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Abstract—An optimized, ceramide-based, nanostructured lipid carrier (NLC) formulation was developed for isoliquiri-
tigenin (ILTG), and its potential as a transdermal delivery system was evaluated. ILTG-loaded NLCs were prepared by
blending solid (ceramide, cholesterol) and liquid lipids (caprylic/capric triglyceride) in various proportions using a hot
homogenization and ultrasonication method. The physicochemical characteristics were investigated by DLS, ZP, EE%,
TEM, DSC and XRD analyses and in vitro skin permeation studies. The results showed that the particle size of the for-
mulation was 150.19-251.69 nm with a ZP>—20 mV. The EE% was 56.45-89.97%. The NLC structure was influenced
by lipid ratio, and increasing the caprylic/capric triglyceride ratio caused a less ordered structure, as confirmed by DSC.
The XRD analysis indicated that ILTG was not in the crystalline state in all formulations. The skin permeation study
showed that the ILTG-NLCs promoted ILTG permeation. In conclusion, ceramide-based NLCs could be a promising
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vehicle for the ILTG transdermal delivery of ILTG.
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INTRODUCTION

The barrier function of the stratum corneum is attributed to the
multi-lamellar structure of keratin cells and the intercellular lipids
between them. Intercellular lipids are composed of ceramides, cho-
lesterols, and free fatty acids. They protect the skin from physical
stimulation and induce skin homeostasis [1,2]. Ceramides are the
major lipids of the stratum corneum and play an important role in
the skin. A decreased quantity of ceramides in the skin leads to a
reduction in skin barrier function. Several studies have cited this
as the primary cause of atopic dermatitis, psoriasis, and ichthyosis
[3-5]. Ceramides contain a polar amide group, nonpolar long alkyl
chains, and two to three hydroxyl groups that lead to weak polar-
ity. The hydroxyl groups and amide groups of ceramides form a
lamellar structure through a hydrogen bonding with the carboxyl
groups of fatty acids present in the intercellular lipids [6]. The skin
is the most common route of transdermal drug delivery. Using a
transdermal delivery system with intercellular lipid ingredients can
ensure effective delivery of drugs through the intercellular pathway
[7-9].

Lipid nanoparticles are an effective delivery system for poorly
soluble drugs such as isoliquiritigenin (ILTG) and offer several ad-
vantages, such as resolution of problems related to the high cost of
manufacturing, ease of large-scale production and improvement of
physical stability in comparison to that of liposomes, microparticles,
and oil-in-water (o/w) emulsions [10]. In addition, lipid nanopar-
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ticles are highly adhesive to the skin surface because they form a
thin lipid film on it. The lipid film prevents evaporation of water
from skin, and promotes absorption by enabling the continuous
release of active material through the carriers [11].

The so-called first-generation lipid nanoparticles, solid lipid nano-
particles (SLNs), and the improved second-generation SLNs, namely;
the nanostructured lipid carriers (NLCs) [12], are two delivery sys-
tems that exist as partly solid matrices at room temperature or body
temperature and have crystalline characteristics. Liquid lipid NLCs
have the following manufacturing conditions: imperfect type, amor-
phous, and multiples types [13]. In particular, NLCs have different
chemical properties depending on the composition and propor-
tion of the lipids used. Therefore, when producing NLCs loaded
with a particular drug, it is important to evaluate the physicochem-
ical characteristics to select an optimum transdermal delivery sys-
tem [14].

ILTG (2'-4’-4-trihydroxychalcone) is a compound isolated from
Glycyrrhiza uralensis, which has various pharmacological activi-
ties such as antioxidant, anti-inflammatory, anticancer, anti micro-
bial, skin-whitening, and cellular protective effects [15-18]. The
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Fig. 1. Chemical structure of isoliquiritigenin (ILTG).
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molecular structure of ILTG is shown in Fig. 1. ILTG, however,
has drawbacks in product application owing to its low solubility
[19]. To overcome this disadvantage, ILTG has been incorporated
into transdermal delivery systems, which enhances the skin per-
meation of the active ingredients. In our previous study, we per-
formed various experiments using transdermal delivery systems
and functional materials with antioxidant, antiaging, and antibac-
terial properties to examine their ability to deliver drugs effectively
[20-24]. We developed ceramide-based, ILTG-loaded, nanostruc-
tured lipid carriers (ILTG-NLCs). Furthermore, we investigated their
physicochemical properties and conducted an in vitro skin perme-
ation study based on the ratios of solid and liquid lipids. These
studies were performed to confirm whether the ILTG-NLCs were
suitable carriers for the transdermal delivery of ILTG.

