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Preparation and in vitro evaluation of self-nanoemulsifying drug
delivery systems (SNEDDS) containing clotrimazole
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ABSTRACT: This study sought to formulate
and evaluate a self-nanoemulsified drug delivery
system (SNEDDS) for clotrimazole (CT), a poorly
water-soluble antimycotic drug, used in vaginal
delivery. SNEDDS was developed to increase the
CT dissolution rate, solubility, and ultimately
bioavailability. The solubility of CT in various oils,
surfactants, and co-surfactants was determined.
Based on solubility studies, oil phase (oleic acid
without or with coconut oil), surfactant (Tween
20), and co-surfactants (PEG 200 and n-butanol)
were selected and grouped in two combinations for
phase studies. Pseudo-ternary phase diagrams were
used to evaluate the area of self-nanoemulsification.
Essential properties of the prepared systems with
regard to emulsion droplet size and turbidity
value were determined. In order to investigate
the potential for interaction between any of the
SNEDDS ingredients used, FTIR spectroscopy was
performed. In vitro release studies were performed
with SNEDDS formulations in capsules, and the
plain drug served as a control. The droplet size
of the nanoemulsion was greatly affected by the
ratio of the surfactant and co-surfactant. Based on
the results with regard to droplet size, turbidity
values, and complete drug release after 3 h,
three optimized formulations were selected; each
contained oleic acid/coconut oil/Tween 20/PEG
200/n-butanol in ratios of 10:0:60:15:15 (%, w/w),
7.5:2.5:53.5:13.3:13.3 (%, w/w), and 6.7:3.3:60:10:10
(%, w/w), respectively. Results suggested that
the prepared SNEDDS formulations produced
acceptable properties in terms of immediate drug
release and could increase the bioavailability of CT.
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1. Introduction

Clotrimazole (CT), a lipophilic imidazole derivative
with antimycotic action, is widely and effectively
employed locally for the treatment of vulvovaginal
candidiasis. It is formulated in creams, foams, tablets,
gels, irrigations, and pessaries. Unfortunately, oral use
of CT is unacceptable due to its severe side effects, so
topical administration of CT is recommended. However,
its use is limited because of its very low water solubility,
resulting in the need for it to be incorporated into a
suitable vehicle (1). Microemulsion-based formulations
offer rapid dispersion and an enhanced drug absorption
profile. Microemulsions are thermodynamically
stable, isotropically clear dispersions of water, oil, and
surfactants with the potential to serve as drug-delivery
vehicles (2,3). Microemulsions appear to have the
ability to deliver larger amounts of topically applied
agents into the mucosa than do traditional lotions and
creams because they provide a better reservoir for a
poorly soluble drug through their capacity for enhanced
solubilization (4). Nanoemulsions or mini-emulsions
are transparent or translucent oil-in-water (o/w) or
water-in-oil (w/0) droplets with a mean droplet diameter
in the range of 100-600 nm. They are also known as
submicron emulsions and, unlike thermodynamically
stable microemulsions, nanoemulsions are kinetically
stable with great stability in suspension due to their
small droplet size (5). Furthermore, self-nanoemulsion
drug delivery systems (SNEDDS) have been reported
to result in more reproducible plasma concentration
profiles and oral bioavailability of pharmaceuticals
(6). The aim of the present study was to prepare a
CT SNEDDS to enhance the solubility of CT and
consequently its absorption profile.

2. Materials and Methods

2.1. Materials

CT was generously provided by Alexandria
Pharmaceuticals and Chemical Industries Co.

