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Abstract. This study reports the microemulsion (ME) effects on the permeation of
genistein across normal (intact) and microporated human skin. The genistein formulation was
optimized to know the stable ME region in the pseudo-ternary phase diagrams and to
maximize the skin permeation and retention of genistein. The phase diagrams were
constructed with different oil phases, surfactants, and their combinations. The influence of
formulation factors on the permeation through intact and microporated human skin was
determined. Based on its wide ME region, as well as permeation enhancement effects, oleic
acid was used as an oil phase with various surfactants and co-surfactants to further maximize
the ME region and skin permeation. The water content in the formulation played an
important role in the ME stability, droplet size, and flux of genistein. For example, the ME
with 20% water exhibited 4- and 9-fold higher flux as compared to the ME base (no water)
and aqueous suspension, respectively. Likewise, this formulation had demonstrated 2- and 4-
fold higher skin retention as compared to the ME base (no water) and aqueous suspension,
respectively. The skin microporation did not significantly increase the skin permeation of
genistein from ME formulations. The ME composition, water content, and to a lesser extent
the ME particle size played a role in improving the skin permeation and retention of

genistein.
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INTRODUCTION

Genistein is a well-known soy isoflavone compound with
antioxidant and anti-proliferative properties and is effective
in preventing UV-induced skin damage (1,2). It has been
demonstrated that genistein can alleviate hormone-
dependent physiological symptoms (3), prevent skin aging
and inhibit the UVB-induced skin carcinogenesis and photo-
damage in animals (4-6). The possible mechanisms of the
anti-carcinogenic action include scavenging of reactive oxy-
gen species (7,8), blocking of oxidative and photodynamic
damage to DNA (9), inhibition of tyrosine protein kinase
(10), down-regulation of mitogen-activated protein kinases
(MAPK) activation, and suppression of oncoprotein
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expression in UVB-irradiated cells (11). Various formulations
such as gel (12), emulsion (13), amorphous particles (14), and
liposome (15) have been attempted to enhance the skin
permeation of genistein. However, the effectiveness of
genistein was hindered due to its low permeability as well as
low solubility in both aqueous and organic media (16).
Studies have shown that topical administration of genistein
to mouse skin demonstrated acceptable safety levels without
genotoxicity or carcinogenicity (17,18). Thus, topical admin-
istration of genistein is considered to be a viable alternative
for prevention and treatment of pre-malignant skin lesions
(19). Also, the topical delivery may be suitable route for
genistein to attain systemic bioavailability (20).
Microemulsion improves the topical or transdermal drug
delivery of various naturally derived phytochemicals (21-24).
Microemulsion is a spontaneously formed dispersion, which is
transparent, optically isotropic, thermodynamically stable
system and are very suitable for transdermal application
(25,26). Several mechanisms have been proposed to explain
the enhanced permeation of microemulsion (ME)-based
formulations: the high drug loading capacity, in situ super-
saturation providing a higher concentration gradient, the
penetration enhancing effect of the ME components, direct
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transfer of drug from the ME droplet to the stratum corneum,
and excellent spreading (low interfacial tension) and contact
between the ME and skin surface, which enable enhanced
skin permeation of drugs (27-30). In this study, the ME
formulation was optimized to maximize the permeation and
retention of genistein in dermatomed human skin. The
influence of various ME formulation factors on the perme-
ation through intact and microporated human skin was
determined.

MATERIALS AND METHODS

Reagents and Chemicals

Genistein was obtained from LC laboratories (Woburn,
MA). Oleic acid was purchased from Spectrum Chemical
Corporation (Gardena, CA); Cremophor EL and Cremophor
RH40 were provided by BASF (Ludwigshafen, Germany).
Ethanol USP and polysorbate 80 NF were purchased from
Letco Medical (Decatur, AL). Labrafac WL 1349 (caprylic/
capric triglycerides) and Transcutol P (diethylene glycol
monoethyl ether) were provided by Gaffeose (Cedex,
France). Trifluoroacetic acid and acetonitrile were purchased
from EMD Chemical Inc. (Gibbstown, NIJ). All other
reagents were purchased from VWR International (West
Chester, PA).

