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Purpose: Atopic dermatitis (AD) is characterized by chronic inflammation, which frequently 
recurs, is exacerbated, and enters remission. A maintenance remission period is important for AD 
patients. We developed a formulation for use during AD remission, containing heparinoid and 
pseudo-ceramide that forms a lamellar structure. We evaluated the allergen permeability and 
examined the formulation’s efficacy in maintaining remission in patients with AD.
Materials and Methods: Seventeen AD patients applied a cream containing 0.3% hepar-
inoid and pseudo-ceramide (test cream group, n = 10), or a general cream containing 0.3% 
heparinoid (control cream group, n = 7) to their arm for four weeks after inducing remission 
with the application of a steroid cream for two weeks.
Results: The lamellar structure of the test cream was confirmed with small- and wide-angle 
x-ray scattering analysis and observation by transmission electron microscopy. The test cream 
inhibited the penetration of V8 protease significantly compared to the control cream in vitro. 
According to AD severity score by dermatologists, the effects remission maintenance of the 
test cream group were comparable to those of the control cream group. However, the test 
cream group had a significantly increased skin hydration value compared to the control cream 
group. A significant decrease in transepidermal water loss, an indicator of skin barrier function, 
was shown in the test cream group compared to the control cream group.
Conclusion: The cream with lamellar structures containing heparinoid and pseudo- 
ceramides may inhibit allergen penetration. Moreover, skin properties improved during the 
remission period; thus, the formulation we developed was suitable for use during the AD 
remission period.
Keywords: atopic dermatitis, barrier, lamellar, heparinoid, ceramide, skin hydration, 
transepidermal water loss

Introduction
Atopic dermatitis (AD) is a disease caused mainly by eczema with pruritus, which 
repeatedly recurs accompanied by exacerbation and a remission period.1 The skin 
of AD patients has a decreased barrier function, leading to antigen sensitization and 
inflammation.2 This is caused by the facile invasion of stimulating substances.3 

Moreover, a decrease in skin hydration of the stratum corneum leads to increased 
susceptibility to itchiness following stimulation. Scratching leads to further dete-
rioration of the barrier function.4

During the remission period, AD patients are prone to inflammation relapse 
even from mild stimulation. AD skin has low barrier function of the stratum 
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corneum in both the lesional area and the non-lesional 
area,5 and improving the skin barrier function is essential 
for preventing the relapse of inflammation. Decreased 
barrier function makes it easier for external stimulatory 
compounds, such as hapten and protein allergens, to 
invade. Further, the release of aggravating factors, such 
as V8 protease from the bacteria Staphylococcus aureus, 
occurs in AD patients.6 The invasion of an external aller-
gen triggers inflammation.7 The invasion of an allergen 
produces TH 2-type (Th2) cytokines, like interleukin-4 
(IL-4), interleukin-13 (IL-13), interleukin-31 (IL-31), and 
thymic stromal lymphopoietin (TSLP),8–10 thereby indu-
cing an itching sensation. Scratching the itchy skin leads to 
a further decline in barrier function, creating a loop, called 
itch-scratch cycle.4

The treatment of AD is based on the three basic princi-
ples: drug treatments to alleviate inflammation, skincare, and 
removal of deteriorating factors.1 The drug treatment is 
expected to reduce inflammation and itching with the use of 
anti-inflammatory agents and anti-histamine, respectively. 
On the other hand, in the remission period without inflam-
mation, the importance of skincare increases. Although 
mucopolysaccharides, like heparinoids, have been widely 
used in skincare to improve dry skin,11,12 they have little 
effect on the immediate improvement of the barrier 
function.13 Therefore, it is necessary to quickly strengthen 
the barrier function of the skin, to prevent the relapse of AD 
symptoms and prolong the remission period.

Ceramide, one of the main components of intercellular 
lipids, is important for the barrier function of the stratum 
corneum.14–16 It has been found that ceramide levels are 
lower in AD patients than in healthy people.17–19 

Intercellular lipids express barrier function by forming 
lamellar structures.20–22 We hypothesize that the inclusion 
of a lamellar structure similar to intercellular lipids on the 
skin may aid in improving the barrier function of AD and 
suppressing itchiness.

