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ABSTRACT

Objective: The objective of the present work was to prepare and characterize grapefruit oil base microemulsions loaded with caffeine as a model
hydrophilic compound.

Methods: The formulation ingredients were selected based on surfactant efficiency and solubility studies. Ternary phase diagrams of grapefruit oil
were constructed using the water titration method. Nine O/W microemulsions were constructed and prepared by mixing surfactant system,
grapefruit oil, water and caffeine together. The resulting microemulsions were investigated for viscosity using Brookfield viscometer, for pH value
using a digital pH meter, and for average particle size and polydispersity index (PDI) using a Zetasizer Nano. Ex vivo skin permeation through
porcine ear skin was conducted using a side-by-side diffusion cell. The amount of caffeine was analyzed using HPLC-UV method.

Results: Tween 20 yielded the highest emulsification ability for grapefruit oil and the highest caffeine solubility. It was selected as a major
surfactant. Caffeine was slightly soluble in ethanol and isopropyl alcohol, but sparingly soluble in propylene glycol (PG). These ingredients were
used as the cosurfactants. Nine grapefruit oil base microemulsions were prepared and characterized. The pH of microemulsions was within the
range of 4.48-5.96. Particle size was in the range of 10.81+0.03 to 62.18+21.04 um with the PDI of 0.13+0.02 to 0.64+0.11. Viscosity and particle size
of microemulsions increased significantly with increasing grapefruit oil or tween 20 content. Addition of PG as cosurfactant resulted in the increases
of viscosity, particle size and PDI. Depending on the formulation parameters, the permeation fluxes of caffeine from grapefruit oil base
microemulsions were in the range of 28.4+3.4-361.4+15.2 pg/cm2 /h.

Conclusion: The grapefruit oil base microemulsions were successfully formulated. The physical properties and caffeine permeation of these
microemulsions were found to be dependent on the grapefruit oil content, tween 20 content, cosurfactant type and content, as well as caffeine
loading. The optimal formulation of grapefruit oil base microemulsion suggested composition of 5% grapefruit oil, 50% surfactant system (tween
20 and ethanol at the ratio of 9:1), and water.

Keywords: Grapefruit oil, Microemulsions, Caffeine

© 2019 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
DOLI: http://dx.doi.org/10.22159 /ijap.2019v11i2.30958

INTRODUCTION

Microemulsion is a single, optically isotropic solution of water and
oil stabilized by an interfacial film consisting of a surfactant,
frequently in combination with cosurfactant. Over the past two
decades, microemulsions have attracted considerable attention as a
drug delivery vehicle for dermal application due to their ability to
efficiently maximize the permeation flux into the skin.
Microemulsions provide several advantages including
thermodynamic stability, high solubilization capacity for hydrophilic
and hydrophobic compounds, easy formation, low viscosity with
Newtonian behavior, and small droplet size (< 150 nm)[1-6].

Different oils have been used for the formulation of topical
microemulsions. The oil selection was commonly based on its ability
to solubilize a loading compound and/or ability to enhance skin
permeation. Recently, few essential oils have been used as an oil
phase in the formulation of topical microemulsions [7-9].

Grapefruit oil, an essential oil extracted from the peel of Citrus
paradisi. L, is a mixture of volatile compounds with pleasant
refreshing effect, and commonly used as a flavouring agent [10-13].
Grapefruit oil consists mainly of monoterpene hydrocarbons, and up
to 90% of which is limonene [14]. As for the other terpenes,
limonene is one of the effective permeation enhancers generally
regarded as safe [15]. It has been reported that the addition of
limonene into the oil phase of microemulsions further increased the
skin permeation rate [16-18].

Caffeine, a naturally occurring purine-based alkaloid, is a popular
psychotropic compound. It is clinically used as a central nervous
system stimulant, and a treatment for apnea in premature neonates

[19-21]. Caffeine is also applied in cosmetic formulations mainly due
to its antioxidant properties, as well as activities on fatty, connective
tissues and microcirculation, which could help to improve gynoid
lipodystrophy [22]. Caffeine is a hydrophilic substance (MW 194.19;
pKa 10.4; log P -0.07) [23]. It is known that permeation of caffeine
through the skin is compromised by its hydrophilicity, and a suitable
delivery system could further increase the permeation flux [24, 25].

