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bstract

The influence of progesterone on the physicochemical behaviour of the o/w microemulsion consisting of the non-ionic surfactant polyoxyethylene-
0-dodecyl ether, tributyrin and water was investigated. Thereby no significant influence could be detected in terms of droplet size, zeta potential,
onductivity and pH by progesterone. However the chemical stability of progesterone was insufficient during the storage of 6 months. Therefore,
wo different polymeric agents, named silicon dioxide and polymeric emulsifier, were added to the progesterone containing microemulsions. These

olymers increased the chemical stability of progesterone significantly. Moreover the polymeric additives improved the skin permeation 1.24-
nd 1.63-fold and decreased the skin retention in relation to the pure microemulsion. The polymer-stabilized progesterone microemulsions are
nteresting vehicles for skin application of progesterone.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Microemulsions are thermodynamically stable o/w or w/o
mulsions with droplet sizes in the sub-micron range (Lee
t al., 2003). In general, they consist of an oil phase, a sur-
actant, a cosurfactant and an aqueous phase (Rhee et al.,
001). Surfactants are necessary to minimize the hydrophobic
nteractions between the phases and maintain stable formula-
ions. Surfactants and oil phase as well as the cosurfactant
re able to act as penetration enhancers for transdermal drug
elivery (Trotta et al., 1990). This mechanism of action is
aused by reducing the barrier properties of the skin by dis-
upting lipid bilayers within the stratum corneum (Gloor et
l., 2003; Lee et al., 2003). The use of a non-ionic surfac-
ant such as n-alkyl polyoxyethylene ether does not require a
osurfactant. This is a desirable fact because the cosolvents are
ften not pharmaceutically acceptable and irritative (Lehmann

t al., 2001). The chosen oil tributyrin is skin compatible and
idely used in cosmetic and food preparations (Hamdam et al.,
996).
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Numerous advantages like transparency, ease of preparation,
rotection of labile drugs, increase of bioavailability, control
f drug release and increase of drug solubility can be associ-
ted with microemulsions (Lawrence and Malcolmson, 1993). In
eneral microemulsions exhibit low viscosity (Warisnoicharoen
t al., 1999; Valenta and Schultz, 2004). Polymers can be added
n order to increase viscosity (Peltola et al., 2003; Valenta and
chultz, 2004; Biruss et al., 2006) as well as to stabilize the for-
ulations (Huang et al., 1987), or to improve the solubilization

apacity (Sottmann, 2002).
The transdermal delivery of progesterone would provide

umerous advantages compared to other routes of adminis-
ration, especially concerning metabolism, negative systemic
ide effects, dosage and patient compliance (Biruss et al.,
006; Biruss and Valenta, 2006, 2007). For the present
tudy a cosurfactant-free o/w microemulsion with tributyrin
s oily component was selected to incorporate progesterone.
n order to gain information about the physicochemical prop-
rties following data should be obtained: droplet size, zeta
otential, conductivity, pH values and phase inversion tem-

erature. The aim was to improve the chemical stability
f progesterone and to increase the skin permeation by
ddition of silicon dioxide or polymeric emulsifier to the
icroemulsion.

mailto:claudia.valenta@univie.ac.at
dx.doi.org/10.1016/j.ijpharm.2007.08.003
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. Materials and methods

.1. Materials

Progesterone, polyoxyethylene-10-dodecyl ether and trib-
tyrin were obtained from Sigma (St. Louis, USA). Silicon
ioxide (Aerosil) was purchased from ACM (Au). Polymeric
mulsifier (Pemulen TR 1) was donated from Noveon GmbH
Ge).

.2. Preparation of the microemulsion

Based on preliminary tests such as optimal skin feeling
nd visual expertise a microemulsion consisting of 2.50 g
olyoxyethylene-10-dodecyl ether, 0.34 g tributyrin, 7.20 g
istilled water was chosen for investigation. In the proges-
erone containing microemulsion a final drug concentration
f 1% (w/w) was used. For the preparation the drug was
ixed with oil and surfactant and heated up to about

0 ◦C. The resulting mixtures were carefully titrated by hot
istilled water and stirred. At higher temperatures (above
0 ◦C) milky emulsions were observed. At about 45 ◦C the
loudy emulsions turned into isotropic, completely transparent
icroemulsions.