HPLC Analysis of Genistein

High-performance liquid chromatography (HPLC) sys-
tem equipped with PDA-UV detector (Alliance 2695 Sepa-
ration module and 2998 PDA detector, Waters Corporation,
Milford, MA) was used for genistein sample analysis. The
system was interfaced with Empower 3 software. The
chromatographic separation was carried out on a reversed
phase Phenomenex, Luna® C18 Column (5 pm, 250 x
4.6 mm). The HPLC method for genistein in the ME
formulation was developed and validated. A stability indicat-
ing HPLC method for genistein extracted from the emulsion
was optimized by controlling the parameters such as extrac-
tion solvent, mobile phase composition, flow rate, injection
volume, and run time, and the method was validated as
detailed in the Supplemental section. The optimized method
has the mobile phase composition of 35%:65% acetonitrile
and water (both containing 0.1% trifluoroacetic acid), which
is set at a flow rate of 1.5 ml/min. The samples were prepared
in ethanol water 9:1. The PDA-UV detector was set at
262 nm, and the injection volume was 25 pl.

Solubility Studies

Saturation solubility of genistein in various oils (oleic
acid and medium chain triglycerides), surfactants (polysor-
bate 80, Cremophor-EL and Cremophor-RH40), and co-
surfactants (ethanol and Transcutol P) was determined. An
excess amount of genistein was added to each liquid (5 ml) in
glass vials with polytetrafiuoroethylene (PTFE) lined screw
caps (sealed with Parafilm®), and then the resulting mixture
was shaken reciprocally at 37°C for 72 h and further
equilibrated for 24 h. The samples were then centrifuged for
10 min at 12,000 rpm (31). The supernatant was centrifuged at
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12,000%g, filtered through Nylon membrane filter (0.45 pm),
and the filtrate was diluted appropriately with the HPLC
solvent and analyzed as described under HPLC section.

Construction of Pseudo-ternary Phase Diagrams

The ME stability is dependent on its formulation
components which can be evaluated by the construction of a
pseudo-ternary phase diagram to understand the phase
behavior and miscibility of various ME components. For each
phase diagram, a specific surfactant to co-surfactant ratio
(S/CoS), the mixture of oil, surfactant, and co-surfactant were
prepared at 0.5:9.5, 1:9, 1.5:8.5, 2:8, 2.5:7.5, 3.7, 4:6, 5:5, 64,
7:3, 7.5:2.5, 82, 85:1.5, 9:1, and 9.5:0.5 weight ratios
respectively (32). Water was added dropwise to each mixture
with continuous stirring at 37°C until the mixture became
cloudy at a certain point and at that point quantity of water to
induce the cloudiness was determined. The area under curve
(AUC) of the ME region in the phase diagram was
determined for the following formulation factors: types of
oil phase, surfactant (S), co-surfactant (Co-S), and different S/
CoS ratios. The S/CoS value varied as 5:11, 1:1, and 11:5.
Based on the results, appropriate concentrations of oil,
surfactant, and co-surfactant were selected and used in the
preparation of MEs containing genistein.

Preparation of Genistein ME

Genistein loaded MEs (Table I) were prepared by
adding appropriate amount of genistein in the mixture of
oil, surfactant, and co-surfactant; then, appropriate amount of
water was added with stirring at 37°C. The systems were
equilibrated with gentle magnetic stirring for 1 h. The
concentration of genistein in MEs was 2% (w/w). The particle
size of genistein added to the microemulsions was the
resultant MEs were equilibrated for 24 h at room tempera-
ture before further studies.

Characterization of ME

The MEs were examined for homogeneity, phase sepa-
ration, and optical clarity. The droplet size distribution and
polydispersity index were determined by dynamic light
scattering method using Nicomp 380 ZLS Particle Size
Analyzer (Particle Sizing Systems, Santa Barbara, CA). The
mean particle size and polydispersity index of the formula-
tions after appropriate dilutions were determined. The pH of
MEs was measured using Accumet Excel XL15 pH Meter
(Fisher Scientific, Suwannee GA). The viscosity of MEs was
measured by Brookfield DV-II PCP pro viscometer using
spindle 40Z, and the viscosity in cps was recorded.