The objective of the present work was to prepare and characterize
grapefruit oil base microemulsion formulations. Caffeine was used
as a hydrophilic model compound. Oil-in-water (0/W) type
microemulsion was selected based on the ability to enhance skin
permeation [26], in addition to its greaseless and non-tackiness
characteristics compared to the water-in-oil microemulsion. To
identify a suitable microemulsion system for topical applications,
the effect of concentrations of grapefruit oil (an oil phase),
surfactant and cosurfactants on the characteristics and ex vivo
permeation were studied.

MATERIALS AND METHODS
Materials

Caffeine (Reagentplus) was obtained from Sigma-aldrich (USA).
Grapefruit oil was received from Thai-China Flavours and
Fragrances Industry Co., Ltd. (Thailand). Tween 20 (ECOTERIC 20)
and tween 80 (ECOTERIC 80) were purchased from Ajax Finechem
Pty Ltd (Seven Hills, Australia). PEG-40 hydrogenated castor oil
(Nikkol HCO-40, HCO40) was provided by Nikko Chemicals Co., Ltd.
(Japan). Tween 60 was obtained from NamSiang Co., Ltd. (Thailand).
Ethanol was purchased from Merck (Germany). Isopropyl alcohol
(IPA) and glacial acetic acid were obtained from QREC (New
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Zealand). Propylene glycol (PG) and methanol were purchased from
RCI Labscan Ltd (Thailand). Deionized water was used throughout
the study. All chemicals were used as received.

Screening of formulation ingredients
Surfactant efficiency study

The surfactant efficiency-Smin-defined as the minimum amount of
surfactant required for completely homogenizing grapefruit oil and
water to form a clear, isotropic, single phase microemulsion was
determined [27]. The test surfactant was added drop by drop to the
1:1 weight ratio of grapefruit oil to water mixtures. The amount of
surfactant required to change the grapefruit oil-water mixture
appearance from turbid to transparent corresponded to the Sin.

Solubility study

The solubility of caffeine in various surfactants and solvents was
measured. Excess amount of caffeine was added to known weight of
each surfactant or solvent, vortexed for 2 min followed by sonication
(Elma Transsonic 700/H, Elma-Hans Schmidbauer, Germany) for 30
min in order to facilitate the saturation condition, and then
equilibrated at 32+0.5 °C in a shaking water bath (Digital
Temperature Controller, Polyscience, Germany) for 24 h. Mixtures
were filtrated through a membrane filter (0.45 pm, 13 mm, Millipore
filter, Millipore, Bedford, MA). The filtrated solution was then
diluted and assayed by HPLC as described later.

Construction of phase diagrams

In order to determine the concentration range of components for the
existing range of microemulsions, phase diagrams were constructed
using the water titration method at ambient condition [1]. Briefly,
mixtures of grapefruit oil with surfactant were prepared at weight
ratios of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 into different vials.
These mixtures were titrated drop-wise with water. Following each
addition, the mixtures were vortexed for 2-3 min and were allowed
to equilibrate. After equilibration, the mixtures were examined
visually for phase separation, transparency and flow properties. The
point at which the mixture became turbid or showed signs of phase
separation was considered the end point of the titration. The phase
diagrams were drawn. The area of microemulsion existence was
determined and denoted as ME.

The effects of cosurfactants, namely ethanol, IPA and PG on the
microemulsion formation of tween 20-grapefruit oil-water, were
also investigated. The selected surfactant (tween 20) was mixed
with cosurfactant at weight ratios of 9/1, 5/1 and 1/1
surfactant/cosurfactant ratio to obtain the surfactant systems. The
pseudo-ternary phase diagrams were then constructed using the
water titration method as previously described.

