
3)1. Introduction   

Skin should protect the organism from mechanical in-

sults, pathogenic microbes and various pollutants as well 

as sunlight. Most protective functions may reside in stratum 

corneum (SC) and they are linked structurally and 

biochemically. The structural organization of SC into the 

two compartments system of corneocytes embedded in a 

lipid matrix further underlies the localization of barrier 

functions to either the extracellular or cytosolic compart-

ments[1-3]. 

The lipid organization of human SC was analyzed by 

X-ray diffraction[4-10]. As the instrument technology ad-

vances, lipid lamellae could be directly observed using 

freeze fracture electron microscopy[11, 12] and mueller 

matrix polarimetry[13]. Based on these achievements, Elias 

proposed the two-compartment SC model, in which the la-

mellae are located in the intercellular space[3]. And, more 
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detailed information of SC lipid organization was obtained 

using Fourier transformed infrared (FTIR) spectroscopy 

and X-ray diffraction techniques. The fluidity information 

and the lateral packing structure of SC lipids was identified 

by FTIR spectroscopy. This makes it possible to distinguish 

between a hexagonal and an orthorhombic sub-lattice in hu-

man SC[14,15]. The presence of orthorhombic phase in-

troduces a splitting of the rocking and scissoring frequen-

cies located at approximately 720 and 1460 cm-1, re-

spectively, due to the short-range coupling in the densely 

packed structure. The lamellar phase with a long periodicity 

phase (LPP) of about 13 nm and a short periodicity phase 

(SPP) of about 6 nm was identified by small-angle X-ray 

diffraction (SAXD)[6,16]. LPP has been found to be pres-

ent in all examined species such as pig, mouse and human 

SC. And, it was known that LPP plays an important role 

in skin barrier function. In addition to the lamellar organ-

ization, the lateral lipid packing of human and pig SC has 

also been studied. In human SC, an orthorhombic lateral 

packing was observed, in agreement with the above FTIR 
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Abstract: In this work, we fabricated liquid crystal (LC) emulsions with fatty alcohol in order to stabilize high content 
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order structure. As a result, we found that they play a crucial role to form higher order structure. SAXS study shows 

that ceramide can be incorporated up to 3% in cosmetic formulation with higher order structure and its stability was 

maintained up to 12 weeks at room temperature. According to WAXS study, the higher order structure can suppress 

the re-crystallization of ceramide in cosmetic formulation. Finally, we performed in vivo skin barrier recovery test for 

the damaged skin. LC emulsions with ceramide and O/W emulsions show significant effect in skin barrier recovery 

at D 1, D 2 and D 6 compared to the untreated condition. While only LC emulsions show significant skin recovery 

effect at D 14. We expect that LC emulsions are the promising skin carrier to stabilize ceramide and LC emulsions 

with ceramide can improve the skin barrier function..
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results[7,17]. However, it could not be concluded that a 

liquid phase co-existed with the orthorhombic lateral pack-

ing, as the broad reflection of the liquid phase in the dif-

fraction pattern was obscured by the reflections from soft 

keratin present with the corneocytes. In addition, it could 

not be determined whether a hexagonal phase is present, 

because the reflections of the orthorhombic phase obscure 

the reflections from hexagonal lateral packing. However, 

recently using the electron diffraction (ED) device, more 

detailed information was obtained on the lateral organ-

ization of lipids in human SC[18]. From ED studies, it was 

known that hexagonal packing were existed in the upper 

layers of SC at room temperature and at 32 °C. And, the 

analysis of X-ray and ED revealed spacing corresponding 

to 0.406 and 0.367 nm reflections, which are slightly short-

er than the orthorhombic and hexagonal lattices observed 

in phospholipids. Due to strong van der Waals interaction 

between hydrocarbon chains of the very long hydrocarbon 

chains of ceramide and free fatty acid, a slightly denser 

packing of hydrocarbon chains is formed compared with 

those formed in phospholipid[19]. This lipids packing or-

ganization is probably crucial for skin barrier.

