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INTRODUCTION

Consumers anxiety to sun exposure

The suncare market continues to grow year over year, and several reports show a growing trend of “sunxiety” - anxiety
related to sun exposure - among consumers.* Many consumers are worried about getting skin damage and feel unrelaxed

when exposed to the sun.

Accelerators of “sunxiety”

What is accelerating their anxiety to sun
exposure?

A primary factor is the depletion of the
ozone layer, caused by chemicals like
chlorofluorocarbons. The ozone layer
serves as a natural barrier, protecting us
from harmful ultraviolet (UV) radiation
emitted by the sun (Figure 1). Its
degradation has resulted in elevated
levels of UV radiation reaching the
Earth’s surface.

While the Montreal Protocol, implemented
in 1989, successfully regulated the majority
of ozone-depleting substances, the full
restoration of the ozone layer remains

a long-term process. In the meantime,
heightened UV radiation continues to pose
a significant risk to skin health.

Another contributing factor is the
increasing consumer awareness of
photoaging. Skin responses to UV
exposure are broadly classified into two
types: acute and chronic. Acute reactions,
such as sunburn and suntan, typically
become visible within a week after
exposure characterized by redness and
roughness caused by inflammation.

In contrast, chronic reactions - resulting
from prolonged and repeated UV exposure
- have historically been underestimated, as
the signs of photoaging, including wrinkles
and age spots, often manifest decades
later. Recent studies have highlighted

the long-term risks of UV-induced skin
damage, heightening consumer concerns
about photoaging and further intensifying
anxiety surrounding sun exposure.?

Vitamin C as a suncare ingredient

Vitamin Cis a powerful antioxidant and is
important for the prevention and post-
care of sun-damaged skin. However,
because of its extremely low stability,
vitamin Cis rarely formulated into skin
care products. To address this challenge,
a range of vitamin C derivatives with
improved stability has been developed
and introduced to the market. AA2G™
(Ascorbyl Glucoside), produced by
combining glucose and vitamin C with
Nagase Viita’s proprietary enzyme
technology, is a formulation friendly
(Figure 2), sustainably manufactured
vitamin C derivative which is readily
biodegradable.
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It has been used worldwide in various
personal care products since its launch

in 1995. Previous studies demonstrated
that ascorbyl glucoside effectively inhibits
acute sunburn.? However, its impact on
chronic UV damage - such as wrinkle
formation and other signs of photoaging -
remains insufficiently explored.

In this study, we conducted both in vitro
and in vivo studies to further clarify

the effects of ascorbyl glucoside on
cumulative sun damage.
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FIGURE 1: How solar UV rays reach our skin.
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FIGURE 2: Stability of gel formulation containing 2%
ascorbyl glucoside.




RESULTS

Suppression of UVA-induced damage to dermis

Solar UV radiation reaching the Earth’s
surface contains UV rays of two different
wavelengths: UVA (315-400 nm), and UVB
(280-315 nm) (Figure 1). UVA is regarded
as the predominant factor in photoaging
because it can penetrate deeply to the
dermis, and contributes to long-term
deterioration of dermal structure. In the
dermis, fibroblasts produce a collagen-
rich extracellular matrix (ECM), which
provides mechanical strength and
resiliency to the skin.* UVA radiation
causes oxidative stress, which affects both
fibroblasts and the ECM.” In the previous
study, the protective effect of ascorbyl
glucoside on fibroblasts against oxidative
stress was demonstrated, however
protection against UVA had not yet been
confirmed.®

To investigate the effect of ascorbyl
glucoside against UVA in the dermis, an
in vitro test using NHDF (Normal Human
Dermal Fibroblasts) was performed.

Firstly, cells were incubated for 72 hours
with 0.25 or 1 mmol/L ascorbyl glucoside,
and were exposed to 5 J/cm? UVA
radiation in the presence of riboflavin,
which is a photosensitizer to amplify
oxidative stress due to UVA.

The decrease of cell viability induced

by UVA was significantly suppressed by
pre-treatment with ascorbyl glucoside in a
dose dependent manner (Figure 3), which
suggests that ascorbyl glucoside reduces
oxidative stress due to UVA irradiation,
and therefore suppresses cell death.

In addition to tests on dermal cells, the
effect of ascorbyl glucoside on type |
collagen, the major component of ECM,
was investigated. When the skin is exposed
to UVA, fibrils of type | collagen undergo
oxidative stress due to accumulation of
reactive oxygen species (ROS). Among
several kinds of ROS, singlet oxygen is
known to cause cross-linking of collagen
fibres, which critically determines the
physical properties of skin.

Undesirable cross-linking of collagen
fibres is considered to be one of the
factors that cause skin ageing.”

To evaluate the effect of ascorbyl
glucoside on collagen cross-linking, the
gelation of a collagen solution under UVA
irradiation was observed.

