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Abstract: A clinical study was conducted to evaluate the efficacy of 2-aza-8-oxohypoxanthine (AOH)
on human skin in a double-blind, placebo-controlled, and split-face comparative trial. To this end,
a topical lotion containing 0.1% of AOH and its placebo formulation were applied in 20 Japanese
subjects (age: 41-58 years, average: 48.4 + 4.7 years) to their faces daily for eight weeks. The moisture
content in the stratum corneum and the trans-epidermal water loss (TEWL) were measured at the
beginning of the study and after eight weeks. The results obtained upon comparing the data of
the two measuring points showed that the 0.1% AOH lotion caused a statistically significant larger
decrease in TEWL after eight weeks. Moreover, the 0.1% AOH lotion produced a larger increase
in the moisture content in the stratum corneum after eight weeks, although there was no statistical
difference between the two formulations. These results clearly indicate that AOH is effective as a
cosmetic agent with a skin barrier function against water loss.

Keywords: fairy chemicals; AOH; clinical trial; moisture content; stratum corneum; trans-epidermal
water loss; TEWL

1. Introduction

When one observes a lawn, one may notice a naturally occurring thicker ring compared
to the surrounding turf grass. Mushrooms may also grow within the same circle. According
to Western legends, fairies were said to form these rings and dance in them; hence this
phenomenon is known as “fairy rings” [1-3]. The cause of the phenomenon of the formation
of fairy rings had long remained a mystery before our study in 2010; we discovered a
substance that is involved in the formation of fairy rings—2-azahypoxanthin (AHX), a
plant growth stimulant, in the mycelial culture broth of Lepista sordida, a kind of fairy-
ring-forming mushroom. In addition, imidazole-4-carboxamide (ICA), which inhibits the
growth of turfgrass, was also found in the broth [4,5]. Furthermore, we found that AHX
is converted to 2-aza-8-oxohypoxanthine (AOH) in plants (Figure 1) [6]. We named AHX,
ICA, and AOH “Fairy Chemicals (FCs)” after the title of the Nature article that discussed
our research [7]. Subsequent studies have revealed that FCs are endogenous in the edible
parts of the three major cereal grains (rice, wheat, and corn) [6] and that people have been
eating FCs since ancient times. Furthermore, it was found that FCs increased the yield of
crops such as rice and wheat [4,8,9]. These results suggest that FCs may be a new family of
plant hormones [10,11].
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Figure 1. Structures of (a) 2-azahypoxanthine (AHX), (b) imidazole-4-carboxamide (ICA), (c) 2-aza-8-oxohypoxanthine

(AOH), and kinetin.

Kinetin is a member of a family of plant growth hormones called cytokinins (Figure 1).
Stanley B. Levy of Revlon Consumer Products, Inc. described kinetin as a useful compound
for human skin aging [12]. Kinetin has been a widely used ingredient in cosmetics and
medicinal cosmetics for a long time. Since FCs are plant-growth-promoting substances with
purine skeletons, like kinetin, we thought that they had potential as cosmetic ingredients
and examined their safety and effectiveness according to the idea.

Among the three types of FCs, we focused on AOH and conducted the Ames test,
in vitro skin irritation and sensitization (direct peptide reactivity assay: DPRA, human cell
line activation test: h-CLAT, and KeratinoSens™ methods), in vitro phototoxicity, human
patch test, human phototoxicity and photosensitization, and human skin sensitization test
(repeated insult patch test: RIPT) to verify the safety of AOH. No adverse reactions to
AOH were observed in all safety evaluations, suggesting that AOH can be used safely as a
cosmetic ingredient [13,14].