MATERIALS AND METHODS

1. Materials

The solid lipid ceramide (DS-CERAMIDE Y30) was kindly pro-
vided by Doosan Co., (Seoul, Korea), cholesterol (purity 299.0%)
was purchased from Sigma-Aldrich (St. Louis, MO, US.A.). The
liquid lipid caprylic-capric triglyceride was provided by Saimdang
Co,, Itd., (Cheongju, Korea). Surfactants for the lipid carriers Tween®
80 were donated by Saimdang Co., Ltd. (Cheongju, Korea) and
mannosylerythritol lipid (MEL) was obtained from Toyobo Co.,
(Japan). The other solvents used such as ethanol (EtOH) and ace-
tone were of analytical grade. ILTG (purity >97.0%) and D-(+)-
glucose (purity >98.0) were purchased from Sejin Co., (Seoul, Korea).
2. Development of ILTG-NLCs

All lipid carriers were prepared using a homogenization and
ultrasonication method, and the composition ratios of ILTG-NLC
and ILTG-nanoemulsion (NE) are shown in Table 1. Briefy, a solid
lipid phase (ceramide : cholesterol, 8:2 w/w%) mixture, caprylic-
capric triglyceride, and MEL were dissolved on a water bath at
80 °C, and stirred at 300 rpm for 20 min. Then, the ILTG solution
(dissolved in acetone : EtOH, 1:1v/v%) was poured into the solid
lipid phase, and the mixture was stirred at 500 rpm for 3 min. At the
same time, the aqueous phase was prepared by dissolving Tween®
80 in purified water and heating at 70 °C. After melting the lipid
phase, the aqueous phase was added, and the mixture was homog-
enized using a homogenizer (Ultra Turrax"T25 Basic, IKA" Korea.
Ltd., Seoul, Korea) at 14,000 rpm for 2 min. The hot pre-emulsion
obtained was ultrasonicated with 50% amplitude for 10 min using
an ultrasonicator (Branson Korea Co., Ltd., Gunpo, Korea). During
the homogenization and ultrasonication processes, a constant tem-
perature of 70 °C was maintained. The O/W nanoemulsion (NE)

formed was immediately cooled to 4°C at 500 rpm for 15min.
Finally, the ILTG-NLC suspension was prepared, and the ILTG-
NE was not cooled.

3. Physicochemical Characterization

3-1. Particle Size and Zeta Potential Analysis

The mean particle size (z-ave), polydispersity index (PDI) and
zeta potential (ZP) were determined using dynamic light scatter-
ing (DLS) with a particle size and zeta potential analyzer (Els-Z
series, Otsuka Electronics Korea, Seongnam, Korea). The ILTG-
NLCs and ILTG-NE were diluted with double distilled water to a
suitable scattering intensity and analyzed at 25 °C with a 165° scat-
tering angle. All measurements were performed in triplicate.

3-2. Entrapment Efficiency (EE%)

The prepared ILTG-NLCs and ILTG-NE suspensions were fil-
tered through a 5-pum syringe filter (Minisart CA, USA, 26-mm)
to remove any free ILTG crystals. Then, methanol was added to
the filtered ILTG-NLC and ILTG-NE dispersions and sonicated
for 1h to extract ILTG from the lipid. Methanol was evaporated
using a rotary evaporator, and the residue was re-dissolved in 1 mL
methanol. The amount of ILTG incorporated was detected with
an ultraviolet-visible (UV-Vis) spectrophotometer (Varian, Austra-
lia, Cary50) at a detection wavelength of 372 nm. In addition, the
entrapment efficiency (EE%) of ILTG was calculated using Eq. (1).