The major lipids in SC are ceramide, cholesterol and free 

fatty acid[20,21]. Of these lipids, ceramide is the most fa-

mous cosmetic ingredient for skin barrier function. It is an 

amide-linked fatty acid including a long-chain amino 

alcohol. Ceramide head groups are relatively small and 

contain several functional groups which can form lateral 

hydrogen bonds with adjacent ceramide molecules. The ac-

yl chain length distribution in the ceramide is bimodal with 

the most abundant chain lengths being C24-C26. It is the 

backbone structure of all sphingolipids. The 1-position of 

ceramide is glycosylated to glycosphingolipid, choline phos-

phorylated to sphingomyelin (SM) or to ceramide-1- 

phosphate. These human ceramide differ from each other 

by the head group linked to a fatty acid or an α-hydroxy 

fatty acid of varying hydrocarbon chain length. Ceramide 

is critical for epidermal barrier function[22-24]. Both un-

bound and bound ceramide are essential lipid components 

in forming lamellar bilayer structures, which serve in the 

barrier function[25]. The competent lamellar bilayer for-

mation is dependent not only on bulk amounts of ceramide 

but also heterogeneous molecules of ceramide[26,27]. 

Despite the contribution for skin barrier function, ceramide 

has some problems to be incorporated into cosmetic 

formulation. After immediate preparation, it is homoge-

neously mixed with the formulation and existed as amor-

phous phase. However, this amorphous phase sponta-

neously turns into the thermo-dynamically stable crystalline 

phase as time goes. In this phase transition, there are some 

problems such as the precipitation of crystalline particles 

and the viscosity increase by gelling phenomena. Thus, in 

order to solve these problems, it is required the specific 

strategy to stabilize ceramide in cosmetic formulation. 

In this study, we introduced LC emulsions with fatty al-

cohols in order to suppress re-crystallization of ceramide. 

The ceramide stabilization in LC emulsions was evaluated 

using polarization microscope (POM) and wide angle X-ray 

scattering (WAXS). And, the stability of lamellar structure 

was evaluated using small angle X-ray scattering (SAXS). 

Finally, we performed in vivo clinical test in order to inves-

tigate the effect of ceramide for the recovery of skin barrier 

in damaged human skin. 

2. Materials and Methods 

2.1. Materials

C12–20 alkyl glucoside (SEPPIC, France), sorbitan palmi-

tate (Biologia & Tecnologia, Italy), ceramide-NP (Doosan, 

Korea), cholesterol (Nippon fine chemical, Japan), hydro-

genated lecithin (Lipoid GmbH, Switzerland), PEG-100 

stearate (Croda, USA), glycerine (Emery Oleochemicals, 

Malaysia) and carbomer (Noveon, Canada) were commer-

cially obtained. Glyceryl stearate, caprylic/capric trigly-

ceride, retinyl palmitate, dipropylene glycol, 1-octadecanol 

and 1-hexadecanol were purchased from BASF (Dusseldorf, 

Germany). Sodium lauryl sulfate (SLS) was obtained from 

Junsei Chemical Industries (Tokyo, Japan). All the materi-

als were of analytical grade and deionized distilled (DI) 

water was used for all experiments.



Liquid Crystal Emulsions Containing High Content Ceramides for Improved Skin Barrier Functions

Korean Journal of Cosmetic Science, Vol. 1, No. 1, 2019

21

2.2. Fabrication of O/W and LC Emulsions 

O/W and LC emulsions containing various ceramides 

were prepared by hot process emulsification. The in-

gredients in part A were dissolved at 80 °C and then added 

into the ingredients shown in part B (Table 1). The result-

ing mixture was homogenized using a T.K. Robomix 

(Primix, Japan) at 5500 rpm for 5 min and cooled down 

to 25 °C.

