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Development of Lecithin Organogel to Improve Solubility of Genistein
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Abstract: Organogels are semi-solid systems that consist of an apolar solvent as the liquid phase within a three-dimen-
sional networked structure. In this study, we developed a stable and skin penetration-enhanced Lecithin Organogel (LO)
containing genistein, which is one of the poorly soluble active ingredients in both polar and apolar phase. After screen-
ing of various components (type of gelators, organic and aqueous phase), hydrogenated lecithin (HL), sunflower oil (SO),
dipropylene glycol (DPG), and polyethylene glycol (PEG) were mainly used in this formulation. Phase ternary diagram
was employed for optimization of the composition in the LO. The formulated LO were evaluated for its organoleptic
characteristics, stability, pH, rheology, phase transition temperatures, microscopic analysis and skin penetration. The opti-
mized stable LO system can be utilized as an effective and stable cosmetic formulation that can carry poorly soluble
active ingredients at high concentration for topical dermal delivery.

Keywords: cosmetic, organogel, lecithin, skin penetration, genistein

proliferative effects[2], with no toxicity in rats[3]. Thus,

1 Introduction genistein can be an anti-aging agent in cosmetic for-

mulation[4]. However, because of the low aqueous sol-

Genistein, a major component in soybeans[1], has ubility of genistein, there is a difficulty of dissolution in

. _ . . h ic f lati . Al 1 ies h;
known that it has antioxidant properties and anti- the cosmetic formulation[5]. Also, several studies have

reported that genistein barely penetrated through the skin

+ 2 A% (e-mail: sujinlee@lgcare.com) of hairless mice when administered in conventional

call: 042)860-8890 creams[6].
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Organogels are semi-solid systems that consist of an
apolar solvent as the liquid phase within a three-dimen-
sional networked structure[7]. Organogels have been
studied as a matrix for topical drug delivery[8]. There are
also several studies proving that water can be substituted
for such polar organic substances as glycerol, ethylene
glycol and formamide[9,10]. Because of this reason, this
system could be a great potential drug delivery system
for poorly soluble active agents[8].

Organogels can be further classified based on the orga-
nogelator[11]. Among the organogels, lecithin organogels
(LO), in which lecithin is used as an organogelator, are
the most investigated organogels for topical delivery of
active agents[7,12-21]. It has some advantages such as its
biocompatibility, its amphiphilic nature, facilitating dis-
solution of various drug classes, as well as their per-
meation enhancement properties[22].

Thus, in the present work, we selected genistein as a
poorly soluble active agent, and attempted to stabilize it
in the LO with the hydrogenated lecithin (HL) for the
organogelator. HL was much proper organogelator than
unsaturated lecithin in this study. For oil phase solvent,
sunflower oil (SO) was used, and dipropylene glycol
(DPG) and polyethylene glycol (PEG) were used as polar
phase solvent. It is also determined that genistein pene-
trated through a pig skin effectively in the LO.

2. Materials and Methods

2.1. Materials

Hydrogenated lecithin (HL) (Emulmetik 950) was pur-
chased from LucasMeyer (France). Sunflower oil (SO)
(high oleic sunflower oil deodorized), polyethylene
(Perfomalene 400), PEG-8 (PEG-400), and dipropylene
glycol (DPG) (DPG-FC) were purchased at Aldivia
(France), New Phase Technologies (USA), Surfachem
(England), and SKC Inc. (USA), respectively. Genistein
was purchased at Xi’an natural field bio-technique
(China). A porcine skin (thickness is 0.7 mm) was pur-
chased at Medi Kinetics (Korea). Triple distilled water
(TDW) was used throughout the study.
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2.2. Methods

2.2.1. Preparation of the Formulated LO

The optimization of LO was carried out by altering the
proportion of materials forming LO. The gel forming
area was plotted on the ternary phase diagram. The LO
was prepared by the method described by Nirod Baran et
al. with slight modification[23]. In brief, the weighed HL
was dissolved in SO, being incubated over 90 C (apolar
phase). Then, polar phase (in this study, a mixture of
PEG-8 and DPG or TDW), also heated to over 90 T,
was added dropwise to the apolar phase. This solution
was cooled to 25 C. Genistein (0.5% w/v in the total
formulation) was dissolved in polar phase over 90 C be-
fore adding to the apolar phase.

2.2.2. Organoleptic Evaluation
Freshly prepared samples were observed for their col-

or, appearance, texture, and surface.

2.2.3. Stability Studies

The samples were stored at four different storage
conditions, i.e., in refrigerated condition (5 C), room
temperature (25 C), high temperature (50 C) and cycled
temperature (CT; -10 C ~ 45 C) for 3 months. The
samples were evaluated on every 20™ day for phase sepa-

ration and surface change for 3 months[24].

2.2.4, pH Measurement

The pH of the solution containing 2 g of the optimized
LO in 30 mL of TDW was detected with a pH meter
(827 pH lab, Metrohm, Swiss).

