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Abstract

Purpose: Microemulsion (ME) achieved progressing consequences on both the research and
industry levels due to their distinctive properties. ME based-limonene system is considered
as a surrogate to the traditional microemulsion composed of conventional oils. Thus, a novel
microemulsion based on D-limonene and Gelucire® 44/12 had been designed and evaluated
with assessing the factors affecting its physicochemical characteristics and in vivo skin irritation.
Methods: The impact of microemulsion components and ratios on the isotropic region of the
pseudo-ternary phase diagram was investigated. The optimal formula was evaluated in terms of
percentage transmittance, average globule size, size distribution, zeta potential, microscopical
morphology, stability under different storage conditions and its effect on the mice ear skin.
Results: The results demonstrated that Labrasol® and Labrafil® M 1944 CS had been selected
as surfactant and co-surfactant, respectively, due to their emulsifying abilities. The largest
isotropic area in the pseudo-ternary phase diagram was at a weight ratio of 4:1 for Labrasol®
and Labrafil® M 1944 CS. The optimized microemulsion with 25% w/w of the lipid phase and
58.3% w/w of the aqueous phase displayed an optical transparency of 96.5+0.88 %, average
globule size of 125+0.123 nm, polydispersity index of 0.272+0.009, zeta potential of -18.9+
2.79 mV with rounded globules morphology and high stability. The in vivo skin irritation and
the histopathological evaluation of microemulsion elucidated its safety profile when applied on
the skin.

Conclusion: The formulated microemulsion is a prospective aid for an essential oil to minimize
its volatility, enhance its stability, and mask its dermal irritant

Introduction

Phytomedicine refers to the use of herbs and plants to
relieve and alleviate human disorders. It has become an
important aspect of flourishing worldwide commercial
health scheme.! Essential oils or aetherolea are intense
hydrophobic fresh liquids, containing volatile chemical
compounds that are extracted from plants.> These
oils consist mainly of terpene and other oxygenated
compounds like phenols and alcohols. They can exert
a vast array of therapeutical and biological -effects,
such as antibacterial, antifungal, anti-inflammatory,
antiviral, anticancer, and many others.> Recently, many
studies have focused on the significance of these natural
compounds and their outcomes on human health. Tea
tree oil, for instance, was able to inhibit biofilm formation
of Streptococcus pyogenes, Pseudomonas aeruginosa,
Staphylococcus aureus, and Proteus vulgarisas as revealed
by Kabir and Mahboob in their investigation.* Moreover,
thyme oil clinically reduced the gene expression and the
production of pro-inflammatory mediators interleukins
1-beta and interleukins 6, and increased interleukins 10
cytokines in macrophage THP-1 cells in acute monocytic

leukemia patients.®

Essential oils can be divided into three structural classes
based on their toxicological potential. Limonene can be
classified as class one due to its high safety profile and
low oral toxicity.® D-limonene (1-methyl-4-isopropyl-
cyclohexene) is a member of the terpene family, with
an aliphatic hydrocarbon structure, and molecular
formula C, 'H,, as shown in Figure 1.” Its main source
is the rind of citrus fruits like lime, mandarin, orange,
and grapefruit. It is optically active and found as two
enantiomers; R (D-limonene) which more commonly
occurs and S (L-limonene) which is found in mint.?
Limonene is a relatively unstable monoterpene as it
degrades into isoprene upon increasing the temperature,
and it oxidizes under the effect of high humidity. Thus,
proper storage of limonene, such as the suitable type
of glass, the temperature, and the light, can drastically
prolong its shelf life and improve its quality as well as its
pharmacological action.’ Lately, numerous therapeutic
and pharmacological effects of D-limonene have been
studied broadly in many investigations. For example,
Jing et al'® had reported that limonene oil provided a
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Figure 1. (R)- (+)-Limonene.

reduction in serum triglyceride, low-density lipoprotein,
glucose tolerance, and fasting blood glucose level and an
increase in high-density lipoprotein. Also, de Souza et al'!
proved that limonene had gastro-protective activity by
increasing the mucus production of the stomach as well as
modulating the oxidative stress, leading to local mucosal
protection. Despite the benefits of essential oils, the most
common side effects that should be taken into account are
skin irritation and contact dermatitis upon their topical
application.'?

Microemulsion (ME) is a dynamic structure, isotropic,
clear, and nano-dispersive colloidal system consisting of
microdomains lipid(s) (a mixture of olefins and various
hydrocarbons) and water. MEs can be stabilized by
interfacial nonionic surfactants and in most of cases co-
surfactants.”” MEs are thermodynamic stable dispersion
with a droplet size less than 150 nm." This system has
gained attention for many reasons chiefly; the ease of
scaling-up and manufacturing, nanometer-sized particle
with minimal aggregation, elegant and clear appearance,
ability to enhance lymphatic transport and dissolution
rate of lipophilic drugs, which give an edge over other
delivery systems like dendrimers, liposomes, and
polymeric nanoparticles.”” The applications of MEs are
span and plenteous in many areas including cosmetics,
chemical reactors, biotechnologies, and drug delivery. Liu
et al'® had designed a curcumin-loaded micoremulsion
system composed of limonene as an internal phase. Their
results showed a significant increase in its transdermal
delivery, by reducing the viscosity and the diffusional
barriers of the stratum corneum that act as an obstacle
for the transdermal route. Also, cinnamon oil with its
antimicrobial activity had been used as the lipid core
in the microemulsion system and showed a significant
bacterial inhibitory activity compared to cinnamon oil-
free preparations (P <0.05) could disrupt the rod shape of
E. coli with a non-specific mechanism."”

Many current studies have highlighted the importance
of essential oils in microemulsions as a vehicle for different
therapeutic agents.'"? Yet, limited numbers of researches
investigated the efficiency of solid lipid microemulsion
in combination with terpene oil to form a stable nano-
dispersive system. In the current study, Gelucire®44/14
has been selected as solid lipid due to its low melting
point (43°C), self-emulsifying properties, its excellent
surfactant property which enhances the wettability of
active pharmaceutical agents in vitro and in vivo, its ability

to form fine emulsion upon contact with the aqueous fluid
and its ability to develop a sustained release formula.”
The study aimed to formulate a skin-friendly ME system
composed of Gelucire® and limonene by spontaneous
emulsification method. The selection of the formula
was carried out according to the pseudo-ternary phase
diagram. The selected formula was optimized by assessing
its average droplet size, polydispersity index (PDI), and
zeta potential. Transmission electron microscope (TEM)
was used to evaluate the morphology of the formed
nano-droplets, in addition to its stability which was also
evaluated under different conditions for three months.
In vivo skin irritation test was also carried out to detect
the effect of pure limonene oil and limonene-based ME
preparation on mice ears for seven consecutive days.