2.3. Physiochemical Characterization  

In order to investigate the anisotropic property of LC 

emulsions containing various ceramide, the polarization im-

ages were observed using an optical microscope equipping 

with polarization plate (BX 53, Olympus, Japan). The po-

larization images were obtained using an image capturing 

software (i-solution Version 21.1). 

The cross section of LC emulsions was observed using 

cryo-SEM. First, LC emulsions were frozen at -190 °C and 

kept in a freezer. The emulsions were freeze-dried for 5 

d using a freeze dryer (ALTO-2500, TATAN, UK) at 25 

°C in the drying chamber, -190 °C in the cooling unit, and 

in a vacuum of 10-3 mbar. The lyophilized samples were 

transferred to the preconditioning chamber and cut into thin 

pieces. The obtained sliced samples were coated with Pt/Pd 

at 10 mA for 120 s. The freeze-fracture cryo-SEM of sliced 

LC emulsions was analyzed using a Quanta 3D FIB (FEI, 

The Netherlands) at Korea Institute of Science and 

Technology (KIST, Seoul), which operated at 5 kV and 

a working distance of 9.9 mm..

The higher order lamellar structure and lateral packing 

state of LC emulsions including ceramide was evaluated 

using SAXS and WAXS, respectively. And, the crystalline 

state of ceramide in LC emulsions was evaluated by 

WAXS. X-ray scattering measurements were carried out 

using the 4C beamline of the Pohang Light Source II (PLS 

II) with 3 GeV power at Pohang University of Science and 

Technology (Korea). A light source from an In-vacuum 

Undulator 20 (IVU20: 1.4 m length, 20 mm period) of the 

Pohang Light Source II storage ring was focused with a 

vertical focusing toroidal mirror coated with rhodium and 

Ingredient O/W-1 O/W-2 LCE-1 LCE-2 LCE-3 LCE-4

A

C12-20 alkyl glucoside

Sorbitan palmitate

PEG-100 stearate

Glyceryl stearate

1-Hexadecanol

1-Octadecanol

Caprylic/capric triglyceride

Ceramide NP

Cholesterol

Stearic acid

Hydrogenated lecithin

0

0

2.00

0.50

0

0

5.00

0

0

0

0

0

0

2.00

0.50

3.00

1.00

5.00

0

0.25

0.50

0.10

1.00

1.00

0

0.50

3.00

1.00

5.00

0

0.25

0.50

0.10

1.00

1.00

0

0.50

3.00

1.00

5.00

1.00

0.25

0.50

0.10

1.00

1.00

0

0.50

3.00

1.00

5.00

2.00

0.25

0.50

0.10

1.00

1.00

0

0.50

3.00

1.00

5.00

3.00

0.25

0.50

0.10

B

Water

E.D.T.A. 2Na

Triethylamine

Carbomer

Glycerine

Dipropylene glycol

To 100

0.02

q.s.

0.1

5.00

5.00

To 100

0.02

q.s.

0.1

5.00

5.00

To 100

0.02

q.s.

0.1

5.00

5.00

To 100

0.02

q.s.

0.1

5.00

5.00

To 100

0.02

q.s.

0.1

5.00

5.00

To 100

0.02

q.s.

0.1

5.00

5.00

Table 1. Composition of O/W and LC emulsions 
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monochromatized with a Si (111) double crystal mono-

chromator (DCM), yielding an X-ray beam wavelength of 

0.734 Å. The X-ray beam size at the sample stage was 0.1 

(V) × 0.3 (H) mm2. A two-dimensional (2D) charge-couple 

ddetector (Mar USA, Inc.) was employed. The magnitude 

of scattering vector, q=(4π/λ) sin θ, was 0.01 Å-1 < q < 

0.10 Å-1 for SAXS and 1.0 Å-1 < q < 2.0 Å-1 for WAXS, 

where 2θ is the scattering angle and λ is the wavelength 

of the X-ray beam source. The scattering angle was cali-

brated with silver behenate standard. We used multi sample 

stage with a diameter of 4 mm and wall thickness of 1 

mm, as bulk sample cells. All scattering measurements 

were carried out at room. Each 2D pattern was radial aver-

aged from the beam center and normalized to the trans-

mitted X-ray beam intensity, which was monitored with a 

scintillation counter placed behind the sample. The scatter-

ing of distilled water was used as the experimental 

background.