2.2.5. Rheology Analysis

The rheological test was utilized by RS-50 rheometer
(HAAKE, Germany) with cone & plate sensor system.
All samples were prepared freshly. A cone with an angle
of 4° and a diameter of 35 mm was used. The gap
between the cone and plate was 0.05 mm. The whole
procedure was carried out at room temperature[22]. G’,
the storage modulus was measured by oscillation test[25].

The conditions of oscillation test were as following;
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the frequency was 1 Hz, and shear stress rage was 0
~ 150 Pa.

2.2.6. Differential Scanning Calorimetry

The samples were subjected to differential scanning
calorimetry (DSC) to analyze thermal properties with
Hart DSC-1I (DSC 4100, Calorimetry Sciences Co.,
USA) over a temperature range of 25 - 90 C at a heat-
ing rate of 1 C/min[22,26].

2.2.7. Microscopic Analysis

A sample was placed on a microscopic slide, covered
with a cover glass and observed with an optical micro-
scope (Leica DM1000, Leica Microsystems, Germany)
equipped with a camera (Leica DFC 295, Leica
Microsystems, Germany).

2.2.8. Skin Permeation Studies

Skin permeation was evaluated using a Franz-type dif-
fusion cell supplied by Kwang Jin Science (Korea). The
sample-applied skin was mounted in the diffusion cell
with the dermal side facing downward into the receiving
media 30% (v/v) PEG-8[26]. The receiving media, which
was maintained at 35 = 0.5 C, was stirred at 100 rpm
on a magnetic stirrer[22]. The study was conducted for
24 h. The experiments were carried out in duplicate. The
amount of genistein in the receiving media and skin was
determined by high-performance liquid chromatography
(HPLC). The HPLC system consisted of 1260 series
pump, and UV/visible detector all from Agilent (USA).
UV/visible detector was set at 260 nm. Genistein was an-
alyzed using a Phenomenes C 18 column (2.6 um, 4.6
x 50 mm inner diameter). The mobile phase consisted of
water, with 10% acetonitrile from the beginning to 5
min, and with 90% acetonitrile from 5 min to 7 min,
finally with 10% acetonitrile from 8 min to 11 min in the

flow rate of 1 mL/min. The injection volume was 2 uL.

2.2.8.1, Skin Penetration
After permeation studies, the skin was removed from
the diffusion cell, and was wiped out 3 - 4 times with

a cotton swab immersed in Dulbecco’s phosphate buf-

fered saline (Gibco by life technologies, Korea). Stratum
corneum was removed using a tape stripping techni-
que[27]. The skin was tape-stripped 4 times with adhe-
sive tapes, D100 - D-Squame Standard Sampling Discs
(Cudurm, USA). The remaining skin was broken into
small pieces after freezing at -20 “C. The remaining skin
was analyzed by HPLC.

3. Results and Discussion

3.1, Preparation of the Formulated LO

To formulate the LO, investigation of proper in-
gredients was performed, first. To make a normal LO,
unhydrogenated lecithin has been used for an organo-
gelator[28,29], and it has been known that when syn-
thetic lecithins containing residues of saturated fatty acids
are examined, the organogel is not formed[29]. However,
in this case, the polar phase forming LO is almost com-
prised of water[30]. As mentioned earlier, if the water
used in the LO, it is difficult to stabilize the active agent
which is insoluble in both water and oil. In this study,
to stabilize the active agent, we used only polyol as the
polar phase. The LO with unhydrogenated lecithin ap-
peared very unstable, while the LO with hydrogenated
lecithin showed a firm structure, when polyol was used.
Therefore, to stabilize the poorly soluble active agent,
only polyols has to be used as polar phase, and hydro-
genated lecithin has to be used as an organogelator at the
same time. Several kinds of oils, lecithins and polyols
were examined and HL (> 94% phosphatidylcholine),
SO, DPG and PEG-8 were selected. Poorly purified lec-
ithin does not form organogels, and it has been demon-
strated that lecithin should contain at least 95% phospha-
tidylcholine in the case of unsaturated lecithin[27,31]. In
this study, we used the hydrogenated lecithin containing
> 94% phosphatidylcholine. It was found that as the
amount of phosphatidylcholine decreased in the hydro-
genated lecithin, more unstable oganogels were formed,
and sometimes did not form, at all (data not shown).
This suggests that the purity of hydrogenated lecithin is
important to form the LO, as well. Also, the proportion
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100 90 80 70 60 50 40 30 20 10 O
Sunflower oil

"LO: Lecithin organogel “HL: Hydrogenated lecithin ~ SO:
Sunflower oil

Figure 1. Phase diagram of the LO with HL, polar phase
and SO.

