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ABSTRACT

The objectives of this project were to evaluate the
effect of alkanols and cyclodextrins on the phase be-
havior of an isopropyl myristate microemulsion sys-
tem and to examine the solubility of model drugs.
Triangular phase diagrams were developed for the
microemulsion systems using the water titration
method, and the solubility values of progesterone and
indomethacin were determined using a conventional
shake-flask method. The water assimilation capacities
were determined to evaluate the effective microemul-
sion formation in different systems. The akanols
showed higher microemulsion formation rates at
higher concentrations. A correlation between the car-
bon numbers of the alkanol and water assimilation
capacity in the microemulsions studied was observed;
isobutanol and isopentanol produced the best results.
The addition of cyclodextrins showed no effect or had
a negative effect on the microemulsion formation
based on the type of cyclodextrin used. Isopropyl
myristate—based microemulsion systems aone could
increase the solubility values of progesterone and in-
domethacin up to 3300-fold and 500-fold, respec-
tively, compared to those in water. However, the addi-
tion of cyclodextrins to the microemulsion systems
did not show a synergistic effect in increasing the
solubility values of the model drugs. In conclusion,
microemulsion systems improve the solubility of pro-
gesterone and indomethacin. But the two types of
cyclodextrins studied affected isopropyl myristate—
based microemulsion systems negatively and did not
improve the solubilization of 2 model drugs.
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INTRODUCTION

Solubilization of hydrophobic drugs with low aqueous
solubility has been a major area of interest in recent
years. Various solubilization techniques involve usage
of cosolvents and surfactants along with pH adjust-
ments. Applications of cyclodextrins (CDs) and mi-
croemulsions (MEs) have also drawn attention in the
field of solubilization techniques. MEs are optically
isotropic and thermodynamically stable systems of
water, oil, surfactant, and cosurfactant and are known
to enhance the bioavailability of drugs viatopica and
systemic routes. For instance, the ME formulations of
cyclosporin, a highly lipophilic and poorly agueous-
soluble drug, have been shown to improve ora
bioavailability and decrease absorption variation."?
MEs have been considered as topical,** transdermal
parenteral,® and vaginal’ drug delivery systems based
on their favorable solubilization and transport en-
hancement properties.

Recently, CDs have been used in various drug deliv-
ery systems.* CDs have been shown to improve the
solubility, stability,”® and bioavailability™* of drugs.
Two types of beta-hydroxy CDs—namely, Trappsol
HPBCD (beta-hydroxypropyl-CD) and Captisol (sul-
fobutyl ether 4-beta-CD)—were examined in the cur-
rent study. These 2 CDs were chosen because of their
low systemic toxicity.™

To date, few researchers have examined a combina-
tion of ME and CD systems. Dalmora and others®
worked on a CD-based ME system to improve the
delivery of piroxicam. But no attempt has been made
to fully characterize the ME systems containing CDs.
One of the aims of this current project was to study
the effect of CDs on ME formation.
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Previous studies have examined the effects of aka
nols and surfactants on various ME systems.™® In
this study, the effects of different alkanols and surfac-
tants were examined in the phase behavior of isopro-
pyl myristate—based (IPM-based) ME systems. Two
hydrophobic model drugs (progesterone and indo-
methacin) known to form complexes with CDs were
chosen. Progesterone is a neutral compound and
known to form a 1:1 complex with beta-hydroxy-CD.
Indomethacin is an acidic compound that also forms a
1:1 complex with beta-hydroxy-CD."" Recently,
Trappsol and polyethylent glycol-400 (PEG-400)
showed a synergistic effect on the solubilization of
progesterone in an agueous system.” Along the same
lines, in this study the solubilization of model drugsin
ME systems containing CDs was examined for syner-
gitic effects.

MATERIALSAND METHODS
Materials

Progesterone, indomethacin, IPM, 1-propanol, 1-
butanal, 1-pentanol, Tween 20, Tween 40, Tween 80,
and Span 20 were purchased from Sigma Chemical
Co (St Louis, MO). Ethanol was obtained from Quan-
tum Chemical Co (Newark, NJ). Methanol and ace-
tonitrile were obtained from J. T. Baker Chemical Co
(South Plainfield, NJ). Trappsol was purchased from
Cyclodextrin Technologies Development Inc (High
Spring, FL). Captisol was purchased from Cydex
Corp (Kansas City, KS). Soybean oil was obtained
from a local vendor (Waldbaum). Water used in the
study was deionized and distilled.