Preparation of caffeine-loaded microemulsions

The microemulsion formulations were prepared by mixing
surfactant system (tween 20 or mixture of tween 20 with
cosurfactant) and grapefruit oil together. The precise weight of
caffeine was firstly dissolved in water and then added to the mixture
of surfactant-grapefruit oil under moderate magnetic stirring for 30
min (at ambient temperature). The resulting microemulsions were
tightly sealed and allowed to equilibrate at ambient temperature
(25-30 °C) for at least 12 h before further investigations.

Characterization of caffeine-loaded microemulsions

The physical form and appearance of the tested formulations were
investigated visually. Only clear, isotropic one phase systems were
considered microemulsions and further characterized. The pH values
of microemulsions were determined at room temperature using a
digital pH meter (Corning M250, Ciba Corning Ltd., UK). The viscosity
of various microemulsions was measured at 32 °C employing a
rotating Brookfield viscometer (Model DV-III; Brookfield Engineering
Laboratories, Inc, MA, USA) equipped with small sample adapter
(cylindrical sample chamber and spindle number 18).

The microemulsions were characterized for average particle size
and polydispersity index (PDI) using a Zetasizer Nano (Malvern
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Instruments, Malvern, Worcestershire, UK) at a temperature of 25+2
°C and at 90 ° to the incident beam applying the principle of photon
correlation spectroscopy. Dispersions were 10-times diluted with
prefiltered (0.45 pm) ultrapure water to ensure that the light
scattering intensity was within the instrument’s sensitivity range.

Ex vivo skin permeation study

Porcine ears were obtained from a local slaughterhouse and cleaned
with water. After soaking the ears in water at 60 °C for 45 s, the
intact epidermis was peeled off with forceps, washed with water and
kept at -20 °C until use (within 7d) [28]. The frozen skin of full-
thickness was thawed at ambient temperature before use.

The ex vivo permeation of caffeine from the microemulsion through
the pig ear skin was conducted using a side-by-side diffusion cell
with a diffusion area of 0.694 cm2 (Crown Glass Company, USA). The
system was connected to a water bath maintained at a temperature
of 32+0.5 °C. A thawed skin was mounted between the donor and
receptor compartments with a clamp and was hydrated with pH 7.4
phosphate buffered saline (PBS) for 1 h. The caffeine microemulsion
(3 ml) was added to the donor compartment, which was in contact
with the stratum corneum side of the skin. The receptor
compartment was filled with 3 ml of PBS solution. At predetermined
times, 2.0-ml samples were taken from the receptor compartment
and equal volumes of PBS solution were immediately added after
each sampling. The concentration of caffeine was analyzed by HPLC.
The cumulative amount of caffeine that permeated the skin was
plotted against time.

Data analysis

The steady state flux (Js), the permeability coefficient (k,), the
concentration gradient (AC), and the drug concentration in the
vehicle (C.) are defined by equation 1 [29].

Js =k, AC =k, [T, ()
The permeability coefficient from permeation through pig ear skin
and the lag time (Tiq) are defined by equations 2 and 3.

K, = KI[D
ho. 2)
h2

| - —
® 6D 3)

Where K is the partition coefficient of the drug in the skin and in the
vehicle; D is the diffusion coefficient of the drug in the skin; h is the
thickness of the skin.

HPLC analysis

Caffeine content was determined using an HPLC system (Perkin-
Elmer, MA) consisting of a UV/VIS detector (model 785A) and a
pump (series 200 LC). The chromatographic separation was
achieved on a Hypersil Gold C-18 column (250 mm x 4.6 mm, 5 pm;
Thermo Electron Corporation, USA) with a flow rate of 1 ml/min
with UV detection at 274 nm. The mobile phase consisted of
methanol, water, and glacial acetic acid at a volume ratio of 45.0:
53.5: 1.5. The retention time of caffeine was approximately 5.2 min.
The standard curve was linear over a concentration range of 5 to 66
pug/ml with R2 value>0.99. The day-to-day relative standard
deviations (RSD) for this assay were less than 2%.

