9999). In the middle area (27 wt. % < ® <41 wt. %)
an inflection point occurs, as seen also from the first deri-
vatives (Figure 4 inset). This suggests that structural chan-
ges are taking place in this region. Incorporation of cele-
coxib at 1 wt % concentration did not influence the surfa-
ce tension measurements.

In the density curves, breaking points of the lines at
similar water weight ratios are observed. The densities of
unloaded and celecoxib-loaded systems increased mono-
tonically up to ~11 wt. % of water, after that remaining
constant or decreasing slightly up to 27 wt. % of water.
With further increase in water content (® > 27 wt. %) the
density of the formulations decreased linearly on the who-
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Figure 4. Surface tension (y) of selected unloaded (- #-) and drug-
loaded (-O-) microemulsions as a function of the water ratio (®).
Inset: the first derivative of the surface tension of unloaded (solid
line) and drug-loaded (dotted line) systems as a function of the wa-
ter weight ratio.

le area, however the slope of the curve changed from
—0.0005 (R =0.9999) to —0.0007 (R = 0.9999) at ~45 wt.
% of water.

The volume of the microemulsions was calculated
from the measured density and the excess volume, VE =
Vexp' —V,,, obtained as a function of the water content (Fi-
gure 5 inset). Ideal additivity of the components’ volumes
was assumed: water, Miglyol 812® and surfactant mixtu-
re, with densities 0.997817, 0.945401 and 1.058079
g.cm™ respectively. The volumes are in fact seen not to be
additive. It is evident that a contraction of volume occurs
for all samples, and real volume is therefore lower than
the ideal volume. Considerable contraction of volume oc-

1,055
1,050
:
1,045
f‘“|'— [
‘s
5 1,040 0
=0 _ a
= 7050 15 30 45 60
o108 | 2L
i o, d:PEP
1,030 | = ° o
-2 ®[%]
1,025
0 10 20 30 40 50 60

O [%]

Figure 5. The variation of density (p) of selected unloaded (-¢-)
and drug-loaded (-O-) microemulsions as a function of water
weight ratio (®). Inset: The excess volume, VE, of the water-Labra-
s0l®/Plurol Oleique®-Miglyol 812° microemulsions as a function
of the water weight ratio.

curs up to ~21 wt. % of water. Between 27 and 41 wt. %
of water the volumes are very similar, suggesting that at-
tractive interactions are similar in this region. With further
increase in water content (® > 41 wt. %), VE increased
again, indicating that the attractive interactions are decli-
ning, which results in a smaller contraction of volume.

3. 4. Solubilization Capacity

The unique solubilization properties of microemul-
sions have drawn attention for their use as vehicles for
drug delivery. We tested the correlation between microe-
mulsion composition and microstructure upon dilution
and maximum solubilization capacity. The maximum so-
lubilization of celecoxib (~280 mg ml™'") was achieved in
the surfactant-oil mixture (Figure 6), due to the presence
of reverse micelles. On dilution with aqueous phase, solu-
bilization capacity decreased until it reached a value of
approximately 20 mg ml™" at 60 wt. % of aqueous phase.
The reduction in the solubilization capacity may reflect
decrease in the oil/surfactant mixture content as well as
structural changes that occur on dilution.'

The solubilization profile (Figure 6) reveals three re-
gions. In the first, up to 10-20 wt. % aqueous phase (w/o
microemulsion), a very large decrease in solubilization
capacity was observed. In the second region (20 wt. % <
D < 45 wt. %) the w/o droplets are transformed into bi-
continuous domains, resulting in a moderate decrease in
the solubilization capacity. With further dilution to 50-60
wt. % aqueous phase, the system inverts to o/w droplets.
At high water content, the total amount of oil, and also
surfactants, is low, which results in lower and almost unc-
hanged solubilization capacity. It has been reported that
o/w type of interface can be loaded only with difficulty
with a hydrophobic drug. The interface is less tolerant to
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Figure 6: Celecoxib solubilization capacity in microemulsion
systems along dilution line A as a function of the water weight ra-
tio (D).

the drug guest molecule, since the surfactant in the o/w
droplets is tightly packed around the oil droplets, leaving
less free space for celecoxib incorporation within the
hydrophobic tails of surfactant molecules."

3. 5. Drug Release

In vitro release studies with an artificial hydropho-
bic membrane can provide information about the diffu-
sion of a drug, which depends on the physico-chemical
properties of components, vehicle internal structure, and
interaction between drug and vehicle.”***** On the basis
of microstructure analysis, five samples, whose composi-
tion is shown in Table 1, were selected for the in vitro
drug release study. Sample 4 is of w/o type, 6 represents
the start of the percolation phenomenon, 9 is bicontinuous
phase, 10 is located in the border area between bicontinu-
ous and water continuous phase, and 12 is the water conti-
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nuous system. The release profiles of tested ME samples
are shown in Figure 7a. Celecoxib release through artifi-
cial membrane was characterized by two parameters: the
amount released after 6 hours and the rate of drug release
(Figure 7b). The kinetics of release was also calculated.
Zero, first order and Higuchi kinetics were tested for each
formulation. The calculated Pearson’s coefficients (in the
range of 0.9916-0.9985) indicate the best fit for zero or-
der kinetics.