In Vitro Permeation Studies

Dermatomed human skin (thickness 0.50 mm) was
obtained from a skin bank (Allosource, Cincinnati, Ohio).
The protocol for collecting the dermatomed human skin for
this study was approved by the skin bank. The skin was
collected from a single donor within 8 h of death and frozen
at —70°C until use. The skin was preserved in 50% glycerol in
normal saline. Prior to skin permeation experiments, the
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Table I. Composition of genistein MEs

A. Surfactant, co-surfactant and S/CoS ratio variables in the ME formulation on the skin permeation of genistein

Factors studied = % Composition

Surfactant
Genistein 2
Oleic acid 18
Cremophor RH40:ethanol (5:11 ratio) 60
Polysorbate 80:ethanol (5:11 ratio) -
Cremophor EL:ethanol (5:11 ratio) -
Cremophor EL:Transcutol P (5:11 ratio) -
Cremophor EL:ethanol (5:11 ratio) -
Cremophor EL:ethanol (11:5 ratio) -
Cremophor EL:ethanol (1:1 ratio) -
Water 20

Co-surfactant
S/CoS (Km) ratio

2 2 2 2 2 2
18 18 18 18 18 18
60 - - - - -
- 60 - - - -
_ - 60 - _ _
- - - 60 - -
_ - _ - 60 -
- - - - - 60
20 20 20 20 20 20

B: Water content of ME as a variable on the skin permeation of genistein

Water content (%)
0 (Emulsion base)

Ingredient (% w/v)

Genistein 2
Oleic acid 18
Cremophor EL:ethanol (5:11 ratio) 80

10 20% 30 40 100 (Aqueous phase)
2 2 2 2 2
18 18 18 18 0
70 60 50 40 0

frozen skin was thawed at ambient temperature for about
20 min. The skin was washed and thoroughly rinsed with
phosphate buffered saline pH 7.4 (PBS) to remove any traces
of glycerol. The skin was examined microscopically for the
absence of any visible damage. For some permeation
experiments, skin microporation was induced by 20 passes
of solid metallic MN arrays of a Dermaroller™ (Dermaoller
Deutschland, Wolfenbuttel, Germany) according to our
previous procedure (33).

The skin was mounted between the donor and receptor
halves of the vertical Franz diffusion cell apparatus
(PermeGear, Bethlehem, PA). The surface area of the skin
exposed to the formulation was 0.64 cm”. Receptor cell was
filled with 5 ml of 0.01 M phosphate buffered saline pH 7.4
(PBS) and ethanol with the volume ratio of 8 to 2. The
receptor cell was stirred with a magnetic bead at 600 rpm. A
water circulation jacket (37°C) surrounded the receptor cell
to maintain the receptor cell and the under surface of the skin
temperature at a physiologic level. The skin was mounted on
the cells approximately 30 min before application of the
formulations. Each formulation (0.5 ml) was applied over the
surface of the epidermis and the donor cell was occluded with
Parafilm® to prevent evaporation of water from the formu-
lations (12). Samples (1 ml) were taken from the receptor cell
to measure the amount of drug transported across the skin at
1,2,4,6,8,12, and 24 h and replenished with the fresh buffer
solution, and a correction factor was applied to account for
drug removed due to sampling.