Materials and Methods

Materials

(R)-(+)-Limonene, propylene glycol, polyethylene
glycol 400 (PEG 400), and PEG-40 hydrogenated castor
oil (Cremophor® RH 40) were purchased from Sigma
Co. (Sigma-Aldrich, Steinheim, Switzerland). PEG-8
Caprylocaproyl polyoxyl-8 glycerides NF (Labrasol®),
oleoyl polyoxyl-6 glycerides (Labrafil® M 1944 CS), and
lauroyl polyoxyl-32 glycerides (Gelucire®44/14) were
kindly donated by Gattefosse Co. (Lyon, France). All other
chemicals and solvents used were of analytical grade.

Miscibility of Gelucire and D-limonene oil

Gelucire® was mixed with limonene in five different ratios
(5:1, 3:1, 1:1, 1:3, 1:5) to evaluate their miscibility in the
preparation. The lipid mixtures were heated at 47+2°C
and mixed at a rate of 600 rpm on a magnetic stirrer for 15
minutes. The mixtures were then allowed to be cooled at
4+2°C before checking for any sign of phase separation or
turbidity that may occur by visual inspection.? Miscibility
was also evaluated by diluting one ml of the prepared
mixtures with 100 mL of deionized water and checked for
the existence of unimodal size distribution by Zeta sizer
2000 (Malvern Instrument, UK) at 254+2°C and at 90°C
scattering angle.

Preliminary screening of surfactants

The selection of the suitable surfactant was based on
the measurement of percentage transmittance and ease
of emulsification according to the method described by
Shah et al.”? with some modifications. Briefly, 300 mg of
each surfactant was added to 300 mg of the lipid phase
(Gelucire® and limonene). The mixture was heated at
47+2°C and mixed on a magnetic stirrer at 600 rpm till
complete homogenization. Fifty mg of the isotropic
mixture was then diluted with deionized water to 100 m»
in a stopped conical flask. The emulsification was assessed
according to the numbers of flask inversions required to
produce a uniform dispersion emulsion after two hours,
and % transmittance was measured at 638.2 nm (Jasco
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V-730 spectrophotometer). The surfactant that was able to
form a dispersion with the highest percent transmittance
was chosen.

Preliminary screening of co-surfactants

The selected surfactant and the lipid phase were used to
evaluate the effectiveness of the co-surfactants to improve
the emulsification capability of the system. The selected
surfactant was mixed individually with each of co-
surfactants and added to 300 mg of the lipid phase. The
mixture was mixed at 47+2°C on a magnetic stirrer at 600
rpm till complete homogenization. Then, 50 mg from
each mixture was diluted with deionized water to 100 m»
in a conical flask and kept for 2 hours. Each dispersion
was evaluated as previously described in section 2.3.

Construction of pseudo-ternary phase diagram

Pseudo-ternary phase diagram of lipids, surfactant/
co-surfactant mixture (Smix), and deionized water were
constructed using spontaneous emulsification method
with the help of CHEMIX school 3.51 software version 7
(Arne Standnes, Bergen, Norway). It was constructed to
obtain the concentration range of the selected components
that were able to form the largest monophasic ME region
on the diagram. Different constant weight ratios between
Labrasol® and Labrafil® (km) of Smix were prepared (1:3,
1:1, 2:1, 3:1, 4:1, 5:1) then mixed with the lipid phase
to give the weight ratios (w/w) of 9:1, 8:2, 7:3, 6:4, 5:5,
4:6, 3:7, 2:8, and 1:9. Deionized water was then added
dropwise to each mixture under vigorous stirring (600
rpm) using a magnetic stirrer until the mixture became
transparent or nearly transparent. The concentrations of
the used components were marked by points on the phase
diagram and the resulting area which is covered by these
points identified the microemulsion region.*

Preparation of limonene-based microemulsion

The preparations were simply performed by mixing the
lipids at the selected ratio on 47+2°C for 15 minutes using
a magnetic stirrer at a rate of 600 rpm, followed by the
addition of the selected surfactants and co-surfactants at
the same temperature. Deionized water was then added
dropwise until a clear dispersion was formed.

Physicochemical characterization of limonene-based
microemulsion

Macroscopical examination

Transparency, color, homogeneity, and phase separation
of the freshly prepared microemulsions were checked.

Percentage transmittance

The percentage prepared
microemulsion was measured at 638.2 nm using deionized
water as a blank.?

transmittance of the

Globule size analysis

Globule size and PDI of the formulated microemulsions
were measured using zeta sizer 2000 at 25+2°C and at
90 degrees scattering angle. To avert the multi-scattering
phenomena, each prepared sample was diluted with
deionized water before the analysis.”

Zeta potential measurement

Zeta potential analysis of the prepared ME was assessed
using Malvern Zetasizer. Samples were diluted with
deionized water before each measuring. One milliliter of
the diluted samples was placed in a folded capillary cells
supported with platinum electrodes. The values were
calculated using the Dispersion Technology software built
into the Malvern Zetasizer.”®

pH measurement

The pH of the optimized ME was examined by directly
immersing the pH electrode into the sample using a
calibrated digital pH meter (Model: SED 12500 V, Martini
Instruments Co., Ltd., Beiging) at room temperature
(25+0.2°C) %

Refractive index

The refractive index of the formulated microemulsion was
measured by placing one drop of the system on the slide of
the digital refractometer (Model REF 123, China).*

Transmission electron microscope (TEM)

Structural and morphological elucidation, as well as
the size of the optimized microemulsion were observed
by TEM (JOEI JEM CX 100 electron microscope). The
prepared microemulsion was diluted with deionized water
in a ratio 1:1000, then a drop from the diluted dispersion
was placed on a copper grid and the excess sample was
removed with a filter paper. The sample was stained with
uranyl acetate solution and the grid was dried at room
temperature before examination.*

Robustness of microemulsion

The formed microemulsion was diluted in two different
ratios (1:10 and 1:100) with deionized water. The diluted
MEs were stored for 24 hours at room temperature
(25+0.2°C) to evaluate dilution stability and assess for any
signs of phase separation.

Thermodynamic stability

The prepared ME was diluted to 100 mL with deionized
water, the diluted samples were then exposed to
centrifugation at 3000 rpm for 30 minutes and examined
for any change in phase behavior. Additionally, ME was
subjected to three completed freeze-thawing cycles
consisting of 24 h at -5+2°C followed by 24 hours at 25+2°C
to evaluate their stability under stressful conditions.*
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In vivo skin sensitivity assessment

Animals

Irritation test and histopathological examination of the
free and incorporated limonene oil in ME system was
carried on male BALB/c mice weighing between 20-25 g.
Animals were procured by the animal house of the Faculty
of Pharmacy of Beirut Arab University, Beirut, Lebanon.
The mice were housed in polyacrylic cages under standard
laboratory conditions with dark-light cycles (12/12 h)
before and during the experiments. Mice had a standard
chow diet and free access to water.