(Alexandria, Egypt). Miglyol 812 (medium chain
triglyceride oil from coconut oil), a-tocopherol acetate
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(vitamin E acetate), Tween” 60 (polyoxyethylene
20 sorbitan monostearate), Arlacel 83 (sorbitan
sesquioleate), and Labrafil M 1944 (a polyoxyethylated
kernel oil) were generously provided by
GlaxoSmithKline (Cairo, Egypt). Oleic acid, citric acid,
sodium hydroxide, conc. hydrochloric acid, polyethylene
glycol 4000 (PEG 4000), methanol, 1-octanol, and
n-butanol were from ADWIC (Cairo, Egypt). Castor oil,
sesame oil, palm oil, coconut oil, olive oil, corn oil, and
linseed oil were from Lab Chemicals Trading (Cairo,
Egypt). Sweet almond oil was from Escoda & Nicolau,
S.A. (Spain). Sorbitol and Tween" 80 (polyoxyethylene
20 sorbitan monooleate) were from ADCO (Alexandria,
Egypt). PEG 200 (polyethylene glycol 200), Span” 80
(sorbitan monooleate), and Tween” 20 (polyoxyethylene
20 sorbitan monolaurate) were from Sigma-Aldrich
(St. Louis, MO, USA). PEG 400 (polyethylene glycol
400) and PEG 600 (polyethylene glycol 600) were
from Winlab (Middlesex, UK). Isopropyl myristate,
propylene glycol (PG), Span” 20 (sorbitan monolaurate),
and Tween” 40 (polyoxyethylene 20 sorbitan
monopalmitate) were from Fluka (Buchs, Switzerland).

2.2. Solubility studies

Solubility of CT in various oils, surfactants, and co-
surfactants was determined (7-9). Two grams of each
of the selected vehicles were added to each cap vial
containing an excess of CT. After the vial was sealed,
the mixture was heated at 40°C in a water bath to
facilitate solubilization using a sonicator (Ultrasonic
model SS101H, Sonix IV, Huntington Beach, CA,
USA). Mixtures were shaken with a shaker (shaking
water bath, Weiss-Gallenkamp, Loughborough, UK)
at 25°C for 48 h. Each vial was centrifuged using a
centrifuge (Nuve, NF 815, Ankara, Turkey) at 3,000
rpm for 5 min and excess insoluble CT was discarded
by filtration using hydrophilic polyvinylidene fluoride
(PVDF) Acrodisc LC membrane filter discs (0.2
um). The clear filtrate was diluted with methanol
and was measured spectrophotometrically using a
spectrophotometer (Model 6105 UV/V, Jenway Ltd.,
Essex, UK) at 261 nm.

2.3. Apparent partition coefficient studies

The previous saturation of equal volumes of the citrate
buffer (pH 4.5) and 1-octanol was accomplished by
shaking both in a shaker for 3 h, and the two phases
were left to separate overnight. A known concentration
of CT was added to the separated 1-octanol phase with
gentle shaking until the CT dissolved. The 1-octanol
phase containing the dissolved drug was mixed with
the citrate buffer (pH 4.5) phase. The mixture was
then agitated for 6 h at room temperature, and the two
phases were then separated again after centrifugation.
The drug concentration in the citrate buffer (pH 4.5)

phase was determined spectrophotometrically at 263
nm after suitable dilution.

2.4. Construction of phase diagrams

Based on previous solubility studies (10,11), an
oil phase (oleic acid without or with coconut oil),
surfactant (Tween” 20), and co-surfactants (PEG 200
and n-butanol) were selected and grouped in two
combinations for phase studies (Table 1). Surfactant
and co-surfactants were mixed (Smix) in different
weight ratios (2:1:1, 4:1:1, and 6:1:1, respectively).
These Smix ratios were chosen to reflect increasing
concentrations of surfactant with respect to co-
surfactants. For each phase diagram, the oil phase
(consisting of oleic acid alone or in combination
with coconut oil in ratios of 2:1, 3:1, and 4:1) and the
specific Smix ratio were mixed thoroughly in different
weight ratios from 1:9 to 9:1 in different glass vials.
Sixteen different combinations of oil and Smix (1:9,
1:8, 1:7, 1:6, 1:5, 1:4, 1:3.5, 1:3, 1:2.33, 1:2, 1:1.5,
1:1, 1:0.66, 1:0.43, 1:0.25, and 1:0.11) were produced
to study phase diagrams. Pseudo-ternary phase
diagrams were developed using aqueous titration with
a magnetic stirrer (Thermolyne, Dubuque, 1A, USA).
Slow titration with the aqueous phase was performed
for each combination of oil and Smix separately. The
amount of the aqueous phase added was varied to
produce a water concentration in a range of 5% to 95%
of total weight in increments of around 5%.