Skin Retention

At the end of the skin permeation experiment, the
residual drug formulation on the surface of the skin was
removed by wiping of the emulsion with absorbable cotton tip
(Q-tip). The skin surface was further cleaned using cotton tips
(Q-tips) by swabbing and dabbing the surface for six alternate

times using 200 pl of a solution of ethanol and water (1:1) at
each time. This procedure was determined to be optimum to
remove all the drug adhering to the skin surface and not to
remove drug from the skin layers. The active diffusion area of
the skin was then collected using a 9-mm-diameter biopsy
punch for determining the drug content in the skin. The
weights of the skin discs were recorded, then minced into
small pieces, placed in glass vials and 1 ml of a solution of
ethanol and water (1:1) was added, sonicated for 15 min, and
placed in refrigerator overnight. The samples were then taken
out of refrigerator, let it warm to room temperature, and
sonicated for 15 min. The supernatant was filtered using 0.22-
pum syringe filters into HPLC vials for the assay (12).

Statistical Analysis

The cumulative amount of genistein permeated across
the skin was plotted as a function of time. The slope was
calculated from the linear portion of the permeation plot
which is presented as steady-state flux (ug/cm®/h). The
amount of drug retained in the skin was calculated and
normalized to micrograms of genistein per gram of the skin.
Data were subjected to one-way analysis of variance
(ANOVA) followed by Tukey’s test to determine the level
of significance among the flux or skin retention data of
various formulations (GraphPad Prism Version 3.0). The data
were considered significant at P <0.05.

RESULTS

Table II presents the solubility data of genistein in
different components of ME formulation. The solubility of
genistein in Labrafac WL 1349 and oleic acid was low.
Among surfactants, the solubility of genistein was highest in
polysorbate 80 (42.91 mg/g), followed by Cremophor EL
(19.44 mg/g) and Cremophor RH40 (8.02 mg/g). Among co-
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Table II. The solubility of genistein in different solvents at 37°C

Solvent Solubility (mg/g)
Water 0.0001 + 0.000
Oleic acid 0.02 + 0.01
Labrafac WL 1349 0.19 + 0.02
Cremophor EL 19.44 + 0.10
Cremophor RH40 8.02 £ 0.19
Polysorbate 80 4291 + 0.43
Transcutol P 5.30 £ 0.39
Ethanol 18.99 + 0.26

surfactants, the solubility was higher in ethanol (18.99 mg/g)
than in Transcutol P (5.3 mg/g). All these solvents were used
in the formulation of MEs. The pseudo-ternary phase
diagrams with the surfactant (S) co-surfactant (Co-S) combi-
nations (S/CoS) are illustrated in Figs. 1 and 2. The ME
region in the phase diagram is defined based on the existence
of transparent emulsion in the presence of a definite amount
of water. Figure 1 shows that the formulation with oleic acid
has 2.5-fold higher ME region as compared to Labrafac WL
1349 (38.1% versus 14.4%). The surfactant plays an impor-
tant role in decreasing the interfacial tension between oil and
water, leading to the formation of ME (34). There is no
significant difference in ME formation region for different
surfactants. The ME regions were 36.7%, 36.6%, and 35.4%
for polysorbate 80, Cremophor RH40, and Cremophor EL,
respectively, as shown in Fig. 2a—c. Incorporation of co-
surfactant further could reduce the interfacial tension be-
tween the oil and water in the ME (35). The ternary phase
diagrams constructed from ethanol and Transcutol P based
ME systems are shown in Fig. 2c, d. There is no significant
difference in ME formation region for ethanol and Transcutol
P (35.4% versus 34.6%). The area of ME isotropic region
changed slightly in size with increased S/CoS value (Km). In
system using Cremophor EL/ethanol (S/CoS), the area of ME
was the largest when Km was 5 to 11, then followed by 1 to 1
and 11 to 5 (Fig. 2c, e, f).

As water plays an important role in both ME formula-
tion super saturation and associated skin permeation (36), the

