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Abstract: Lotions with or without 28% ascorbyl glucoside arginine complex (AGAC) were applied
twice daily for 24 weeks in a double-blind half-face study of 27 Japanese females with solar lentigos
(SLs). Pigmentation scores were evaluated using a photo-scale and skin colors were assessed using
a color difference meter and a Mexameter. Treatment with the test lotion elicited a significant
decrease in pigment scores at 24 weeks compared to week 0; with a significant decrease in pigment
scores at 24 weeks compared to the placebo lotion-treated SLs. In the test lotion-treated SLs; the L
values and melanin index (MI) significantly (p<0.0001) increased and decreased; respectively; at 12
and 24 weeks of treatment compared to week 0. Comparisons of increased L (AL) values or
decreased MI (AMI) values between test and placebo lotion-treated SLs demonstrated that the test
lotion-treated SLs had significantly higher AL or AMI values than the placebo lotion-treated SLs
both at 12 and 24 weeks of treatment. The sum of our results strongly indicates that AGAC is
distinctly effective in ameliorating the hyperpigmentation levels of SLs at a visibly recognizable
level by the subjects without any hypo-pigmenting effects or skin irritation.

Keywords: Ascorbyl Glucoside Arginine Complex; solar lentigo; double-blind half-face study;
pigmentation; L value; melanin index

1. Introduction

Solar lentigos (SLs) are hyperpigmented lesions that frequently occur on sun-exposed skin,
especially on the face and the dorsum of the hands of Asian subjects [1]. Based on the frequency of
the final diagnosis of patients with various pigmentary disorders in Japan, SLs have the highest
incidence, occurring in approximately 60% of all patients with hyperpigmentary disorders, while
melasma and post-inflammatory hyperpigmentation (including ultraviolet B (UVB) melanosis) occur
in as few as 5.2% and 3.3% of patients, respectively [1].

It is well known that UVB-induced hyperpigmentation develops a few days after exposure to
UVB radiation and completely disappears within a few weeks to several months, depending on the
ages of the subjects, after discontinuation of the UVB exposure [2]. The relatively rapid disappearance
of UVB-pigmentation is mechanically associated with the UVB-hyperpigmentation mechanism
involved whereby UVB radiation causes keratinocytes to transiently release IL-la, which then
stimulates the release of endothelin (EDN) and the cell membranous expression of stem cell factor
(SCF) in an autocrine fashion, which in turn results in the transient activation of neighboring
melanocytes [3-12]. That transient melanocyte activation ends immediately after the discontinuation
of UVB irradiation. On the other hand, while SLs never develop within a few days after UVB
exposure, they usually appear suddenly many years after repeated UVB exposures, and SLs never
disappear thereafter [1]. These clinical characteristics of SLs have been speculated to be due to
significant levels of cumulative DNA damage that occur in repeatedly UVB-exposed keratinocytes in
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the lesional epidermis [1]. Our studies of the biological factors that cause SLs already demonstrated
that the lesional keratinocytes suffering from UV-induced DNA damage may begin to continuously
secrete tumor necrosis factor (TNF)-a via an unknown mechanism, which in an autocrine fashion
between keratinocytes triggers the secretion of EDNs and the cell membranous expression of SCF,
resulting in turn in the continuous activation of neighboring melanocytes [13,14].

In general, hyperpigmentary disorders, including UVB-melanosis, SLs and melasma, are
targeted by anti-pigmenting agents. However, an effective anti-pigmenting treatment for SLs is
difficult especially for dark-skinned individuals because the treatment is required to reduce the
hyperpigmentation without causing any undesirable hypopigmentation or contact irritation in the
surrounding normally appearing pigmented skin. It is thought that hydroquinone (HQ) is one of the
most effective drugs to treat hyperpigmentary disorders including SLs [15-19], but treatment with
HQ often causes skin irritation [20-26]. Although many whitening agents are available [27-44], some
of which are targeted and approved especially to treat UVB-induced hyperpigmentation in Japan,
little is known about the potential anti-pigmenting effects of those whitening agents on SLs because
clinical evaluations of SLs are not required for approval as a whitening agent in Japan. Excluding
kojic acid and rhododendrol, which have been reported to elicit hypopigmentation on the faces of
dark-skinned individuals [45-48], other whitening agents approved in Japan are suitable candidates
for investigating their potential anti-pigmenting effects on SLs because they have been proven to be
substantially safe in terms of hypopigmentation and skin irritation since they have been
commercially available for a long period of time. Among those whitening agents, ascorbic acid
derivatives are thought to be invaluable agents especially from the skin safety point of view.

