
Microemulsions are thermodynamically stable, transpar-
ent, isotropic systems, consisting of oil, water and surfactant
with or without a cosurfactant. They are considered ideal for
drug delivery due to their low viscosity, ease of preparation,
improved drug stability and solubility, small droplet size, sur-
factant provoked permeability and protection against enzy-
matic degradation.1) The later characteristics are responsible
for improved permeability of the drug across biological
membranes including the skin. Although the oil and surfac-
tant constituents are known to enhance the solubility of
lipophilic drugs, at higher weight fraction of water (j), their
solubility may be greatly compromised. To overcome this ef-
fect microemulsions containing cyclodexterine have been in-
vestigated. Incorporation of cyclodexterines has been shown
to improve the solubility of the model steroid drug proges-
terone in selected microemulsions by 3300 folds.2) Self Mi-
croemulsifying Drug Delivery Systems (SMEDDS) can be
considered a novel alternative to conventional transdermal
delivery systems.3) SMEDDS are preconcentrated (water-
free) microemulsions, made up of oils and surfactants. Upon
dilution with an aqueous medium and gentle agitation, these
systems can form microemulsions.4) Enhanced solubility and
improved bioavailability are amongst the main advantages of
SMEDDS.

Before SMEDDS can be used as drug delivery systems it
is necessary to characterize the internal structure of the re-
sulting microemulsion. This is highly critical as multiple col-
loidal and coarse dispersions may coexist. Amongst these are
microemulsions, coarse emulsions, various liquid crystalline
systems (hexagonal, reverse hexagonal, lamellar, cubic) and
gels. These can form upon mixing oils, surfactants and water.
Moreover microemulsions are known to have different mi-
crostructures namely oil in water (o/w), water in oil (w/o)

and bicontinuous.5) Elucidating the internal structure of mi-
croemulsions is of a great interest as the phase behaviour of
these systems can influence drug solubility, stability and in
vitro release. Phase behaviour of microemulsions can be
monitored through visual inspection, measuring electrical
conductivity, viscosity, droplets size, density determination,
surface tension measurements, and diffusion coefficient
measurements. Visual observation is one of the first and fore-
most techniques used to establish the phase boundaries and
distinguish microemulsions from coarse emulsions, liquid
crystals and gels. To further differentiate microemulsions
form lamellar liquid crystals one can take advantage of other
experimental techniques such as polarized light microscopy
and viscosity measurements. In general microemulsions dis-
play Newtonian flow with low viscosity whilst liquid crystals
exhibit non-Newtonian flow and are of relatively high viscos-
ity.5) Furthermore viscosity can also be used to study the mi-
crostructure of microemulsions.6—8) Normally o/w micro-
emulsions have a lower viscosity compared to w/o micro-
emulsions in which the more viscous oil forms the external
phase. Measurement of electrical conductivity is another in-
valuable technique for understanding the structural changes
taking place within a microemulsion system with the water
continues phase showing high electrical conductivity as com-
pared to the insulating oil continuous system.1,9,10)

Thermal stability or temperature sensitivity of microemul-
sions can be monitored through measurements of cloud point
(TCloud), also known as Phase Inversion Temperature (PIT) or
hydrophilic lipophilic balance (HLB) temperature. For o/w
and w/o microemulsions, TCloud has been defined as the tem-
perature at which the solubility of the surfactant molecule
changes from water soluble to oil soluble or vice versa.11) At
this temperature the net interfacial curvature of the surfactant
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molecule is changed from positive (o/w microemulsions) to
negative (w/o microemulsions) by passing through a zero
curvature (bicontinuous microemulsions). The TCloud has also
been described as the lowest temperature at which the sample
turns cloudy or separates out into two phases.12,13) Dynamic
light scattering (DLS) or photon correlation spectroscopy
(PCS) is another invaluable technique which is used for
measurement of particle size in the submicron range.