Therefore, we developed a moisturizer containing 
pseudo-ceramide and a heparinoid that forms a lamellar struc-
ture, and verified the effect on the remission period of AD.

Materials and Methods
Test Cream
The test cream was an O/W (oil-in-water)-type 
cream formulation with 0.3% heparinoid and 2.5% 
synthetic pseudo-ceramide. The cream contains P-Cer 
[N-(3-hexadecyloxy-2-hydroxypropyl)-N-2-(hydroxyethyl) 

hexadecanamide], stearyl alcohol, stearyl monoglyceride, 
glycerin, and water. Pseudo-ceramide, stearyl alcohol, and 
stearyl monoglyceride were made into appropriate compo-
sitions to formulate a cream with a lamellar structure. The 
control cream was a commercial O/W-type emulsion 
cream containing 0.3% heparinoid with stearyl alcohol, 
glycerol monostearate, polyoxyl stearate, glycerin, and 
water. An O/W-type commercial steroid cream containing 
0.15% prednisolone valerate acetate, based on petroleum 
jelly, was used during the pre-treatment period.

Observation by Transmission Electron 
Microscopy (TEM)
The structures of the dry coating of the heparinoid barrier 
cream and control cream were examined according to the 
following procedures. Each cream was applied onto 
a polyethylene terephthalate (PET) film using a coater (120 
μm thickness) and dried for 3 h. Thereafter, they were cut 
into 5 mm squares, stained and fixed for 24 h at 23°C with 
osmium tetroxide. For ultramicrotome, we made ultra-thin 
sections with a thickness of 50–100 nm at −80°C using Cryo- 
spec UC-6 (Leica Microsystems, Wetzlar, Germany). The 
sections were collected with a 2.3 M sucrose ball and placed 
on a grid (non-carbon-reinforced film-coated 200 mesh) and 
were thereafter washed and dried. We used H-7650 (Hitachi, 
Tokyo, Japan) transmission electron microscope, and mea-
surements were taken with an acceleration voltage between 
80 and 100 kV. Furthermore, CCD (1024 x 1024 pixel) was 
used for detection.

Small-Angle/Wide-Angle X-Ray Scattering 
Measurements
The small- and wide-angle X-ray scattering apparatus 
(SAXSess mc2, Anton Paar, Graz, Austria) was used to eval-
uate the dry coating produced by the test and control creams. 
To sample the dry coating, the test and control creams were 
applied to a PET resin overhead projector film using a coater 
(120 μm thickness), dried for 3 h at 22°C and 40% relative 
humidity (RH), and scratched off with a spatula before being 
transferred into the sample cell. For the sample cell, we used 
a paste cell dedicated for use with SAXSess mc2. An imaging 
plate dedicated for use with SAXSess mc2 was used as the 
detector for X-ray diffraction patterns. In terms of the condi-
tions for measurement, the wavelength of the X-rays were λ = 
0.1542 nm, sample-detector distance was set to 259.2 mm, and 
the measurement temperature was set to 25°C. The exposure 
time was set to between 5 and 60 minutes, depending on the 
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balance between the irradiation limit of the imaging plate and 
detection sensitivity (SN ratio). The two-dimensional diffrac-
tion image obtained by exposing the imaging plate to light was 
used to create a one-dimensional diffraction profile using the 
SAXSess mc2-attached software (SAXSquant 2D, 
SAXSquant), (Anton Paar, Graz, Austria). Period d [nm] of 
the lamellar structure observed on X-ray scattering was deter-
mined from the peak position q = 2π/d [nm−1], where q is the 
scattering vector.

In vitro Allergen Penetration Experiment
The allergen penetration experiment was conducted 
according to the following procedures: 10 mg/cm2 of the 
heparinoid barrier cream or control cream was applied on 
a 12%-NON-SDS-PAGE (sodium dodecyl sulfate–polya-
crylamide gel electrophoresis) gel (Tefco, Tokyo, Japan), 
and dried for 18 h at room temperature. Next, a filter paper 
(diameter 6 mm) soaked in 20 μL of 2 mg/mL V8 protease 
(27 kD) aqueous solution (Source: Staphylococcus aureus) 
(FUJIFILM, Tokyo, Japan) was placed on top and allowed 
to stand for 6 h at 32°C and 95% RH. The filter paper was 
then removed, and the dried cream was removed by wash-
ing with water. The V8 protease which permeated into the 
acrylamide gel through the dried cream was stained using 
Coomassie Brilliant Blue (CBB) solution (Integrale, 
Tokushima, Japan). The water-washed gel was immersed 
into the CBB solution for 60 minutes with shaking and 
thereafter washed with water for 30 minutes, this was 
repeated twice. The quantitation of V8 protease stained 
with CBB was performed using the GS-900TM Calibrated 
Densitometer (Bio-Rad, California, United States).