Skin irritation test

To assess and compare the effect of pure limonene oil
and limonene-based microemulsion system, the study
was carried on mice. The animals were divided into two
groups each of three. One hundred milligram of each of
pure limonene oil and limonene-based ME was applied
on the right ears of the mice with a uniform spreading,
keeping the left ears as control. The oil and the prepared
formula were removed after 24 hours and the ears were
checked for any development of edema or erythema.*® To
investigate the accumulative result of repeated application,
the oil and the prepared ME were applied again on the
same area, once per day for the next 7 days. Draize scale
was used to assess the skin irritation after 24 hours and
after 7 days. The results were graded from 0 to 4, where
0 indicates no erythema and no edema, 1 indicates very
slightly erythema or edema, 2 indicates well-defined
erythema or slight edema, 3 indicates moderate to severe
erythema or slight edema and 4 refer to severe erythema
(beet redness) to slight eschar in formations (injuries in-
depth) or severe edema.** This was carried out by visual
scoring as previously reported by Guan et al.*

Histopathological examination

The effect of pure limonene oil and limonene-based
microemulsion system on the skin of mice after
consecutive once daily application for 7 days was studied.
The remaining oil and formula were removed gently
using a cotton swab, which was already dipped in 0.9%
w/v physiological saline solution. Thereafter, mice
were sacrificed and the excised skin was collected and
maintained in a 10% formalin solution. Tissues were
dehydrated with ethanol and firmed in paraffin wax. The
skin samples were then stained with eosin and hematoxylin
(E&H) and cut into 3-4 pm with a rotary microtome (cut
5040, Micrototec, Walldorf) to be examined under a light
microscope to check if any histological irregularity had
occurred in the underlying tissues after applying pure
limonene oil and the ME formulation.*

Short-term stability study

Storage stability of the prepared limonene-based
microemulsion was studied at different temperatures, 25,
5, and 0+2°C, for 3 months and evaluated for any sign

of precipitation or separation. The stored dispersions
were also assessed for average particle size, PDI and zeta
potential every 4 weeks.”

Statistical analysis

The obtained results from various tests were expressed
as mean (n = 3). The standard deviation (mean + SD)
was analyzed by a ¢ test or one-way analysis of variance
(ANOVA) test. P value<0.05 considered to be significant
using GraphPad Prism version 8.0.2 (GraphPad Software,
San Diego, CA).

Results and Discussion

Miscibility of Gelucire and D-limonene oil

The spatial distribution and the miscibility of lipids,
oils and other excipients in the nano-formulations can
impact the release rate of the drug and reproducibility
of the process.”® Thus, the miscibility between Gelucire®
and limonene was initially evaluated by visual inspection
(macroscopical appearance) upon heating and cooling
the prepared formulas with different weight ratios. Visual
inspection allowed to assess the presence of oil droplets
between the lipid and the oil or on the surface of the
preparations. Macroscopic appearance can also help in
figuring out any sign of phase separation phenomena or
turbidity induced by the cooling of the melted mixtures.??
When an equal amount of Gelucire® and limonene
were mixed and melted together (1:1), it formed a clear,
transparent and homogenous phase mixture, while the
other ratios showed less clear to turbid appearance (Table
1).

Nevertheless, despite of these mixtures are being
macroscopically miscible, they may have microscopic
heterogeneities that can result in poor stability and phase
separation during storage.’® Subsequently, for additional
confirmation, the PDI of the mixtures was measured and
evaluated, where small PDI values reflect a unimodal
particle size distribution while higher values mean that the
distribution is multimodal. The weight ratio (1:1) was able
to form nano-droplets with the smallest PDI (0.299+0.032)
with a single peak as shown in Table 1, which indicated
full miscibility and a monodisperse system formation with
a uniform distribution of Gelucire® and limonene.

Table 1. Macroscopical appearance and polydispersity index (PDI) of
different weight ratios of limonene and Gelucire® mixtures

Ratio of limonene to Appearance  Polydispersity Number of
Gelucire®(w/w) upon cooling index? peaks®
5:1 Turbid 0.652+0.451 3

3:1 Less clear 0.449+0.115 2

1:1 Clear 0.299+0.032 1

1:3 Less clear 0.334£0.299 2

1:5 Less clear 0.308+0.410 2

“Mean = SD (n = 3).
b Appeared in the particle size distribution graph (unimodal, bimodal, and
multimodal).
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Selection of surfactant and co-surfactant

The most critical limitation related to the microemulsion
or nanoemulsion-based systems is the toxicity of
the utilized components. A large concentration of
surfactants may result in gastrointestinal problems when
administrated orally or skin irritation when applied
topically. Thus, the cautious selection of surfactants, as
well as co-surfactant, became necessary.” Further, the
proper selection of surfactant and co-surfactant in the
ME systems, is very crucial since they are adsorbed at
the interface, emulsify the lipid system spontaneously,
decrease the interfacial energy and provide a mechanical
defy to the coalescence.” In this context, the selection of
surfactant and co-surfactant was based on measuring and
comparing their percentage transmittance which reflect
their ability to emulsify the lipid phase without any input
energy.”

As shown in Figure 2A, Labrasol® had a very good
ability to emulsify as it required only three flask inversions
for clear emulsion formation with the highest percentage
transmittance (96.2+0.122%), followed by Cremophor®
RH 40 and Tween® 80 that required the same number
of flask inversions with percentages transmittance of
93.9+0.52% and 89.9+0.135%, respectively. This result
was in line with the study performed by Kumar et al*! who
revealed that microemulsion prepared with Labrasol®
resulted in the formation of a microemulsion system
with a high percentage transmittance value of 99.87%.
Labrasol®, a non-ionic surfactant, is a PEG derivative of
medium-chain fatty acid triglyceride chemical structure.
It is one of the best surfactants used since it has a good
solubilization property, low toxicity profile and low
critical micelle concentration.*> Moreover, its HLB value
is high and equal to that of Gelucire® (both of HLB =
14) resulting in excellent microemulsification feature
(high % transmittance) and maximum stability of the
system.**** On the other hand, Lauroglycol® revealed
low emulsification property since it required eight flask
inversions to give a clear emulsion with lowest percentage
transmittance 29.2+0.221% (Figure 2A). This may be
due to the presence of co acid backbone, which has a
long chain in its structure (large molecular volume) that
reduce its emulsification power upon incorporation in
microemulsion.*

The selection of the co-surfactant is a critical step due
to its ability to decrease the surfactant concentration,
providing more stable microemulsion, improving
polydispersibility of the system, as well as ensuring the
flexibility of the interfacial surfactant film.* In the present
investigation, four co-surfactants, namely; Labrafil®,
Transcutol®, propylene glycol and PEG 400, were
examined. Polyethylene glycol was excluded from the
evaluation due to its inability to form an emulsion upon
mixing with the lipid phase and Labrasol®. As portrayed in
Figure 2B, the addition of Labrafil® to the microemulsion,
induced very good emulsification with a high percentage

transmittance (97.6£0.551%), followed by Transcutol®
with a percentage transmittance 91+0.336%, to end with
propylene glycol (90.2+0.354%) (P<0.05). From the
previous results, Labrafil® was selected for further study
as co-surfactant.
Pseudo-phase limonene-based
microemulsions