In the present investigation Imwitor 308 was used as the
cosurfactant. The active constituent of Imwitor 308 is glyc-
erylmonocaprylate, monoester (�80%), which is manufac-
tured through esterification and molecular distillation of
caprylic acid and glycerol. In pharmaceutical formulations,
Imwitor 308 is frequently used as a solubilising agent, pene-
tration enhancer, plasticizer and as a co-emulsifier.14) In par-
ticular Imwitor 308 has been used successfully as a cosurfac-
tant to construct pseudoternary phase diagrams with large
microemulsion area.15—17) Podgolar et al. has characterised
the microstructure of Imwitor 308/Tween 40/Isopropyl
Myristate (IPM) pseudoternary system.15,18) However the 
selected microemulsions were only evaluated at a constant
surfactant concentration. As such the effect of dilution of
SMEDDS with an aqueous medium cannot be assessed.
Moreover no attempts were made to identify other colloidal
systems which may coexist within the phase diagram. Moni-
toring the of stability microemulsions with changes in tem-
perature is also a critical step in evaluating colloidal systems,
that has not been reported in the aforementioned studies.15,18)

The aim of this study was to identify novel oil, surfactant/
cosurfactant combinations, which can form a potential
SMEDDS for transdermal delivery of the model steroid
progesterone. The oils selected were IPM and Myritol 318.
The choice of these oils was based on the saturated solubility
of progesterone which was previously reported as 36 mg/ml
(27 °C)19) and 17 mg/ml (25 °C)2) in Myritol 318 and IPM re-
spectively. Various oil/surfactant/cosurfactant combinations
were screened, in order to find a system capable of solubilis-
ing high percentage of water. This selection is based on the
amount of water present in the stratum corneum which is
about 15 to 20% of its dry weight.20) The selected combina-
tions were then used to construct pseudoternary phase dia-
grams. The gradual changes in the microemulsion micro-
structure were investigated by electrical conductivity, viscos-
ity and droplet size measurement. Temperature stability of
selected systems was analyzed through measurement of
cloud point. FT-IR was used to study the state of the water
within the microemulsion (bound or free water).

Experimental
Materials Isopropyl Myristat, Tween 85, Tween 80, Tween 40, Brij 30

and Span 80 were purchased from Sigma-Aldrich (U.S.A.). Myrtiol 318 was
obtained from Cognis Care Chemicals (Germany), Labrasol and Transcutol
P were kindly donated by Gattefossé (Saint Priest Cedex, France). Inwitor
308 was obtained from Sasol (Germany). Cremophor EL was supplied by
BAFS (Germany). All samples were used without any further purification.
Triple-distilled water was obtained in-house by reverse osmosis (MilliQ,
Millipore, U.S.A.).

Method. Screening of Surfactants and Cosurfactants The aim of this
study was to identify potential pseudoternary systems capable of forming a
large microemulsion area. Wmax represents the maximum amount of water
that can be solubilised in the oil surfactant/cosurfactant mixture. This pa-
rameter was used to screen oil and surfactant combinations which can form
the largest microemulsion area. The effect of different surfactants/cosurfac-
tants and Km (mass ratio of surfactant to cosurfactants) on Wmax was investi-

gated. Wmax was measured using the titration method. Mixtures of surfac-
tants and cosurfactants were formulated at different Km ratios (4 : 1, 2 : 1,
1 : 1). The obtained mixtures were then mixed with the oil phase at a weight
ratio of 1 : 1. To this mixture water was added drop-wise under constant
magnetic stirring. Wmax was determined as the point of transition from a
clear, one-phase system to a two phase system. The surfactants used were
Tween 40, Tween 80, Tween 85, Labrasol, Cremophor EL, Brij 30, and Span
80. Imwitor 308 was used as a cosurfactant.

Construction of Pseudoternary Phase Diagrams Pseudoternary phase
diagrams were constructed using the equilibration method. Briefly, predeter-
mined amounts of oil, surfactant/cosurfactant were mixed with water, at am-
bient temperature. Mixtures of surfactant/cosurfactant were formulated at
different Km ratios (4 : 1, 2 : 1, 1 : 1). The ratio of oil to the surfactant mixture
was varied from 9 : 1 to 1 : 9 at 10% increments. Predetermined amount of
this oily mixture was prepared (5—95% w/w), and to this water (95 to 5%
w/w) was added drop-wise under constant magnetic stirring. After being
equilibrated overnight, visual observation and polarized light microscopy
(Leica DMR, GmbH, Germany) were used to identify microemulsions and
differentiate them from various liquid crystalline systems and coarse emul-
sions. The contribution of each system to the total area of the phase dia-
grams was measured by the cut and weight method.21) The phase diagrams
were printed on an A4 paper sheet. The weight of each system and the total
weight of the phase diagram were determined and were then used to calcu-
late the percentage occupied by the different regions.