Preparation of the Phase Diagram and ME
Formulations

IPM and 1-butanol were selected as an oil component
and cosurfactant, respectively, in the ME systems.
The surfactants (a 1:1 mixture of Tween 80 and Span
20) were prepared separately. IPM and 1-butanol
were added to the surfactant mixture. The pseudoter-
nary phase diagrams of oil, surfactant/cosurfactant,
and water were set up using the water titration
method. The mixture of oil and surfac-
tant/cosurfactant at predetermined weight ratios was
diluted with water by sequential addition of 10 uL of
water using a micropipette. No heating was necessary
during the preparation. However, the system was
stirred using a magnetic stirrer to ensure a thorough
mixing. After each mixing, the sample was allowed to

settle and its physical condition (clarity and flowabil-
ity) was reviewed. If required, the sample was soni-
cated for 1 to 2 minutes to remove air bubbles and to
enable a better visual examination. Mixtures that did
not show a change in the meniscus after tilting to an
angle of 90° were considered to be gels. Samples were
examined under amicroscope, if necessary.

The mixture compositions at different points in the
phase diagrams were defined by the following equa-
tion:

%A (Tween 80 + Span 20) Q)
+ %B (1-butanol + oil) + %C (water) = 100

To study the effect of CDs on the formation of ME, a
50% wt/vol aqueous solution of each type of CD was
prepared. The densities of 50% wt/vol Captisol and
50% wt/vol Trappsol agueous solutions were 1.13
g/cc and 1.16 g/cc, respectively. Because the solutions
were denser than water pipettes used in the experi-
mentation were calibrated with CD solutions. The ME
region was determined in the same way as it was de-
termined for the ME system without CD.

Effects of Alkanols and Surfactants on ME
Formation

The effect of akanol and surfactants on ME forma-
tion was evaluated by the maximum water-to-oil ratio
(% wt/wt) to produce an ME.* To evaluate the effect
of various akanols (methanol, ethanol, isopropanol,
isobutanol, and isopentanol), 0, 0.3, 0.6, and 0.9 g of
each type of akanol was mixed with the required
amount of IPM to obtain a final weight of oil-alkanol
mixture of 2.4 g. The amount of surfactant mixture
added to the system was 6.0 g (Tween 80:Span 20,
8.1 ratio wt/wt). Water was titrated into the oil-
alkanol-surfactant mixture to form the ME. Titrations
were continued until an ME was converted into a dif-
ferent heterogeneous system, namely, an emulsion, a
gel, or 2 separate phases. The endpoint of ME forma-
tion was evaluated by physical examination.

A similar procedure was followed to evaluate the ef-
fects of Tween on the ME formation. Three different
Tweens—Tween 20, Tween 40, and Tween 80—were
used in the study. These Tweens are liquids at room
temperature. Isobutanol was selected as the akanol,
and the ratio of oil to akanol was 8:1. The
Tween:Span 20 ratios used were 0:100, 20:80, 50:50,
80:20, and 100:0 wt/wt. The titration method and the
endpoint evaluation remained the same as described
previoudly.
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Table 1. Composition of Final ME Systems*

Formulas IPMt Isobutanolt  Tween 80t Span 20t Tween 40t Watert ME Type
ME A 36.3 4.5 20.5 20.5 — 18.2 w/o
ME B 8.6 5.3 — — 34.5 51.6 o/w
MEC 36.3 4.5 — 10.2 30.7 18.3 w/o

*ME indicates microemulsion; IPM, isopropyl myristate; w/o, water/oil; o/w, oil/water.

TAIl numbers are % wt/wt basis.