L-ascorbate-2-phosphate Mg (AMP), a whitening agent first approved in Japan, was reported to
have a significant ameliorating effect on chloasma by acting as a tyrosinase inhibitor after it is
enzymatically degraded by intrinsic epidermal phosphatases to release free ascorbic acid [49-56]. L-
ascorbate-2-phosphate trisodium salt (APS) is another approved whitening agent in Japan [49,57,58].
APS is a modified derivative of AMP that improves its stability, namely its aggregation due to the
Mg salt [59]. Ascorbyl glucoside (AG) is also a whitening agent approved in Japan that has been
documented to have a depigmenting effect on UVB-hyperpigmentation by acting as a tyrosinase
inhibitor itself or after it is converted by intrinsic epidermal glucosidase to free ascorbic acid [44].

Based on the requirement for approval of whitening agents in Japan, it is well established that
topical application of AMP, APS or AG for 21 days on UVB (2MED)-exposed human skin significantly
inhibits the UVB-increased pigmentation measured as L values at 21 days post-UVB irradiation.
However, there had been no published data on the anti-pigmenting effect of topical treatment with
APS, AMP or AG on SLs in a double-blind half-face study although a whole-face study using AMP
on SLs for 3 months was reported to have some efficacy [50], although that study was flawed due to
the lack of a placebo control. We have recently reported for the first time that in a double-blind half-
face study of 27 Japanese female subjects with SLs using lotions with or without 6% APS (test lotion
and placebo lotion, respectively) applied twice a day for 24 weeks, APS has a weak but significant
anti-pigmenting effect on SLs and also a significant whitening effect even on normally pigmented
non-lesional surrounding skin (NLS) [60]. However, that clinical study was not satisfactory for
clinical evaluation because there was no significant difference in the pigment scores of SLs judged by
a dermatologist between the test and placebo lotions. This prompted us to characterize the anti-
pigmenting effects of ascorbyl glucoside arginine complex (AGAC) on SLs via the modification of
AG by making a complex with arginine to reduce its acidity and to increase the concentration used
to 28%. In this study, we conducted a double-blind half-face study of 27 Japanese female subjects
with SLs using lotions with or without 28% AGAC (test lotion and placebo lotion, respectively)
applied twice a day for 24 weeks. Here we show that repeated topical treatment with AGAC has a
significant anti-pigmenting effect on SLs with a significant difference in pigment scores of SLs judged
by a dermatologist between the test and the placebo lotions. Those results were corroborated by
mechanical evaluations using a color difference meter and a Mexameter, and show that there was a
significant whitening effect even on normally pigmented NLS without any hypo-pigmenting effects
at a mechanical skin color level.
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2. Results

2.1. Visible pigmentation level of SLs

Topical applications of lotions with or without 28% AGAC (test lotion and placebo lotion,
respectively) were carried out twice daily for 24 weeks on the entire right and left sides of the subjects’
faces with SLs. The pigmentation levels of previously assigned SLs on the subjects’ faces were
assessed at 0, 12 and 24 weeks using a photo-scale ranging from 1.0 to 5.0 by a dermatologist (KN)
and these results are shown in Figure 1. The results indicated that whereas the placebo lotion-treated
SLs did not have any significant decrease in pigment scores at 24 weeks of treatment, the test lotion-
treated SLs had a significant (p<0.01) decrease in pigment scores at 24 weeks compared to week 0
(Figure 1A), with a significant (p=0.026) decrease in pigment scores at 24 weeks compared to the
placebo lotion-treated SLs (Figure 1B). These results suggest that there was a distinct anti-pigmenting
effect of the test lotion on SLs at a visible clinical level.
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Figure 1. Evaluation of pigment scores of SLs at 0, 12 and 24 weeks of treatment.A: Time course of
pigment scores of SLs, n=27, **; p<0.01 by Friedman test and Dunn’s multiple comparison test. B:
Comparison of pigment scores of SLs between test- and placebo lotion-treated SLs at 24 weeks of
treatment, n=27, *: p<0.05, by Wilcoxon matched-pair test.