Electrical Conductivity Measurements The conductivity was meas-
ured at room temperature (22—23 °C) using a Seven Easy Mettler Toledo
(Mettler, Switzerland) conductivity meter with a Mettler Toledo Incap® 730
electrode. All Measurements were autocorrected for the variation in the tem-
perature. The range of application was between 0.01 to 1000 mS/cm with 
accuracy of �0.5%. The preconcentrated formulations (water-free) were
titrated with water. Initially 200 m l of water was added to the preconcen-
trated SMEDDS. The sample was then equilibrated for at least 1 min before
a reading was taken. This was continued until a two phase system formed.
All measurements were carried out at least in duplicate to ensure repro-
ducibility of the results.

Viscosity Measurements The dynamic viscosities (h r) of microemul-
sions were measured with Brookfield DV-III cone and plate rheometer
(Brookfield Engineering Laboratories Inc., U.S.A.) fitted with a CP-40 spin-
dle. The sample cup was connected to the circulating water bath maintained
at 25�0.5 °C. A sample volume of 600 m l was used. The measurements
were made from 75—500 rpm and in triplicate. Data analysis was performed
by Rheocalc V3.1 operating software (Brookfield Engineering Laboratories
Inc., U.S.A.). Viscosity values were recorded at 150 rpm.

Dynamic Light Scattering Measurements Dynamic Light Scattering
(DLS) was used to determine the droplet size of selected microemulsions.
The measurements were made with a Malvern Zetasizer Nano ZS instru-
ment (Malvern Instruments, U.K.). The instrument contained a 4 mW He-
NE laser operating at 633 nm and non-invasive backscattering optics. The
measurements were made at a detection angle of 173° and the measurement
position was automatically selected by the software. The viscosity of the
SMEDDS investigated was used as the viscosity of the dispersant. Each
measurement was made in triplicate at 25 °C and subsequently the average
droplet size (Z-Average) and Polydispersity Index (PDI) were calculated.
The PDI measures homogeneity of the sample. A PDI value of 0.5 or higher
indicates a sample of high heterogeneity/polydispersity.22)

Measurement of Cloud Point (TCloud) The effect of temperature on the
phase behaviour of microemulsions was evaluated through measurement of
the TCloud. TCloud was measured using a Malvern Zetasizer Nano ZS instru-
ment (Malvern Instruments, U.K.) temperature controlled chamber accord-
ing to the conditions set above. The size-temperature trend analysis was
made at a starting temperature of 18 to 20 °C and was increased by 1 °C 
increment. Each sample was equilibrated at the specified temperature for 
at least 2 min. At the end of each measurement the samples were visually 
assessed for optical transparency or sings of phase separation.

Fourier Transform Infrared Spectroscopy (FT-IR) The FT-IR spec-
trum of selected microemulsions were recorded on a Bruker Tensor 37 FT-
IR spectrometer (Bruker Optik GmbH, Germany) using the OPUS software
(OPUS 6.5, Germany). The Absorbance mode was used for all measure-
ments. A clean diamond window was used to measure the background spec-
trum. The FT-IR spectrum of each sample was then recorded at 2 cm�1 spec-
tral resolution with an average of 120 scans. The spectrum of water was re-
solved into bound water, trapped water and free water using the least squares
curve fitting (OMNIC 7.3, Thermo Electron Corporation, U.S.A.). The area
under the curve for each peak was then calculated using OMNIC software.
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Results and Discussion
Screening of Surfactants and Cosurfactants Figure 1

shows the effect of Km (expressed as the weight fraction of
surfactant (% w/w) in the surfactant/Imwitor mixture) on
Wmax determined for systems comprising of IPM and Myritol
318. When IPM was used as the oil phase (Fig. 1A), Tween
40, and Tween 80 showed an increase in Wmax of up to 95%
(w/w) as the Km and HLB reduced. Wmax was similar for both
surfactants at all Km values. Tween 40 (HLB�15.5) and
Tween 80 (HLB�15) are polysorbates, which are derived
form pegylated sorbitin esterified with fatty acids. Tween 85
is a triolate derivative with three saturated hydrocarbon
chains in its lipophilic tail and has a lower HLB value
(HLB�11). Addition of Tween 85 at all investigated Km val-
ues resulted in a lower Wmax which was found to decrease
from 40% (w/w) to 16.7% (w/w) as the Km was reduced to a
weight ratio of 1 : 1. At a Km of 4 : 1 the Tween 85 system had