2.5. Preparation of SNEDDS

Based on the pseudo-ternary phase diagrams observed,
homogenous mixtures of Tween 20 (surfactant), PEG
200, and n-butanol (co-surfactants) in varying ratios
were blended with oleic acid with or without coconut
oil (groups I and II) in different weight ratios using a
magnetic stirrer.

2.6. Emulsion droplet size analysis

The morphology and size of the emulsion were studied
(6,12-17) using a transmission electron microscope
(TEM, JEM 1010, JEOL, Tokyo, Japan) capable
of point-to-point resolution. The combination of
bright field imaging at increasing magnification and
diffraction modes was used to reveal the form and size
of the emulsion. A drop of CT emulsion was placed on
a carbon-coated copper grid, stained with 2% uranyl
acetate aqueous solution, and examined using the TEM.

2.7. Turbidity measurement
Each formulation (1.6 g) was diluted with citrate buffer

(pH 4.5) to 400 mL and gently mixed. The resultant
emulsions were evaluated for their turbidity. The turbidity

www.ddtjournal.com



375

Drug Discoveries & Therapeutics. 2010; 4(5):373-379.

Table 1. Composition of SNEDDS formulations

Ingredients (%, w/w)

Formula O:Smix Omix ratio Smix ratio

Oleic acid Coconut oil Tween 20 PEG 200 n-butanol
F1 1:9 — 2:1:1 10 - 45 22.5 22,5
F2 1:8 — 2:1:1 10 - 40 20 20
F3 1:7 - 2:1:1 10 - 35 17.5 17.5
F4 1:6 - 2:1:1 10 - 30 15 15
F5 1:9 - 4:1:1 10 - 60 15 15
F6 1:8 - 4:1:1 10 - 533 13.3 13.3
F7 1:7 - 4:1:1 10 - 46.7 11.7 11.7
F8 1:6 - 4:1:1 10 - 40 10 10
F9 1:5 - 4:1:1 10 - 333 8.3 8.3
F10 1:3.5 - 4:1:1 10 - 233 5.8 5.8
F11 1:8 4:1 4:1:1 8 2 533 13.3 13.3
F12 1:7 4:1 4:1:1 8 2 46.7 11.7 11.7
F13 1:6 4:1 4:1:1 8 2 40 10 10
Fl14 1:8 3:1 4:1:1 7.5 2.5 53.3 13.3 13.3
F15 1:9 — 6:1:1 10 - 67.5 11.25 11.25
Fl6 1:8 - 6:1:1 10 - 60 10 10
F17 1.7 - 6:1:1 10 - 52.5 8.75 8.75
F18 1:6 — 6:1:1 10 - 45 7.5 7.5
F19 1:5 - 6:1:1 10 - 37.5 6.25 6.25
F20 2:8 - 6:1:1 10 - 30 5 5
F21 1:3.5 - 6:1:1 10 - 26.25 4.375 4.375
F22 1:9 4:1 6:1:1 8 2 67.5 11.25 11.25
F23 1:8 4:1 6:1:1 8 2 60 10 10
F24 1:7 4:1 6:1:1 8 2 52.5 8.75 8.75
F25 1:6 4:1 6:1:1 8 2 45 7.5 7.5
F26 1:5 4:1 6:1:1 8 2 37.5 6.25 6.25
F27 1:8 3:1 6:1:1 7.5 2.5 60 10 10
F28 1.7 3:1 6:1:1 7.5 2.5 52.5 8.75 8.75
F29 1:6 3:1 6:1:1 7.5 2.5 45 7.5 7.5
F30 1:5 3:1 6:1:1 7.5 2.5 37.5 6.25 6.25
F31 1:8 2:1 6:1:1 6.7 33 60 10 10
F32 1.7 2:1 6:1:1 6.7 33 52.5 8.75 8.75

of the resulting emulsions given in nephelometric
turbidity units (NTU) was measured using a turbidity
meter (TRB 550, WTW, Weilheim, Germany). Turbidity
measurements were performed on 15 mL of the emulsion
stored in amber screw-capped vials.