ME Formulations

Based on the experience in preparing phase diagrams
and the effect of Tweens, 3 MEs were formulated
(Table 1). ME A was water/oil type and contained
36.3% oil, 4.5% isobutanol, 18.2% water, and 41%
surfactants (Tween 80:Span 20 1:1). ME B was
oil/water type and contained 8.6% oil, 5.3% isobu-
tanol, 51.6% water, and 34.5% surfactants (Tween 40
only). ME C was water/oil type and contained 36.3%
oil, 4.5% isobutanol, 18.3% water, and 40.9% surfac-
tants (Tween 40:Span 20 3:1). All formulations could
hold 3% to 6% CD. CD-based MEs were prepared by
adding a known amount of CD (either Captisol or
Trappsol) in the predetermined volume of a particular
ME. The system was stirred at a high rate until it
formed an optically isotropic system. By dissolving
al the CD in the ME system, it was possible to revert
to an optically isotropic single-phase system. The
physical stability of MEs, CD-containing MEs, and
drug-incorporating MEs was observed for the clarity
at room temperature for up to 1 month.

Solubility Determinations

Progesterone and indomethacin were added in excess
to various solvents. The solubilities were measured in
IPM, Tween 80, Tween 40, Span 20, isobutanol, and
3% and 6% Captisol and Trappsol agueous solutions
and water. Samples were shaken at 25 + 2°C for 24
hours and filtered through a 0.45-um filter. Prior to
the solubility study, it was concluded that the 0.45-um
filter did not adsorb/absorb the model drugs. The drug
concentrations in the filtered systems were deter-
mined using high-performance liquid chromatography
(HPLC) after appropriate dilutions with methanol.

The solubility values of progesterone and indometha-
cin in selected ME formulations (Table 1) were de-
termined by adding excess amounts of drugs to MEs.

After 24 hours of shaking, the mixtures were filtered,
diluted suitably, and analyzed by HPLC.

Analytical Methods

An HPLC system equipped with a 600E multisolvent
delivery system, a 717 Plus autoinjector, a 486-UV
detector (Waters Corporation, Milford, MA), and a
Turbo chrome data management system (Perkin
Elmer, Shelton, Connecticut) was used to analyze
progesterone and indomethacin. A reversed-phase
C18 column (10 cm “~ 4.6 mm, 5 pm) was used at
room temperature. For progesterone assay, the mobile
phase was 50% acetonitrile/50% 0.5% acetic acid
(vol/val) at aflow rate of 1.2 mL/min and a detection
wavelength of 254 nm. For indomethacin, the mobile
phase remained the same as stated above but the flow
rate was 1.5 mL/min with a detection wavelength of
240 nm. Under these analytical conditions, the detec-
tion limits for progesterone and indomethacin were
found to be approximately 50 ng/mL.

RESULTS AND DISCUSSION
Phase Behavior

The pseudoternary phase diagrams of the different
ME systems are shown in Figures 1 and 2. Isobutanol
concentration was kept constant with respect to the oil
phase (8:1) to facilitate the construction of the phase
diagram. The translucent and low-viscosity area is
presented in the phase diagrams as an ME area. No
distinct conversion from water/oil to oil/water ME
systems was observed. Therefore, this single isotropic
region was considered a bicontinuous ME. The emul-
sion region is an area in which a milky white hetero-
geneous system is formed. The gel area indicates the
clear and high-viscosity region. The remainder of the
phase diagram represents the turbid region, repre-
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Figure 1. Pseudoternary phase diagrams of |PM-surfactant-water system at Tween 80:Span
20 ratios of 1:1, and IPM:1-butanol ratios of 8:1. m = ME, ® = emulsion, A =gel, and 0= 2

phases.

sented as 2 phases and conventional emulsions based
on visua identification.

Figure 1 shows the phase diagram of the IPM Tween
80:Span 20 pseudoternary system. The ME formation
was favorable at high surfactant concentrations. At
higher il concentration, the system tended to separate
into 2 phases.

The influence of CD on the ME isotropic region can
be observed in Figure 2. The ME area decreased from
about 30% in the blank ME to about 23% in the ME
containing Captisol. These numbers were calculated
manually by finding out the number of small triangles
covered by the ME area in the phase diagram com-
pared to the total number of small triangles in the
phase diagram. On the other hand, Trappsol did not
hamper the formation of ME (30% to 29%), but the
shape of the ME region changed significantly. The
results indicated that the formation of ME could be
influenced negatively by the presence of ionic CD.
Captisol has a high affinity for water, which might

have affected the ME formation. The ME formation
region improved at a 40% to 60% water level in the
Trappsol system. The exact reason for this is not
known at this time. The higher surface activity of
Trappsol compared to Captisol may have played a
role. Overadl, from Figure 2, it was clear that ME
could be formed in the presence of CDs, but the type
of CD could alter the ME region either positively or
negatively.