Efficacy Test
The protocol of this randomized, double-blind human study 
was approved by the Institutional Review Board of the Kao 
Corporation (Tokyo, Japan) and Sapporo Skin Clinic 

(Sapporo, Japan) (UMIN registration no. 000025722). This 
study was performed in accordance with the Declaration of 
Helsinki from December 2016 to March 2017 in Sapporo, 
Japan. Written informed consent was obtained from all par-
ticipants prior to the start of the study.

Subjects and Evaluation Flow
To verify the effect of the cream with a lamellar structure 
on the remission period of AD, Japanese females with 
mild to moderate symptoms of AD on their inside of 
arms were prescreened via visual observation and medical 
interviews conducted by dermatologists. Of the 33 subjects 
that were prescreened, 18 were deemed eligible by the 
investigator and study director.

After screening, 18 subjects were assigned to two 
groups. Eleven subjects aged 23–47 years old (mean, 
33.7 ± 9.1) were assigned to the 0.3% heparinoid test 
cream group (test cream group), the remaining seven sub-
jects aged 21–47 years old (means, 32.9 ± 9.7) were 
assigned to the 0.3% heparinoid control cream group (con-
trol cream group).

After a 1-week (−3W) washout period, a steroid cream 
was applied for two weeks as a pre-treatment period. 
Then, application of the test formulation was initiated. 
The test site was visually evaluated, measured using var-
ious equipment, and photographed every week, from week 
0 to week 4 (Figure 1). If skin condition markedly wor-
sened during this period, the subject received appropriate 
treatment from a dermatologist.

Application of Test or Control Cream
Approximately 0.5 g of test or control cream was applied 
to the arm twice daily, once in the morning and once at 
night, for 4 weeks. During the study, if abnormalities were 
observed at the application site, a physician provided 
appropriate treatment and drug use was discontinued as 

Figure 1 Test design. 
Notes: After a 1-week washout period, steroid cream was applied for two weeks as a pre-treatment. The test or control creams were applied twice a day for 4 weeks.
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necessary. The application of other moisturizing agents or 
topical agents to the test site during the study period was 
prohibited.

Safety and Efficacy Assessments
AD severity score on the arm was rated from 0 to 4, including 
intermediate grades, for a total of nine grades as follows: 0 
(absent), 0.5 (slight), 1 (mild), 1.5 (between mild and moder-
ate), 2 (moderate), 2.5 (between moderate and severe), 3 
(severe), 3.5 (between severe and very severe), 4 (very severe). 
The severity score was based on the severity classification 
(simple method) of AD developed by the advisory committee 
of AD severity classification of Japanese Dermatological 
Association.23 Assessment of efficacy was performed by 
a dermatologist. Subjects were asked to write in a journal 
every day during the study period regarding the presence or 
absence of itching anytime during in the day or night.

Adverse events were recorded throughout the study 
period. The severity of the adverse events was judged by 
dermatologist.

Skin Measurements
All instrumental measurements were conducted in an air- 
conditioned room at 20 ± 2°C, and 45 ± 5% RH after 
acclimatization for 20 min. The same place (inside of the 
forearms) was measured every time by making 
a transparent sheet showing the measurement site for 
each subject. The sheet was applied on their arms, and 
the measurement site was marked before the acclimatiza-
tion. Transepidermal water loss (TEWL) on the arm was 
measured using a Tewameter TM300 (Courage + Khazaka 
Electronic, Koln, Germany). The moisture content of the 
stratum corneum was measured with a SKICON-200EX 
(IBS, Hamamatsu, Japan).