.2.1. Gelified microemulsions
After preliminary viscosity measurements 2% (w/w) of poly-

eric emulsifier and 6% (w/w) of silicon dioxide were added
irectly to the microemulsions by gentle stirring in order to
eceive optimal applicable semisolid formulations. The swelling
ime was 24 h. All vehicles were transparent with the exception
f silicon dioxide containing preparations.

.3. Physicochemical characterisation of the
on-polymeric microemulsions

.3.1. Optical microscopy
In a first step the microemulsions with and without pro-

esterone were observed by optical microscope in polarized
ight at room temperature (Caboi et al., 2005). Thereby
he isotropic behaviour of the microemulsion should be
erified.

.3.2. Droplet size
The droplet size of the microemulsions with and without

rogesterone was analysed by laser diffraction with a Zetasizer
ano ZS (Malvern Instruments). Three parallel measurements
ere at least performed at 25 ◦C. Subsequently the average size
as calculated. The polydispersity index (PDI) describes the
omogeneity of the samples. Low values indicate homogenous
esicles, PDI values larger than 0.5 indicate a higher heterogene-
ty.
.3.3. Zeta potential
As further characterisation parameter the zeta potential val-

es were analysed by laser Doppler electrophoresis with a

m
t
l
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etasizer Nano ZS (Malvern Instruments) over an observa-
ion interval of 4 weeks. The measurements were calculated by
elmholtz–Smoluchowski equation.

.3.4. Conductivity
In order to verify if the phase behaviour of the microemulsion

he conductivity was evaluated by the Zetasizer Nano ZS.

.3.5. Micro-differential scanning calorimetry (micro-DSC)
In order to gain information about the microstructure of the

icroemulsion micro-DSC measurements of the non-polymeric
icroemulsions with and without progesterone were performed

Setaram III, F). Nitrogen was used as purge gas. Approximately
00 mg of sample were weighed precisely into a batch cell. As
eference an air filled batch cell was used. After an equilibration
ime of 20 min a heating procedure from 80 ◦C to 20 ◦C was
erformed and afterwards a cooling procedure at the same tem-
erature range with a scanning rate of 1 K/min was performed.

.4. Chemical stability

Beside the physicochemical properties and the skin perme-
tion, the chemical stability of the investigated drug in the
ehicle plays a major role. Therefore the drug content was anal-
sed at defined time intervals for an observation period of 6
onths. During the observation period the formulations were

tored in tubes under room temperature to stimulate patient
sage conditions (Biruss et al., 2006).

For the experiment a defined amount of each formulation
ontaining progesterone was dissolved in 1 ml methanol and
entrifuged for 6 min. Twenty microlitres were analysed by
PLC. The comparison of the resulting chromatograms demon-

trated that the main peak decreased and degradation products
ccurred within the observation period as additional peaks. The
rogesterone content was analysed on the day of preparation and
uoted as 100%.

.5. Rheological experiments

For characterisation of the drug-free and the progesterone
ontaining microemulsions without polymers viscosity mea-
urements were performed on a Haake MARS rheometer. As tool
thermostatically controlled plate/plate with 60 mm in diame-

er (PP60/Ti) was used. For characterisation of the drug-free
nd the progesterone containing microemulsions with polymers
iscosity measurements were performed on a Haake rheometer
otovisco RT 20 (Haake, Karlsruhe, Germany, thermo controller
aake F6/8). As tool a thermostatically controlled cone/plate
ith 35 mm in diameter and 2◦ angle (C35/2Ti) was used.
The plate temperature was 20 ± 1.5 ◦C and the applied sam-

le amount was about 1 g.
The following parameters were used: controlled rate (CR)

odus, γ = 1–100 s−1; 100–1 s−1; 20 ± 1.5 ◦C. In brief, CR

odus means that a controlled shear rate is applied. In order

o receive a better comparison between the results of all formu-
ations the viscosity values at a Gp of 4.9 s−1 were compared.
ll rheological experiments were performed in triplicate.
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Table 1
Physicochemical characterisation of the non-polymeric microemulsions with
and without progesterone measured at the day of preparation; n = 3

Parameter Microemulsion
without
progesterone

Microemulsion with
progesterone

Average droplet size (nm) 5.41 ± 0.02a 5.50 ± 0.14b

Zeta potential (mV) −9.34 ± 0.19 −13.24 ± 5.97
Conductivity (mS/cm) 0.33 ± 0.002 0.32 ± 0.003
pH value 5.54 5.72
Phase inversion temperature (◦C) 45.5 ± 0.4* 44.5 ± 0.4*
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.6. Skin permeation