2.2. Clinical photographs of SLs and NLS

Representative photographs of the faces of subjects #7 and #12 before and after treatment for 24
weeks showed that the pigmentation level of the test lotion-treated SLs (red arrows) slightly
decreased whereas the pigmentation level of the test lotion-treated NLS (blue arrows) did not have
any distinct changes (Figure 2). In contrast, the pigmentation level of the placebo lotion-treated SLs
(red arrows) and the NLS area (blue arrows) at 24 weeks remained unchanged compared to week 0
(Figure 2).
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Figure 2. Clinical photographs of SLs and NLS.A: Subject#7) Test Lotion/SLs (red arrows) at 0 and
24 weeks: AL value: 2.23, AMI value: 44.33. Test Lotion/NLS (blue arrows) at 0 and 24 weeks: AL
value: 0.49, AMI value: 20.00. Placebo Lotion/SLs (red arrows) at 0 and 24 weeks: AL value: -0.24,
AMI value: 40.00. Placebo Lotion/NLS (blue arrows) at 0 and 24 weeks: AL value: 0.21, AMI value:
3.67. B: Subject#12) Test Lotion/SLs (red arrows) at 0 and 24 weeks: AL value: 2.57, AMI value: 76.00.
Test Lotion/NLS (blue arrows) at 0 and 24 weeks: AL value: 0.22, AMI value: 49.00, Placebo
Lotion/SLs (red arrows) at 0 and 24 weeks: AL value: 1.27, AMI value: 44.00. Placebo Lotion/NLS
(blue arrows) at 0 and 24 weeks: AL value: 1.20, AMI value: 21.0.

2.3. L and MI values of SLs

To evaluate anti-pigmenting effects on SLs, color difference (L) values and MI values of test
lotion-treated SLs were measured using a color difference meter and a Mexameter MXI1S,
respectively, at 0, 12 and 24 weeks of treatment and were compared with placebo lotion-treated SLs.
In the test lotion-treated SLs, the L values significantly (p<0.0001) increased at 12 and 24 weeks of
treatment compared to week 0 with a significant (p<0.0001) increase between 12 and 24 weeks (Figure
3A). In the placebo lotion-treated SLs, the L values also significantly (p<0.01) increased at 12 and 24
weeks of treatment compared to week 0 without any significant increase between 12 and 24 weeks
(Figure 3A). Comparisons of increased (A) L values between test and placebo lotion-treated SLs
demonstrated that the test lotion-treated SLs had significantly higher AL values than the placebo


https://doi.org/10.20944/preprints202408.0561.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 August 2024 d0i:10.20944/preprints202408.0561.v1

lotion-treated SLs both at 12 and 24 weeks of treatment (Figure 3B). While over a2.0 ALand a 1.6 AL
are distinctly or slightly, respectively, recognizable levels by the subjects [60], the ratio of subjects
with over a 2.0 AL or 1.6 AL of SLs was 6 or 15 of 27 for the test lotion and 0 or 1, respectively, of 27
for the placebo lotion at 0~24 weeks (Figure 3B).

The MI values were significantly (p<0.0001) decreased at 12 and 24 weeks of treatment compared
to week 0 in the test lotion-treated SLs with a significant (p<0.0001) decrease between 12 and 24 weeks
(Figure 3C), while in the placebo lotion-treated SLs, the MI values also significantly (p<0.0001)
decreased at 12 and 24 weeks of treatment compared to week 0 with a significant (p<0.01) decrease
between 12 and 24 weeks (Figure 3C). Comparisons of decreased (A) MI values between the test and
placebo lotion-treated SLs demonstrated that the test lotion-treated SLs had significantly (p<0.001
and p<0.0001) lower A MI values than the placebo lotion-treated SLs at both 12 and 24 weeks,
respectively, of treatment (Figure 3D). While over a 50 AMI is a distinctly recognizable level [60], the
ratio of subjects with over a 50 AMI of SLs was 13 of 27 for the test lotion and 2 of 27 for the placebo
lotion (Figure 3D). These findings suggest that the test lotion but not the placebo lotion has a distinct
anti-pigmenting effect on SLs at both the color difference and MI levels.
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Figure 3. Changes in L values and MI values of SLs after treatment for 24 weeks. N=27, A/C: Time
course study, N=27, ****: p<0.0001, **: p<0.01 by Tukey’s comparison test, B/D: Increased L values and
decreased MI values between 0 and 12, 0 and 24, and 12 and 24 weeks. ***: p<0.0001, ***: p<0.001, *:
p<0.05 by paired t test.

