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Abstract

Background/Objective: Dryness is considered to be an early developmental mechanism of wrin-
Kles, and fine line formation is marked in atopic dermatitis (AD) accompanied by dry skin. To
evaluate the efficacy of a skincare product with a moisturizing effect increased by lamellar formu-
lation of pseudo-ceramide for fine lines and wrinkles, a use test was performed applying the
product to non-lesional dry skin in patients with atopic dermatitis. Method: The test product was
an essence containing pseudo-ceramide formulated in a lamellar structure. The study design was
a nine-week single-center non-comparative study, and the evaluation items were the grade of
wrinkles at the corners of the eyes judged by a dermatologist, replica analysis, and instrumental
measurement (skin surface moisture and transepidermal water loss). Results: Nine-week conti-
nuous use of the test product significantly improved the score of wrinkles at the corners of the
eyes judged by a dermatologist and wrinkle area ratio on replica analysis of the corners of the
eyes and cheeks, compared with those at study initiation. With this improvement, the losses of
skin surface moisture and transepidermal water were also significantly improved. Conclusion: It
was clarified that the tested pseudo-ceramide-formulated skincare product not only improved the
barrier function for atopic dermatitis, but also exhibited an effect on fine lines and wrinkles of dry
skin.
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1. Introduction

Reduced barrier function and dryness of skin are observed in atopic dermatitis (AD), and a lack of intercellular li-
pids in the stratum corneum, particularly ceramide, is considered to be a cause of this, as it reduces skin surface
moisture and increases transepidermal water loss in not only regions with eruptions but also non-lesional regions [1]
[2]. Since skin elasticity reduction and wrinkle formation are likely to occur in dry skin, fine lines are readily formed
due to reduced skin elasticity in AD, in addition to dryness-induced rough skin surface and scales, and the skin ap-
pearance negatively influences the quality of life (QOL) of patients [3] [4]. However, no evaluation of the anti-
wrinkle efficacy of ceramide-formulated preparations for non-lesional dry skin of AD patients has been reported.

Improvement of dryness and barrier function by external use of ceramide and ceramide analogues in AD pa-
tients have been investigated, and a superior moisturizing effect and improvement of the barrier function have
been clarified [5]. In addition, a technique to disperse pseudo-ceramide in a lamellar structure in water has re-
cently been developed, for which a high and persistent moisturizing effect can be expected because the lamellar
structure formed by pseudo-ceramide continuously retains water between the lamellar layers [6]. In this study,
we performed a use test of a skincare product with a moisturizing effect increased by a lamellar formulation of
pseudo-ceramide to confirm its efficacy for fine lines and wrinkles in AD patients.

2. Materials and Methods
2.1. Test Product

The test product was serum, in which pseudo-ceramide is formulated into a lamellar structure to increase the
moisturizing effect (Table 1). The chemical structure of the pseudo-ceramide (cetyl PG hydroxyethyl palmita-
mide) is shown in Figure 1 [7].

2.2, Study Design

The study design was a single-center non-comparative study. After a one-week dry-out period, the test product
was applied after face washing twice a day (morning and night) for nine weeks, instead of facial skincare prod-
ucts usually used, and the use of facial moisturizing products (emulsion, cream, and serum) other than the test
product was prohibited.

2.3. Evaluation

Photography, instrumental measurement, and replica preparation were performed after acclimation to conditions
of 22°C (£2°C) temperature and 50% (+5%) humidity for 20 minutes or longer. Skin surface moisture was
measured in the cheek using Corneometer® MPA580 (Courage + Khazaka Electronic GmbH, Germany). Tran-
sepidermal water loss was measured in the cheek using Tewameter® TM210 (Courage + Khazaka Electronic
GmbH, Germany). Photographs were taken using Nikon D3X (Nikon, Japan), and the grade of wrinkles at the
corners of the eyes was evaluated based on photographs by a dermatologist. The criteria of the wrinkle level are
shown in Table 2 [8].

Replicas were prepared from the corners of the eyes and cheek. Replica analysis was performed using
ASA-03RXD (Asahi Bio-Rad, Japan), and the wrinkle area ratio was calculated by 2-dimensional parameter
analysis [8].