an HLB value of 10 that reduced to 8.5 with increase in
weight fraction of Imwitor 308. This corresponded to a de-
crease in Wmax. The more hydrophilic surfactants, Tween 40
and 80, showed higher Wmax as the HLB of the surfactant
mixture approached 10.5. Similar results were observed with
the Cremophor EL system which showed a Wmax of 95%
(w/w) when the HLB of its surfactant mixture reduced from
11.6 at a Km of 4 : 1 to 10.5 at a Km of 2 : 1. This trend was
observed for all the surfactants investigated. The optimum
HLB value at which up to 95% (w/w) water could be solu-
bilised was about 10.5—10.8. When the HLB deviates out of
this range a significant decrease in Wmax was observed. The
amount of water solubilised was also dependent on the HLB
value of the individual surfactants. For example Wmax was
less than 5% for Span 80 which is highly lipophilic with an
HLB of 4.3. The most effective systems were Tween 40 (Km

1 : 1), Tween 80 (Km 1 : 1) and Cremophor EL (Km 2 : 1, 1 : 1).
Similar trend was observed when Myritol 318 was used as

the oil phase (Fig. 1B). Maximum amount of water (70%
w/w) was solubilised at an HLB of 10. For systems with
HLB values ranging from 7.85 to 9.5, between 15 to 30%
(w/w) water could be solubilised. The most effective surfac-
tant was Tween 85 (Km 4 : 1), which could solubilise 70%
(w/w) water. The aforementioned trend was observed for all
oils and surfactants investigated, with the exception of Labra-
sol, which could only solubilise less than 10% (w/w) water.

When IPM was used as the oil phase, Tween 40, Tween 80,
Brij 30 and Cremophor EL formed liquid crystals. Further-
more, selected Myritol 318 systems were also capable of
forming liquid crystals. The microscopic appearance of these
liquid crystals was typical of lamellar liquid crystals with the
characteristic oily streaks, maltese crosses and fan-shape tex-
tures (Fig. 2). Liquid crystals were formed at higher water
and surfactant concentration and contributed to 10—30% of
the total area of the phase triangle.

Phase Behaviour Studies In order to investigate the
phase behaviour of the identified surfactant(s)/cosurfactant,
oil(s) and water blends and identify the optimum microemul-
sion area, pseudoternary phase diagrams were constructed.
Systems investigated comprised Myritol 318/Tween 85/
Imwitor/water and IPM/Cremophor EL/Imwitor/water at dif-
ferent Km ratios, as these combinations could solubilise up to
70—95% (w/w) water. Specifically Cremophor EL was pre-
ferred over the Tween 40 and Tween 80 surfactants due to the
higher solubility of the model storied progesterone. The satu-
rated solubility of progesterone in Cremophor EL is about
45�1.94 mg/ml (unpublished data) as compared to 11.9�
2.3 mg/ml and 20.7�1.8 mg/ml for Tween 80 and Tween 40
respectively.23) Figure 3 shows the differences observed in the
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Fig. 1. The Effect of Km (Expressed as Concentration of Surfactant in the
Surfactant/Imwitor Mixture) on Water Solubilisation Capacity Measured for
Selected Surfactants

(A) IPM is used as the oil phase, (B) Myritol 318 is used as the oil phase.

Fig. 2. Polarized Light Micrographs Showing (A) Lamellar Liquid Crys-
tals with Characteristic Oily Streaks (IPM/Tween 40/Imwitor 308/Water) at
10� Magnification, (B) Maltese Crosses (IPM/Brij 30/Imwitor 308/Water)
at 10� Magnification, (C) Maltese Crosses Outlying the Characteristic Fan-
Shaped Texture (IPM/Brij 30/Imwitor 308/Water) at 40� Magnification



microemulsion area at different Km ratios. For the Cremophor
EL and Tween 85 systems, the optimum surfactant/cosurfac-
tant ratio was at a Km of 1 : 1 and 4 : 1 respectively. In both
systems a large liquid crystalline area could also be observed
with increase weight fraction of the cosurfactant. Imwitor
308 is a lipophilic cosurfactant with lesser tendency to dis-
solve into water. At lower concentrations (Km 4 : 1) less
Imwitor 308 is incorporated into the lipophilic tail of the sur-
factant and at the interface leading to the long range order
and packing of the surfactant molecule and hence the forma-
tion of liquid crystals (Table 1). The high concentration of
Imwitor (Km 2 : 1) destroyed this surfactant arrangement,
which consequently reduced the size of the liquid crystalline
region. No liquid crystalline region was observed at a ratio of
1 : 1.