Figure 2. Appearance of the lecithin organogel.

of DPG and PEG-8 was studied to dissolute genistein ef-
fectively and form LO stably at the same time. Phase
diagram for HL, SO and polar phase was constructed. A
gel was formed in the grey colored region, which was
composed of HL, SO, DPG and PEG-§8 (DPG : PEG-8
=1 : 2), and the black colored region, which was com-
posed of HL, SO and TDW (Figure 1). We found that
organogels consisting of DPG and PEG-8 (polyols) in-
stead of TDW had broader range of possible organo-
gel-formation (HL: 15 ~ 30%, SO: 30 ~ 60%, polyols:
14 ~ 54%), while the range of possible organo-
gel-formation containing TDW was that HL was from
25% to 35%, TDW was from 35% to 50%, and SO was
from 25% to 35% (Figure 1). A sol was formed or a sep-
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"LO: Lecithin organogel

Figure 3. Plot of the elasticity versus shear of the LO with
genistein and without genistein.

arated liquid phase was shown in the rest of the phase
diagram.

3.2. Organoleptic Characteristics

The LO was yellowish in color and had smooth in tex-
ture (Figure 2). The surface of the gel was even and any
lumps and grittiness were not shown in the gel.

3.3. Stability Studies

The LO was stored at four different conditions (5, 25,
50 C and CT) for 60 days. It was found that the LO
was generally stable at all temperatures in the case of
phase separation and surface change, whereas at 50 C,
there was a slight surface change on the 60™ day (i.e.,
syneresis phenomenon).

3.4, pH Measurement
The pH of LO was found to be 6.58 + 0.25, which
is proper for skin topical application.

3.5. Rheology Analysis

Figure 3 shows the shear-thinning behavior of the
LOs. As the shear stress increased, a decrease of G’ was
observed. Also, there was a gap in G’ of the LO with
genistein and the LO without genistein. Andrade et al.
reported that drug incorporation resulted in an increase
in the melting temperature of nanoparticles[32] and

Satapathy et al. suggested that there was an increase in
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Table 1. Stability of the LO
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Time (days) Temperature (C) Phase separation Surface change
0 25 - -
20 25 - -
40 25 - -
60 25 - -
20 5 - -
40 5 - -
60 5 - -
20 50 - -
40 50 - -
60 50 - +
20 CT - -
40 CT - -
60 CT - -

"CT:-10 C~457%C,-:
considerable change.
" LO: Lecithin organogel

no separation and no change, + :

<Exothermic heat flow

20 30 ) 50 60 70 80 90 100
Temperature /C
"LO: Lecithin organogel
Figure 4. The DSC thermograms of LO with genistein (A)
and LO without genistein (B).

the stability of the organogel as a drug was incorporated
within its structure[22]. Therefore, it seems that genistein
induced the matrix to be rigid. And there are similar

reports that drug could increase matrix organization.

3.6. Differential Scanning Calorimetry
Figure 4 shows the DSC curves of the LO with genis-

slight separation and slight change, ++ :

considerable separation and

@ (b)
*LO: Lecithin organogel

Figure 5. Microscopic images of the LO without genistein
(a) and with genistein (b). The scale bar is 20 um.

tein and the LO without genistein. The endothermic peak
of the LO with genistein was 60.0 C and the LO with-
out genistein showed the endothermic peak at 60.5 C.
There was no significant difference depending on the
drug incorporation in the endothermic peak temperature

and exothermic peak temperature.

3.7. Microscopic Analysis

The optical photomicrograph is portrayed in Figure 5.
Figure 5(a) is the LO without genistein, and Figure 5(b)
is the LO without genistein. With genistein incorporation,

J. Soc. Cosmet. Sci. Korea, Vol. 41, No. 3, 2015



206 o]gAl - 237}
o 0.4
2
2< o3
2%
585002
R
32 0.1
<2
3 0 .
o
Control LO (HL 15%)
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Figure 6. Skin penetration of genistein in the remaining skin
and the receiving media after 24 h of the experiences in
Franz diffusion cells (Control: HL free organogel, LO: LO
with 15 % HL).

there was a slight increase in size of micelles. And, both
micrographs show a homogeneous organization in the
LO.

3.8. Skin Permeation Studies

To reveal the role of HL of LO in skin penetration,
HL free organogel was formed. Polyethylene was used as
organogelator, instead of HL to form HL free organogel.
The HL free organogel and the LO, both were loaded
with genistein 0.5% (w/v). The amount of the genistein
penetrated is the total amount from the remaining skin
and receiving media. Approximately, LO enhanced pene-
tration of genistein 3 times compared to that of HL free
organogel. It could be evidence that LO may enhance
drug delivery. Bhatnagar and Vyas reported permeability
of micellar-borne drug across the human skin was en-
hanced significantly over 10 times in unsaturated lec-
ithin/iso-octane/water organogel system compared to that
emulsified in the petroleum jelly[18]. From these, it
could be inferred that LO enhances skin permeability of
drug, in irrespective of whether the lecithin is hydro-

genated or not.

4. Conclusions

Using our system, genistein was stabilized to be used
at a concentration higher than any other cosmetics

formula. From these results, we can conclude that the
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LO, which is composed of hydrogenated lecithin,
sunflower oil, dipropylene glycol, and polyethylene gly-
col, can be used as an effective and stable cosmetic for-
mulation that can carry poorly soluble active ingredients

at high concentration for topical dermal delivery.
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