2.4. Statistical Analysis

In statistical analysis of the grades of wrinkles evaluated by a dermatologist, the p-value was determined em-
ploying the Wilcoxon signed-rank test, followed by Bonferroni correction. For instrumental measurement and
replica analysis, the p-value was determined employing the paired t-test, followed by Bonferroni correction. The
significance level was set at 5% in both tests.

2.5. Ethics

An independent ethics committee was established, and the study was approved by this committee (Shinkoukai,
Medical Corporation, Tokyo, Japan). The study was performed following the study protocol and ethical guide-
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Table 1. Ingredients of the test product.

INCI Name
Water (Aqua)
Glycerin
PEG-32
Cetyl-PG Hydroxyethyl Palmitamide
Dimethicone
Cetyl Alcohol
Glyceryl Behenate
Butylene Glycol
Allantoin
Phytosphingosine
Glutamic Acid
Polyquaternium-52
Zingiber officinale (Ginger) Root Extract
Eucalyptus globulus Leaf Extract

Methylparaben

O~ OH
';E/‘OH
/\/\/\/\/\/\MO

Figure 1. Chemical structure of pseudo-ceramide (Cetyl-PG Hy-
droxyethyl Palmitamide).

lines for clinical studies in conformity with ethical principles based on the Declaration of Helsinki.

3. Results
3.1. Subjects

Of Japanese female patients diagnosed by a dermatologist with very mild to mild AD based on the atopic der-
matitis severity index, 22 patients aged 26 - 51 years (mean: 41 years old) with a specified wrinkle score (1 - 3)
of the corners of the eyes who gave informed consent participated in the study (Table 2). Table 3 shows the pa-
tients” background. Treatment was discontinued in one patient during the study period due to the development of
erythema, scales, and lichenization at sites inconsistent with the region to which the test product had been ap-
plied, and this was assumed to be aggravation of AD. Accordingly, the final evaluation was made in 21 pa-
tients.

3.2. Grade of Wrinkles at the Corners of the Eyes

The grade of wrinkles was significantly improved compared with that at baseline at Weeks 4 and 9 after initiation
of test product application (Table 4). Digital photographs of a markedly effective case are shown in Figure 2.

3.3. Analysis of Replicas of Wrinkles at the Corners of the Eyes

The wrinkle area ratio was significantly decreased from the baseline by the test product at Weeks 4 and 9 (Table 5).
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Table 2. Criteria of wrinkle score.
Grade State of wrinkles
0 Wrinkles are absent
1 Only a few unclear shallow wrinkles are observed
2 A few clear shallow wrinkles are observed
3 Clear shallow wrinkles are observed
4 A few slightly deep wrinkles are observed among clear shallow wrinkles
5 Slightly deep wrinkles are observed
6 Clear deep wrinkles are observed
7 Markedly deep wrinkles are observed
Table 3. Subjects’ background.
Number Age Gender S;l’ ng 3?% Treat][rc\)?r:iglstory 'IXeDat(rcrLerr:(te;%r Complications
001 29 F  VeryMild 3yo Outpatient treatment (external application) No treatment
002 28 F Mild 0yo Outpatient treatment (external application) No treatment Pollinosis
003 41 F  VeryMild 3yo Outpatient treatment (external application) No treatment Allergic coryza
004 43 F Mild 10 yo Outpatient treatment (external application) No treatment Pollinosis
005 43 F  VeryMild 39yo Outpatient treatment (external application) No treatment
006 40 F Mild 5yo Outpatient treatment (external application) No treatment PoII_inosis,
allergic coryza
007 43 F  VeryMild 10yo Outpatient treatment (external application) No treatment
008 26 F VeryMild 3yo Outpatient tre:;r;’;?cn;tggﬁt)emal and oral He(;;irciggc]i‘;é)et;on
009 39 F  VeryMild 5yo Outpatient treatment (external application) No treatment
010 41 F  VeryMild 5yo Outpatient treatment (external application) Tac(glcgwstc;g:;ent Eg:mac:isgiss: (Crﬁgtgf)t
011 27 F  VeryMild 5yo Outpatient treatment (external application) No treatment Pollinosis
012 38 F  VeryMild 33yo Outpatle()r:;}lr;zg&el?;a(t?;(;e)rnaI and No treatment
013 48 Very Mild 35 yo Outpatient treatment (external application) No treatment Allergic coryza
014 34 Very Mild 7 yo Outpatient treatment (external application) No treatment  Pollinosis, allergic coryza
015 51 Very Mild 25 yo No treatment No treatment
016 31 F  VeryMild 8yo Outpatient treatment (external application) No treatment Poll_inosis,
allergic coryza
017 49 Very Mild 22 yo Outpatient treatment (external application) No treatment Pollinosis
018 41 Mild 9yo Outpatient treatment (external application) No treatment
019 38 Very Mild 25 yo No treatment No treatment  Pollinosis, allergic coryza
020 51 F  VeryMild 30yo Outpatient trez;rgfir;g?g(rtsmal and oral No treatment Pollinosis
021 45 F Mild 7y0 Outpatient tre:;r;l?gtggﬁt)ernal and oral No treatment
022 30 F  VeryMild 6yo Treatment history for AD No treatment
Table 4. Changes in wrinkle score (crow’s feet).