Statistical analysis

Each experiment was repeated at least three times. The results are
expressed as meanSD. One-way analysis of variance was used to
test the statistical significance of differences among groups.
Statistical significance of the differences of the means was
determined using Student’s t-test. All statistical tests were run using
the SPSS program for MS Windows, release 19 (SPSS (Thailand) Co.
Ltd., Bangkok, Thailand). The significance was determined with 95%
confidence limits (a=0.5) and was considered significant at a level of
P less than 0.05.
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Table 1: Surfactant efficiency (Smin) of the investigated surfactants for grapefruit oil

Surfactants Smin (Yow/w)"
Tween 20 52.88+0.16
Tween 60 65.75+0.77
Tween 80 73.69+1.14
HCO040 61.27+1.46

“mean+SD, n=3.

RESULTS AND DISCUSSION
Screening of components for microemulsions

In the formulation of microemulsions, it is important to determine which
surfactants have good affinity with the given oil. In this study, four
nonionic surfactants (tween 20, tween 60, tween 80 and HCO40) were
investigated due to their low skin irritation and lower tendency to cause
allergic reactions, commercial availability and inexpensiveness [3]. The
emulsification ability of the investigated surfactants in terms of Smin or
the determined amount of surfactant required to completely solubilize
equal masses of grapefruit oil and water was determined. As shown in
table 1, the lowest Smin (52.88+0.16 %w/w) were observed with tween
20, which has the shortest chain length (C-12) with the highest
hydrophilicity (HLB 16.7) [30].

It is known that drug loading is one of the major parameters for
formulation designation. Because the solubility of caffeine in
grapefruit oil was found to be relatively low (less than 1 mg/g), the
surfactant system with good solubilization capacities for caffeine

was therefore needed. The solubility of caffeine in the investigated
surfactants, as well as cosurfactants, was determined and the results
are shown in table 2. Caffeine is soluble in water, with solubility (at
32 °C) of 30.68+0.92 mg/g. Amongst the investigated surfactants,
the solubility of caffeine was the highest in tween 20, followed by
tween 80, HCO40 and tween 60, respectively. Given its relatively
high solubility, coupled with high emulsification ability for
grapefruit oil, tween 20 was therefore selected as a surfactant for
preparation of the grapefruit oil microemulsions. Tween 20 is a
widely accepted nonionic surfactant and used in various
pharmaceutical formulations [31].

Caffeine was slightly soluble in ethanol and IPA, but sparingly
soluble in PG. Due to their ability to act as a permeation enhancer
and relatively high skin tolerance [32], these ingredients were
therefore used as the cosurfactants. It is known that the presence of
cosurfactant might overcome the need for any additional input of
energy. These properties make the components useful as vehicles
for drug delivery.

Table 2: Solubility of caffeine in various surfactants and cosurfactants at 32 °C

Surfactants/Cosurfactants Solubility (mg/g)"
Tween 20 10.12+1.50

Tween 60 5.87+1.22

Tween 80 9.23+1.44

HCO040 7.06+0.51

Ethanol 9.39+0.19

IPA 7.38+0.45

PG 16.40+1.88
Deionized water 30.68+0.92
PBSpH 7.4 31.30+0.40

“mean+SD, n = 3.

Ternary and pseudoternary phase diagrams of grapefruit oil

The construction of ternary phase diagrams is used to determine the
concentration range of constituents in the existing range of
microemulsion. Ternary phase diagram of tween 20, grapefruit oil
and water system is shown in fig. 1. The isotropic region with low
viscosity is presented in the phase diagram as the one-phase
microemulsion region. The rest of the phase diagram represents the
turbid and conventional emulsions based on visual observation.
Tween 20 alone could yield a considerable microemulsion region
(33.4 %). It can be seen that grapefruit oil base microemulsion in the
present study formed spontaneously at ambient temperature when
their components were brought in contact.

The use of tween 20 alone as a surfactant is likely to sufficiently
reduce the interfacial tension between grapefruit oil and water to
form stable microemulsion. However, alcoholic cosurfactants like
ethanol, IPA and PG could further increase the mobility of
hydrocarbon tail, decrease the interfacial tension, and thereby
further improve the microemulsification performance.