2.4. L and MI values of NLS

To evaluate the whitening effects on NLS, L values and MI values of test lotion-treated NLS were
measured using a color difference meter and a Mexameter MX18, respectively, at 0, 12 and 24 weeks
of treatment and were compared with the placebo lotion-treated NLS. In the test lotion-treated NLS,
L values significantly (p<0.05 and p<0.001) increased at 12 and 24 weeks, respectively, of treatment
compared to week 0, whereas in the placebo lotion-treated NLS, L values did not increase at 12 and
24 weeks of treatment compared to week 0 (Figure 4A). Comparisons of AL values between the test
and placebo lotion-treated NLS demonstrated that the test lotion-treated NLS had a significantly
higher AL value than the placebo lotion-treated NLS at 24 weeks of treatment (Figure 4B). In the test
lotion-treated NLS, MI values significantly (p<0.0001) decreased at 12 and 24 weeks of treatment
compared to week 0 with a significant decrease between 12 and 24 weeks, while in the placebo lotion-
treated NLS, MI values also significantly decreased at 12 and 24 weeks of treatment compared to
week 0 without any significant decrease between 12 and 24 weeks (Figure 4C). Comparisons of A MI
values between test and placebo lotion-treated NLS demonstrated that the test lotion-treated NLS
had a significantly lower AMI value than the placebo lotion-treated NLS at both 12 and 24 weeks of
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treatment (Figure 4D). While over a 30 AMI is a slightly recognizable level [60], the ratio of subjects
with over a 30 AMI of NLS was 10 of 27 for the test lotion and 1 of 27 for the placebo lotion (Figure
4D). These findings suggest that the test lotion but not the placebo lotion has a distinct whitening
effect on NLS at the color difference and MI levels.
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Figure 4. Changes in L values and MI values of NLS after treatment for 24 weeks. N=27, A/C: Time
course study, n=27, ****: p<0.0001; ***: p<0.0001, **: p<0.01 by Tukey’s comparison test, B/D: Increased
L values and decreased MI values between 0 and 12. 0 and 24, and 12 and 24 weeks. ***: p<0.0001,
**%: p<0.001 by paired t test.

2.5. Correlations between L and MI values in SLs and NLS

Correlation plots between L and MI values are shown in Figure 5 for SLs, NLS and SLs+NLS
which indicated that L and MI values have a good correlation in SLs, NLS and SLs+NLS. Figure 6
shows correlation plots between L and MI values in test or placebo lotion-treated SLs and NLS. Those
correlation plots demonstrated that in the test lotion-treated SLs, while the slopes of the correlation
plots occur at a similar level at 0, 12 and 24 weeks of treatment, their intercepts distinctly decrease
with a parallel shift through 0, 12 and 24 weeks of treatment. Those results indicate that the test lotion
has a distinct potential to increase L values and decrease MI values, reflecting its distinct anti-
pigmenting effects. In contrast, treatment with the placebo lotion did not have a tendency similar to
the test lotion-treated SLs. In the test lotion-treated NLS, while the slopes of the correlation plots
occur at a similar level at 0, 12 and 24 weeks of treatment, their intercepts distinctly decrease with a
parallel shift through 0, 12 and 24 weeks of treatment. That indicates that the test lotion has a distinct
potential capable of increasing L values and decreasing MI values, reflecting the whitening effects on
NLS. In contrast, in the placebo lotion-treated NLS, the correlation plots did not have a such tendency.
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Figure 6. Correlations between L and MI values in SLs and NLS at 0, 12 and 24 weeks of treatment

with the test or the placebo lotion.
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2.6. General clinical evaluation