Baseline
Week 4
Week 9

Mean of wrinkle score

251 0.12
2.39 0.12
2.38 0.12

Standard error

Statistical analysis

p <0.05 (vs. baseline)
p < 0.05 (vs. baseline)

The test product improved wrinkles at the corners of the eyes, and the wrinkle scores at Weeks 4 and 9 were significantly lower than at baseline
(Wilcoxon signed-lank test followed by Bonferroni correction).
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Table 5. Changes in wrinkle parameters on replica analysis (crow’s feet).

Mean of wrinkle area ratio Standard error Statistical analysis
Baseline 4.18 0.53
Week 4 3.36 0.44 p < 0.05 (vs. baseline)
Week 9 3.16 0.42 p <0.05 (vs. baseline)
Week9

Baseline

Figure 2. An improved case (crow’s feet). Digital photographs of a case in which the 9-week
use of the test product markedly improved wrinkles at the corners of the eyes.

Photographs of replicas of a markedly improved case are shown in Figure 3.

3.4. Analysis of Replicas of Wrinkles in the Cheek

The wrinkle area ratio was significantly decreased compared with that before test product application (Table 6).
Photographs of replicas and digital photographs of the cheek of a markedly effective case are shown in Figure 4
and Figure 5, respectively.

3.5. Skin Measurement

Changes in the skin surface moisture from that on the first day of application were analyzed over time. The
mean values at Weeks 4 and 9 were significantly higher than at baseline (Figure 6). Changes in transepidermal
water loss from that on the first day of application were also analyzed over time. The mean value at Week 9 was
significantly decreased from the baseline (Figure 7).

4. Discussion

It has been clarified that wrinkles, a symptom of aging, are formed due to age-related changes in skin elasticity
and the degeneration of dermal collagen and elastin, and ultraviolet light and cigarette smoking are involved
factors [9] [10]. In photoaging induced by chronic exposure to ultraviolet light, induction of matrix metallopro-
teinases (MMPs) is enhanced, and accompanying degradation of extracellular matrix, such as collagen Types |
and Il and elastin, promotes wrinkle formation [11].

In aging, reduction of skin thickness and changes in tissue structure result in fine wrinkles and sagging of skin
tissue. In addition, deformity with changes in elasticity induced by reduction of the water content in the stratum
corneum is involved in the formation and aggravation of fine wrinkles, for which moisturizing products are
widely used to improve wrinkles and smooth the skin surface [12] [13]. In skin with reduced barrier function,
the IL-1RA/IL-1a level rises and increases IL-8 [14]. These inflammatory markers enhance MMP-1 and -9 pro-
duction through the production of reactive oxygen species (ROS), and promote wrinkle formation induced by
the degeneration of elastin and collagen [15].

Since dryness and reduced barrier function of the skin are among the causes of wrinkle formation, as de-
scribed above, patients with skin diseases accompanied by dryness, such as AD, look older than their actual age,
even though the severity is very mild with no skin eruption, which negatively influences the QOL of patients.
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Baseline Week9

Baseline Week9
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Table 6. Changes in wrinkle parameters on replica analysis (lower eyelid).