In this study, a mixture of a 0.2% collagen
solution, riboflavin, and 1, 5, or 10 mmol/L
ascorbyl glucoside was prepared, and
exposed to 2 J/cm? UVA radiation.

The collagen solution without ascorbyl
glucoside transformed to a solid gel due
to cross-linking of collagen fibres. On the
other hand, a solution with the addition of
ascorbyl glucoside remained liquid (Figure
4), which indicates inhibition of gelation
due to UVA. This suggests that ascorbyl
glucoside has a protective effect against
UVA damage on type | collagen.
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FIGURE 3: Cell viability in UVA-irradiated NHDF pre-
treated, or not pre-treated, with ascorbyl glucoside.
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FIGURE 4: UVA-induced gelation of collagen solution with or without ascorbyl glucoside.
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Suppression of UVB-induced damage to basement membrane
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FIGURE 5: Molecular structure around basement membrane.

The basement membrane (BM), situated
at the dermal-epidermal junction, is
essential for maintaining the structural
integrity of the skin. It is also responsible
for the signs of photoaging, since a BM
damaged by UV is considered to alter the
structure of the dermis, resulting in skin
wrinkling and sagging.®

Type IV collagen is the major component
of the basal lamina, which functions as

a backbone of the BM (Figure 5).° UVB
causes damage to the structure of the
BM by inducing the degradation of type
IV collagen, facilitating signs of ageing,
as well as UVA, the predominant factorin
photoaging.

Several studies have shown that ascorbic
acid promotes type IV collagen expression
and assists BM formation, but similar
effects have not been widely reported
with ascorbyl glucoside.**? In addition,
the protective effect of ascorbyl glucoside
against UVB has not been reported yet.

Firstly, to investigate the effect of ascorbyl
glucoside on the structure of the BM,
immunostaining of type IV collagen was
carried out using a full thickness 3D skin
model consisting of NHDF, NHEK (Normal
Human Epidermal Keratinocytes), and the
stratum corneum.

In addition, the amount of type IV collagen
was measured from extracts of 3D skin
model samples.
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After 48 hours of incubation, the 3D
skin modeltreated with 2% ascorbyl
glucoside showed a clearer pattern of
immunostaining compared to a non-
treated sample (Figure 6A).

Further, 2% ascorbyl glucoside-treated
samples showed an increase of type IV
collagen expression (Figure 6B).

These data suggest that ascorbyl
glucoside can positively affect both the
expression and deposition of type IV
collagen, which enhances the structural
integrity of the BM.
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FIGURE 6: Type IV collagen expression and deposition in a 3D skin model treated, or not treated, with
ascorbyl glucoside. A) Immunostaining images of type IV collagen. B) Protein expression level of type IV

collagen relative to control. N=1




Secondly, the expression level of type
IV collagen in UVB-irradiated NHEK was
evaluated to examine whether ascorbyl
glucoside can prevent photo-induced
damage to the structure of the BM. At
the same time, to further assess UVB
damage, the level of type IV collagen
degrading enzyme (MMP-9: Matrix
metalloproteinase-9) was evaluated.

In the study, NHEK were incubated
overnight with 5 mmol/L ascorbyl

glucoside, exposed to 40 mJ/cm? UVB
radiation, and cultured for an additional
24 hours without ascorbyl glucoside. The
mRNA and protein expression of type IV
collagen and MMP-9 were measured.

Irradiation by UVB decreased expression
of type IV collagen, and increased the level
of MMP-9.

However, pre-treatment with ascorbyl
glucoside suppressed the effects of UVB;
increased expression of type IV collagen

and decreased expression of MMP-9 were
observed both in mMRNA and protein
(Figure 7).

This study suggests that ascorbyl
glucoside inhibits not only the decreased
expression of collagen but also its
degradation, which prevents UV-induced
damage to the BM that leads to the signs
of photoaging.
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FIGURE 7: Type IV collagen and MMP-9 expression in UVB-irradiated NHEK pre-treated, or not pre-treated, with ascorbyl glucoside. A, C) mRNA expression level. N=3~4,
Mean + SD, *p<0.05, #p<0.1 (Unpaired t-test) B, D) Protein expression level. N=1
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Lightening the colour of age spots

In addition to wrinkling and sagging, age
spots are also a major sign of photoaging.
Many brightening ingredients to treat

age spots target the epidermis,
specifically keratinocytes, melanocytes,
and melanin itself.

Recent studies have shown that the

BM and dermis situated beneath the
epidermis are also important factors

in the development of age spots. One
report revealed the fragility of the BM
and dermal ECM in the area of age spots,
which suggests that these structural
alternations cause a delay of skin turnover,
leading to an accumulation of melanin
that accelerates the development of

age spots.”