To obtain the appropriate concentration ranges of the
selected components for ME formula, the pseudo-
ternary phase diagram was designed for six Smix ratios
(1:1, 2:1, 3:1, 4:1, 5:1, 1:3) to locate the optimal formula
composition. The six ratios of Smix were able to form
clear and stable microemulsions, yet the constant weight
ratio between Labrasol® and Labrafil® (km) which resulted
in the largest isotropic region in the phase diagram was
found to be 4:1, and thus was selected for further studies.
These results are clearly illustrated in Figure 3, and by
using Sketch and Calc® program that calculated and
confirmed the largest microemulsion area for 4:1 w/w

diagram of

‘ A
Labrasol®
Cremophor® |_"
Tween®80 |—-‘
Lauroglycol® ——
0 20 40 60 80 100
% Transmittance
B

Transcutol®

Propylene glycole

”

Labrafil®
[

o

.20 40 60 80 100
% Transmittance

Figure 2. Emulsification efficiency of (A) various surfactants (B) and
co-surfactants of limonene and Gelucire® mixtures.

Km=1:3 Km=1:1

¥ Km=2:1
Oily phase Oily phase Oily phase
Water A Smix Water Smix  Water A Smix
Km=3:1
Km=4:1 Km=>5:1

Oily phase !
Oily phase

\\nerA Smix Water Smix \\'alerA Smix

Figure 3. The pseuodo-ternary phase diagrams. Shaded areas
corresponding to monophasic transparent microemulsion at
different km values (Labrasol® to Labrafil®) with different aqueous
to oily phases (Gelucire® and limonene).

Oily phase
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ratio. The analysis diagram revealed that increasing the
weight ratio of Labrasol® from 1% to 4% (w/w), led to an
expansion of the microemulsion region. This result was
in agreement with Patel et al*® in which 4:1 Smix analysis
diagram of the prepared microemulsion included the
largest isotropic area. That could be explained based on
the fact that further depletion of the interfacial tension,
increasing in the fluidity of the interface, and enhancement
of the entropy of the microemulsion system occurred by
increasing the surfactant concentration.” Yet, it was noted
that increasing the weight ratio of Labrsaol® from 4% to
5% (w/w), did not cause any significant enhancement in
ME region and this was due to the presence of Labrafil®,
that acts mainly in reducing the concentration of Labrasol®
required to emulsify the mixture, as well as increasing
fluidity of the interface. Hence, the effect of Labrasol®
relative concentration on the microemulsion area greatly
depends on the presence and concentration of Labrafil®
which solely cannot achieve a sufficient reduction of oil/
water interfacial tension, and thus unstable microemulsion
can be formed.*”’

After the selection of the optimal Smix weight ratio
(km = 4:1), nine different ratios (9:1 to 1:9) between the
oil phase and aqueous phase were prepared and evaluated
for their visual appearance, droplet size, and PDI. As
shown in Table 2, F7 which consisted of 25% of oil phase
(Gelucire® and limonene), 58.3% w/w of Smix (46.64%
Labrasol® and 11.66% Labrafil®), and 16.7 % w/w of
deionized water, showed a bluish transparent appearance,
with small droplet size (125 nm + 0.12) and the smallest
PDI value of 0.272 £ 0.009.

Physicochemical characterization of the optimized
microemulsion

Particle size analysis and PDI

The particle size, PDI, and % transmittance are promoting
requirements for the biopharmaceutical execution of the
microemulsion system. Table 2 illustrated that F7 was
homogeneous monophasic ME having a bluish transparent

appearance at room temperature (25+2°C), with a small
particle size less than 150 nm (125+0.12 nm) which met the
acceptance criteria as reported by Bshara et al.*® The small
droplet average size of microemulsion resulted from the
presence of relatively high concentrations of the surfactant
(Labrasol®) and co-surfactant (Labrafil®) in the system
which led to increasing the microemulsion system entropy,
lowering the oil/water interfacial tension and decreasing
its free energy.”® Moreover, the small PDI (0.272+0.009)
reflects a unimodal particle size distribution with a
minimal proneness to agglomeration.® High percentage
transmittance after diluting the optimized microemulsion
with 100 ml deionized water was 96.5+0.88%, revealing
efficient emulsification of Gelucire® and limonene by
Labrasol®” and Labrafil®.

Zeta potential

Surface zeta potential is an important parameter since
it reflects the degree of repulsion between adjacent
nano-droplets whether are negative or positive charged
nanoparticles® and can predict the physical stability of
the nanosized ME system, where zeta potential value
of +30 mV can award a thick high energy diffusion
barrier that prevents the flocculation or coagulation of
the nanoparticles achieving good colloidal stability.® In
this study, the system showed a quit low zeta potential
(-18.9+2.79 mV), which wasless than <30 mV; yet, the high
amount of non-ionic surfactant (Labrasol®) may create a
steric stabilization that provides a rigid film surrounding
the oil droplets and prevents self-coalescence.?® This
result is linked to the use of non-ionic surfactant which
did not induce any charge on the ME surface. A similar
result was observed by Moghimipour et al* where the
use of non-ionic surfactants (Tween® 80 and Span® 80)
during fabricating ME systems resulted in relatively low
zeta potential values ranged from 0.84 mV to -18 mV. On
the other hand, Aloisio et al*' designed anionic MEs using
sodium oleate, where the ME surface charges were of high
zeta potential values (between -52 and -66.1 mV). These

Table 2. Composition of limonene-based microemulsion formulations constructing the pseudo-phase diagram (km=4:1)

Components
Formula  |;monene & Gelucire®  Labrasol® & Labrafil® Deionized water Appearance Size (nm)” PDI values*
(%w/w) (%w/w) (Y%ow/w)
F1 85.71 9.52 4.76 Turbid 278.2+23.43 0.699+0.193
F2 76.19 19.04 4.76 Turbid 292.3+£33.80 0.72+0.220
F3 64.22 27.52 8.25 Turbid 201.1+£19.62 0.695+0.201
F4 50.84 33.9 15.25 Slight turbid 178.5+12.41 0.671+0.184
F5 43.10 43.10 14.53 Slight turbid 177.6+£9.80 0.485+0.121
F6 34.18 51.3 14.53 Bluish transparent 153.2+3.20 0.42+0.052
F7 25 58.3 16.7 Bluish transparent 125+0.12 0.272+0.009
F8 16.8 67.23 15.97 Bluish transparent 120.4£2.32 0.483+0.050
F9 8.54 76.92 14.53 Slight turbid 145.1£14.60 0.311+0.080

*Mean + SD (n = 3).
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observations confirmed the effect of surfactant nature on
the overall charge of the ME system.

pH and refractive index

The pH value of formula (F7) was slightly acidic (6.2+0.3)
and this could be interpreted through the presence of
Labrasol® as a surfactant with high concentration (46.8
%). Labrasol” structure has fatty acid triglyceride of
caprylic and capric acid which decrease the pH value
of the formula, yet this slight acidic value is still within
the required physiologic pH range accepted for different
dosage forms. This finding is incoherent with the ME
system which prepared by Okur et al** that Labrasol® as a
surfactant displayed a pH value of 6.0+0.01.