2.8. Fourier transform infrared (FTIR) spectroscopy

In order to investigate the potential interaction
between any of the SNEDDS ingredients used, FTIR
spectroscopy was performed using a FTIR spectroscope
(FT/IR-5300, JASCO, Tokyo, Japan) fitted with a
single cuvette or a single bounce diamond at 45° that
internally reflected incident light, providing a sampling
area | mm in diameter with a sampling depth of several
microns. Samples analyzed were CT powder, oleic
acid, coconut oil, Tween 20, PEG 200, n-butanol, a
physical mixture of CT powder, oleic acid, Tween
20, PEG 200, and n-butanol at a ratio 1:1:1:1:1, and a
physical mixture of CT, oleic acid, coconut oil, Tween

20, PEG 200, and n-butanol at a ratio 1:1:1:1:1:1.
A small amount of the sample was directly scanned
for absorbance over a range from 4,000 to 400 wave
numbers (cm ™).

2.9. In vitro release test

Release studies were performed with SNEDDS
formulations in capsules, and the plain drug served as
a control. The in vitro release test was performed in a
dissolution apparatus I (Dissolution Test Apparatus,
USP standard, DA-6D, Bombay, India). Each CT-
SNEDDS formulation equivalent to 100 mg of CT was
placed in two hard gelatin capsules (2,18-20) (size 00)
while ensuring that the capsule was completely intact.
The same SNEDDS formulation of the same weight
but free of CT was placed in two hard gelatin capsules
and subjected to dissolution to serve as a blank. These
capsules were placed in a basket and rotated at 100
rpm using 400 mL citrate buffer, simulating vaginal
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pH (pH 4.5) (21) with a temperature maintained at 37
+ 0.5°C. The samples (4 mL each) were removed at
specified time intervals, namely, 15, 30, 45, 60, 90,
120, 180, and 240 min (22). The withdrawn samples
were filtered using PVDF Acrodisc LC membrane filter
discs (0.2 um) and the drug content was determined
spectrophotometrically at the predetermined A,
against a blank of the same SNEDDS formulation but
free of CT. An equal volume of citrate buffer (pH 4.5)
was added to the release medium to maintain constant
dissolution volume. The experiments were done in
triplicate. The release data were kinetically analyzed
using different kinetic models (Zero-order, First-
order, and Higuchi diffusion models) to determine the
mechanism of CT release from the different SNEDDS.

3. Results and Discussion
3.1. Screening of oils and surfactants

Development of microemulsion systems for poorly
water-soluble drugs is crucial. The volume of the
formulation should be kept to a minimum to deliver the
therapeutic dose in an encapsulated form. Components
selected for the formulation should have the ability to
solubilize the drug at a high level in order to obtain a
concentrated form of microemulsion (23).

The solubility of CT in various vehicles is
shown in Figure 1. The best results in terms of the
highest drug solubility were obtained using oleic
acid followed by coconut oil (139 and 43.7 mg/mL,
respectively). In contrast, Tween 20, PEG 200, and
n-butanol had a maximum solubility of CT of 47.2,
73.8, and 183 mg/mL. Based on these results, oleic
acid (20,24,25) and coconut oil (26) were chosen as
the oil phase, Tween 20 as the surfactant, PEG 200 and
n-butanol (27) as co-surfactants.

An important criterion for the selection of surfactants
is that the hydrophilic lipophilic balance (HLB) value
required to form an o/w nanoemulsion be greater than
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Figure 1. Solubility of CT in different oils, surfactants,
and co-surfactants.

10 (3). In the present study, Tween 20, a nonionic
surfactant, was selected because it has a HLB of 16.7.