A general clinical evaluation was performed by a trained dermatologist (KN) at 0, 12 and 24
weeks of treatment. That evaluation demonstrated that treatments with the test lotion or the placebo
lotion induced a significant decrease in the scores of scaling and stinging sensations at 24 weeks
(Figure 7B, F), whereas the same treatments did not cause any changes in dryness, itchiness,
erythema, or papules at 12 and 24 weeks (Figure 7A, C, D, E). Stinging sensations were significantly
ameliorated after treatment with the test lotion or the placebo lotion for 12 and 24 weeks (p<0.001)
compared with week 0 (Figure 7F). These findings indicate that both the test and the placebo lotions
have a distinct ameliorating effect on scaling and stinging sensation without any skin irritations.
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Figure 7. Clinical effects of the test and placebo lotions on facial skin symptoms of SL patients. A:
Dryness, B: Scaling, C: Itchy Sensation, D: Erythema, E: Papules, F: Stinging Sensation. Clinical
scoring was performed at 0, 12 and 24 weeks according to the criteria described in the Materials and
Methods section. n=27 *: p<0.05, ***: p<0.0001 compared to week 0; all data were analyzed by
Friedman test and Dunn’s multiple comparisons test.

2.7. Clinical evaluation of skin redness based on erythema index values measured using a Mexameter MX18

Since erythema index values obtained using a Mexameter MX18 can serve as a measure of skin
redness [61], erythema index values of test lotion-treated SLs were measured at 0, 12 and 24 weeks of
treatment and were compared with those of placebo lotion-treated SLs. In the test lotion-treated SLs,
erythema index values did not change at 12 and 24 weeks of treatment compared to week 0 (Figure
8A). In contrast, in the placebo lotion-treated SLs, erythema index values significantly (p<0.01)
increased at 24 weeks of treatment compared to week 0 (Figure 8A). Comparisons of increased (A)
erythema index values between the test and placebo lotion-treated SLs demonstrated that the test
lotion-treated SLs had similar Aerythema index values compared to the placebo lotion-treated SLs at
both 12 and 24 weeks of treatment (Figure 8B). In the test lotion-treated NLS, erythema index values
did not change at 12 and 24 weeks of treatment compared to week 0 (Figure 8A). However, in the
placebo lotion-treated NLS, erythema index values significantly (p<0.0001) increased at 12 and 24
weeks of treatment compared to week 0 (Figure 8A). Comparisons of increased erythema index
values between the test and placebo lotion-treated NLS demonstrated that the test lotion-treated NLS
had lower Aerythema index values than the placebo lotion-treated NLS at both 12 and 24 weeks of
treatment (Figure 8B). These results indicate that the test lotion but not the placebo lotion has a
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distinct potential to ameliorate skin redness, which may reflect a weak anti-inflammatory effect of

the test lotion.
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Figure 8. Clinical effects of the test and placebo lotions on the intensity of skin redness measured as
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Tukey’s comparison test, B: Increased erythema index values between 0 and 12, 0 and 24, and 12 and
24 weeks. *: p<0.05 by paired t test.

2.8. Skin Safety

During the test period of 24 weeks, there were no skin problems including skin irritation or
hypopigmentation in the test lotion or placebo lotion-treated skin. Therefore, the test lotion was
considered by a dermatologist to be safe for long term use.