Mean of wrinkle area ratio Standard error Statistical analysis
Baseline 4.96 0.56
Week 4 3.64 0.45 p < 0.05 (vs. baseline)
Week 9 4,01 0.45 p <0.05 (vs. baseline)

The wrinkle area ratios in the lower eyelid at Weeks 4 and 9 were significantly lower than at baseline on replica analysis (paired t-test followed by
Bonferroni correction).
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Figure 6. Changes in the cheek skin surface moisture. The cheek skin surface
moisture was significantly increased at Weeks 4 and 9 compared with that at
baseline (‘p < 0.05, ~p < 0.01, paired t-test followed by Bonferroni correc-

tion).
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Figure 7. Changes in the cheek transepidermal water loss. The cheek trans-
epidermal water loss was significantly decreased at Week 9 compared with
that at baseline, improving the skin barrier function (‘p < 0.05, paired t-test
followed by Bonferroni correction).

The symptom of dryness in AD is considered to be due to insufficient intercellular lipids, particularly ceramide,
in the stratum corneum, which reduces the skin barrier function and water retention ability [2]. The efficacy of
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external use of ceramide preparation for AD has been reported, and improvement of the skin barrier function has
been shown, in addition to improvement of the skin appearance, particularly dryness and scales [5]. Kawakita et
al. discussed that skin elasticity is reduced in AD because the skin barrier function and water retention ability are
low [16]. Therefore, dry fine lines may be readily formed even in non-lesional regions in AD patients. However, clini-
cal evaluation of ceramide-formulated skincare products for fine lines and wrinkles in AD has not previously
been reported. Thus, we investigated the efficacy of a skincare product containing lamellar-formulated pseu-
do-ceramide for facial fine lines and wrinkles in patients with very mild to mild AD.

Nine-week application of the product significantly improved the score of wrinkles at the corners of the eyes
judged by a dermatologist compared with that at baseline, suggesting that the test product is effective for fine
wrinkles in AD patients with reduced barrier function. Various factors are considered to be involved in the im-
provement of wrinkles. The skin surface moisture was significantly increased and the transepidermal water loss
was significantly decreased compared with those at study initiation, suggesting that inhibition of dryness of the
stratum corneum through increasing skin surface moisture and inhibiting transepidermal water loss is a cause of
improvement of wrinkles. Ceramide plays an important role in the maintenance of barrier function and water re-
tention in the stratum corneum and improvement of the skin barrier function and surface moisture by pseu-
do-ceramide-formulated preparation has been demonstrated [17] [18]. The pseudo-ceramide formulated in the
test product also improved the skin barrier function in AD-induced dry skin measured using the transepidermal
water loss and skin surface moisture, which may have smoothed the skin surface. The pseudo-ceramide was
formulated in a lamellar structure in the test product, similarly to intercellular lipids in the stratum corneum, and
water retention between the layers facilitates persistent high moisture, which may have been effective for fine
lines in dry skin. In addition, improved barrier function may have inhibited skin inflammation, which may have
reduced MMP production and prevented degeneration of the extracellular matrix, inhibiting wrinkle formation
[6]. Kawada et al. performed a use test of a niacinamide-formulated skin care product for fine wrinkles in
healthy skin, and discussed its efficacy and association with the improvement of skin surface moisture and bar-
rier function [19]. Erol et al. reported that positively charged nano-sized emulsion of ceramide lipid improved
surface moisture and elasticity of the skin with atopic dermatitis [20]. An increase in the skin surface moisture
reduced the wrinkle area ratio in replicas in our study, supporting their discussion.

Adverse events occurred in 2 patients. One was very mild stinging due to the test product. Its remission was
achieved by temporarily stopping application of the test product, and application could later be restarted. The
other was the development of erythema, lichenization, and scales at sites inconsistent with the region to which
the test product had been applied, and these were in remission by 7 days oral treatment (Tauromin®). Since AD
exhibits repeated remission and aggravation, this episode may have been due to periodic variation of AD.

Since this was a non-comparative study, the results were limited. However, fine lines were improved on both
subjective evaluation (expert grading) and objective measurement (replica analysis), suggesting that the test
product exhibits a wrinkle-improving effect. Improvement of fine lines and wrinkles or anti-aging by a ceramide
preparation has not previously been reported. This study suggested its potential as a material for novel anti-aging
care. Since this test product is very safe, it may be used as an anti-aging product applicable for sensitive skin. To
clarify the anti-fine lines effect of ceramide, it is necessary to perform a double-blind study by comparison with
a control group.
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