The effect of the investigated cosurfactants on the isotropic region of
grapefruit oil-tween 20-water system is presented in fig. 2. The
mixing ratios of surfactant to cosurfactant (Km) considered were 9:1,
5:1 and 1:1, respectively. The obtained ME regions generally
increased in line with additions of these cosurfactants, except for 1:1
tween 20: PG system. For ethanol and PG, the ME regions obtained
from Km of 9:1 and 5:1 were comparable, and the ME regions for

ethanol and PG were 45.3-45.7% and 42.5-43.9%, respectively.
Increase cosurfactant ratio (Km=1:1) resulted in the decrease in ME
regions compared to the lower cosurfactant ratio. In the case of IPA,
the ME regions were comparable (43.0-47.3%), regardless of the K.

Tween 20

100

- 7 ” v 0
0O 10 20 30 40 50 60 70 80 90 100
‘Water Grapefruit oil

Fig. 1: Ternary phase diagram of grapefruit oil-water-tween 20
system. The gray area represents the region of microemulsion (ME)
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Fig. 2: Pseudoternary phase diagrams of grapefruit oil microemulsions formulated with surfactant mixtures containing tween 20 as
surfactant (S) and [A] ethanol, [B] IPA and [C] PG as cosurfactant (CoS) with the weight ratios of S/CoS 0f 9/1, 5/1 and 1/1, respectively.
The gray area represents the region of microemulsion (ME)

For the pseudoternary phase diagrams, the grapefruit oil microemulsion microemulsion were attempted. Nine microemulsion bases were
bases were designed. In our study, the O/W microemulsion type with constructed and prepared (microemulsion bases for G1-G9). The
low oil content (<15 %w) was considered. Furthermore, considering the preliminary results confirmed that these nine bases were O/W
problems associated with the use of a high amount of solvents as the microemulsions. Therefore, these grapefruit oil microemulsions were
cosurfactant, formulations with low cosurfactant or cosurfactant free further used for preparing caffeine loaded microemulsions.

Table 3: Composition of grapefruit oil microemulsions

Formulation Tween 20 Co-surfactants Grapefruit oil Water Caffeine
Ethanol IPA PG
G1 50 - - - 5 44 1
G2 50 - - - 10 39 1
G3 50 - - - 15 34 1
G4 60 - - - 5 34 1
G5 70 - - - 5 24 1
G6 45 5 - - 5 44 1
G7 45 - 5 - 5 44 1
G8 45 - - 5 5 44 1
G9 35 - 15 - 5 44 1
G10 45 5 - - 5 43 2

Table 4: Viscosity, pH, particle size and PDI of the caffeine-loaded grapefruit oil microemulsions

Formulation Viscosity (cP)" pH" Particle size (nm)" PDI"

G1 197.67+3.21 4.48+0.03 11.34+0.58 0.27+0.03
G2 301.50+6.66 4.51+0.02 13.13+0.77 0.39+0.08
G3 403.00+55.75 4.54+0.01 62.18+21.04 0.63+0.14
G4 328.70£3.29 5.58+0.05 30.81+10.25 0.64+0.09
G5 353.40+35.81 5.96+0.06 10.81+0.03 0.13+0.02
G6 194.33+4.51 4.89+0.02 17.46%8.33 0.32+0.04
G7 204.40+7.23 5.12+0.02 36.79+13.52 0.64+0.11
G8 227.3346.51 4.39+0.01 16.12+1.00 0.52+0.00
G9 114.00+3.02 4.96+0.02 22.45+5.56 0.53+0.08
G10 192.00+2.65 4.93+0.06 13.48+3.09 0.39+0.07

“mean+SD, n = 3.
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Caffeine-loaded microemulsions

Effects of composition on the properties of caffeine-loaded
microemulsions

The composition of caffeine-loaded grapefruit oil microemulsion
formulations are shown in table 3. These microemulsions were further
analyzed for viscosity, pH, particle size and PDI. The effects of
composition on the microemulsion properties were shown in table 4.

Effects of grapefruit oil content

The effects of grapefruit oil content on microemulsion properties
were investigated in cosurfactant free formulations, G1-G3. As
shown in table 4, the viscosity and particle size of the
microemulsions increased significantly when grapefruit oil content
increased from 5% to 10% and 15%, respectively (*P<0.05).
However, the PDI of microemulsions significantly increased only at
15% oil (*P<0.05). The average pH of microemulsions was
comparable within the range of 4.48-4.54.