38.06%
ME

= - 0.0
0.0 0.3 0.6 0.9
Cremophor EL/Ethanol (5:11)
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ME formulation as per Fig. 2f was prepared to contain
different amounts of water and the particle size and viscosity
were determined. The MEs were generally clear, homoge-
nous systems with no phase separation. The particle size of
the formulations usually remained below 100 nm for various
MESs when the water content was kept below 20%, within the
ME region of the phase diagram. A typical composition was
derived from Fig. 2f [oleic acid 20%, Cremophor EL/ethanol
(5:11) 80%] based on its large ME region. This composition
remained clear as surfactant mixture was substituted by water
up to 20%. However, the particle size increased dramatically
to 4 um with 30% water substitution, and it is increased up to
7 um with 40% water, suggesting the coalescence of droplets
leading to loss of ME phase in the formulations with 30% and
40% water content. The pH of the formulation remained
constant in the range of 4.5 to 5.0 for various formulations
studied. The viscosity of the formulation with no water was
10 cps and this value did not appreciably increase due to
presence of water up to 20%. The value showed steep
increase to ~20 cps with the formulation containing 30%
water and then to 27 cps with the one containing 40% water.

Figure 3 and Table III show the influence of the type of
surfactant and co-surfactant on the skin permeation of
genistein ME. It appears that formulations with Cremophor
EL and Cremophor RH40 have similar skin permeation rate,
while the one with polysorbate 80 has slightly lower skin
permeation. Ethanol as a co-surfactant demonstrated 9-fold
higher skin permeation rate (flux) as compared to Transcutol
P (P<0.001). Similarly, ethanol showed 2.5-fold higher
retention versus Transcutol P (P <0.001). The effect of the
ratio of S/CoS (Km) on the permeation and skin retention of
genistein is shown in Fig. 4 and Table III. The value of S/CoS
significantly (P < 0.001) affected the flux and skin retention of
genistein. As the ratio altered from 11:5 to 5:11, the flux and
skin retention of genistein were increased up to 3- and 6-fold,
respectively. The genistein permeations across both intact
human skin and microneedle-treated skin under different
amounts of water and two controls, aqueous base and
emulsion base, are presented (Figs. 5 and 6; Table III).
Genistein permeation with changed water content exhibited
parabolic profile in both intact skin and microneedle-treated
skin. Increasing the amount of water led to improved skin
permeation as well as skin retention of genistein. The

0.0 0.3 0.

6 0.9
Cremophor EL/Ethanol (5:11)

Fig. 1. Pseudo-ternary phase diagram of Cremophor EL, ethanol, water system with two different
oils: oleic acid (a) and Labrafac WL 1349 (b). The ME area is 2.5-fold higher for oleic acid as

compared to Labrafac WL 1349
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0.0 0.3 0.6 0.9
Polysorbate 80/Ethanol(1:1)

35.36%

ME

0.0

0.0 0.3 0.6 0.9
Cremophor EL/Ethanol (1:1)

0.0

0.0 0.3 0.6 0.9
Cremophor EL / Transcutol P(1:1)

38.06%
ME

0.0

0.3 0.6 0.9
Cremophor EL/Ethanol (11:5)

0.0

0.0 0.3 0.6 0.9
Cremophor EL/Ethanol (5:11)

Fig. 2. The pseudo-ternary phase diagram of oleic acid, ethanol, and water system with
different surfactants: polysorbate 80 (a), Cremophor RH40 (b), and Cremophor EL (c);
different co-surfactants: ethanol (¢) and Transcutol P (d); different Km values: 1:1 (¢), 11:5
(e), and 5:11 (f). The ME area more or less the same for various surfactants and co-
surfactants studied demonstrating high physical stability the ME system made with oleic

acid

formulation with 20% water demonstrated 4-fold higher flux
as compared to the ME with no water (P<0.001). Mean-
while, the flux decreased with 40% water content in intact
skin but remained at the same level as of 30% water by the
microporated skin. Overall, it is interesting to note that
genistein retention on both intact skin and microneedle-
treated skin demonstrated similar trend as in the permeation
studies, with no appreciable increase in the flux due to
microneedles.