Despite the large Wmax of the Tween 85 system (Km 4 : 1),
the microemulsion area was small. In an attempt to further

optimize the phase boundary, the effect of a secondary cosur-
factant, Transcutol P, was investigated. At a Km of 4 : 1, Tran-
scutol P significantly enlarged the microemulsion area with-
out further affecting Wmax. At higher concentrations however,
Wmax was reduced, consequently destroying the microemul-
sion and the liquid crystalline phases. Transcutol P (diethyl-
ene glycol monoethyl ether) has a smaller molecular volume
(224.48 cm3/mol)24) compared to Imwitor 308 (613.73 cm3/
mol),25) and thus can be easily incorporated into the inter-
face, with its lipophilic tail perturbing the long range packing
of the surfactant. In other words it can act as a typical cosur-
factant. Although Transcutol P is highly lipophilic (HLB
value of 4.2), some of it can escape from the interface into
the aqueous phase due to its amphiphilic nature. Thus at a Km

of 1 : 1, high concentration of Transcutol P in the aqueous
phase may minimize Wmax and destroy the microemulsion
area. This phenomenon might be highly important in the
view point of SMEDDS and supersaturated systems. Within
the aqueous phase Transcutol P may act as a cosolvent.
When water is absorbed into the saturated SMEDDS, the ex-
tent of supersaturation can be minimized leading to a lower
penetration rate across the skin. Systems comprising of
IPM/Cremophor EL (50% w/w)/Imwitor (50% w/w) and
Myritol 318/Tween 85 (64% w/w)/Transcutol P (20%
w/w)/Imwitor (16% w/w) were selected for further character-
ization. Cremophor EL pseudoternary systems were charac-
terized across the 7 : 3 and 5 : 5 dilution lines, whilst Tween
85 pseudoternary systems were characterized across the 4 : 6
and 2 : 8 dilution lines.

Conductivity Measurements Figure 4A is a representa-
tive electrical conductivity (s) versus water weight fraction
(j) plot for the Cremophor EL system (7 : 3 dilution line).
The curve can be divided into three distinct parts. Initially
the electrical conductivity is very low (less than 5 ms/cm�1)
and increases slowly as the j increases up to about 10%
(w/w). This is followed by a steep increase in the conductiv-
ity up to 40% (w/w) water. Above this the conductivity of the
system increases slightly and reaches a plateau. Figure 4B
demonstrates that the maximum change in the conductivity
(ds /dj) is observed around 23% (w/w) water. Such behav-
iour can be explained though the concept of percolation.26,27)

At a critical point in the system, known as the percolation
threshold (jC) bicontinuous or o/w microemulsions are
formed.28)

In the present investigation jC was estimated as the maxi-
mum change (ds /dj) in the electrical conductivity (ds) rel-
ative to changes in water weight fraction (dj) (Fig. 4B). For
the 7 : 3 dilution line of the Cremophor EL pseudoternary
system jC was approximately 23% (w/w). This value in-
creased to 31% (w/w) when the surfactant concentration was
increased to 50% (5 : 5 dilution line). The Tween 85 mi-
croemulsions behaved similar to the Cremophor EL, with the
system undergoing percolation transition around 21% (w/w)
and 25% (w/w) water at 6 : 4 and 8 : 2 dilution lines respec-
tively. Such increase in the jC may be attributed to greater
interaction of water molecules with the ethylene oxide head
groups (increase hydration of ethylene oxide groups) as the
surfactant concentration is increased. In effect it has been
found that jC is dependent on the interaction of water mole-
cules with each other and the surfactant head group, which in
turn will effect the probability of forming water clusters or
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Fig. 3. Pseudo-Ternary Phase Diagram of Microemulsion Systems Com-
prising