Effects of Alkanolson IPM ME Formation

Alkanols are known to improve ME formation. Low—
molecular weight alkanols affect the interfacial en-
ergy by interaction with surfactant monolayers. The
lipophilic character of the nonagueous phase would be
changed by the distribution of alkanol in both agueous
and oil phases.’® The effect of 5 different alkanols on
the phase behavior was measured by the amount of
water that could be incorporated into the ME per gram
of oil (Figure 3). The effect of akanol added in the
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Figure 2. Pseudoternary phase diagrams of |PM-surfactant-water system at Tween 80:Span 20 ratios of 1:1,
and |PM:1-butanol ratios of 8:1, showing effects of CDs.
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Figure 4. The maximum water-to-ail ratio required to produce a microemulsion as a
function of the amount of polysorbate in the oil-surfactant mixture.

ME was examined at the concentrations of 0% to
10.7%. Methanol and ethanol showed no effect or
very little effect. Alkanols with higher carbon num-
bers (isopropanol to isopentanol) facilitated the ME
formation. For each akanol, higher percentages a-
lowed greater incorporation of water to form the MEs.
Overadl, the ME formation was satisfactory with the
addition of 1-butanol or 1-pentanol.

Effects of Surfactants on ME Formation

Spans/Tweens were used in the preparation of MEs.
Out of various types of Tweens (Tween 20, 40, 60,
80, and 85), only 3 (20, 40, and 80) were selected in
the present study; these were liquid at room tempera-
ture. Tweens 20, 40, and 80 are chemically known as
polysorbate monolaurate, polysorbate monopal mitate,
and polysorbate monaooleate, respectively. Span 20
was selected as a secondary surfactant. The maximum
water-to-oil ratio that could be achieved to form the
ME was employed to evaluate the effects of surfactant
(Figure 4). The number of carbons present in the fatty
acid side chain of the surfactant had no direct correla-
tion with ME formation. For example, polysorbate
monopa mitate (Tween 40), which has a C16 carbon

chain, showed better ME formation capacity than
polysorbate monooleate (Tween 80, Cyg) or polysor-
bate monolaurate (Tween 20, Cy). Interestingly, 2
surfactants showed similar behavior at the 100%
level. As Tween was mixed with various amounts of
Span, the effects varied. For Tween 80, as the per-
centage of Span was increased from 0% to 50% the
ME formation increased linearly but later the forma-
tion reduced. Overall, there was no direct correlation
between different Tween types/concentrations and
ME formation.

Solubility of Model Drugsin Pure Vehicles

The solubilities of the 2 model drugs, progesterone
and indomethacin, were evaluated in various pure ve-
hicles and aqueous CD solutions (Table 2). Water
solubility values of progesterone and indomethacin
were 7 and 35 pg/mL, respectively. The solubility of
progesterone in nonagueous systems improved sig-
nificantly. The solubility of progesterone in IPM,
Tween 80, Tween 40, isobutanol, and Span 20 was
17, 11.9, 20.7, 35.6, and 4.0 mg/mL, respectively.
Indomethacin also showed marked improvement in
solubility in the nonagueous systems. The solubility
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Table 2. Solubility of Model Drugsin Selected Vehicles

Solubility (mg/mL)t

Vehicles
Progesterone Indomethacin

I sopropyl myristate 17.0+£0.0 1.7+£0.7
Tween 80 119+23 259105
Tween 40 207+£18 255+01
| sobutanol 35.6+£0.7 9.6+05
Span 20 4.0+0.0 2.6+0.1
3% Captisol aqueous solution 16+£0.1 0.11+£0.0
3% Trappsol agueous solution 1.1+£00 0.08+ 0.0
6% Captisol aqueous solution 50+£0.1 0.27+£0.0
6% Trappsol aqueous solution 13+0.1 0.16+ 0.0
Water 0.007+ 0.0 0.035+0.0