The refractive index is the net value of the components
of microemulsion and indicates the isotropic nature of the
formulation.” The refractive index of F7 was 1.43 which
is close to that of water and limonene (1.33 and 1.47
respectively), revealing a good homogeneity (isotropy) of
the ME formulation.

Transmission electron microscope

Structural and morphological elucidation of the limonene-
based microemulsion system (F7) was analyzed using
TEM as showed in Figure 4. The micrographs revealed
relatively separate ME droplets with smooth spherical
outlines. The hydrodynamic diameter of most of the
droplets in the image was in the range of 100-200nm,
confirming the results obtained by the Malvern Zetasizer.

200 nm

Figure 4. Transmission electron microscopical images of the
optimized limonene-based microemulsion (F7).

Robustness to dilution and thermodynamic stability

The microemulsion is a thermodynamically stable system
compared to other types of emulsions. This may be due to
the kinetic stability of the system and thus they will not
undergo phase separation under stressful conditions.*
The selected formula (F7) showed good thermal stability
and no phase separation, cracking, or creaming when
subjected to excessive dilution with deionized water,
centrifugation and freeze-thaw cycles.

In vivo skin tolerability assessment

Irritant skin is a common inflammatory skin condition
resulted from a single or repetitive exposure to natural
products or chemical agents with irritant properties.>
Topically, the effect of pure limonene oil and limonene
based microemulsion system on the skin of mice over
seven consecutive days was studied.

According to the Draize scale, physical appearance of the
mice ears showed slight irritant effect with no significant
difference (P>0 0.05) as summarized in Table 3.

Nevertheless, for further in-deep assessment of these
findings, a histopathological study was carried out
on day 7, to spot any irregularity, erythema, edema,
or any damage of the underlying tissues. Microscopic
observations of histopathologic samples are represented
in Figure 5 followed by the mean histological score in
Table 4. The samples were scored as described previously
by Lashmar et al.” The histological score was obtained by
adding the sum of the scores for the epidermal features,
hyperaemia, and the dermis features according to the
equation proposed by Sintov et al.’* The results provided
a mean of comparing the inflammatory effects of pure
and formulated limonene oil. The formula which scored
from 0 to 10 were regarded as not causing any reactions
in the mouse skin. Preparations that scored from 11 to 20
caused skin reactions, and those above 21 were considered
to cause severe damage to the skin.

As displayed in Figure 5, skin treated with pure
D-limonene oil showed compact hyper keratinized stratum
corneum with ulcerative eruptions, acanthosis, severe
hyperplasia, slight spongiosis, and hyperaemia within the
epidermis layer as compared to the negative control skin.
The collagen bundles in the dermis layer appeared slightly
fractured. In addition to severe infiltration in the upper
layer of the dermis was observed, where the number of the
cells was more than double as compared to the negative
control skin. The average histological score of this group
was 42 (> 21) indicating that D-limonene oil caused severe
damage to the skin when applied undiluted and directly to
the skin. On the contrary, incorporated D-limonene in the
microemulsion system was very similar to the untreated
skin (negative control) except for slight loose in a small
part of the hyperkeratine layer which revealed also slight
hyperaemia. The mean score of the mice group treated with
the ME system was 8 revealing that no reaction has taken
place in the treated area. These results are discrepant to
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Table 3. Irritation of the mice ears by pure limonene oil and limonene based microemulsion

Erythema formation score at day 7° Primary skin irritant index

Formula Erythema formation score after 24 h
Pure limonene oil 0.00+0.00
Limonene-based microemulsion (F7) 0.00+0.00

1.70+1.53 Slight irritant

1.30+0.58 Slight irritant

“Values are presented as mean + SD; (n = 3).
Data were analyzed using t test; (P = 0.74).

Table 4. Frequency of histological changes induced by topical application of
D-limonene and Microemulsion formulation

Control (n = 3) Microemulsion  D-limonene

(n=3) (n=3)
A. Epidermal
thickening 0 0 7
B. Increase in cell
layers of the stratum 0 0 5
granulosum
Hyperkeratosis® 0 3 7
Spongiosis® 0 0 3
E. Destruction of the
epidermis 0 0 0
Superficial
Hyperaemia® 0 5 5
G. Fractured collagen 0 0 3
H. Inflltratlon of the 0 0 12
dermis
Mean histological 0 8 1

score

* Hyperkeratosis; thickening of the stratum corneum, spongiosis; intercellular
edema in the epidermis, Hyperaemia; increase in the quantity of blood flow.

that of Draize score which relied only on visual estimation.
Microscopical examination of the histopathological
samples is more accurate and indisputable, revealing that
the microemulsion system can protect the irritant effect
of D-limonene and can be applied safely on the skin. On
the same line, eucalyptus oil which is irritant topically,”
became not irritant to the skin and showed no histological
irregularities when applied on the dorsal side of the rats in
form of nanoemulsion according to Sugumar et al*®

Stability study

The main aim of the stability test is to evaluate how the
properties of drug products change with time under
the impact of different environmental conditions. In
this context, the stability of the optimized ME (F7) was
evaluated based on its visual appearance, droplet size,
PDI, and zeta potential variations through three months
of storage period.

At the end of the storage period, the optimized
microemulsion at different temperatures didn’t exhibit any
alteration in its visual appearance, with no flocculation,
precipitation, or phase separation. At 5+2°C, F7 did
not show any significant change in its droplet size, PDI,
and its zeta potential during the storage period, due to
the presence of a high concentration of Labrasol® that
stabilizes the system against Ostwald ripening® and
prevents globule self-coalescence.”®* This result is in

agreement with those of Okur et al®® where hydroquinone-
loaded microemulsion showed good stability at 4+1°C
when stored for three months. Nevertheless, at 25+2°C
storage of limonene-based microemulsion caused the
droplet size and PDI increase significantly from 125+0.123
nm and 0.272+0.009 to 172.88+32.51 nm and 0.661+0.03,
respectively (P<0.05) as shown in Figure 6 (A and B). This
change is maybe due to the increase in the ripening rate at
a higher temperature that favored the movement of the
dispersed particles, particularly the adhesion, collision,
and the growth of the droplets in the ME system, via the

Figure 5. Histological features of the mouse ear (H&E stain). Negative control

group [A] shows (a) normal stratum corneum within the epidermis layer,
(b) regular basal layer, (c) normal collagen fiber within the dermis layer,
(d) normal structure and thickness of dermis layer with regular shape, (e)
normal blood flow. Mouse skin treated with limonene-based microemulsion
[B] shows (f) loose of epidermis layer and (g) slight hyperanemia within the
dermis. Mouse skin treated with D-limonene oil [C] shows (h) hyperkeratosis
with hyperplasia, (i) slight spongiosis, (j) slight hyperaemia, (k) Loose
perivascular and diffuse infiltrate and (1) fractured collagen.
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Figure 6. (A) droplet size (nm), (B) polydispersity index and (C) zeta potential (mV) of limonene-based microemulsion (F7) after three months’

storage at 25+2°C, 5+2°C and 0+2°C.

continuous phase. In addition to a change in the solubility
of the non-ionic surfactant in the bulk phase, producing
an alteration in the film compressibility.®!