EE% :Wentmppcd/ Winilial %100 ( 1 )

where, W gppeq is the amount of ILTG passing through 5-pim syringe
filter, and W4, is the initially added amount of ILTG.
3-3. Transmission Electron Microscope (TEM) Examination

The morphology of ILTG-NLCs and ILTG-NE dispersion were
observed using transmission electron microscopy (TEM) using a
JEOL-JEM1010 instrument (JEOL Ltd., Tokyo, Japan). The samples
were diluted five-fold with double distilled water on a 200-mesh cop-
per grid and negatively stained with 0.2% (w/v%) phosphotungstic
acid and dried for 30s. The analysis was performed at an accelerat-
ing voltage of 80 kV.
3-4. Differential Scanning Calorimetry (DSC) Analysis

The differential scanning calorimetry (DSC) analysis was per-
formed using a Shimadzu DSC-60 series instrument (Dong-il Shi-
madzu Corp., Seoul, Korea). The samples were accurately weighed
(1.5mg) based on the lipid content of the NLC and NE disper-
sions were placed in 40-pL aluminum pans. The samples were ana-
lyzed at a heating rate of 5°C/min from 25 to 100 °C. During the
measurements, the pans were purged using nitrogen gas (50 mL/
min) and empty aluminum pans were used as the reference. The
data were analyzed using the Ta-60 software. Additionally; the crystal-
linity indices (CI %) of ILTG-NLCs were calculated using Eq. (2).

Table 1. Compositions of isoliquiritigenin-loaded nanostructured lipid carrier (ILTG-NLC) and ILTG-nanoemulsion (NE) formulations

Total lipid 5 (% w/v) ILTG Surfactant 2 (% w/v)
Formulation
Solid lipid (%) Liquid lipid (%) (%) Tween 80 MEL
ILTG-NLC1 70 30 0.05 15 0.5
ILTG-NLC2 50 50 0.05 15 0.5
ILTG-NLC3 30 70 0.05 15 0.5
ILTG-NE - 100 0.05 1.5 0.5
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HILTG-NLC aqueous dispersion

Cl(%)= -
AH i pue x Concentration g pase

x100% @)

Where! AI_IILTG-NLC aqueous dispersion and AI_Ilipid bulk A€ meltmg emhalPY
(J/g) of the ILTG-NLC dispersion and lipid bulk, respectively.
3-5. X-ray Diffraction Analysis

The X-ray diffraction (XRD) analysis involved a powder X-ray
diffractometer with a D8 advance (Bruker, Germany). It was per-
formed with a copper anode (Cu-ker radiation, 40 kV, 40 mA, A=
Cukal - 1.5418 A), using an LYNXEYE XE as a detector. The sam-
ples were scanned over a 2 Theta range of 3-50 degree. The mea-
sured samples were pure ILTG, solid lipid (ceramide and cholesterol
mixture), a physical mixture, freeze-dried ILTG-NLC, and ILTG-
NE.
4. In Vitro Skin Permeation Study

An in vitro skin permeation study was performed to investigate
the enhancing effects of ILTG-NLCs and ILTG-NE on the skin per-
meation of ILTG using the Franz diffusion cell. Dorsal skin sam-
ples of ICR mice (7-week-old) were used in the skin permeation
study. The receptor chamber was filled with phase (5mL HCO-
60 : EtOH : phosphate-buffered saline (PBS), 2: 20 : 78 w/w/w%) and
stirred at 150 rpm for 24 h. The skin was fixed between the donor
and the receptor phase, with the stratum corneum side facing the
donor compartment. Samples (0.2 mL) were applied to the skin in
the donor compartment. The skin area contacting the receptor
phase was 0.6362 cm’, and the receptor medium was kept at 37 °C
throughout the experiment using a constant temperature water
bath. At fixed time intervals (3, 6, 9, 12, and 24 h), 0.5 mL of the
receptor phase was collected and replaced with fresh receptor phase.
The amount of ILTG in the sample was analyzed using a UV spec-
trophotometer (Varian, Australia, Cary50). The amount of ILTG
retained in the skin was determined at the end of the in vitro per-
meation experiment (24h). The skin surface was washed with
PBS solution on each side to remove the residual donor samples.
The stratum corneum was removed using the tape-stripping method
thrice with 3M scotch tape (Korea 3M), and the skin was dis-
solved in 100% EtOH using a sonicator for 1h. The concentra-
tions of extracted ILTG were determined using the UV spectro-
photometer.