2.4. In Vivo Skin Barrier Function Study  

22 Korean female volunteers (27-51 yr., average age: 

38.6 yr., standard deviation: 6.8 yr) participated in the 

study. Due to recruitment issue, all subjects were female. 

All subjects were in good general health and had no history 

of dermatological diseases. In this work, the value of 

TEWL   was investigated as an indicator of skin barrier 

function. The clinical test was performed the following 

steps: the subjects’ medial forearms were cleaned using a 

cleaning agent, and then allowed to rest for 20 min at a 

temperature of 22 ± 2 °C and a humidity of 50 ± 10%. 

And, we performed the occlusive patch test to disrupt skin 

barrier using cosmetic surfactant solution. In detail, each 

test site is subjected to the occlusive patch with 1 wt% 

SLS solution for 24 hours using IQ chamber and scanpore 

tape. After one day, the patch was removed from the test 

site, each test site was marked with a marking pen. And 

then, the TEWL values of each test site were measured 

using Tewameter TM 300 (Courage + Khazaka, Germany). 

During the test period, the cleansing of the test sites was 

prohibited. Two different formulations (O/W-2 and LCE-2) 

and the untreated condition were used at the application 

site of the subject. The values of TEWL at test sites were 

measured at 1, 2, 6 and 14 days after patch removal. The 

obtained values are all indicated as the mean ± standard 

deviation. Paired t-test (SPSS statistics version 21.0, IBM, 

USA) was used to test for a statistically significant differ-

ence between the two groups. 

3. Results and Discussion 

3.1. POM Observation of O/W and LC Emulsions

In this study, we prepared two different O/W emulsions 

and four different LC emulsions (Table 1). Since the speed 

of light passing through the higher order structure depends 

on its direction, the formulation having the higher order 

structure has optically anisotropic property. Thus, some 

specific polarization images could be observed in higher 

order structured formulation using POM. Fatty alcohol 

plays a crucial factor to form higher order structure in cos-

metic formulation. They start to melt above a melting point 

and form α-form, which is stable crystalline structure at 

high temperature. After emulsification, they are sponta-

neously packed at the outer interface of O/W droplet and 

then to form higher order structure[28-30].

O/W emulsions without fatty alcohols (O/W-1) shows 

no specific polarization images in Figure 1A. Since O/W-1 

has no fatty alcohols, it cannot form the higher order struc-

ture and has isotropic property. Thus, we cannot observe 

any polarization images. Although O/W-2 shows some ir-

regular images in Figure 1B, this is not the anisotropic prop-

erty by higher order structure but the tiny crystalline domain 

of fatty alcohols. Although the polarization intensity is very 

weak, Figure 1 C shows specific polarization images which 

are called as maltese cross. This specific image means that 

this formulation has higher order structure. Interestingly, the 

compositions of Figure 1B and C are same except surfactants. 

The former was used PEG-100 stearate as surfactant and 

the latter was applied to alkyl glucoside and sorbitan 

palmitate. Thus, we can consider that the surfactant is also 

important to form the higher order structure.

These maltese cross images become much clearer and 
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brighter as the ceramide contents increase (Figure 1C to 

F). This trend was kept at room temperature for up to 3 

months. This means that ceramide can contribute to the 

promotion of higher order structure in LC emulsions. Since 

ceramide is highly crystalline substance, it is hard to in-

corporate the large amounts of ceramide into conventional 

O/W formulations. In many case, only small amounts of 

ceramides (approximately 0.1%) can affect the colloidal in-

stability such as gelling or precipitation. As a result, LC 

emulsions are promising carrier system to incorporate and 

stabilize ceramide. Because ceramide has hydrophobic long 

chain and polar head groups, it is very beneficial for the 

molecular interaction with fatty alcohols. This might be due 

to the association with ceramide and fatty alcohols in Lα 

structure of LC emulsions. The Lα structure in LC emul-

sions are formed by the spontaneously association of fatty 

alcohols and surfactants at the interfaces of droplets. 