Statistical Analyses
In the allergen penetration experiments, multiple comparison 
tests were performed according to the Tukey–Kramer 
method. In the application study for AD subjects, we deter-
mined the analysis population of subjects based on compli-
ance status, which was defined by usage of test products (%) 
for more than 80% of the time, and conducted significance 
testing. For significance testing, the results of AD severity 
score were analyzed using the Steel-Dwass multivariate test 
between the two groups. We subtracted the skin property 
measurements recorded on the start date (Week 0) from the 
skin property measurements recorded at the end of the study 
to determine the changes (⊿). The significance testing for 

changes to the skin properties was carried out according to 
Steel-Dwass multivariate testing.

The significance level was set at 95% confidence limits 
(p < 0.05). Statistical analysis was performed using IBM 
SPSS Statistics version 19 (IBM, New York, United 
States) and Ekuseru-Toukei 2012 (Social Survey 
Research Information, Tokyo, Japan).

Results
Structural Analysis of Test and Control 
Cream
We used TEM observation to confirm whether the pseudo- 
ceramide-containing test cream forms the desired lamellar 
structure. A layered structure was observed in the test 
cream (Figure 2), however, in the control cream 
a layered structure was not observed (Data was not 
shown).

As TEM observation showed lamellar structure in the 
test cream, we used small- and wide-angle X-ray scatter-
ing to confirm the detail of the lamellar structure. In the 
test cream, after application and drying, a peak was 
observed at q = 0.63 nm−1 Figure 3A (i). The results 
showed that the test cream had a lamellar structure of 
approximately 10 nm containing an aqueous phase. 
A peak was also observed at q = 15.4 nm−1 Figure 3A 
(ii). The results indicated that the dry coating film of the 
test cream had an α-gel structure. Conversely, in the con-
trol cream a peak equivalent to the period of the layered 
structure was not detected Figure 3B (iii). Furthermore, 

Figure 2 Lamellar structure image of test cream by transmission electron 
microscopy. 
Notes: The layered structure was observed after coated on the film.
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multiple peaks derived from the crystal structure were 
observed in the control cream Figure 3B (iv). These results 
confirmed that there was a lamellar structure in the test 
cream after application.

Allergen Penetration Experiment
The ability to suppress allergen penetration in a dry coat-
ing film was evaluated. V8 protease from Staphylococcus 
aureus was used as an allergen to evaluate the level of 
penetration. The level of penetration was calculated as 
a percentage. The penetration was 100% for no application 
(uncoated). The penetration of the control cream was 
48.6% ± 15.0 (Figure 4). The penetration of the test 

cream was 13.8% ± 3.4, which was significantly lower 
than that of uncoated or the control cream application. 
This indicates that the test cream with the lamella structure 
significantly suppressed the penetration of proteins, such 
as allergens.

Efficacy Test
One subject in the test cream group was excluded from 
due to lack of compliance with the study protocol. Another 
subject in the test cream group could not attend the week 3 
visit because of fever. Therefore, we finally evaluated the 
efficacy and skin properties of nine to ten subjects for the 
test cream group and seven subjects for the control cream 
group. In the test cream group, the number of subjects for 
the evaluation of severity assessment and skin property 
measurements was ten subjects at weeks 0, 1, 2, and 4 and 
nine at week 3.

Efficacy Assessment
The severity scores for AD were assigned in nine stages, 
from 0: absent to 4: very severe. The severity score after the 
washout period was 1.32 ± 0.80 (minimum of 0, maximum 
of 3). At the start of the study, when the skin condition was 
temporarily improved using steroids (Week 0), the severity 
score for the heparinoid barrier cream group was 0.1 ± 0.32 
and that of the control cream group was 0.07 ± 0.19 
(Figure 5). Two weeks after the start of the study, in both 
groups, more than 50% of subjects had a score of 0.5: slight 

Figure 3 Small- and wide-angle X-ray scattering analysis of test and control cream. 
Notes: (A) The test cream showed a peak at scattering vector q = 0.63 nm−1 (i) 
and q = 15.4 nm−1 (ii). The lamellar period of the test cream was calculated as 10 
nm. (B) The control cream did not exhibit a clear peak within the q = 0.1–1 nm−1 

range (iii). Multiple peaks derived from crystal structures were observed in the 
control cream (iv).