These results were in agreement with the previous study which
reported the effects of limonene content on the viscosity of
minoxidil microemulsions [33]. It is known that an increase of
internal phase fraction in microemulsions results in increased
viscosity of the system. Ma et al. [34] reported that increased oil
content (Labrafil M 1944 CS) resulted in increases in particle size
and PDI of caffeine microemulsions. The increased oil content also
resulted in decreased water content. The viscosity of grapefruit oil
(1.07 cP) is higher than that of water (0.89 cP) [31, 35]. The
increased oil content might lead to higher viscosity which could
impede the function of surfactant, resulting in increases in particle
size and PDI of an emulsion. The lower oil phase content seems to
be appropriate for preparation of microemulsion with smaller
particle size.

Effects of tween 20 content

The effects of tween 20 content on microemulsion properties were
investigated in formulations G1, G4, and G5 as shown in table 4. The
average pH of these microemulsion formulations was in the range of
4.48-5.96. Increasing concentration of tween 20 from 50% to 60%
resulted in significant increases in viscosity, particle size and PDI
(*P<0.05), whereas increasing concentration of tween 20 from 60%
to 70% had no further effect on the viscosity and pH (P>0.05), but
resulted in significant decreases in the particle size and PDI
(*P<0.05).

These findings were in agreement with the previous study which
reported the effects of tween 20 content on the viscosity of minoxidil
microemulsions [33]. Patel et al [36] reported that increasing
surfactant system content resulted in increased particle size of
fluconazole microemulsions. The reason behind these results may
relate to the higher viscosity of tween 20 (400 cP) compared to that of
water [31]. The lower amount of surfactant system seems to be
appropriate for preparation of microemulsions with smaller particle
size.

Therefore, the contents of 5% grapefruit oil and 50% surfactant
system were used in further formulations because they showed the
lowest viscosity and smallest particle size with low PDI.

Effects of cosurfactant type and content

The effects of the cosurfactant type were investigated in
formulations G6-G8. As compared to the formulation without
cosurfactant (G1), the addition of 5% ethanol had no effect on
viscosity, particle size and PDI (P>0.05). The addition of IPA had no
effect on viscosity (P>0.05), but resulted in significant increases in
particle size and PDI of microemulsion (*P<0.05). The addition of PG
resulted in significant increases in viscosity, particle size and PDI of
microemulsion (*P<0.05). The formulation with all cosurfactants
showed comparable particle size (P>0.05). The average PDI and pH
of microemulsion with different cosurfactant were in the range of
0.32-0.64 and 4.39-5.12, respectively. Amongst these 3 formulations,
microemulsion with PG (G8) as cosurfactants had significantly
higher viscosity compared to those of ethanol and IPA (G6 and G7)
(*P<0.05).
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The rank order of viscosity and molecular weight of the cosurfactant
were PG>IPA>ethanol (58.1, 2.43 and 1.22 cP for viscosity and 76.09,
60.1 and 46.07 for molecular weight, respectively) [31]. The greater
viscosity and molecular weight of PG might cause a higher viscosity
formulation as compared to other investigated cosurfactants.

The effects of cosurfactant content (IPA) were investigated in
formulations G7 and G9. Increasing concentration of IPA from 5% to
15% resulted in significantly lower viscosity (*P<0.05). The particle
size and PDI of microemulsion did not change (P>0.05). The average
pH of microemulsion was in the range of 4.96-5.12.

Increasing IPA content also resulted in decreased tween 20 content. It
was reported that the viscosity of tween 20 was approximately 400 cP
[31] which was much higher than that of IPA. Lowering tween 20
content by 10% might be the reason for the lower viscosity. Additionally,
the higher cosurfactant content may result in the higher number of
cosurfactant molecules located at an oil-water interface of the
microemulsion region, which would decrease the fluidity of the
interfacial film, and therefore the apparent viscosity of the system.