3. Discussion

Several epidermal hyperpigmentation mechanisms have been previously established [2-6,9-
11,62] in which increased amounts of melanin granules in the hyperpigmented epidermis are
mechanistically associated with either the up-regulated expression of tyrosinase in melanocytes
and/or an increased level of melanocyte proliferation. The increased synthesis of tyrosinase and the
stimulated melanocyte proliferation are substantially followed by melanocyte activation, which is
triggered via activated intracellular signaling induced by melanogenic cytokines EDN and SCF that
are highly secreted or produced by UV-exposed or mutated epidermal keratinocytes in SLs via an
autocrine mechanism between keratinocytes with IL-1a or TNFa [3,5,6,11,13]. The activation of the
SCF and/or EDN1-triggered intracellular signaling cascades mainly occurs in the MAPKK cascade,
at the terminal point of which the cyclic AMP responsive element CREB is phosphorylated and
activated by activated RSK or PKA [3,63]. The activation of CREB in turn stimulates expression of the
melanocyte-specific master transcription factor MITF, which leads to the increased expression of
many melanogenic components including tyrosinase, melanosomal proteins such as Pmell7 and
EDN receptors [3,12,64]. In the lesional epidermis of SLs, SCF and EDNI1 are significantly up-
regulated at the mRNA and protein levels [13,14], which synergistically activates the MAPKK
pathway [8]. Activation of the MAPKK pathway leads to the stimulated expression of almost all
melanogenic components including tyrosinase, melanosomal proteins and their corresponding
receptors, c-KIT and EDNRB at the gene, protein and immunostaining levels [1,13,14]. These
melanogenic stimulation mechanisms involved in SLs could reasonably account for the intensive and
persistent refractory hyperpigmentation of SLs. Thus, a reasonable therapeutic approach to
ameliorate the epidermal hyperpigmentation in SLs would be to use specific inhibitors for EDN/SCEF-
activated melanogenic intracellular signaling pathways. In fact, we developed a signaling inhibitor
isolated from a M. chamomilla extract (MCE) that can block the EDN-stimulated signaling pathway,
which consists of EDN/endothelin receptor B/inositol tris
phosphate/phospholipaseC/diacylglycerol/PKC/Raf-1/MET/ERK/RSK/cAMP/PKA/CREB/
MITF/tyrosinase [62,65,66]. We found that topical application of the MCE has a distinct potential to
significantly reduce the hyperpigmentation levels of UVB-induced melanosis and SLs [66]. On the
other hand, a challenge for the use of signaling inhibitors is that there is little expectation for the
whitening effects on normally pigmented skin. That is a significant concern for Asian subjects with
darkly-pigmented skin because of the lack of signaling activation mechanisms within melanocytes in
normally pigmented skin. In this connection, tyrosinase inhibitors with high skin safety, such as
ascorbic acid derivatives, would be good candidates as therapeutic agents that could ameliorate the
hyperpigmented levels of SLs and also elicit a whitening effect on normally pigmented skin.

AGAC is thought to serve as a tyrosinase inhibitor following its conversion to ascorbic acid via
its deglucosylation by epidermal a-glucosidases after it penetrates into the epidermis. a-glucosidases
are known to exist in the epidermis as a protein glycosylation processing enzyme that can break the
glucose of asparagine-linked carbohydrate moieties bound to proteins to release glucose in the Golgi
area of keratinocytes [67]. In order for the action of tyrosinase inhibitors to be effective, it was essential
to know whether the hyperpigmentation of SLs is accompanied by an accentuated expression of the
key melanogenic enzyme tyrosinase in the lesional melanocytes. In this connection, it had already
been reported that the hyperpigmentation in SLs occurs in concert with the up-regulated mRNA
levels of tyrosinase in the increased numbers of tyrosinase-positive melanocytes in the SL lesional
epidermis [14].
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The present double-blind half-face study of subjects with SLs demonstrated that, whereas the
placebo lotion did not cause any significant (p<0.01) decrease in pigment scores at 24 weeks of
treatment, the test lotion containing AGAC elicited a significant (p<0.01) decrease in pigment scores
at 24 weeks compared to week 0, with a significant (p=0.026) decrease in pigment scores at 24 weeks
compared to the placebo lotion-treated SLs, which suggests that AGAC has a weak but distinct
potential to ameliorate the clinical hyperpigmentation level of SLs. This clinical anti-pigmenting
effect was corroborated by mechanical observations using a color difference meter and a Mexameter.
In those mechanical evaluations, although both the test and the placebo lotions significantly increased
L values or decreased MI values at 12 and 24 weeks of treatment, comparisons of the increased (A) L
values or the decreased (A) MI values between the test and placebo lotion-treated SLs demonstrated
that the test lotion-treated SLs had significantly higher AL and AMI values than the placebo lotion-
treated SLs at both 12 and 24 weeks of treatment. Since the significant anti-pigmenting effects of the
placebo lotion might reflect seasonal changes in skin color from September to February during this
clinical study, the significant differences observed in both the AL and AMI values at 12 and 24 weeks
compared to week 0 between the test and placebo lotions suggest that AGAC has a distinct anti-
pigmenting effect on SLs at the color difference and MI levels. Further, our finding that the ratio of
subjects with distinctly recognizable levels of over a 2.0 AL value or a 50 AMI value of SLs was 6 or
13 of 27 for the test lotion, and 0 or 2, respectively, of 27 for the placebo lotion at 0~24 weeks strongly
supports the distinct and clinical ameliorating effects of AGAC on the hyperpigmentation levels of
SLs. The sum of our results strongly indicates that AGAC is distinctly effective in diminishing the
hyperpigmentation levels of SLs at a visibly recognizable level by the subjects themselves.