RESULTS AND DISCUSSION

1. Physicochemical Properties of ILTG-NLC and ILTG-NE
1-1. Particle Size, PDI, and Zeta Potential (ZP)

Lipid carriers can be prepared using various composition ratios
of solid and liquid lipids. In this study, 0.05% ILTG-loaded NLC
and NE were used with lipid forming 5% of the total formulation.
The composition ratio of solid and liquid lipid in NLC1, NLC2,
and NLC3 was 70:30, 50:50, and 30: 70, respectively, while the
NE was composed of 100% liquid lipid. The mean particle size of
ILTG-NLCs and ILTG-NE is shown in Fig. 2(a). The average par-
ticle diameters of the ILTG-NLC1, ILTG-NLC2, ILTG-NLC3, and
ILTG-NE were 251.6+6.89 nm, 208.7+2.95nm, 152.2+2.12 nm,
and 151.9+1.59 nm respectively. Increasing the amount of the lig-
uid lipid to 30 (NLC1), 50 (NLC2), 70 (NLC3), and 100% (NE)
lowered the viscosity of NLC and NE and resulted in smaller par-
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Fig. 2. (a) Average particle size, polydispersity index (PDI), and (b)
zeta potential (ZP) of isoliquiritigenin-loaded nanostructured
lipid carrier (ILTG-NLCs) and ILTG-nanoemulsion (NE).

ticle sizes. According to previous studies, the mean particle size of
lipid nanoparticles generally depends on lipid type, the concentra-
tion of surfactant, and the viscosity of the lipid phase [25]. In this
study; the concentration of the surfactant was the same and, there-
fore, the viscosity of the total lipid phase had a major influence on
the particle size. ILTG-NE comprising the liquid lipid and ILTG-
NLC3 comprising 30% solid lipid had approximately the same
particle size. When the liquid lipid content was >70%, the viscos-
ity was similar [26,27]. The PDI indicates the homogeneity of par-
ticles: and the measured values were <0.3.

ZP is the electric charge on the particle surface that confers emul-
sion stability at appropriate values. The ZP values of all the devel-
oped formulations are shown in Fig. 2(b). As shown, ZP values of
ILTG-NLCI, ILTG-NLC2, ILTG-NLC3, and ILTG-NE were —24.01+
044 mV, —26.85+0.27 mV, —27.49+0.37 mV, ILTG-NE and, —33.02+
0.11 mV, respectively. The stability of the developed formulations
supports the maintenance of a favorable ZP value above —20 mV.
Increasing the content of caprylic/capric triglyceride (liquid lipid)
increased the ZP value. This is attributable to the increase in the
number of carboxylic groups in the caprylic/capric triglyceride.
Therefore, the ZP values were the highest for the NE consisting of
100% liquid lipid. Furthermore, we expected steric stability from
the non-ionic surfactants Tween 80 and MEL [28,29].

1-2. Entrapment Efficiency (EE%)

The EE% is defined as the percentage of drug incorporated into
the carriers in comparison to the total drug added. It is an import-
ant parameter in evaluating the loading capacity of developed for-
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Fig. 3. Entrapment efficiency (EE%) of isoliquiritigenin-loaded nano-
structured lipid carrier (ILTG-NLCs) and ILTG-nanoemul-
sion (NE).

mulations [30]. The results obtained are shown in Fig. 3. ILTG-
NLC3 showed the highest entrapment of 89.97+1.71%. The EE%
of ILTG-NLC2, ILTG-NE, and ILTG-NLCI was 86.50+1.89%,
81.86+1.97%, and 56.45+1.31%, respectively. The lowest EE% was
observed for ILTG-NLCI1. This result might be because the solu-
bility of ILTG in liquid lipid is greater than that in solid lipid. In
addition, it could have been due to the increase in ceramide con-
tent, which led to the formation of a more rigid lipid particles and
reduced the space available to incorporate the drug [31]. The EE%

Fig. 4. Transmission electron microscopy (TEM) images of isoliquiri-
tigenin-loaded nanostructured lipid carrier (ILTG-NLCs) and
ILTG-nanoemulsion (NE).
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Fig. 5. Differential scanning calorimetry (DSC) thermograms (a)
solid lipid bulk, (b) isoliquiritigenin-loaded nanostructured
lipid carrier (ILG-NLC) 1, (c) ILTG-NLC2, (d) ILTG-NLC3,
and (e) ILTG-nanoemulsion (NE).