Since it is considered that chronic UV
damage causes structural deterioration of
the BM and dermal ECM, the suppression
of UV-induced damage to the BM and

ECM is a key factor in the treatment of age
spots, as well as the approach of targeting
the epidermis. It is known that ascorbyl
glucoside inhibits melanin production, and
has a reductive effect on existing melanin.’

In the tests mentioned above, we
showed that ascorbyl glucoside has
positive effects on the BM and ECM.
Hence, it was conjectured that ascorbyl
glucoside could improve age spots
through a multiple approach targeting
the epidermis, BM and dermis.

To confirm the effect on age spots,

a randomized double-blind, pre-clinical
study was carried out. In this study,
Japanese female subjects (37 - 55 years,
mean age 47.3 + 4.8) with age spots were
screened, and a dermatologist selected
age spots (one spot per subject) for
evaluation. The subjects applied a toner
containing 2% ascorbyl glucoside or

a placebo toner to the entire face twice
a day for four weeks.

The lightness score was determined by
the dermatologist performing a visual
evaluation of spots using a lightness scale
of skin tone coloursT, before and after
application. In this visual evaluation, an
increase of lightness score indicated a
lighter colour of age spots.

The change in lightness was calculated
from the score before and after four weeks
of application, and statistical analysis was
performed. A further, stratified analysis
was performed by dividing the subjects
into two groups based on their initial
scores: a group with lighter coloured
spots, and another group with darker
coloured spots.

It was found that the ascorby glucoside
application tended to increase the
amount of change in lightness compared
to the placebo (Figure 8A). As a result of
the stratified analysis, in the group with
lighter spots, no significant difference
was observed between treatment with
ascorbyl glucoside or placebo (Figure
8B). On the other hand, in the darker
group, treatment with ascorbyl glucoside
significantly enhanced the increase in
lightness compared to placebo, showing
improvement of age spots (Figure 8C).

Therefore, ascorbyl glucoside is considered
to be effective to make darker age spots
appear less visible.
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FIGURE 8: Change in lightness of age spots treated, or not treated, with ascorbyl glucoside. Mean + SD, *p<0.05, #p<0.1 (Unpaired t-test)
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CONCLUSION

Sunlight plays a crucial role in maintaining both physical
and mental health, despite its potential to cause
significant skin damage. Solar UV exposure is essential
for the body’s production of vitamin D, which is vital

for bone health and immune function.** Furthermore,
recent studies suggest that moderate sun exposure offers
mental health benefits.** Excessive avoidance of sunlight
due to “sunxiety” may negatively impact overall well-
being. As a result, consumers increasingly seek suncare
products that not only protect the skin from UV exposure
with effective filters but also minimize skin damage
caused by UV rays.

Vitamin C is an essential nutrient that the body cannot
produce, yet it plays a critical role in collagen synthesis
and provides antioxidant protection against UV-induced
photodamage.*® A highly stable vitamin C derivative,
AA2G™ (Ascorbyl Glucoside), offers an advanced solution
for delivering the benefits of vitamin C to the skin. While
remaining highly stable within formulations, ascorbyl
glucoside gradually releases vitamin C upon application
as skin enzymes cleave the glucose molecule. This
continuous release of vitamin C makes ascorbyl glucoside
an ideal ingredient for maximizing the skin benefits of
vitamin C in personal care products.
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This study examined the effects of ascorbyl glucoside

on photoaging, specifically its impact on UV-induced
damage to the dermis and BM structure. In vitro study
revealed that ascorbyl glucoside effectively prevents UVA-
induced damage to the dermis and UVB-induced damage
to the BM. These results suggest that ascorbyl glucoside
helps preserve the integrity of the BM and dermis,
thereby reducing the risk of wrinkle formation and skin
sagging. Additionally, the preclinical study demonstrated
its ability to lighten the appearance of existing age spots.
Collectively, these findings highlight the potential of
ascorbyl glucoside to prevent and improve photoaging by
targeting multiple layers of the skin.

Recent years, environmental friendliness is becoming
highly prioritized for personal care products, driven by
consumers demands seeking for the well-being of
future planet.

AA2G™ enzymatically manufactured by Nagase Viita, is

a naturally-derived, sustainable ingredient, that offers a
holistic approach to suncare for healthier looking skin,
empowering people to enjoy the benefits of sunlight with
confidence.
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Stabilized Vitamin C powered by enzyme technology, N

delivering a healthy glow for brighter skin. e
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For over 30 years, AA2G™ has been a trusted ingredient, enhancing skin APPROVED

radiance in more than 20 countries worldwide. Backed by our advanced
R&D, AA2G™ is scientifically proven to deliver efficacy and reliable
quality to fulfill what you seek.

Together, we're shaping the future of holistic beauty and sustainability
with nature-inspired innovation.
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