Transient negative interfacial tension and a fluid
interfacial film are rarely achieved with the use of a
single surfactant, usually necessitating the addition
of a co-surfactant. The presence of co-surfactants
decreases the bending stress of the interface and allows
an interfacial film with sufficient flexibility to assume
different curvatures required to form a nanoemulsion
over a wide range of compositions (6) and it also
adjusts the HLB value of the formulation by making
the polar solvent less hydrophilic. Due to the low
water solubility of CT and rigidity of the oily surface,
a quantity of alcohol (n-butanol) was added to dissolve
the drug and increase the curvature of the oil layer.
Alcohol incorporated into the nanoemulsion system
not only reduces the interfacial tension between the
oil phase and the aqueous phase but also makes the
lipophilic drug soluble in the system (28). Thus, the co-
surfactants selected for the study were PEG 200 and
n-butanol.

3.2. Apparent partition coefficient

With a calculated octanol-citrate buffer, pH 4.5 [the
pH in the vagina (21)], the partition coefficient (log P)
value for CT was 2.33. This high value suggested good
solubility of CT in lipophilic solvents.

3.3. Pseudo-ternary phase diagram

Pseudo-ternary phase diagrams were constructed in the
absence of CT (29) to identify self nano-emulsifying
regions and to select suitable concentrations of oil,
surfactant, and co-surfactants for the SNEDDS
formulation.

SNEDDS form fine o/w emulsions with only gentle
agitation upon introduction into aqueous media. Since
the free energy required to form an emulsion is very
low, the formation is thermodynamically spontancous.
Surfactants form a layer around the emulsion droplets
and reduce the interfacial energy as well as providing
a mechanical barrier to coalescence. A visual test is
used to measure the apparent spontaneity of emulsion
formation (8).

Oleic acid and coconut oil (oil), Tween 20
(surfactant), and PEG 200 and n-butanol (co-surfactants)
were put in two groups to study the phase diagrams in
details. Pseudo-ternary phase diagrams were created
separately for each group, as shown in Figure 2, so that
o/w nanoemulsion regions could be identified. In both
groups, increasing the ratio of surfactant/co-surfactants
(Tween 20/PEG 200/n-butanol) from 2:1:1 to 6:1:1
in SNEDDS formulations was found to increase the
spontaneity of the self-emulsification region. Therefore,
a much higher concentration of surfactant led to a much
higher self-emulsifying region in phase diagrams.
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Water

Figure 2. Pseudo-ternary phase diagrams of the o/w
nanoemulsion region of certain CT systems at different
Smix ratios. Smix ratios (Tween 20/PEG 200/n-butanol) were
2:1:1 (A), 4:1:1 (B), and 6:1:1 (C). Closed triangles indicate
points with o/w nanoemulsion.

These results agree with those of Derle et al. (28) who
designed topical microemulsions of nimesulide, a
poorly water-soluble nonsteroidal anti-inflammatory
drug, using olive oil as the oil phase and Tween 80/iso-
octanol as surfactant/co-surfactant.

3.4. Droplet size and turbidity analysis

TEM analysis revealed that the emulsion droplet was
almost spherical in shape (Figure 3). The droplet
size of the diluted SNEDDS formulations was
evaluated by TEM as described elsewhere (10,12,14).
Nanoemulsions are characterized in the nanometer size
range. Therefore, droplet size analysis was performed
to see whether the resultant emulsions were indeed
nanoemulsions. All of the formulations prepared were
found to be in the nanometer size range except F7, F10,

Figure 3. Typical TEM photographs of clotrimazole-
containing microemulsion droplets of formulation F14.
Bar, 500 nm. Original magnification, x50,000.

F18, F19, and F26, which were in the micrometer size
range (1,500-2,000 nm). The formulations F5-F9, F12,
F14, F15, F20, and F31 had a size of <200 nm, while
the formulations F4, F13, F16, F21-25, F27-30, and
F32 had a size of 200-500 nm and the formulations
F1-3, F11, and F17 had a size of 500-700 nm. The
measured turbidity of the formulations is summarized
in Table 2. As is apparent, the formulations with a
high turbidity (> 1,000) had a droplet size diameter of
more than 1.5 um, indicating a significant correlation
between the droplet size and turbidity (in an ANOVA
test, the correlation coefficient r = 0.737 and the two-
tailed p value < 0.001, so the correlation is considered
extremely significant).