of the NE was 81.86%, which was slightly lower than that of
NLC2 and NLC3. Therefore, both the liquid lipid and solid lipid
were found to affect the EE%. Ceramide has long hydrocarbon
chains, which can affect the solubility of ILTG [32]. From these
results, the lipid blending ratio should be considered in strategies
to improve the EE%.
1-3. TEM Analysis

The morphology of the ILTG-loaded lipid carriers was deter-
mined using TEM Fig. 4. The particles were spherical, approxi-
mately 200 nm, and had no rod-like particles. The average particle
size obtained using TEM was similar to the results of the DLS anal-
ysis. The low PDI indicated a uniform particle dispersion image.
1-4. DSC Analysis

The DSC measurements confirmed the crystallization and ther-
mal behavior of the lipid nanoparticles [33]. The main purpose of
this study was to investigate lipid particles and compare their crys-
tallinity and thermal behavior with that of the raw material used
in the preparation. The bulk lipid was measured by mixing the cera-
mide and cholesterol at a ratio of 8:2. The melting points of the
developed formulations were compared with those of the main lipid
ceramide, which showed a distinct peak (Fig. 5). From these results,
the melting point, onset temperatures, and enthalpy depression oc-
curred when the NLC was formed. The melting points of ILTG-
NLCI, ILTG-NLC2, ILTG-NLC and the bulk lipid were 89.87 °C,
76.94°C, 76.82°C, and 93.41°C, respectively. The melting point
depression phenomena occurred because of the small particles,
which were in the nanometer size range and had a high specific sur-

Table 2. Differential scanning calorimetry (DSC) parameters of bulk
lipid and isoliquiritigenin-loaded nanostructured lipid car-
riers (ILTG-NLCs) and ILTG-nanoemulsion (NE)

. Onset Melting point  Enthalpy  CI
Formulation 0) Q) (/e) %)
ILTG-NLC1 76.05 89.87 18.34 50.50
ILTG-NLC2 71.81 76.94 9.76 26.88
ILTG-NLC3 68.09 76.82 5.06 13.93
ILTG-NE 0 0 0 0

35.36 38.27 1.28
Solidlipid bulle 5 4 93.41 7135 0
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face area [34]. Table 2 shows the DSC parameters of all the devel-
oped ILTG-NLCs. Fig. 5 shows the DSC thermograms, and those
of the ILTG-NE did not show any phase change, because there was
no solid lipid present. As the liquid lipid content increases, and that
of the solid lipid including the ceramide decreases, broad peaks
are expected. Furthermore, as the crystallinity decreased, a broader
peak was observed. The findings of the crystallinity analysis showed
that ILTG-NLCI, ILTG-NL2, and ILTG-NLC3 were 50.05%, 26.88%,
and 13.93% crystalline, respectively. Thus, NLC may exist in a simi-
lar form as that of the particles of an O/W emulsion [35]. Addi-
tionally; a lower crystallinity is indicative of a rigid formulation. This
factor can be considered as a strategy for increasing the space to
enhance the ILTG EE%.
1-5. XRD Analysis

To identify the physical state of the ILTG incorporated in the
NLCs and NE XRD was used. X-ray diffractograms of solid lipid
(ceramide : cholesterol, 8:2), pure ILTG, and drug-lipid physical
mixture as well as the lyophilized ILTG-NLC and ILTG-NE are
shown in Fig. 6. The pattern of the solid lipid showed 4.6°, 5.2°,
6.9 86° 10.6°, 11.5°, 12.5% 13° 14.2°, 15.2°, 15.7°, 17.1°, 18.6°, 19.4°,
19.9°, 204° 21.1° 21.9° and 22.5°. The pattern of the pure-ILTG
showed 6°, 7.1° 7.9°, 8.3°, 11.75° 12.1°, 12.8°, 14°, 15.6°, 16.5°, 18",
18.7°,19.5% 19.8°, 21.1°, 24.5°, 25.7°, 26.1°, 26.5°, 27°, and 28.2° [36].
The pattern for the drug-lipid physical mixture showed 4.6°, 5.2°,
6.9%10.6% 11.5°, 11.75% 12.5% 13.0°, 14°, 15.2°,17.1°, 18", 19.5°, 19.8",
21.1°% 21.7°, 22.3°, 24.5°, 25.7°, 26.1°, and 27°. Overall, the charac-
teristic peak of each of the solid lipids and the ILTG was observed.
Through this analysis, we confirmed that the two materials were
mixed. In contrast, no sharp characteristic peak for ILTG crystal-
line was observed in the ILTG-NLC and ILTG-NE. This indicates
that ILTG was in a molecular state and not in the crystalline form
in the NLCs and NE [37]. The diffraction peak intensity depended
on decreasing the solid lipid. The inclusion of ceramide decreased