Although this association is enough to form higher order 

structure, ceramide can contribute to forming a much dense 

higher order structure. The polarization image can be the 

indirect evidence about the formation of the higher order 

structure in LC emulsions. However, this cannot provide 

detail information of higher order structure and phase be-

havior of ceramide in LC emulsions.

Figure 1. Polarization microscope image of O/W and LC emulsions. O/W emulsions: (A) without fatty alcohol (O/W-1), (B) with 

fatty alcohols (O/W-2). LC emulsions: (C) 0% ceramide (LCE-1), (D) 1% ceramide (LCE-2), (E) 2% ceramide (LCE-3), (C) 3% 

ceramide (LCE-4). The scale bar is 20 μm.
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3.2. Formation of Higher Order Structure in Cosmetic 
Formulation

Figure 2 shows the polarization microscopic images by 

fabricating temperature of LC emulsions (LCE-4). After 

fully homogenization at high temperature, LC emulsions 

with fatty alcohols were cooled down until room 

temperature. Since all fatty alcohols were melted state at 

75 °C, we could not observe any specific images by polar-

ization microscope (Figure 2A). As the temperature goes 

down, some specific polarization images were observed. At 

63 °C, we can see the tiny polarization images (Figure 2 

B). This polarization image is due to the phase transition 

of fatty alcohols. During cooling process, melted fatty alco-

hols was changed to α-phase crystalline state. Since the 

melted state is isotropic and α-phase crystalline is aniso-

tropic, the polarization images look different by 

temperature. In this study, we used 1-hexadecanol and 

1-octadecanol as fatty alcohols. Their melting points are 

about 48 °C and 56 °C, respectively (Data not shown). The 

reason for the phase transition above the melting point of 

fatty alcohols is due to the combination of two different 

fatty alcohols. According to the study of Fukushima, the 

temperature range of the α-phase crystalline state can be 

broadened by the combinate usage of two different fatty 

alcohols. When fatty alcohols with different lengths of hy-

drocarbon are mixed in emulsions, molecular interaction 

between them can be increased to prevent crystallization 

of the hydrocarbons, thus broadening the temperature range 

of α-phase crystalline state[30]. At 53 °C, droplets are 

somewhat swollen and shows irregularly crystalline state 

(Figure 2 C). This is due to hydration which water mole-

cules penetrate into fatty alcohols crystal. The completely 

regular polarization images are shown at 45 °C (Figure 

2D). Under 45 °C, there is no longer a change in regular 

polarization images (Figure 2 E, F). From a broadening the 

temperature range of α-phase crystalline state, fatty alco-

hols in LC emulsions may have α-phase or β-phase at room 

temperature. During cooling process of emulsions, the 

phase transition of fatty alcohols occurred from melted state 

to α-phase crystalline, which could monitor through the ob-

servation of polarization image. Since polarized images can 

be observed only in anisotropic properties, LC emulsions 

are optically anisotropic. At high temperature, irregular po-

larization images were observed, while regular images were 

shown under 45 °C. From a series of images obtaining by 

cooling process, we could infer that fatty alcohols sponta-

neously form higher order structure in LC emulsions. 

Figure 2. Polarization microscopic images by fabricating temperature of LC emulsions (LCE-4). (A) 75 °C, (B) 63 °C, (C) 

53 °C, (D) 45 °C, (E) 35 °C, (F) 25 °C. The scale bar is 20 μm. 
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Cryo SEM have been widely used to obtain the image 

of emulsions. The images of boundary area and the cross 

sectional area in LC emulsions droplets were obtained us-

ing cryo SEM. Although the inner structure of LC emul-

sions droplet was deformed due to rapid cooling in the cryo 

SEM procedure, multi-layered structures could be observed 

at the boundary area of LC emulsions droplet (Figure 3). 