Effects of caffeine content

The effects of caffeine content were also investigated. As shown in
table 4, increasing the concentration of caffeine from 1% (G6) to 2%
(G10) had no effect on the physical characteristics of the resulting
microemulsion.

Effects of composition on the ex vivo permeation of caffeine-
loaded microemulsions

The transdermal/topical delivery is a complex phenomenon
governing the release from the vehicle, the enhancement of vehicle
potency and partitioning of drug into the skin. The release of drug
from a vehicle into the skin and the diffusion across the skin are
controlled by physicochemical factors sensitive to the molecular
properties of the drug, the vehicle and the skin [37]. The delivery
process can be affected by interactions that occur between the drug
and skin, vehicle and skin, drug and vehicle, and drug, vehicle and
skin. The permeation profiles and calculated parameters of caffeine
from grapefruit oil microemulsions are shown in fig. 3 and table 5,
respectively.

Effects of grapefruit oil content

The effects of grapefruit oil content (G1-G3) on permeation profiles,
fluxes and parameters are shown in fig. 3A and table 5. As seen in fig.
3A, the caffeine microemulsions with 5% and 10% grapefruit oil
showed comparable permeation profiles; however, the
microemulsion with 15% grapefruit oil showed less permeability. It
was noted from table 5 that increasing concentration of grapefruit
oil from 5% to 10% had no effect on both permeation flux and the
lag time (P>0.05). Consequently, comparability in other permeation
parameters was therefore observed. However, increasing oil
concentration to 15% resulted in decreased flux, but at the same
time, lag time increased significantly (*P<0.05). As a result, the k,
and D decreased but the K increased significantly (*P<0.05).

Considering the permeation parameters in equation (1), since the
caffeine concentration was fixed, the decrease in permeation flux (Js)
was the result of the decreased permeability coefficient (kp). Based on
equation (2), the kr depends on the partition coefficient of drug between
skin and formulation (K) and diffusion coefficient of drug in skin (D) [29].
Therefore, the lower /s of caffeine from the microemulsions might be the
effect of the decreased K and/or D. According to equation (3), the lag
time is a permeation parameter that mainly depends on the D of the drug
through the skin [8, 29]. The increase in lag time of caffeine from the
microemulsions was the effect of the decreased D. Caffeine, i.e., a small,
hydrophilic molecular compound with low solubility in grapefruit oil and
low log Ko value [23]. Therefore, it is expected to diffuse easily in the
0/W microemulsion. Increasing viscosity of microemulsion with internal
oil content may impede the drug diffusion in the formulation. Moreover,
the lower affinity of drug to the grapefruit oil could be the reason for the
increase in caffeine partition coefficient. The major component of
grapefruit oil is limonene [14]. This finding is in agreement with the
study on minoxidil microemulsion composed of limonene [33].
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Fig. 3: Permeation profiles of caffeine through porcine ear skin from various grapefruit oil microemulsion formulations prepared with
different oil phase content [A], surfactant (tween 20) content [B], types of cosurfactants [C] and caffeine loading [D] (meantSD, n=5)

Table 5: Permeation fluxes and parameters of caffeine from grapefruit oil microemulsion

Formulation Permeation flux Lag time Permeability coefficient (k,)  Diffusion coefficient Partition coefficient
(pg/cm2/h)* (h)* (cm/h)x10-3* (D)(cm2/h)x10-3* (K)

G1 135.61+11.88 0.27+0.05 13.55+1.19 14.37+2.27 145.02+29.34

G2 129.39+8.30 0.26+0.07 12.94+0.83 15.26+3.99 134.48+36.29

G3 104.51+5.90 0.75+0.05 10.46+0.59 5.01+0.34 313.97+23.04

G4 64.29+3.84 0.08+0.02 6.35+0.38 50.98+18.18 20.01+4.83

G5 28.41+3.40 0.05+0.01 2.82+0.34 96.31+29.50 5.04+1.64

G6 178.24+16.83 0.55%0.15 17.83+1.68 6.73+1.48 404.55+103.47

G7 137.49+11.15 0.28+0.11 13.75+1.11 14.72+4.56 155.89+72.81

G8 96.89+2.76 0.30£0.08 9.70+0.28 12.89+2.00 115.12+25.92

G9 127.39+10.71 0.20£0.07 12.42+1.04 15.95+4.19 110.72+32.80

G10 361.41+15.17 0.27%0.07 18.060.76 11.43+1.52 217.40+36.78

“mean+SD, n = 5.