In a previous study that evaluated the efficacy of 2-aza-8-oxohypoxanthine (AOH) as
a cosmetic ingredient, its effects on normal human epidermal keratinocytes (NHEK) were
investigated. The results revealed that a 24 h exposure of AOH to NHEK did not show any
cytotoxicity (<500 pg/mL). When NHEK was exposed to AOH for 48 h, cells proliferated
significantly at levels below 31.3 ug/mlL, indicating that AOH has a cellular activation
effect [15]. A DNA microarray analysis of genes involved in skin aging and diseases using
NHEK revealed that the expression levels of genes involved in skin barrier function were
generally increased [15]. In particular, the expression levels of KRT1 and KRT10, which are
differentiation markers of the stratum corneum, were statistically significantly increased
at 30 pg/mL of AOH or higher, suggesting that AOH may contribute to the promotion
of stratum corneum differentiation. The expression level of HAS3, a type of hyaluronic
acid synthase, also increased in a concentration-dependent manner with the addition of
AOH, suggesting its moisturizing effect. Thus, AOH may play a role in improving, or
enhancing, the barrier function of the skin. Based on the results of this study, we conducted
a clinical trial on healthy subjects to further ascertain the potential of AOH as a cosmetic
ingredient. If this clinical study showed that the application of AOH increases the stratum
corneum water content and decreases trans-epidermal water loss (TEWL) values, it would
demonstrate the results of the DNA microarray in human skin. This study was the first
report of the application of AOH to human skin.

2. Materials and Methods
2.1. Preparation of Test Substance

AOH was synthesized from 5-aminoimidazole-4-carboxamide, as described in a pre-
vious study [16]. Methyl p-hydroxybenzoate (final 0.4%, FUJIFILM Wako Pure Chemical
Corporation, Tokyo, Japan) was added to 1.3-butanediol (final 5%, ITO Co., Ltd., Tokyo,
Japan) and heated until it dissolved. Phenoxyethanol (final 0.3%, FUJIFILM Wako Pure
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Chemical Corporation), xanthan gum (KELCOL CG LAX-T, Sansho Co., Ltd., Osaka, Japan),
and polyoxyethylene hydrogenated castor oil 60 (final 0.2%, Nikko Chemicals Co., Ltd.,
Tokyo, Japan) were added to the 1.3-butanediol solution. AOH (final 0.1%) in sodium
phosphate buffer (pH 7.0, final 10 mM, FUJIFILM Wako Pure Chemical Corporation) and
purified water (final 33.8%) were added to the solution. A formula with the composition
described above, but without any AOH, was used as a placebo lotion.

2.2. Clinical Trial
2.2.1. Selection of Subjects

Subjects who met the following selection criteria were included:

(1) Women in their 40 s or 50 s at the time of consent;

(2) Those with wrinkles equivalent to wrinkle grade 1 to 3 at the corner of the right and
left eyes;

(3) Those who could give written consent based on their own free will before the start of
the study;

(4) Those who could give consent to the use of only the test sample in the designated area.

2.2.2. Clinical Trial Study

This clinical trial was conducted between 19 January and 25 March 2020, in Osaka,
Japan. The test was a double-blind, placebo-controlled, split-face, left-right randomized
trial. A total of 20 healthy Japanese women (age: 41-58 years, average: 48.4 & 4.7 years)
were enrolled in the study. The subjects were not pregnant; did not habitually take topical
medications, oral medications, or supplements; did not undergo hormone replacement
therapy; did not have surgical procedures on the test site; and did not have experience
in cosmetic medicine that would affect the test site. After washing their face twice in the
morning and evening, the participants applied a lotion containing 0.1% AOH to one half of
their face and a placebo lotion to the other half for eight weeks.

2.2.3. Evaluation and Statistical Analysis

The stratum corneum moisture content of both cheeks was measured using SKICON-
200EX (YAYOI Co., Ltd., Tokyo, Japan). TEWL was measured using a Cyclone Moisture
Evaporation Meter AS-CT1 (Asch Japan Co. Ltd., Tokyo, Japan). Measurements were taken
at least thrice, and the average of three stable measurements was used. The statistical
software IBM SPSS Statistics 25 (https://www.ibm.com/products/spss-statistics, accessed
on 4 September 2021) was used. A corresponding -test was performed.