DISCUSSION

The solubility of genistein in various topical ingredients
was determined to identify appropriate components for ME
preparation. From the solubility data (Table II), it is evident

that the genistein has high solubility in surfactants and co-
surfactants compared to the oil phase (oleic acid, Labrafac
WL 1349). It is therefore possible for genistein to accumulate
at the droplet interfaces at higher amounts, rather than
staying in the oil or continuous phase. This high drug
concentration would result in a higher concentration gradient,
which might account for increased skin permeation (35).
Oleic acid was chosen as the oil phase for the ME formulation
for two reasons. First, oleic acid is a powerful permeation
enhancer for topical delivery (37), second, the lower drug
solubility in the oil phase means that lesser is the affinity of
genistein to the oil phase and higher would be the thermo-
dynamic activity of the ME formulation leading to better skin
permeation (38). The construction of pseudo-ternary phase
diagrams with water titration method makes it easy to know
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Fig. 3. Effect of surfactants and co-surfactants on the permeation and
skin retention of genistein from ME across dermatomed human skin

the concentration range of components that provide ME
formulation. The main factor determining the range of
formation of ME zone is the physicochemical properties of
components in the formulation. The penetration and associ-
ation of oil molecules with interfacial surfactant film are
important for providing a stable ME (39). As the oleic acid
has better miscibility with other components of ME than
Labrafac WL 1349, it favors the formation of oil in water type
of ME. The surfactant plays an important role in decreasing
interfacial tension between oil and water, leading to the
formation of ME (34). There is no significant difference in
ME formation region using three different surfactants. It can
be due to the similar hydrophilic-lipophilic balance (HLB)
values for these surfactants, as HLB is the critical parameter
in characterizing the ability of surfactants to decrease surface
tension. However, usual surfactants are unable to lower the
interfacial tension between oil and water to such ultra-low
values; co-surfactants are frequently necessary in the ME
system. Incorporation of co-surfactant can further reduce the
interfacial tension between the oil and water in the ME,
adjust the flexibility of the interfacial membrane, and reduce
the amount of surfactant needed (35). The area of ME
isotropic region increased with increased S/CoS value (Km).
In system using oleic acid, Cremophor EL, and ethanol (Fig.
3c, e, ), the area of ME was the largest when Km was 5 to 11
and then followed by 1 to 1 and 11 to 5. This suggested that
increasing the amount of ethanol facilitated the formation of
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Table III. Flux and enhancement ratio of genistein ME formulations

Formulation factor Flux (ug/em®h)  Enhancement ratio’ (ER)

Aqueous phase 0.338 + 0.026 1.00
Surfactant

Polysorbate 80 2.193 + 0.142° 6.46
Cremophor RH40 3.239 + 0.208” 9.53
Cremophor EL 3.043 + 0.188" 8.96
Co-surfactant

Ethanol 3.043 £ 0.188” 896
Transcutol 0.303 + 0.031 0.89
Km ratio (Cremophor EL:ethanol ratio)

51 3.043 + 0.188” 8.96
L:1 2.551 £ 0.102>  7.39
11:5 0.866 + 0.224” 2.55

Water content (permeation across intact skin)

Emulsion base 0.776 + 0.082° 2.29
10% 1.183 + 0.050°  3.48
20% 3.043 £0.188°  8.96
30% 3.160 + 0.144>  9.30
40% 1.591 = 0.095*  4.68

Water content (permeation across microporated skin)

0% (Emulsion base) 1.100 = 0.091 3.25
10% 1.384 £ 0.113°  4.07
20% 3257 £0.157°  9.58
30% 3327 £0252°  9.79
40% 2.985 £ 0.207° 879
100% (water phase)  0.349 + 0.039 1.03

"ER in relation to aqueous phase
“P<0.01
b P <0.001 versus aqueous phase

ME. The ethanol has good miscibility with surfactant and oil
phase (40).

As water plays an important role in both ME formula-
tion super-saturation and associated skin permeation (36), the
ME formulation as per Fig. 2f was prepared to contain
different amounts of water. This composition remains as clear
ME in the presence of water up to 20%. At higher percentage
of water, the particle size and viscosity were increased
suggesting the coalescence of droplets leading to loss of ME
phase in the formulations. The higher amount of water

150

—F CremEL:EtOH (5:11)
—&— CremEL:EtOH (1:1)
—%— CremEL:EtOH (11:5)

“ P<0.001 versus CremELEIOH (11:5)

—~ 100-
£

S 751
o

S

Amount Permeated

0 4 8 12 16 20 24
Time, h

Fig. 4. Effect of ratio of surfactant to co-surfactant ratio (Km) on the
permeation and skin retention of genistein from ME across
dermatomed human skin
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Fig. 5. Effect of water content of ME on the permeation and skin
retention of genistein across intact human skin

substitution led to decreased percentage of surfactant and co-
surfactant and then caused enhanced surface tension and a
coarse emulsion formation.