The diffusion of progesterone was investigated using Franz-
ype permeation cells thermostated at 32 ◦C (Permegear, US).
he excised porcine skin prepared by a dermatome (GB 228R,
esculap, Ge) set at 1.2 mm was mounted in the diffusion cell
ith the stratum corneum uppermost. An amount of 0.6 g of each

ormulation was applied. The receptor compartment consisted of
ml propylene glycol/water (40 + 60 w/w) and was constantly

tirred by a magnetic bar. At defined time intervals 200 �l of
eceptor media were analysed and replaced by new medium.
or all formulations minimum three parallel experiments were
erformed. The progesterone content was analysed by HPLC as
reviously reported (Biruss and Valenta, 2006).

.7. Skin retention

Skin retention experiments were performed in order to anal-
se the content of progesterone stored in skin after 48 h of
iffusion. At the end of the experiment the skin samples were
arefully washed with distilled water and methanol on both sides
nd carefully dried. Afterwards a defined amount of methanol
as added to each piece of skin. The samples were vortexed for
0 min and stirred overnight.

.8. HPLC analysis

The progesterone content of skin diffusion, skin retention
nd chemical stability experiments was analysed by HPLC
Perkin-Elmer, US) according to an established method (Biruss
nd Valenta, 2006) using a Nucleosil 100 5 C-18 column
240 mm × 4.6 mm) as stationary phase and methanol/water
90 + 10 w/w) as mobile phase. The detection wavelength was
40 nm. The retention time was about 4.2 min. The flow rate
as 1 ml/min. Twenty microlitres of each sample were injected.
alibration curves were calculated on the basis of peak area mea-

urements. They were generated with a correlation coefficient
f 1.0. The concentration range for progesterone was between
.73 �g/ml and 123.7 �g/ml.

.9. Statistical data analysis

Results are expressed as the means of at least three experi-
ents ± S.D. Statistical data analysis was performed using the
tudent’s t-test with p < 0.05 as a minimal level of significance.
LSTAT version 5.2. software was used for statistical analyses.

. Results and discussion

.1. Formulations

For the present investigations one o/w microemulsion con-
isting of a non-ionic surfactant, distilled water and tributyrin

as selected to incorporate progesterone. Volatile, transparent
reparations were obtained. Two additives, silicon dioxide and
olymeric emulsifier were chosen, on one hand to improve adhe-
ion and applicability on skin and on the other hand to increase

b

w

PDI (polydispersity index) = 0.27–0.29.
b PDI = 0.25–0.27.
* Means a significant difference.

he viscosity and the chemical stability of progesterone. After
irect addition of these additives semisolid formulations were
eceived.

.2. Physicochemical characterisation of the
on-polymeric microemulsions

The influence of progesterone on different physicochemi-
al properties was analysed. The isotropic behaviour of the
icroemulsion could be proven by polarisation microscopy,
here no changes were seen by the incorporation of proges-

erone.
For all these investigations it was looked whether proges-

erone had an influence. In Table 1 it can be seen that this is not
he case. The droplet sizes are in the same range. This might
ndicate that the drug is well solubilised and incorporated in the
ehicle. The droplet size of microemulsions usually ranges from
0 nm to 100 nm. In comparison the investigated microemulsion
s very small. The formation of microemulsions is a spontaneous
rocess. The size of the droplets strongly depends on the com-
osition of the microemulsion. This fact makes the importance
f exact investigation of the microemulsion’s droplet size more
bvious.

It can be seen that progesterone did not influence any of the
hysicochemical values with exception of the phase inversion
emperature.

As further parameter the zeta potential was evaluated. For
icroemulsions with non-ionic surfactants the zeta potential

Table 1) can be used to analyse the charge of the system. It can
e seen that the microemulsional system is negatively charged
hich might be caused by tributyrin. In order to achieve physi-

al stability information of the microemulsion, the zeta potential
as measured over an observation period of 4 weeks. The weekly
easured values are summarized in Fig. 1. As seen the zeta

otential values in the microemulsion did not change signifi-
antly during the observation period of 4 weeks independent of
rug content. Thereby it is confirmed that the physical stability
f the microemulsion will be high.
The conductivity measurements confirm an oil in water phase
ehaviour.