TAIl values are mean + SD of 3 samples.

of indomethacin in IPM, Tween 80, Tween 40, isobu-
tanol, and Span 20 was 1.7, 25.9, 25.5, 9.6, and 2.6
mg/mL, respectively. Addition of 2 types of CDs—
Captisol and Trappsol—to water improved the agque-
ous solubility values of both the model drugs. In the
case of progesterone, by the addition of 3% and 6%
Captisol, the solubility values increased to 1.6 and 5.0
mg/mL, respectively. The addition of 3% and 6%
Trappsol increased the solubility of progesterone to
1.1 and 1.3 mg/mL, respectively. Indomethacin aque-
ous solubility values improved with the addition of
3% and 6% Captisol and Trappsol, but not as signifi-
cantly as observed in the cases of progesterone.

Solubility of Model Drugsin MEs

Three ME formulations were selected to examine the
influence of CDs on the solubility of the 2 model
drugs (Table 1). Figures 5 and 6 depict the solubility
of progesterone and indomethacin, respectively, in
various systems. In ME A, the solubility value of pro-
gesterone was 23.1 mg/mL. Addition of 3% Captisol
and 3% Trappsol decreased the solubility to 21.5 and
21.1 mg/mL, respectively. For indomethacin, the
solubility in ME A was 15.1 mg/mL. Addition of 3%

Captisol and 3% Trappsol decreased the solubility to
12.2 and 14.3 mg/mL, respectively. Addition of 3%
Captisol and 3% Trappsol had no significant effect on
the solubility of progesterone in ME A. But in the
case of indomethacin, an addition of 3% Captisol sig-
nificantly reduced the solubility of the drug in ME A
(P = .0091). Addition of Trappsol did not signifi-
cantly alter the solubility of indomethacin in the same
ME system. The addition of 6% Captisol and 6%
Trappsol did not have any positive synergistic effect
on the solubility values of the model drugs.

The solubility value of progesterone was 8.5 mg/mL
in ME B. Addition of 3% Captisol and 3% Trappsol
resulted in solubility values of 9.1 and 6.2 mg/mL,
respectively. When the concentrations of Captisol and
Trappsol were increased, the solubility values in-
creased dlightly. The solubility of indomethacin in
ME B was 9.7 mg/mL. Addition of 3% Captisol and
3% Trappsol decreased the solubility to 9.2 and 8.4
mg/mL, respectively.

In ME C, the solubility value of progesterone was
20.4 mg/mL. Addition of 3% Captisol and 3% Trapp-
sol decreased the solubility to 19.4 and 17.8 mg/mL,
respectively. For indomethacin, solubility in ME C
was 16.7 mg/mL. Addition of 3% Captisol and 3%
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Trappsol decreased the solubility to 15.9 and 15.8
mg/mL, respectively.

The low solubility of the 2 model drugsin ME B can
be attributed to that formulation's higher water con-
tent. Also, MEs A and C had a combination of surfac-
tants, which could have played arole. The difference
in the effect of Captisol on the solubility of the 2
model drugs in the same MEs may be due to the ionic
nature of indomethacin and Captisol. The neutra
molecules may form a complex with Trappsol better
than with an ionic CD.*®

Overal, CDs failed to produce any significant addi-
tive or synergistic effects to improve the solubility of
model drugs in the ME systems tested. However, it
must be kept in mind that the properties of drug mole-
cules may influence the solubilization potential of the
ME and CD systems. Also, CDs may help to stabilize
the drug molecules in the ME systems. In a previous
study [18], Trappsol and PEG-400 were observed to
have a synergistic effect on the solubilization of pro-
gesterone in an aqueous system. However, addition of
Tween 80 to the system hampered the synergistic ef-
fect. ME formulations in this study had large amounts
of Tweens, and the lack of improvement of solubility
with CD and ME systems is consistent with the previ-
ous data.®

CONCLUSION

The ME system comprising IPM, Tween 80, Span 20,
isobutanol, and water showed a high solubilization
capacity for 2 model drugs, progesterone and indo-
methacin. The addition of CDs in general affected the
ME formation negatively and did not improve the
solubility of hydrophobic drugs in the ME systems
tested.
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