And, an outer barrier having a thickness of about 2 μm 

was observed in LC emulsions droplet. From the result of 

Figure 1-3, this barrier might be consisted of fatty alcohols, 

surfactants and ceramide with α-phase crystalline state. 

3.3. SAXS Patterns of LC Emulsions

Figure 4 A shows the characteristic SAXS patterns of 

LC emulsions with ceramide contents. All SAXS patterns 

were almost similar. Figure 4 B shows the D-spacing size 

in lamellar structure of LC emulsions at various ceramide 

contents. These lengths were calculated by Bragg’s law. 

As the ceramide contents become larger, the D-spacing size 

in LC emulsions increases very slightly. This means that 

the ceramide did not almost affect the lamellar structure 

of LC emulsions. In addition, any crystalline domains of 

ceramides in LC emulsions were not observed (Figure 

Figure 3. Cryo SEM images of cross sectional area in LC emulsion (LCE-4). The scale bars of A and B are 2 μm and 1 μm, 

respectively. Red dot line in A means higher order structure.

Figure 4. (A) SAXS patterns of LC emulsions depending ceramide contents. (a) LCE-1 (0%), (b) LCE-2 (1%), (c) LCE-3 (2%), 

(d) LCE-4 (3%). (B) D-spacing size of LC emulsions depending ceramide contents.
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1C-F). From these results, we can postulate that ceramide 

exist amorphously in lamellar structure of LC emulsions. 

And, even if ceramide contents increase up to ca. 3%, they 

can be stably incorporated within the lamellar structure of 

LC emulsions. As described previously, this might be due 

to molecular interaction between fatty alcohols and 

ceramide. Thus, we can fabricate LC emulsions including 

high amounts of ceramide.  

3.4. WAXS Patterns of LC Emulsions

Although SAXS can provide the information about la-

mellar structure of LC emulsions, it requires the additional 

information to identify the detail structure of LC emulsions. 

WAXS can provide the significant information  about the 

lateral packing state between hydrocarbons in the higher or-

der structure of LC emulsions. Figure 5 shows the WAXS 

patterns of LC emulsions at different ceramide contents. 

There is one distinct peak in about q = 1.51 Å-1 in all 

WAXS patterns. From Bragg's law D = 2 π/q, the distances 

between hydrocarbon chains are equal with 0.414 nm spac-

ing, indicating the hexagonal lateral packing. Interestingly, 

some minor peaks are observed as the ceramide contents 

increase (Figure 5 C, D). These can be considered as the 

effect of excessive ceramide. When excessive ceramides 

were incorporated with normal O/W emulsions, many crys-

talline domains of ceramides could be observed by polar-

ization microscope (Data not shown). This might be due 

to the absence of molecular interaction which can suppress 

the crystallization of ceramide in formulation. Since the ce-

ramide crystallization may reduce the colloidal stability in 

cosmetic formulation, O/W emulsions is not suitable for 

the incorporation of ceramide. While LC emulsions can 

suppress the ceramide crystallization and keep the colloidal 

stability of formulation. Thus, LC emulsions can be the 

promising carrier for the cosmetic application of ceramide. 

From the result of SAXS and WAXS analyses, we can ob-

tain the following results: Although excessive ceramides 

can slightly modify the micro-organization such as lateral 

packing structure in LC emulsions, they do not significantly 

affect the macrostructure such as lamellar structure of LC 

emulsions. 

We investigated the suppression effect of ceramide crys-

tallization in LC emulsions. First, LCE-1 and LCE-4 was 

stored at room temperature for 12 weeks, and they were 

analyzed by WAXS. Figure 6A shows the lateral hexagonal 

packing of LCE-1. The WAXS pattern of LCE-1 stored 

at room temperature after 12 weeks was almost similar to 

initial stage (Figure 5A). And, the WAXS pattern of LCE-4 

(Figure 6B) was also similar to initial patterns (Figure 5D). 