Of considerable interest is that in the test lotion-treated NLS, both the L and MI values
significantly increased or decreased at 12 and 24 weeks of treatment compared to week 0. In contrast,
in the placebo lotion-treated NLS, the L values did not increase at 12 and 24 weeks of treatment
compared to week 0, while the MI values significantly decreased at 12 and 24 weeks of treatment.
Although the significant decrease of the MI values in the placebo lotion-treated NLS seems to occur
due to the seasonal variation from September to February during this clinical study, the significant
whitening effects of the test lotion on NLS indicate that AGAC is to a certain extent effective in
brightening the skin color levels of NLS. Comparisons of increased L (AL) values or decreased AMI
values between the test and placebo lotion-treated SLs demonstrated that the test lotion-treated NLS
have significantly higher AL and AMI values than the placebo lotion-treated NLS at 24 or both 12
and 24, respectively, weeks of treatment. Since the increased or decreased levels of L or MI values
occur at lower levels than 2.0 AL or 50 AMI, respectively, it is probable that the subjects with SLs
could not visibly recognize the skin color changes in NLS.

In the time course of the anti-pigmenting effects measured by a color difference meter and a
Mexameter, the significant effects of the test lotion on SLs occurred in a step-by-step manner at 12
and 24 weeks of treatment with significant changes even between 12 and 24 weeks. In contrast, those
significant effects of the placebo lotion occurred at 12 and 24 weeks of treatment without any
significant changes between 12 and 24 weeks. These time course trends of the anti-pigmenting effects
by the test lotion could provide an insight into predicting more distinct anti-pigmenting effects by
further prolonged treatments with the test lotion. On the other hand, the test lotion-treated NLS had
a significantly higher AL value than the placebo lotion-treated NLS at 24 weeks of treatment. In
addition, the MI values of the test lotion-treated NLS significantly (p<0.001) decreased at 24 weeks of
treatment compared to week 0 with a significantly lower A MI value than the placebo lotion-treated
NLS at both 12 and 24 weeks of treatment. The sum of these findings indicates that the test lotion has
a significantly higher whitening effect on NLS than the placebo lotion and suggests that AGAC has
a weak but significant whitening effect on NLS without any hypo-pigmenting effects.

It is of considerable interest to compare the anti-pigmenting effects on SLs and the whitening
effects on NLS between AGAC and ASP, because the latter has been reported to have both anti-
pigmenting and whitening effects in subjects with SLs [60]. Although both compounds have similar
anti-pigmenting and whitening effects on SLs and NLS, respectively, as revealed by evaluation of L
and MI values, a major difference occurs at the clinical scoring levels of pigmentation in SLs in which
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AGAC but not ASP exhibited a significant (p<0.01) decrease in pigment scores at 24 weeks compared
to week 0, with a significant (p=0.026) decrease in pigment scores at 24 weeks compared to the placebo
lotion-treated SLs. This indicates a slight superiority of AGAC to ASP from a clinical point of view
although the production cost is much higher for AGAC than ASP. It is likely that the slight superiority
of AGAC to ASP can be ascribed to the higher concentration used, i.e. 28% AGAC compared to 6%
ASP, despite the fact that the rate of penetration into the epidermis is thought to be much higher for
ASP than AGAC.

A major skin problem that occurs during the long term topical application of anti-pigmenting
agents is skin irritation as is frequently observed for HQ [20-22]. Since such a long time of topical
applications is required to attain a distinct anti-pigmenting effect in dark-skinned individuals with
SLs, skin irritation that happens during the treatment is a major causative factor for not being able to
continue the topical applications. Therefore, general clinical evaluations of skin symptoms, including
skin irritation, are important and were carried out in this study by a trained dermatologist (KN).
These clinical evaluations demonstrated that, while the test lotion rather significantly ameliorated
scaling and stinging sensations at 24 weeks, there was no appearance of erythema, papules or
itchiness during the 24 weeks of treatment. Further, based on the evidence that erythema index values
measured using a Mexameter can serve as a reflection of skin redness due to hemoglobin levels in
the blood flow [61], our evaluations revealed that the test lotion but not the placebo lotion has a
distinct potential capable of diminishing skin redness. These findings strongly suggest that AGAC
could act as an anti-pigmenting agent with a weak anti-inflammatory effect.