3.5. FTIR spectroscopy

FTIR spectra are mainly used to determine if there
is any interaction between the drug and any of the
excipients used. The existence of an interaction
is detected by the disappearance of an important
functional group of the drug. CT compatibility with the
ingredients of SNEDDS formulations was tested using
FTIR, as shown in Figure 4. The FTIR spectrum of
CT was characterized by bands at 1,585.63, 1,487.25,
and 1,305.93 cm™' (benzene ring stretching); 904.7,
823.68, and 744.59 cm ™' (C-H stretching); 3,169.33 and
3,042.02 cm ' (aromatic C-H stretching); 1,084.09 cm™'
(chlorobenzene), and 1,203.69 cm™' (C-N stretching).

After careful inspection of the spectra of the
physical mixture of CT with the ingredients of
SNEDDS formulations, the —C-N group, benzene ring,
and —C-H stretching were found to be affected by the
presence of these ingredients, as evidenced by the
slightly higher absorption although the activity of the
whole compound as well as the activity of characteristic
groups of CT were unaffected. This finding confirms
that CT did not interact with any of the ingredients of
SNEDDS formulations.
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Table 2. Mean droplet sizes, turbidity values, and
cumulative release of clotrimazole from different SNEDDS

formulations

. Mean droplet Turbidity Cumulative% release
Formulation
size (nm) value (NTU) after 240 min

Fl1 646 893 385
F2 723 518 32.6
F3 572 699 43.1
F4 434 344 55.2
F5 81 313 100
Fo6 144 296 51.8
F7 1,965 > 1,000 13.9
F8 183 816 93.9
F9 191 695 92.7
F10 1,532 > 1,000 325
Fl1 513 263 43.6
F12 179 515 94.4
F13 486 635 46.6
F14 98 88 100
F15 113 551 74.8
Fl16 492 157 48.7
F17 680 828 38.0
F18 1,714 > 1,000 30.8
F19 1,901 > 1,000 16.7
F20 118 88 29.7
F21 473 458 48.9
F22 303 353 71.7
F23 324 226 73.1
F24 402 276 65.0
F25 454 288 49.3
F26 1,850 > 1,000 20.2
F27 275 671 82.0
F28 404 301 63.2
F29 433 371 51.6
F30 333 438 75.8
F31 168 327 100
F32 345 83 71.0

3.6. In vitro release study

Release studies were performed with SNEDDS
formulations in capsules as well as with the plain drug.
When the release of CT from these formulations was
evaluated in citrate buffer (pH 4.5), the percentage
release of CT after 240 min from SNEDDS
formulations was significantly greater than that of
plain CT (13.5%) (Table 2). Complete drug release
(100%) was obtained with F5 and F14 after 180 min
and with F31 after 240 min (Figure 5). According to
correlation coefficient (r), the in vitro release data
suggested diffusion release kinetics except for F5,
which displayed first-order release kinetics. The values
of n for all of these formulations were < 0.5, indicating
Fickian (case I) transport (20), except for F31, which
had an n that fell between 0.5 and 1, i.e., non-Fickian
(anomalous) transport (30,31).
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Figure 4. FTIR spectra. (A) clotrimazole; (B) physical
mixtures of clotrimazole, oleic acid, Tween®” 20, PEG 200,
and n-butanol in a 1:1:1:1:1 ratio; (C) physical mixtures of
clotrimazole, oleic acid, coconut oil, Tween® 20, PEG 200,
and n-butanol ina 1:1:1:1:1:1 ratio.
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Figure 5. In vitro release of clotrimazole from SNEDDS
formulations F5, F14, F31, and F32 and plain drug.

4. Conclusion

Results suggested that the prepared self-nanoemulsified
formulations of CT produced acceptable properties in
terms of droplet size, turbidity values, and immediate
drug release that could increase the bioavailability
profile of CT.
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