At 0£2°C, freshly F7 showed good stability as shown
previously in thaw/freeze cycles, yet storage for three
months altered its size, PDI and zeta (Figure 6), and this
could be explained by the presence of the hydrogen bonds
between water molecules which upon freezing becomes
stronger and cause the matter to expand. This volume
expansion leads to coalescence and partial coalescence
through the collision between undercooled and frozen
droplets. Subsequently, coalesced droplets diffuse into
larger particles due to interfacial area reduction in the
freezing process, resulting in demulsification of the
system.®

Conclusion

In the current study, Gelucire® and limonene-based
microemulsion were developed using the spontaneous
emulsification method. The optimal formula had unique
characteristics, namely; small droplet size (125+0.123 nm),
unimodal size distribution (PDI 0.272%0.009), efficient
zeta potential (-18.9+2.79 mV) and high percentage
transmittance (96.5£0.88 %) with a pH of 6.3. The
formulated microemulsion showed good stability against
different dilutions and centrifugation. No irritation was
observed when apply limonene-based microemulsion
on the mice ears as revealed by the histopathological
examination. Besides, the formula was stable at 5+2°C
with no sign of precipitation or separation for three
months. These results suggested that microemulsion is

suitable to be used as a prospective aid for the essential
oil to minimize its volatility, enhance its stability, mask
its dermal irritant effect and maximize its therapeutic
efficiency and patient acceptability.

Ethical Issues

The procedure on animals was performed according
to the laws and guidelines provided by the Institutional
Animal Care and Use Guidelines (IACUG) at Beirut Arab
University, validated by the Ministry of Public Health of
an Institutional Review Board (IRB) number: 2020-0045-
P-M-93.

Conflict of Interests
None.

References

1. Srivastava A, Srivastava P, Pandey A, Khanna VK, Pant
AB. Phytomedicine: a potential alternative medicine in
controlling neurological disorders. In: Ahmad Khan MS,
Ahmad], Chattopadhyay D, eds. New Look to Phytomedicine.
Academic Press; 2019. p. 625-55. doi: 10.1016/b978-0-12-
814619-4.00025-2.

2. Peng Y, Bishop KS, Quek SY. Compositional analysis and
aroma evaluation of feijoa essential oils from New Zealand
grown cultivars. Molecules 2019;24(11):2053. doi: 10.3390/
molecules24112053

3. Osuntokun OT. Prospects of essential oils in drug
discovery. Adv Cytol Pathol 2017;2(1):1-3. doi: 10.15406/
acp.2017.02.00010

4. Mumu SK, Hossain MM. Antimicrobial activity of tea
tree oil against pathogenic bacteria and comparison of

282| Advanced Pharmaceutical Bulletin, 2021, Volume 11, Issue 2



Tailored limonene-based nanosized microemulsion

10.

11.

12.

13.

14.

15.

16.

17.

its effectiveness with eucalyptus oil, lemongrass oil and
conventional antibiotics. Am ] Microbiol Res 2018;6(3):73-
8. doi: 10.12691/ajmr-6-3-2

Ocana A, Reglero G. Effects of thyme extract oils (from
Thymus vulgaris, Thymus zygis, and Thymus hyemalis)
on cytokine production and gene expression of oxLDL-
stimulated THP-1-macrophages. ] Obes 2012;2012:104706.
doi: 10.1155/2012/104706

Echeverria ], Duarte Galhardo de Albuquerque RD.
Nanoemulsions of essential oils: new tool for control of
vector-borne diseases and in vitro effects on some parasitic
agents. Medicines (Basel) 2019;6(2):42. doi: 10.3390/
medicines6020042

Bacanli M, Basaran AA, Basaran N. Effects and usage of a
citrus compound, limonene. In: Watson RR, Preedy VR,
Zibadi S, eds. Polyphenols: Prevention and Treatment of
Human Disease. 2nd ed. Academic Press; 2018. p. 419-24.
doi: 10.1016/b978-0-12-813008-7.00032-1

Hajagos-Téth J, Hédi A, Seres AB, Gdspar R. Effects of d-
and I-limonene on the pregnant rat myometrium in vitro.
Croat Med J2015;56(5):431-8. doi: 10.3325/cm;j.2015.56.431
Li PH, Lu WC. Effects of storage conditions on the physical
stability of D-limonene nanoemulsion. Food Hydrocoll
2016;53:218-24. doi: 10.1016/j.foodhyd.2015.01.031

Jing L, Zhang Y, Fan S, Gu M, Guan Y, Lu X, et al
Preventive and ameliorating effects of citrus D-limonene
on dyslipidemia and hyperglycemia in mice with high-fat
diet-induced obesity. Eur ] Pharmacol 2013;715(1-3):46-55.
doi: 10.1016/j.ejphar.2013.06.022

de Souza MC, Vieira AJ, Beserra FP, Pellizzon CH, N6brega
RH, Rozza AL. Gastroprotective effect of limonene in
rats: influence on oxidative stress, inflammation and gene
expression. Phytomedicine 2019;53:37-42. doi: 10.1016/j.
phymed.2018.09.027

Posadzki P, Alotaibi A, FErnst E. Adverse effects of
aromatherapy: a systematic review of case reports and case
series. Int ] Risk Saf Med 2012;24(3):147-61. doi: 10.3233/
jrs-2012-0568

Simonazzi A, Cid AG, Villegas M, Romero AI, Palma
SD, Bermudez JM. Nanotechnology applications in drug
controlled release. In: Grumezescu AM, ed. Drug Targeting
and Stimuli Sensitive Drug Delivery Systems. William
Andrew Publishing; 2018. p. 81-116. doi: 10.1016/b978-0-
12-813689-8.00003-3

Rhee YS, Park CW, Nam TY, Shin YS, Chi SC, Park ES.
Formulation of parenteral microemulsion containing
itraconazole. Arch Pharm Res 2007;30(1):114-23. doi:
10.1007/bf02977787

Froelich A, Osmalek T, Snela A, Kunstman P, Jadach
B, Olejniczak M, et al. Novel microemulsion-based
gels for topical delivery of indomethacin: formulation,
physicochemical properties and in vitro drug release
studies. J Colloid Interface Sci 2017;507:323-36. doi:
10.1016/j.jcis.2017.08.011