The amount and rate of celecoxib release differ bet-
ween microemulsion carriers with different internal mi-
crostructure, however the difference is significant only for
samples 4 and 12. Comparing the amounts of released ce-
lecoxib after 6 hours as well as the release rate (Figure 7b)
the slowest release was observed for sample 4 (drug relea-
se rate: 2.48% h™'); both parameters increase with increa-
sing amounts of water in the delivery system. All samples
with bicontinuous structure (samples 6, 9 and 10) yield
approximately the same profiles (drug release rate:
3.06-3.17% h™") indicating that drug release is not depen-
dent on the degree of percolation. Podlogar et al. also ob-
served similar behaviour.?? The fastest release profile was
identified for sample 12 (drug release rate: 3.64% h™").
This is in contrast to our expectations that drug release
from o/w microemulsion, in which celecoxib is predomi-
nantly located in the oil droplets, will be hampered by the
external hydrophilic phase. A possible explanation could
be that, in addition to the internal microstructure, the solu-
bilization capacity greatly influences the drug release
from microemulsions. For the microemulsion studied, the
celecoxib solubilization capacity is decreased from ~126
mg ml™! (sample 4) to ~23 mg ml™' (sample 12) with in-
crease in water content from 16.7 (sample 4) to 55.55 wt.
% (sample 12).

Evidently, the release behaviour of celecoxib is inf-
luenced by the carrier microstructure as well as by its so-
lubilization capacity, and can be predicted to a certain ex-
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Figure 7: a) Release profiles of celecoxib from representative samples 4 (-#-), 6 (-A-), 9 (-0-), 10 (-<-) and 12 (-A-), of compositions given in
Table 1. Lines: zero order release kinetics, Pearson’s coefficients are given next to the symbols in the legend. b) Correlation between release para-
meters; (-O-) celecoxib release rate and (-®-) % of released celecoxib after 6 hours as function of the water weight ratio in the microemulsion.
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Figure 8: a) Dynamic viscosity (), b) electrical conductivity (6), and c) Surface tension (y) of drug-loaded microemulsions as a function of the wa-
ter weight ratio (®) after 0 (-O-), 45 (-A-) and 90 (-#-) days storage at 40 °C.

tent, using a combination of several tested methods for
physical characterization of microemulsions.

3. 6. Stability Studies

After 90 days storage at 40 °C, all samples remained
transparent and no precipitation or phase separation was
observed. However, a slight darkening of their macrosco-
pic appearance was noted, probably due to temperature-
induced oxidation of Plurol Oleique®. Microemulsion sta-
bility is routinely evaluated by visual inspection; however,
their macroscopic appearance does not provide any infor-
mation regarding the stability of their internal microstruc-
ture. Therefore viscosity, conductivity and surface tension
were also monitored during stability testing. The measure-
ments confirmed that microemulsions suffered no appre-
ciable structure changes during the first 45 days, although
some differences in viscosity (Figure 8a), conductivity
(Figure 8b) and surface tension (Figure 8c) could be ob-
served at certain compositions after 90 days storage, indi-
cating microstructure changes. Systems consisting of 17
to 45 wt. % water (bicontinuous structure) did not suffer
any considerable changes and their internal structure re-
mained stable throughout.

We also evaluated the chemical stability of celeco-
xib in the tested formulation, defined as the retention of at
least 90 % of the initial concentration. It was found accep-
table when water phase content was kept below 55 wt. %
(data not shown).

4. Conclusions

A combination of conductivity, viscosity, density
and surface tension measurements was used to study the
structural properties of the quaternary microemulsion
system Mygliol 812®/Labrasol®/Plurol Oleique®/ water
and of its celecoxib-loaded system. The percolation phe-
nomenon confirmed by conductivity and viscosity measu-
rements are convincing evidence that the system under-

goes a structural inversion from oil-continuous to water-
continuous over bicontinuous structure on the selected di-
lution line. We may conclude that a microemulsion con-
taining less than ~ 27 wt. % of water is oil continuous,
between 27 and 45 wt. % of water is water as well as oil
continuous, i.e. bicontinuous, and finally, at more than 45
wt. % of water is of o/w type. On incorporation of celeco-
xib at 1 wt. % concentration, the microemulsions remain
stable and optically clear, with no phase separation or
considerable microstructure changes. We have shown that
a combination of tested methods for physical characteri-
zation of microemulsions can also be used to predict the
celecoxib release behaviour. We found that the latter is
influenced by the microstructure as well as solubilization
capacity of the system. Stability testing of celecoxib-loa-
ded microemulsions revealed that they are stable over 90
days storage at 40 °C. On the basis of our results we can
conclude that this quaternary microemulsion system is
suitable for improving the solubility of similar poorly wa-
ter-soluble drugs.
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Proucevali smo spremembo notranje strukture mikroemulzij, ki nastanejo po razred¢evanju zacetne zmesi sestavljene iz
12 % (m/m) Mygliola 812®in 88 % (m/m) emulgatorja (Labrasol®) ter koemulgatorja (Plurol Oleique®) v razmerju 4:1.
Rezultati meritev elektri¢ne prevodnosti, viskoznosti, povrSinske napetosti ter gostote nakazujejo, da vzdolZ preucevane
razredc¢itvene premice potekata dva strukturna prehoda; pri ~27 % (m/m) vode mikroemulzija s kontinuirano oljno fazo
(v/o) najprej preide v bikontinuiran sistem, nakar sledi prehod slednjega v mikroemulzijo s kontinuirano vodno fazo (o/v)
pri ~45 % (m/m) vode. Vgradnja 1 % (m/m) celekoksiba ni vplivala na stabilnost in mikrostrukturo nastalega sistema.
Proucevali smo tudi hitrost in obseg spros¢anja celekoksiba iz posameznih mikroemulzijskih struktur ter ugotovili, da je
spro$¢anje odvisno tako od mikrostrukture kot od solubilizacijske kapacitete sistema in ga je v doloceni meri mogoce
napovedati. Potrdili smo tudi stabilnost mikroemulzij s celekoksibom med 90 dnevnim shranjevanjem pri 40 °C.
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