IPM/water/Cremophor EL (0.80% w/w)/Imwitor 308 (0.20% w/w), (B) IPM/water/
Cremophor EL (0.67% w/w)/Imwitor 308 (0.33% w/w), (C) IPM/water/Cremophor EL
(0.50% w/w)/Imwitor 308 (0.50% w/w), (D) Myritol 318/water/Tween 85 (0.80%
w/w)/Imwitor 308 (0.2% w/w), (E) Myritol 318/water/Tween 85 (0.67% w/w)/Imwitor
308 (0.33% w/w), (F) Myritol 318/water/Tween 85 (0.50% w/w)/Imwitor 308 (0.50%
w/w), (G) Myritol 318/water/Tween 85 (0.64% w/w)/Imwitor 308 (0.16% w/w), Tran-
scutol P (0.20% w/w), (H) Myritol 318/water/Tween 85 (0.54% w/w)/Imwitor 308
(0.13% w/w), Transcutol P (0.33% w/w), (I) Myritol 318/water/Tween 85 (0.40%
w/w)/Imwitor 308 (0.10% w/w), Transcutol P (0.50% w/w), W: water, O: oil, SCo/S:
surfactant/cosurfactant mixture. The arrows represent dilution lines investigated.

Table 1. Percentage of Different Phases as a Function of the Total Area of
the Phase Diagram Presented in Fig. 3

System
Microemulsion Liquid crystal Coarse emulsion 
area (% w/w) area (% w/w) area (% w/w)

A 36.11 19.86 0
B 49.17 17.22 6.90
C 64.15 12.60 4.55
D 20.78 28.65 0
E 30.56 4.65 0
F 27.87 0 15.59
G 40.38 5.7 0
H 24.55 0 9.11
I 6.82 0 2.50



continuous channels.6) Low values of jC can be the direct re-
sult of strong attractive interaction of water molecules in the
system.29) Microemulsion systems based on ionic surfactant
AOT and Tween 85 have been shown to undergo percolation
transition around 4% water.7)

Viscosity Measurements The dynamic viscosity was
measured for all systems as a function of j . All microemul-
sion samples showed Newtonian flow behaviour. For the Cre-
mophor EL pseudoternary system the viscosity ranged from
18—34 mPa · s across the 7 : 3 dilution line, and increased by
a factor of 2 as the ratio of surfactant to oil increased (Table
2). Similar trends were observed for Tween 85 pseudoternary
system, although the viscosities were much higher as com-
pared to the Cremophor EL system.

A representative dynamic viscosity versus j plot (Cre-
mophor EL pseudoternary system) at the 7 : 3 dilution line is
shown in Fig. 5. The plot can be divided into two parts. Ini-
tially the viscosity increases from 18 mPa · s to a maximum of
34 mPa · s as the weight of water rises to 20% (w/w). This is

followed by a gradual decrease in the dynamic viscosity as
the j further increases. The existence of a maximum at 20%
(w/w) water is indicative of the presence of two possible col-
loidal structures. Namely, the transition of oil continuous mi-
croemulsion to bicontinuous or water continuous form. The
initial increase of viscosity indicates the presence of droplets
within the core of the system. True colloids obey Einstein
equation (h�h · (1�2.5j)).5) Below 20% (w/w) the attrac-
tive interaction and molecular reorganization of droplets at
the interface will dominate. Above 20% (w/w) the viscosity
changes are gradual, which is characteristic for bicontinuous
systems.6,10,30)

The above changes in the viscosity were observed for 3 : 7,
5 : 5 dilution lines of the Cremophor EL pseudoternary sys-
tem as well as 4 : 6 and 2 : 8 dilution lines of the Tween 85
pseudoternary system, and were in agreement with the con-
ductivity data. The data are summarized in Table 2.

Dynamic Light Scattering (DLS) DLS was only effec-
tive for 7 : 3 dilution line of Cremophor EL and 4 : 6 dilution
line of Tween 85 system, for which a single polydispersed
peak was obtained. At higher surfactant concentrations, DLS
showed polymodal distribution with polydispersity of �0.50.
As these concentrated microemulsions were diluted, a single
monodispersed peak started to emerge again. The observa-
tion of a monomodal distribution corresponded well with the
onset of percolation observed in viscosity and conductivity
measurements (Table 3). Overall clear changes in the average
droplet size were observed for 7 : 3 dilution line of Cre-
mophor EL system and 4 : 6 dilution line of Tween 85.