LiuCH,Lee WS, Wu WC. Photodynamicinactivationagainst
Pseudomonas aeruginosa by curcumin microemulsions.
RSC Adv 2016;6(67):63013-22. doi: 10.1039/c6ral0193¢
Valizadeh A, Shirzad M, Esmaeili F, Amani A. Increased
antibacterial activity of cinnamon oil microemulsionin

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

comparison with cinnamon oil bulk and nanoemulsion.
Nanomed Res ] 2018;3(1):37-43. doi: 10.22034/
nmrj.2018.01.006

Perez-Roman I, Garcia-Rodriguez JJ, Kiekens F, Cordoba-
Diaz D, Cordoba-Diaz M. Enhanced nematocidal
activity of a novel Artemisia extract formulated as a
microemulsion. Nat Prod Commun 2019;14(6):1-6. doi:
10.1177/1934578x19852435

Pavela R, Pavoni L, Bonacucina G, Cespi M, Kavallieratos
NG, Cappellacci L, et al. Rationale for developing
novel mosquito larvicides based on isofuranodiene
microemulsions. | Pest Sci (2004) 2019;92(2):909-21. doi:
10.1007/s10340-018-01076-3

Pavoni L, Maggi F, Mancianti F, Nardoni S, Ebani VV,
Cespi M, et al. Microemulsions: an effective encapsulation
tool to enhance the antimicrobial activity of selected EOs.
J Drug Deliv Sci Technol 2019;53:101101. doi: 10.1016/j.
jddst.2019.05.050

Panigrahi KC, Patra CN, Jena GK, Ghose D, Jena J, Panda
SK, et al. Gelucire: a versatile polymer for modified release
drug delivery system. Futur ] Pharm Sci 2018;4(1):102-8.
doi: 10.1016/j.£jps.2017.11.001

Cirri M, Maestrini L, Maestrelli F, Mennini N, Mura
P, Ghelardini C, et al. Design, characterization and in
vivo evaluation of nanostructured lipid carriers (NLC)
as a new drug delivery system for hydrochlorothiazide
oral administration in pediatric therapy. Drug Deliv
2018;25(1):1910-21. doi: 10.1080/10717544.2018.1529209
Shah M, Modi D, Shah D. Formulation, design and
evaluation of microemulsion and micro-emulgel of
itraconazole for topical application. Int ] Pharm Pharm Res
2017;9(2):124-59.

Fouad SA, Basalious EB, El-Nabarawi MA, Tayel SA.
Microemulsion and poloxamer microemulsion-based
gel for sustained transdermal delivery of diclofenac
epolamine using in-skin drug depot: in vitro/in vivo
evaluation. Int ] Pharm 2013;453(2):569-78. doi: 10.1016/j.
ijpharm.2013.06.009

Djekic L, Primorac M, Filipic S, Agbaba D. Investigation
of surfactant/cosurfactant synergism impact on ibuprofen
solubilization capacity and drug release characteristics of
nonionic microemulsions. Int J Pharm 2012;433(1-2):25-
33. doi: 10.1016/j.ijjpharm.2012.04.070

Patel RB, Patel MR, Bhatt KK, Patel BG. Formulation
consideration and characterization of microemulsion
drug delivery system for transnasal administration of
carbamazepine. Bull Fac Pharm Cairo Univ 2013;51(2):243-
53. doi: 10.1016/j.bfopcu.2013.07.002

Subongkot T, Ngawhirunpat T. Development of a novel
microemulsion for oral absorption enhancement of all-
trans retinoic acid. Int ] Nanomedicine 2017;12:5585-99.
doi: 10.2147/ijn.s142503

Mohyeldin SM, Mehanna MM, Elgindy NA. Superiority
of liquid crystalline cubic nanocarriers as hormonal
transdermal  vehicle:  comparative  human  skin
permeation-supported evidence. Expert Opin Drug Deliv
2016;13(8):1049-64. doi: 10.1080/17425247.2016.1182490
Moghimipour E, Salimi A, Eftekhari S. Design and
characterization of microemulsion systems for naproxen.