From the result of ceramide crystalline peaks, some minor 

peaks of LCE-4 could be identified as the crystalline peaks 

of ceramide. Although excessive ceramides are in-

Figure 6. WAXS patterns of LC emulsions stored at room 

temperature after 12 weeks. (A) LCE-1 (0 %). (B) LCE-4 (3 %).

(C) ceramide powder.

Figure 5. WAXS patterns of LC emulsions with ceramide 

contents. (A) LCE-1 (0%). (B) LCE-2 (1%). (C) LCE-3 

(2%). (D) LCE-4 (3%).
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corporated to LC emulsions, there was none of big mod-

ification in lateral packing structure. Previously, we men-

tioned the molecular interaction between ceramides and fat-

ty alcohols in the higher order structure of LC emulsions. 

Since this can suppress the ceramide crystallization in LC 

emulsions, the crystallized ceramide peaks were hardly 

observed. Thus, the colloidal stability of LC emulsions can 

be maintained. 

3.5. In Vivo Skin Barrier Recovery Effect 

The skin barrier recovery (%) was calculated based on 

TEWL values   at each interval point for the difference in 

TEWL before and after skin damage by SLS treatment 

(Figure 7). In comparison with the untreated condition, 

O/W emulsion (O/W-2) show statistically significant differ-

ence at 95% confidence level: 12.10%, 43.76% and 75.58% 

at D 1, D 2 and D 6, respectively. And, LC emulsions 

with ceramide (LCE-2) also show statistically significant 

difference (p < 0.05) : 16.61%, 51.65%, 81.44% and 

98.50% at D 1, D 2, D 6 and D 14, respectively. This 

means that cosmetic formulation can improve the skin bar-

rier recovery compared to the untreated condition. At D 

14, only LC emulsions improved skin barrier recovery 

while O/W emulsions did not obtain the enhanced skin re-

covery effect compared to the untreated condition. 

Although there was no statistically significant difference 

between O/W and LC emulsions at all interval points, LC 

emulsions with ceramide are slightly more efficient than 

O/W emulsions on skin barrier recovery compared to the 

untreated condition. Previously we described some limits 

in the evaluation method of skin barrier function using 

TEWL. Although this method can be easily affected by 

some environmental factors such as temperature and hu-

midity, this is an only in vivo clinical evaluation method 

to measure skin barrier function at this point. Thus, new 

in vivo evaluation method should be introduced to reflect 

complete skin barrier function. 

4. Conclusion

In conclusion, we fabricated LC emulsions including ce-

ramide for the skin barrier recovery. Since it is easily inter-

acted with fatty alcohols in the lamellar structure of LC 

emulsions, the intensity of polarization images becomes 

higher as the ceramide contents increase. And, there were 

Figure 8. A schematic illustration of LC emulsion structure. 

Figure 7. In vivo skin barrier recovery effects in damaged skin.

O/W-2 (O/W Emulsion) and LCE-2 (LC Emulsion) formulation

was applied. 
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no crystalline domains of ceramide in polarization images. 

This means that ceramide was not crystallized and stabi-

lized into the higher order structure of LC emulsions. And, 

WAXS results show that ceramide does not affect the later-

al packing state of LC emulsions. Although few minor 

peaks are observed in WAXS patterns of LC emulsions in-

cluding high content of ceramide, it did not distort the over-

all WAXS patterns of LC emulsions. And, we performed 

in vivo test for the evaluation of skin barrier recovery. As 

a result, LC emulsions with ceramide and O/W emulsions 

shows significant effects of skin recovery at D 1, D 2 and 

D 6 compared to the untreated condition. While only LC 

emulsions show significant effect at D 14. However, there 

was no statistically significant difference between both 

formulations. We expect that LC emulsions are the promis-

ing carrier to stabilize ceramide in cosmetic formulation 

and can improve the skin barrier function.
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