Cremophor EL and Cremophor RH40 based MEs have a
similar skin permeation rate, while polysorbate 80 has slightly lower
skin permeation. The similar skin permeation rates of genistein
ME:s by different surfactants may be due to the similar hydrophilic
lipophilic balance (HLB) values of the surfactants used in this
study. Generally, nonionic surfactants have low toxicity (41,42); this
group of surfactants has enhancement effect in human skin
permeation which could be attributed to disruption of lipid bilayers
in SC. High permeation rate of microemulsions might attribute to
the high concentration of surfactants in microemulsions as
permeation enhancers (43). Then, the system with ethanol as a
co-surfactant demonstrated much higher skin permeation and
retention, respectively, as compared to Transcutol P. Ethanol has a
superior ability in facilitating skin permeation of drugs, as known
from its use in many commerecial topical products, and has excellent
miscibility with other components of ME. It can alter the solubility
properties with a consequent improvement of drug partitioning
into the membrane (44). Additionally, it is also feasible the rapid
permeation of ethanol or evaporative loss of this volatile solvent,
from the ME, which modifies the thermodynamic activity of the
drug within the formulation (45). The value of S/CoS mixture in
ME affected the skin permeation rate of genistein significantly (Fig.

150
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— 20% Water
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—8— Aqueous phase
—¥— Emulsion base
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1254 e ey
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~
@

Fig. 6. Effect of water content of ME on the permeation and skin
retention of genistein across microneedle-treated human skin
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4). As the ratio altered from 11:5 to 5:11, the skin permeation rate
of genistein increased by 3-fold. This further confirms that ethanol
contributed to improved permeation of genistein across intact skin.
Water is a critical factor that affects the transdermal delivery of
drugs (38). Genistein permeation with changed water content
exhibited parabolic profile in both intact skin and microneedle-
treated skin. Increasing the amount of water led to improved skin
permeation and retention of genistein up to 30% water. This is
because that genistein must be dissolved in the aqueous phase and
provide a concentration gradient for better diffusion into the skin
lipid bilayer for permeation. These results suggest that the droplet
size of the microemulsion formulation appears to have a lesser role
in the skin permeation of genistein than the presence of higher
soluble fraction (providing higher concentration gradient) of the
drug leading to higher skin permeation. The genistein retention on
both intact skin and microneedle-treated skin demonstrated similar
trend as in the permeation studies. These results can be explained
by two possible mechanisms: One is that the decreased soluble
fraction of drug in the formulation as the percentage of water
increased. The other one is that the thermodynamic activity
decreased with increased water content, which then impaired the
skin penetration. The outermost layer of skin, the stratum corneum
(SC), presents a significant barrier to the transdermal delivery of
drugs (46,47). Microneedles were used to overcome the stratum
corneum barrier. Surprisingly, microneedle-treated skin did not
significantly increase the permeation and retention of genistein
from any of the formulation compositions (P > 0.05) compared to
intact skin. Microporation technique works better for the drugs
with higher water solubility as SC is the rate limiting barrier for
these drugs (48). The extreme insolubility of genistein might be the
reason for the lack of microneedle effects on the skin permeation.

CONCLUSION

Various factors affecting the ME formulation, skin
permeation, and deposition of genistein were studied. The
ME composition, water content, and to a lesser extent the
ME particle size played a role in improving the skin
permeation and retention of genistein. The supersaturation
induced by the presence of optimum amount of water appears
to have major role in the skin permeation and retention of
genistein rather than the droplet size of the ME.
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