Figure 4 Penetration of V8 protease via test and control cream after application. 
Notes: The V8 protease which permeated into the acrylamide gel through the 
cream was stained using CBB solution. The level of penetration of the test cream 
were significantly lower than those of uncoated and control cream (mean ± SD, *p 
< 0.05, **p < 0.01, ***p < 0.001, Tukey–Kramer method). 
Abbreviations: CBB, Coomassie brilliant blue; SD, standard deviation.
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or above. However, both groups had a score of up to 2: 
moderate until week 4; this suggested that the remission 
period was being maintained. There were no significant 
differences in the results of the efficacy assessment.

During the study period, subjects recorded themselves 
daily for itching during the day and night. The results indi-
cated the number of subjects who did not itch at all for a week 
(Table 1); in the control cream group, the number was almost 
the same from week 0 to week 4. However, in the test cream 
group, the number of subjects who did not itch at all during 
the day and night at week 2–3 and week 3–4 were higher than 
those at week 0–1.

Changes of Skin Properties Value
The skin hydration value and TEWL were measured to assess 
the improvement of skin properties. Each measurement was 
calculated and compared with the amount of change based on 
week 0. The change in skin hydration was 148.1 ± 21.3 µS in 

the test cream group at week 2, and was significantly higher 
compared to the control cream group (35.0 ± 18.1 µS, mean ± 
SE, p < 0.05)) (Figure 6A). The change in TEWL was −0.76 ± 
0.19 g/hm2 in the test cream group at week 3 (Figure 6B). The 
change in TEWL was significantly lower in the test cream 
group than in the control cream group (0.81 ± 0.51 g/hm2, p < 
0.05). The results indicated that the test cream has a more 
significant effect on the improvement of skin hydration and 
barrier function compared to the control cream.

Safety Assessment
No adverse events were caused by the test products. 
Furthermore, the test products were deemed safe based 
on the patient diary and the physician’s findings.

Discussion
In the present study, both the test and control cream groups 
maintained the same level of remission during the study period 
(Figure 5). However, the number of subjects who did not 
experience itching for a week tended to increase in the test 
cream group (Table 1). Additionally, the skin hydration value 
was significantly higher in the test cream group. The TEWL 
value in the test cream group was significantly lower than in 
the control cream group (Figure 6). These results suggest that 
the test cream is highly effective at maintaining the remission 
period of AD and improving the skin barrier.

The heparinoid concentration reported to have 
a moisturizing effect was the same for both creams, but 
the improvement of skin function differed due to the 
lamellar structure of the test cream formulation. In the 
test cream, the dry coating film had a repeating structure 
of approximately 10 nm, this was confirmed by small-and 
wide-angle X-ray scattering and TEM observation 
(Figures 2 and 3). It has been reported that the intercellular 
lipids in the human stratum corneum have a short periodic 
structure of 6 nm and long periodic structure of 13 nm,24 

and display similarities with the structure of the dry coat-
ing formed by the heparinoid cream we developed.

The lamellar structure of the test cream may have con-
tributed to the improvement of the skin barrier function and 
moisture content of the stratum corneum. Intercellular lipids 
in the stratum corneum play an important role in human skin. 
Intercellular lipids in the stratum corneum are released by the 
lamellar granules of epidermal cells to form a lamellar 
structure.25 In AD, the size of the lamellar granules is 
small, and only a limited number are released to the stratum 
corneum.26 Furthermore, in AD, there is not only a decrease 
in the amount of intercellular lipids but there is also a change 

Figure 5 Changes in severity assessment after cream application. 
Notes: AD severity score was rated from 0 to 4, including intermediate grades, for a 
total of nine grades as follows: 0 (absent), 0.5 (slight), 1 (mild), 1.5 (between mild and 
moderate), 2 (moderate), 2.5 (between moderate and severe), 3 (severe), 3.5 (between 
severe and very severe), 4 (very severe). There were no significant differences between 
the two groups (Steel-Dwass test). a: control cream, b: test cream. 
Abbreviation: AD, atopic dermatitis.