Effects of surfactant content

The effects of surfactant content (G1, G4, and G5) on permeation
profiles, fluxes and parameters are shown in fig. 3B and table 5. As
seen in fig. 3B, the microemulsions with 50% tween 20 showed the
highest permeation profile, followed by those with 60% and 70%
tween 20, respectively. Increasing concentration of tween 20 from
50% to 60% and 70% resulted in significant decreases in flux and
lag time (*P<0.05). As a result, the k, and K decreased but the D
increased significantly (*P<0.05). Tween 20 is a non-ionic surfactant
that can influence the skin barrier, and act as permeation enhancers
[38]. However, increasing surfactant content resulted in decreased
aqueous phase content, but increased viscosity. Water in aqueous
phase could hydrate stratum corneum, leading to an increase in drug
partition and permeation [36]. Less water content resulted in lower
solubility, and in turn led to shorter lag time and higher D.
Increasing viscosity of microemulsion with tween 20 content may
impede the drug diffusion in the formulation. Moreover, less
aqueous phase resulted in lower partition (K) of caffeine into
stratum corneum. Therefore, the permeation of caffeine decreased.

Effects of cosurfactant type and content

The permeation profiles of microemulsions with and without
different cosurfactant were shown in fig. 3C. The microemulsion
with ethanol showed the highest permeation profile followed by
those with IPA and PG, respectively. The microemulsion without
cosurfactant showed comparable permeation profile with the
microemulsion with IPA. It could be seen in table 5 that the addition
of ethanol resulted in the increases in flux and lag time when
compared to those of formulations without cosurfactant. As a result,

the k, and K increased, while D decreased. The addition of IPA had
no effect on the flux, lag time and other parameters. However, the
addition of PG resulted in the decrease in flux but had no effect on
lag time. As a result, k, decreased, whereas D and K did not change.

This finding was in contrast to the previous study [39] which
reported the higher permeation profile of caffeine from the vehicle
containing 5% PG compared to 5% ethanol. The differences in
caffeine concentration and dosage form used should be noted.

The viscosity of microemulsion containing PG was higher than that
containing ethanol. It could impede the diffusion of caffeine in the
formulation. Moreover, as reported in table 2, the solubility of caffeine
in PG was higher than that in ethanol. The higher affinity of the drug to
the vehicle could be the reason for the decrease in caffeine partition
coefficient. As a result, the lower permeation of caffeine was shown.

The effects of IPA content on permeation of caffeine were also
investigated in formulations G7 (5%) and G9 (15%). It was clearly
found that there was no effect on the permeation of caffeine.

Effects of caffeine content

The effects of caffeine content were investigated in formulations G6
(1%) and G10 (2%). It was found that increasing caffeine content
resulted in increased flux but decreased lag time (*P<0.05). The k,
did not change. The D increased but the K decreased.

Increasing caffeine content resulted in an increased concentration
gradient. As seen in table 3, decrease in water leads to less polarity
of the formulation. The lower affinity of the drug to formulation
resulted in higher diffusivity of drug.
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CONCLUSION

The grapefruit oil base microemulsions were successfully
formulated and prepared. The physical properties, as well as
permeation of hydrophilic compound like caffeine, depended on the
grapefruit oil content, tween 20 content, cosurfactant type and
content, as well as caffeine loading. The O/W microemulsions
composed of 5% grapefruit oil, 50% surfactant system (tween 20
and ethanol at the ratio of 9:1), and water adjusted to 100% gave
optimal microemulsion properties in respect of viscosity, pH,
particle size, PDI and ex vivo permeation. The physicochemical
characteristics suggest that these grapefruit oil base microemulsions
can potentially be vehicles for drug-carrier and cosmetic products.
Further studies including in vivo study are to be performed.
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