In general the droplet size was small, ranging from 1.5 to
12 nm. This is in line with previously published data.31—33)

The Tween 85 system displayed the characteristic swelling
profile observed when the j of dispersed phase (water) is in-
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Fig. 4. Variation in, (A) Electrical Conductivity (s), (B) ds /dj , with j
(Expressed as % w/w) along the 7 : 3 Dilution Line of Cremophor EL
Pseudoternary System

Table 2. Viscosity Values of Pseudoternary Systems at 0% Water
(SMEDD) and at jC (Microemulsion) for Selected Dilutions Lines

Viscosity (mPa · s)
Dilution line

0% water (SMEDDS) jC (microemulsion)

Cremophor EL (7 : 3) 18.09�0.73 34.87�1.76
Cremophor EL (5 : 5) 36.93�0.03 61.48�0.01
Tween 85 (4 : 6) 68.01�0.01 104.72�3.60
Tween 85 (2 : 8) 80�0.01 104.20�1.57

Fig. 5. Variation in Dynamic Viscosity (h) as Function of j (Expressed as
% w/w) across the 7 : 3 Dilution Line of Cremophor EL Pseudoternary Sys-
tem

Results are presented as mean values�S.D., n�3.

Table 3. Summary of the j (Expressed as % w/w) at Which the Transition
from w/o Microemulsion to Bicontinuous or o/w Microemulsion Was Ob-
served

Surfactant
Dilution Electrical 

line conductivity
Viscosity DLS

Cremophor EL 7 : 3 23% w/w 20% w/w 15% w/w
Cremophor EL 5 : 5 31% w/w 30% w/w 30% w/w
Tween 85 4 : 6 21% w/w 15% w/w 15% w/w
Tween 85 2 : 8 24% w/w 25% w/w 35% w/w

The values were obtained by the following techniques; electrical conductivity, vis-
cosity and DLS measurements.



creased. The droplet size increased by 47% (w/w) to 3.5 nm
as the j increased to 15% (w/w). This was followed by a
gradual decreased in size. Conversely for the Cremophor EL
system a decrease in the droplet size was observed for up to
15% water after which the size remained fairly constant.
With increase in water content larger globules or assembly of
molecules may form that are very close to each other. This
was the case for the Tween 85 system. For the Cremophor EL
system, it is possible that some of the added water dissolved
in the surfactant head group. A decrease in the particle size
may also suggest an increased number of the droplet rather
than their size with increased j .34)

The viscosity, conductivity, and DLS studies all suggest
that the Cremophor EL (7 : 3 dilution line) and Tween 85
(4 : 6 dilution line) pseudoternary systems percolate around
15 to 25% water. Above these values bicontinuous or o/w mi-
croemulsions are expected to form. As the preconcentrated
microemulsion is diluted, the droplet structure may transform
from spherical to rod shape reverse micelles, lamellar liquid
crystals and bicontinuous or o/w microemulsion.35) Further
dilution will eventually give rise to a coarse o/w emulsion.

Cloud Point (TCloud) Determination Temperature de-
pendent phase behaviour is one of the major problems asso-
ciated with microemulsions, especially when dealing with
non ionic surfactants. An ideal formulation should remain as
a one-phase transparent system at its storage temperature and
at the temperature of its intended use.

TCloud was measured at a constant j (30% (w/w) water)
and at a constant weight ratio of oil to surfactant across the
dilution lines listed in Table 3. In general TCloud ranged from
20 °C for pseudoternary systems with high percentage of
water to �100 °C for pseudoternary systems with lower
water content. TCloud was inversely related to water content of
the sample, increasing exponentially as the j decreased.
Conversely TCloud did not change significantly at constant j
with the exception of pseudoternary systems containing high
percentage of surfactant (�90%), where the TCloud increased
by about 5—10 °C. Instability or phase separation of samples
observed at TCloud can be related to the temperature depend-
ent solubility of the surfactant molecules.36,37) Increase in the
temperature may result in a decrease in the solubility of the
surfactant in water, the dehydration of the head group and
phase separation.