Another interesting point is the phase inversion temperature,
here the cloudy dispersions turn into completely transparent,
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Fig. 2. The chemical stability of progesterone in microemulsions with and with-
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ig. 1. Values of the zeta potential in the pure microemulsions with and without
rogesterone after an observation period of 4 weeks in mV; n = 3 (� microemul-
ion without progesterone; � microemulsion with progesterone).

sotropic, volatile microemulsions. The temperature represented
y an exothermic peak (curves not shown) can be seen in Table 1.
rogesterone decreased this phase inversion temperature for
◦C significantly. This value is highly reproducible on the used
ery sensitive microcalorimeter. Although this is a rather small
ifference it could be an indication for an interaction between
rogesterone and the microemulsional structure.

.3. Chemical stability

The chemical stability of progesterone in the microemul-
ion was insufficient. As seen (Fig. 2) 46% of progesterone
egraded in the pure microemulsion after 6 months. Whereas
he addition of polymeric emulsifier increased the stability of
rogesterone up to 64% and the addition of silicon dioxide
ncreased it to 70% (Fig. 2). The improved stability obtained
y the polymeric additives might be caused by an interaction
etween the microemulsion droplets and the polymers (Huang
t al., 1987). With regard to the chemical structure of silicon
ioxide it is likely that strong hydrogen bonding between the
ilanol and siloxan groups of the polymer and the microemul-
ion leads to a higher chemical stability compared to polymeric
mulsifier.

.4. Rheological investigations
The results of the viscosity measurements are listed in
able 2. The viscosity data of the pure microemulsion is about
.45 Pa s, independent of whether progesterone is incorporated

m
o
2

able 2
omparison of the viscosity of all formulations at a Gp of 4.9 s−1 measured at 20 ± 1

Pure microemulsion ± S.D.

(Pa s) (progesterone) 0.45 ± 0.09
(Pa s) (placebo) 0.43 ± 0.07

* Means a significant difference.
ut polymeric additives after a storage duration of 6 months (�) in % (w/w);
= 3. The amount of progesterone at the day of preparation is quoted as 100%
�).

r not. By addition of polymeric emulsifier or silicon dioxide
he viscosity is increased about 50- and 20-fold, respectively
ompared to the polymer-free microemulsion. By the addition
f progesterone the viscosity is further increased in both sys-
ems. A reason might be a difference in solubilisation capacity
or progesterone induced by the polymers.

.5. Skin diffusion

The results after 48 h of skin diffusion are summarized in
ig. 3. As indicated the polymers were able to increase proges-

erone skin diffusion. By addition of silicon dioxide the skin
ermeation was 1.24-fold and by addition of polymeric emul-
ifier the skin diffusion was 1.63-fold enhanced after 48 h of
iffusion.

The used polymeric emulsifier is a copolymer of acrylic acid
odified by long chain (C10–C30) alkyl acrylates cross-linked
ith allylpentaerythritol. With regard to the chemical structure a

eason for the better skin diffusion of polymeric emulsifier com-
ared to silicon dioxide can be seen in its lipophilic structure.
A general reason for the improved skin diffusion by poly-
eric emulsifier and silicon dioxide might be a possible increase

f progesterone solubility by the polymers (Biruss and Valenta,
006). Moreover the skin adhesion is improved by the polymers.

.5 ◦C; n = 3

Polymeric emulsifier ± S.D. Silicon dioxide ± S.D.

29.00 ± 0.14* 18.31 ± 2.84*

21.90 ± 6.00* 8.50 ± 4.76*
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ig. 3. Permeated amount and skin retention of progesterone containing
icroemulsions with and without polymers in % (w/w) after 48 h of diffusion;
= 3 (� permeated amount; � skin retention).

n contrast the more progesterone permeates the less proges-
erone is retained in skin (Fig. 3).

. Conclusion

It can be concluded that the addition of silicon dioxide and
olymeric emulsifier to an o/w microemulsion increased the
hemical stability of progesterone and increased the skin per-
eation. Therefore these systems are interesting multifunctional

ehicles for the dermal application of progesterone. Indeed to
ispose a general rule for other different polymers would be too
enturous because the skin permeation and chemical stability

ehaviour of a dermal formulation depend on numerous param-
ters such as type of polymer, composition of microemulsion and
rug. Therefore different formulations with different polymers
hould be individually investigated in further studies.
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