(a)

(b)

(c)
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the intensity of the peak. Therefore, the intensity results showed
that the crystallinity can be expected to decrease the crystallinity
[38]. These results showed a tendency that corroborates the previ-
ous DSC data.
1-6. In Vitro Skin Permeation

The in vitro skin permeation study was performed to investi-
gate the effect of ILTG-loaded formulations. This evaluation was
carried out using a Franz diftusion cell (Fig. 7). We prepared a con-
trol group using propylene glycol to dissolve ILTG (ILTG-PG). Pro-
pylene glycol is widely used as a solvent for dissolving active com-
ponents in cosmetics. As shown in Fig. 7(a), after 24 h the cumu-
lative permeation of ILTG-PG, ILTG-NLC1, ILTG-NLC2, ILTG-
NLC3, and ILTG-NE was 3.99, 848, 9.74, 10.09, and 10.12 pg/
cm’, respectively. ILTG-NLC2, ILTG-NLC3 and ILTG-NE showed
comparable results. According to previous studies, increasing the
liquid lipid would cause it to accumulate on the surface of parti-
cles. Thus, the drug release occurs preferentially on the surface of
particles. Compared to the NE, the NLCs showed a sustained release
profile [39,40]. Fig. 7(b), shows the amount of drug present in the
stratum corneum (tape), the epidermis, and dermis (except for stra-
tum corneum, skin), and the amount of drug in the receptor phase
that had penetrated the skin (transdermal) by quantitative analy-
sis. The total skin permeation percentage for ILTG-NLC3, ILTG-
NLC2, ILTG-NLC1, ILTG-NE, and ILTG-PG was 20.88%, 19.84%,
17.50%, 15.99%, and 7.28%, respectively. The ILTG-NLC3 perme-
ation was approximately three times higher than that of the ILTG
through the skin and that of the ILTG-PG (control). The skin per-
meation is affected by particle size, skin affinity, and skin occlu-
sive effect. Ceramide and cholesterol are lipid components of the
stratum corneum and have a marked skin affinity. Additionally,
the skin permeation of ILTG was affected by the small particle size
of NLC3 [41,42]. These results indicate that increasing the reten-
tion time of ILTG on the skin, can be expected to enhance the anti-
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Fig. 6. X-ray diffractograms of (a) solid bulk, (b) isoliquiritigenin (ILTG), (c) physical mixture, (d) ILTG-loaded nanostructured lipid carrier
(NLC) 1, (¢) ILTG-NLC2, (f) ILTG-NLC3, and (g) ILTG-nanoemulsion (NE).
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Fig.7. (a) In vitro skin permeation profiles, (b) proportion of per-
meated isoliquiritigenin (ILTG) from the propylene glycol and
various formulations after 24h (Tape: stratum corneum,
Skin: epidermis without stratum corneum and dermis, Trans-
dermal: dissolved in receptor phase through skin).

oxidant and whitening effects of on the skin. We also confirmed
that the ceramide-based NLCs are a promising transdermal deliv-
ery system and it is possible to control the drug release and per-
meation, depending on the composition of the lipid ratio.

CONCLUSIONS

Ceramide-based NLCs were developed as a transdermal deliv-
ery system for enhancing the permeation of ILTG. We successfully
prepared the NLCs by using an ultrasonication method and by
blending the solid and liquid lipids in various proportions. In con-
clusion, we confirmed that the lipid blending ratio was an import-
ant factor in determining the physical properties of the NLC for-
mulations. The degree of crystallization affected the drug EE%, release
profiles and skin permeation of the formulation. Furthermore, the
ILTG-NLCs and ILTG-NE both improved the skin permeation of
ILTG. However, the skin permeation of NLC was higher than that
of the NE owing to the ceramide content. Based on this normal
skin or skin lacking in ceramide could be promising vehicle for the
transdermal delivery system of ILTG.
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