The Tween 85 pseudoternary system (at the 4 : 6 dilution
line) had a slightly higher TCloud compared to the Cremophor
EL pseudoternary system. This is noticeable in w/o micro-
emulsions at a lower water concentration. This can be attrib-
uted to the greater hydrophilicity (higher HLB) of the Tween
85 compared with the Cremophor EL. Moreover the amount
and the molecular volume of the oil phase may contribute to
the temperature sensitivity of the microemulsions. For exam-
ple it was observed that larger molecular volume oils tend to
have a higher TCloud compared to smaller volume oils for o/w
microemulsions.38) Smaller molecular oils may penetrate into
the interface behaving as cosurfactant and thus resulting in a
more asymmetrical structure with lower TCloud. Although this
explanation was applied to o/w systems, the results of the
current investigation shows that w/o Cremophor EL micro-
emulsions containing the lower molecular volume oil (IPM)
have also a lower TCloud. However it is acknowledged that the
oil and surfactant composition of these two pseudoternary

systems are variable and a direct comparison of the effect of
the oil and surfactant phase is difficult.

TCloud was also measured at a constant weight of water
(30% w/w), whilst changing the ratio of oil to the surfactant
mixture. For the Cremophor EL pseudoternary system, TCloud

was constant for up to 75% surfactant above which a signifi-
cant increase was observed. Conversely, the Tween 85
showed an initial decrease in TCloud for up to 80% surfactant,
above which it increased linearly with the surfactant concen-
tration. These findings may be due to the stronger interaction
of water molecules with the surfactant head group at higher
fraction of surfactant and possible changes in droplet shape.
Overall Tween 85 and Cremophor EL pseudoternary systems
containing up to 35% and 25% water respectively were stable
at 32 °C.

FT-IR Spectroscopy Figure 6 shows the percentage of
each type of water as a function of total water content within
the microemulsion. Initially the percentage of bound water
was large compared to free water or trapped water. These
water molecules are likely to be bound to the head group of
the surfactant. As the j is increased, the surfactant head
group starts to become saturated. This leads to the interaction
of water molecules with each other, which can results in for-
mation of aggregates and eventually bicontinuous water
channels. This corresponds to an increase in percentage of
free water and a decrease in percentage of bound water (Fig.
6). On the other hand the percentage of trapped water did not
change with changes in microemulsion structure and con-
tributed to only 10% of the total water content. This is in line
with previously reported data.42) At 50% water the contribu-
tion from each type of water is similar to that of free water
with free water molecules dominating amongst the three
types of water. Moreover a downshift in the OH stretching
frequency of free water component was observed. Increasing
the free water molecule in the system will minimizes the os-
cillation of the OH stretching (due to increase hydrogen
bonding) leading to a downshift in OH frequency.

Conclusion
Novel Imwitor 308 based SMEDDS were investigated as

potential transdermal delivery systems for the model steroid
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Fig. 6. Percentage Area of Free Water ( ), Bound Water ( ) and Trapped
Water (�) as a Function of Total Water Content (Wo) across the 7 : 3 Dilu-
tion Line of Cremophor EL Pseudoternary System

Free water represents water molecules interacting with each other, bound water rep-
resents the water molecules which are interacting with the surfactants head group and
trapped water represents the non hydrogen bonded monomers trapped between the sur-
factant chains. The total water content is the sum of fee water, bound water and trapped
water.



progesterone. Preliminary screening of oils and surfactants
demonstrated that IPM/Cremophor EL (50% w/w)/Imwitor
(50% w/w) and Myritol 318/Tween 85 (64% w/w)/Transcutol
P (20% w/w)/Imwitor (16% w/w) SMEDDS were capable of
forming microemulsions when diluted with water. The result-
ing pseudoternary systems were shown to undergo phase
transition (from w/o to bicontinuous or o/w microemulsion)
at about 15—35% water. This was further supported by
droplet size and FT-IR measurements. FT-IR data showed
that the percentage of bound water will dominate below jC

where w/o microemulsions are present. Furthermore the se-
lected SMEDDS were found to be stable at skin temperature
(32 °C) when diluted with up to 30% water. When applied to
the skin (under occultation) these systems have the potential
to absorb water and form a microemulsion. Dilution with
water will reduce the saturation solubility of the drug, lead-
ing to a supersaturated solution with higher thermodynamic
activity. Such a formulation can remain stable upon storage,
yet offer enhanced transdermal drug flux through the skin.
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