Table 1 The Number of Subjects Who Did Not Experience 
Itchiness Throughout the Study Period

Week 
0–1

Week 
1–2

Week 
2–3

Week 
3–4

Control cream 

Group (n = 7)

Day 3 (43%) 4 (57%) 3 (43%) 3 (43%)
Night 3 (43%) 3 (43%) 4 (57%) 3 (43%)

Test cream 

Group (n = 10)

Day 4 (40%) 4 (40%) 7 (70%) 6 (60%)

Night 5 (50%) 6 (60%) 7 (70%) 7 (70%)

Notes: The subjects filled in a journal regarding the presence or absence of itching 
during the day and night, every day during the study period. The number of subjects 
who did not experience itchiness in test cream group gradually increased during the 
study period.
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their composition,5 resulting in changes in the intercellular 
lipid structure of the stratum corneum of AD.27,28 In other 
words, a decrease in the amount of intercellular lipids and 
changes in their structure are major factors affecting the 
decrease in skin barrier function in AD. In this study, 
TEWL levels were lower in the test cream group, although 
the value in the control cream group worsened over time 
(Figure 6). This may be because of the artificially constructed 
lamellar structures on the skin, which compensated for the 
fragile intercellular lipid structures associated with AD.

The moisture content of the stratum corneum is related 
to the amount of binding water incorporated into the 
lamellar structure, and is mainly composed of ceramides, 
which account for approximately 50% of the stratum cor-
neum. The normal water content in the stratum corneum is 
20–30%, and the bound water stored in intercellular lipids 
is thought to play a vital role in moisture retention.29,30 

The high level of water retention by a formulation which 
forms a lamellar structure containing pseudo-ceramide has 
been demonstrated in past reports.31 In this study, the high 
water retention observed in previous studies was main-
tained, and the moisture content was increased (Figure 6).

In our in vitro study, the test cream had a significantly 
lower level of V8 protease penetration compared to the 
control cream (Figure 4). This indicates that a formulation 
with a lamella structure may suppress the penetration of 
allergens. In AD, itching is induced by the invasion of 
allergens,32 the ability of the test cream to inhibit allergens 
may have contributed to the decrease in the number of 
subjects who experienced itching (Table 1). In addition, 
the improvement in the moisturizing effect of the skin has 
been reported to reduce itchiness. Dry skin has nerve 
fibers related to itchiness, that are activated through phy-
sical or chemical stimulation, which extend into the 
epidermis.33 An increase in nerve fibers in the epidermis 
leaves a person vulnerable to external stimulation, causing 
itchiness. The application of a moisturizing agent has been 
shown to suppress epidermal nerve extension in a mouse 
dry skin model.34 Therefore, the test cream group not only 
directly suppressed the invasion of allergens but may also 
have reduced itching by improving the water content in 
the stratum corneum. In future, we should confirm 
whether the application of the heparinoid test cream 
helps reduce Th2 cytokines, such as IL-4, IL-13, IL-31, 
and TSLP etc., that are produced due to the invasion of 
allergens.

Conclusion
The cream with lamellar structures containing heparinoid 
and pseudo-ceramides maintained the remission period to 
the same extent as general heparinoid cream. The cream 
with the lamellar structure had a significant ability to sup-
press allergen penetration and improved the skin hydration 
and TEWL, which are important for skin barrier function 
during the remission period in AD patients. Thus, to 
treat AD, which is referred to as a barrier disease, we believe 
that the heparinoid cream that forms a lamellar structure is 

Figure 6 Changes in skin hydration and transepidermal water loss. 
Notes: The changes of skin hydration value and transepidermal water loss from 
week 0 were shown. (A) The change in skin hydration value at week 2 in the test 
cream group was significantly higher compared to the control cream group (mean ± 
SE, *p < 0.05, Steel-Dwass test). (B) The change of transepidermal water loss in the 
test cream group at week 3 was significantly lower compared to the control cream 
group (mean ± SE, *p < 0.05, Steel-Dwass test). 
Abbreviations: TEWL, transepidermal water loss; SE, standard error.
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suitable as a moisturizing agent, which is able to maintain 
the remission period and simultaneously improve skin 
health. The use of such a moisturizing agent during the 
remission period may help reduce the amount of steroidal 
drugs required. It may also be an effective moisturizer dur-
ing the exacerbation period of AD.

Abbreviations
AD, atopic dermatitis; CBB, Coomassie brilliant blue; 
TEWL, transepidermal water loss; TEM, transmission elec-
tron microscopy; TSLP, thymic stromal lymphopoietin.
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