Advanced Pharmaceutical Bulletin, 2021, Volume 11, Issue 2

| 283



Mehanna et al

Adv Pharm Bull 2013;3(1):63-71. doi: 10.5681/apb.2013.011

systems for oral administration: materials, methods and

30. Kumar R, Kumar S, Sinha VR. Evaluation and optimization strategies. Adv Drug Deliv Rev 2008;60(6):625-37. doi:
of water-in-oil microemulsion using ternary phase diagram 10.1016/j.addr.2007.10.010
and central composite design. J Dispers Sci Technol 43. da Fonseca Antunes AB, De Geest BG, Vervaet C, Remon
2016537(2):166-72. doi: 10.1080/01932691.2015.1038351 JP. Gelucire 44/14 based immediate release formulations
31. Abul Kalam M, Alshamsan A, Aljuffali IA, Mishra AK, for poorly water-soluble drugs. Drug Dev Ind Pharm
Sultana Y. Delivery of gatifloxacin using microemulsion as 2013;39(5):791-8. doi: 10.3109/03639045.2012.709251
vehicle: formulation, evaluation, transcorneal permeation 44. Panapisal V, Charoensri S, Tantituvanont A. Formulation
and aqueous humor drug determination. Drug Deliv of microemulsion systems for dermal delivery of silymarin.
2016;23(3):896-907. doi: 10.3109/10717544.2014.920432 AAPS PharmSciTech 2012;13(2):389-99. doi: 10.1208/
32. Pascoa H, Diniz DGA, Florentino IE Costa EA, Bara $12249-012-9762-y
MTE. Microemulsion based on Pterodon emarginatus 45. Borhade V, Nair H, Hegde D. Design and evaluation of
oil and its anti-inflammatory potential. Braz ] self-microemulsifying drug delivery system (SMEDDS)
Pharm  Sci  2015;51(1):117-25.  doi:10.1590/S1984- of tacrolimus. AAPS PharmSciTech 2008;9(1):13-21. doi:
82502015000100013. 10.1208/512249-007-9014-8
33. Khan MA, Pandit ], Sultana Y, Sultana S, Ali A, Aqil M, et 46. Porter CJ, Pouton CW, Cuine JE, Charman WN. Enhancing
al. Novel carbopol-based transfersomal gel of 5-fluorouracil intestinal drug solubilisation using lipid-based delivery
for skin cancer treatment: in vitro characterization systems. Adv Drug Deliv Rev 2008;60(6):673-91. doi:
and in vivo study. Drug Deliv 2015;22(6):795-802. doi: 10.1016/j.addr.2007.10.014
10.3109/10717544.2014.902146 47. El Maghraby GM. Transdermal delivery of hydrocortisone
34. Hemmati M, Ghasemzadeh A, Haji Malek-kheili M, from eucalyptus oil microemulsion: effects of cosurfactants.
Khoshnevisan K, Koohi MK. Investigation of acute Int J Pharm. 2008;355(1-2):285-292. doi:10.1016/].
dermal irritation/corrosion, acute inhalation toxicity ijpharm.2007.12.022.
and cytotoxicity tests for Nanobiocide®. Nanomed Res | 48. Bshara H, Osman R, Mansour S, El-Shamy A. Chitosan
2016;1(1):23-9. doi: 10.7508/nmr;j.2016.01.004 and cyclodextrin in intranasal microemulsion for improved
35. Guan Y, Zuo T, Chang M, Zhang F, Wei T, Shao W, et brain buspirone hydrochloride pharmacokinetics in
al. Propranolol hydrochloride-loaded liposomal gel rats. Carbohydr Polym 2014;99:297-305. doi: 10.1016/j.
for transdermal delivery: Characterization and in vivo carbpol.2013.08.027
evaluation. Int ] Pharm 2015;487(1-2):135-41. doi: 49. Dos Santos AP, Levin Y. Effective charges and zeta
10.1016/j.ijpharm.2015.04.023 potentials of oil in water microemulsions in the presence
36. Khurana S, Jain NK, Bedi PM. Nanoemulsion based gel of Hofmeister salts. ] Chem Phys 2018;148(22):222817. doi:
for transdermal delivery of meloxicam: physico-chemical, 10.1063/1.5019704
mechanistic investigation. Life Sci 2013;92(6-7):383-92. doi: 50. Kumar A, Dixit CK. Methods for characterization of
10.1016/j.1fs.2013.01.005 nanoparticles. In: Nimesh S, Chandra R, Gupta N, eds.
37. Vicentini FT, Vaz MM, Fonseca YM, Bentley MYV, Advances in Nanomedicine for the Delivery of Therapeutic
Fonseca M]J. Characterization and stability study Nucleic Acids. Woodhead Publishing; 2017. p. 43-58. doi:
of a water-in-oil microemulsion  incorporating 10.1016/b978-0-08-100557-6.00003-1
quercetin. Drug Dev Ind Pharm 2011;37(1):47-55. doi: 51. Aloisio C, Longhi MR, De Oliveira AG. Development and
10.3109/03639045.2010.491078 characterization of a biocompatible soybean oil-based
38. Mitsutake H, Ribeiro LNM, Rodrigues da Silva GH, Castro microemulsion for the delivery of poorly water-soluble
SR, de Paula E, Poppi RJ, et al. Evaluation of miscibility drugs. J Pharm Sci 2015;104(10):3535-43. doi: 10.1002/
and polymorphism of synthetic and natural lipids for jps.24555
nanostructured lipid carrier (NLC) formulations by Raman 52. Ustiindag Okur N, Yavagoglu A, Karasulu HY. Preparation
mapping and multivariate curve resolution (MCR). Eur J and evaluation of microemulsion formulations of
Pharm Sci 2019;135:51-9. doi: 10.1016/j.€jps.2019.05.002 naproxen for dermal delivery. Chem Pharm Bull (Tokyo)
39. Azeem A, Rizwan M, Ahmad FJ, Igbal Z, Khar RK, Aqil M, 2014;62(2):135-43. doi: 10.1248/cpb.c13-00051
et al. Nanoemulsion components screening and selection: a 53. Patel N, Baby B, Ramesh K, Rao P, Rajarajan S.
technical note. AAPS PharmSciTech 2009;10(1):69-76. doi: Preparation and in-vitro evaluation of micro emulsion
10.1208/512249-008-9178-x of anti-hypertensive drug: Valsartan. Int ] Pharm Sci Res
40. Thakkar H, Nangesh ], Parmar M, Patel D. Formulation 2012;3(8):3493-501.
and characterization of lipid-based drug delivery system of 54. Mateeva V, Angelova-Fischer I. Irritant contact dermatitis:
raloxifene-microemulsion and self-microemulsifying drug clinical aspects. In: Honari G, Maibach H, eds. Applied
delivery system. ] Pharm Bioallied Sci 2011;3(3):442-8. doi: Dermatotoxicology. Academic Press; 2014. p. 11-39.
10.4103/0975-7406.84463 55. Lashmar UT, Hadgraft J, Thomas N. Topical application
41. Kumar A, Sharma P, Chaturvedi A, Jaiswal D, Bajpai M, of penetration enhancers to the skin of nude mice: a
Choudhary M, et al. Formulation development of sertraline histopathological study. ] Pharm Pharmacol 1989;41(2):118-
hydrochloride microemulsion for intranasal delivery. Int ] 22.doi: 10.1111/j.2042-7158.1989.tb06405.x
ChemTech Res 2009;1(4):941-7. 56. Sintov A, Zeevi A, Uzan R, Nyska A. Influence of
42. Pouton CW, Porter CJ. Formulation of lipid-based delivery pharmaceutical gel vehicles containing oleic acid/sodium
284|  Advanced Pharmaceutical Bulletin, 2021, Volume 11, Issue 2



Tailored limonene-based nanosized microemulsion

57.

58.

59.

oleate combinations on hairless mouse skin, a histological
evaluation. Eur ] Pharm Biopharm 1999;47(3):299-303. doi:
10.1016/50939-6411(99)00018-1

Kartal D, Kartal L, Cinar SL, Borlu M. Allergic contact
dermatitis caused by both eucalyptus oil and spruce oil.
Int ] Med Pharm Case Reports 2016;7(2):1-3. doi: 10.9734/
ijmpcr/2016/25115

Sugumar S, Ghosh V, Nirmala M], Mukherjee A,
N.  Ultrasonic
eucalyptus oil nanoemulsion: antibacterial activity against
Staphylococcus aureus and wound healing activity in
Wistar rats. Ultrason Sonochem 2014;21(3):1044-9. doi:
10.1016/j.ultsonch.2013.10.021

Gupta A, Eral HB, Hatton TA, Doyle PS. Nanoemulsions:
Soft  Matter

Chandrasekaran emulsification  of

formation, properties and applications.

60.

61.

62.

2016;12(11):2826-41. doi: 10.1039/c5sm02958a

Ustiindag Okur N, Caglar ES, Pekcan AN, Okur ME, Ayla
S. Preparation, optimization and in vivo anti-inflammatory
evaluation of hydroquinone loaded microemulsion
formulations for melasma treatment. J Res Pharm
2019;23(4):662-70. doi: 10.12991/jrp.2019.174

Fletcher PDI, Petsev DN. A model for the temperature-
dependent  interactions in  uncharged  droplet
microemulsions. ] Chem Soc Faraday Trans 1997;93(7):1383-
8. doi: 10.1039/a607542h

Lin C, He G, Li X, Peng L, Dong C, Gu §, et al. Freeze/thaw
induced demulsification of water-in-oil emulsions with
loosely packed droplets. Sep Purif Technol 2007;56(2):175-
83. doi: 10.1016/j.seppur.2007.01.035

Advanced Pharmaceutical Bulletin, 2021, Volume 11, Issue 2

| 285