3. Results

A double-blind clinical study was conducted on 20 subjects, in which they applied
0.1% AOH lotion to one half of their face and a placebo lotion to the other half for eight
weeks. No adverse events were found to be causally related to the test substance during
the application period.

The stratum corneum water content at the beginning of the study and after eight
weeks is shown in Figure 2. A comparison of the above data revealed that the stratum
corneum water content showed an increasing trend for both the 0.1% AOH lotion and the
placebo lotion. Comparing the application sites of the 0.1% AOH lotion and placebo lotion
after eight weeks revealed that the stratum corneum water content of the skin to which
the 0.1% AOH lotion was applied increased more. The results of TEWL measurements at
the beginning of the study and after eight weeks are shown in Figure 3. The TEWL in the
placebo lotion application group showed a decreasing trend (p = 0.063), while the TEWL
in the 0.1% AOH lotion application group showed a statistically significant decrease after
eight weeks of application (p = 0.004). These results indicate that the lotion containing 0.1%
AOH had a moisturizing function, as well as a barrier-function-improving or strengthening
effect, compared to the placebo lotion. Through the comparison of stratum corneum water
content after 8 weeks, it was shown that the value in the 0.1% AOH lotion application
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group was higher than that in the placebo group. By comparing the TEWL values after
8 weeks, it was shown that the values in the 0.1% AOH lotion application group were
lower than those in the placebo application group. However, there was no statistically
significant difference in either stratum corneum water content or TEWL values.
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Figure 2. Water content of stratum corneum at the beginning of the study and after eight weeks.
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Figure 3. Trans-epidermal water loss (TEWL) value at the beginning of the study and after 8 weeks;
*p <0.05 vs. 0 weeks.

4. Discussion

This study is the first report to show that AOH has the effect of decreasing TEWL. In a
previous study, DNA microarray results showed that AOH increased the expression levels
of genes involved in skin barrier functions such as intercellular adhesion, stratum corneum
exfoliation, and differentiation induction in a concentration-dependent manner [15]. In
particular, the expression levels of KRT1 and KRT10, which are differentiation markers of
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stratum corneum, were statistically significantly increased at 30 ug/mL of AOH or higher,
suggesting that AOH may contribute to the promotion of stratum corneum differentiation.
The expression level of HAS3, a type of hyaluronic acid synthase, also increased in a
concentration-dependent manner with the addition of AOH, suggesting its moisturizing
effect. Thus, AOH might play a role in improving or enhancing the barrier function of the
skin. The decrease in TEWL after the application of 0.1% AOH lotion was thought to be
due to the improvement or enhancement of skin barrier function by AOH. The results of
this clinical study were considered as evidence to support the DNA microarray data.

The skin protects the body from physical damage, toxic substances, and pathogen
invasion. Italso plays an important role in regulating the body’s homeostasis by minimizing
TEWL through the stratum corneum. In other words, the human skin, especially the
stratum corneum, functions as a barrier between the internal and external environments.
A decrease in barrier function due to skin aging is believed to be caused by a decrease in
filaggrin, a natural moisturizing factor synthesized by keratinocytes, due to the decrease in
the differentiation function of keratinocytes [17]. Therefore, regulating the barrier function
of the stratum corneum is extremely important for protecting the body. Based on the results
of clinical trials and DNA microarrays, AOH may be a promising cosmetic ingredient for
maintaining homeostasis of the skin barrier function. However, the mechanism by which
AOH increases the expression levels of barrier function-related gene groups remains to
be elucidated. In the future, we need to clarify the mechanism by which AOH acts on
those genes.

5. Conclusions

In the present study, a clinical trial was conducted to verify the effect of AOH on
the skin barrier function in human skin. The results revealed that the stratum corneum
water content increased and TEWL decreased significantly after eight weeks of AOH
application, demonstrating that AOH affects the skin barrier function and can be used as a
cosmetic agent.
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