In conclusion, the sum of the above findings indicates that AGAC has a weak but significant
anti-pigmenting effect on SLs and a significant whitening effect even on normally pigmented skin
without the risk of eliciting hypopigmentation or skin irritation. This provides skin safety at a
sufficient level to use for a long period time of topical applications, which is an essential requirement
to achieve distinct anti-pigmenting effects on SLs.

4. Materials and Methods

4.1. Test materials

The chemical structure of AGAC is shown in Figure 9. The test and placebo lotions were
provided by Doctor’s Choice Co., Ltd. The test lotion was comprised of 28% AGAC and other
ingredients as listed in Table 1. The placebo lotion was comprised of the same components as the test
lotion except it did not include AGAC.

OoH (Ascorbic acid)

HO
= o

HN ® O o SS0H
>=NH, 1;[\
HN HO OH

H

0

OHII-

Glucose
o C )
O

HO
MW  512.26

(Arginine)

Figure 9. Chemical structure of AGAC.
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Table 1. Full ingredients list of the test lotion (containing 28% AGAC) and the placebo lotion (without
AGAQ).

With or without 28% Ascorbyl Glucoside Arginine Complex (AGAC), Water, Propanediol,
Butylene Glycol (BG), Betaine, Pentylene Glycol, 1,2-Hexanediol, PEG-60 Hydrogenated
Castor Oil, PEG-9M, Citric Acid, Sodium Citrate, Glycerin, Sphingolipids, Hydrolyzed
Elastin, Hydrolyzed Collagen

4.2. Study design

This study was performed from September 2023 to March 2024, in the Ebisu Skin Research
Center, Inforward Co. LTD, Tokyo, Japan. Lotions with or without 28% AGAC (test lotion and
placebo lotion, respectively) were applied twice a day for 24 weeks. Thus, 27 Japanese female
volunteers with SLs on the entire right and left sides of their faces were treated in a double-blind
manner with the test lotion on one-half of their face and with the placebo lotion on the opposite side.

4.3. Compliance with ethical standards

Ethical approval

All procedures performed in this study involving human subjects were in accordance with the
ethical standards of the Institutional and/or National Research Committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. The present study adhered to
the tenets of the Declaration of Helsinki and was reviewed and approved by the Japanese Ethics
Committee, Clinical Research Review Center, General Incorporated Association (Approval No:
CrrC23-020). A formal informed consent was obtained from each subject before the study. The UMIN
study ID was assigned as UMIN000052115. Following screening by a dermatologist, 27 Japanese
female volunteers with SLs on the entire right and left sides of their faces were enrolled in this study.

4.4. Evaluation of pigmentation level

Pigmentation levels in previously assigned SLs were evaluated using a photo-scale ranging from
1.0 to 5.0 of SLs on the face by a trained dermatologist (KN). The pigmentation levels in those
previously assigned SLs and in non-lesional surrounding skin (NLS) were measured using a color
difference meter CM-700 d (Konica Minolta Japan, Inc) to determine L values [60] and using a
Mexameter MX18 (Couraget+Khazaka Electronic GmbH)[61,68-70] to measure Melanin Index (MI)
values at 0, 12 and 24 weeks of treatment.

4.5. General clinical evaluation

A general clinical evaluation was performed for dryness, scaling, erythema, papules, stinging
sensations or itchiness with 1 to 5 scoring grades by a trained dermatologist (KN) at 0, 12 and 24
weeks of treatment.

4.6. Evaluation of skin redness level

For evaluation of skin irritation, skin redness levels in previously assigned SLs and NLS were
evaluated using a Mexameter MX18 as erythema index values, which reflect hemoglobin levels
related to skin blood flow [61].

4.7. Statistics

All data are expressed as means * standard deviation (SD) unless noted otherwise. For pairwise
comparisons, t test was used. Wilcoxon matched-pair test and Tukey’s comparison test were used to
evaluate pigment scores and changes in L values and MI values, respectively. Friedman's test and
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Dunn’s multiple comparisons test were used for skin scoring. p values < 0.05 are considered
statistically significant.
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