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Ascorbyl 2-Phosphate 6-Palmitate.

Apprecier™ is a novel vitamin C derivative, trisodium salt of ascorbyl 2-phosphate 6-palmitate
(APPS), newly designed as an amphiphilic derivative of ascorbyl 2-phosphate (AP), conjugated with
a long acyl chain (C16: palmitoyl residue). AP has been proved very efficacious for skin care
because of its capability of scavenging reactive oxygen species and promoting collagen synthesis.
Thanks to its moderate hydrophobicity, APPS penetrates effectively into dermis and is enzymatically
converted to ascorbic acid quickly during permeation.
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APPS has an improved delivery of ascorbic acid to dermal human cells.

The figure shows the changes of intracellular ascorbate (AsA) concentration in normal human
epidermal keratinocytes (HaCaT) during the cultivation in the medium containing 0.1mM of trisodium
ascorbyl 2-phosphate 6-palmitate (APPS), magnesium ascorbyl 2-phosphate (APM), or ascorbyl 2-
glucoside (AG). APPS showed its superiority in enriching intracellular AsA, which suggested a quick
conversion to AsA and an outstanding AsA delivery into the cell.

(This experiment was conducted in collaboration with Dr. Nobuhiko Miwa at Butsuryo College of
Osaka, Japan)
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Permeation of APPS into model skin.

Shown above is the permeation of trisodium ascorbyl 2-phosphate 6-palmitate (APPS) into three
dimensional restructured model skin (TESTSKIN™),

The same amount of aqueous solutions of 1% APPS or 2% ascorbyl 2-glucoside (AG, pH adjusted
at 7.3 with sodium hydroxide solution) were applied onto the surface of skin models and the
concentrations of ascorbate (AsA) in receivers were monitored periodically. When APPS was
applied a high concentration of AsA was observed, which indicated the high permeability of APPS
and its efficient conversion to AsA. AG showed a slower release of AsA into the receiver.
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Skin Permeation of APPS
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Skin Permeation Ability of APPS in Human Skin

The skin permeation analysis was performed using human skin tissue deprived from healthy
volunteer. The samples applied on the upper side of the skin were as followings; 3% APPS
conjugated fluorescent (IC3-OSu), 3% L-ascorbic acid 2-Phosphate (AP) or 3% fluorescent solution
as control. After 18 hrs of incubation, the skin samples were fixed and prepared in tissue section.
The fluorescence was detected under fluorescent microscopy and was measured the intensity by
image analysis.

Compared with AP, APPS penetrated into dermis through basal layer (left figures), and actually
fluorescent of APPS was much higher both in epidermis and dermis than that of AP and control
(right graphs), indicating that APPS has efficient skin permeating ability thanks to the hydrophilic
group and reaches deep dermis compared with another ascorbic acid derivative.
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O-OABPal  The metabolic pathways of trisodium

ascorbyl 6-palmitate 2-phosphate
(APPS) and their rate were estimated
using the cell homogenate of human
normal keratinocyte (NHEK).

Precultivated 10° cells of NHEK were
homogenized in 0.25 ml of HEPES
buffer and the homogenate was
diluted to 1 ml after removal of cell
lysate. 120 uM (Figure A) or 300 uM
(Figure B) APPS was added to the
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solution and incubated at 37°C. The
concentration of ascorbyl 6-palmitate
8 2-phosphate (A2P6Pal), ascorbate
(AsA), ascorbyl 2-phosphate (A2P),
and ascorbyl 6-palmitate (A6Pal) was
monitored by HPLC measurements
during the incubation.

3001

@@ A2P6Pall

®-@ Qgé APPS was metabolized in this

experimental system quite quickly and

O-OABPal .y sichiometrically to AsA, in only 2
hours for 120 uM (A) and in 8 hours
for 300 uM (B). Though A2P and
ABPal were detected as intermediates,
their significant accumulation was not
observed.
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Reduction of intracellular free radicals detected by a fluorescent dye-method.

These pictures show the reduction of hydroxy radicals (active oxygen species) in human
fibrosarcoma HT-1080. Intracellular free radicals were detected with CDCFH (6-carboxy-2',7'-
dichlorodihydrofluorescein). The amount of free radicals was significantly decreased by addition of
low concentrations of APPS (fluorescence-detectable microscopic observation, upper column A,B,C)
while there was no change in cell viability (ordinary observation, lower column a, b,c). APPS is
proved as a good scavenger of intracellular free radicals.

APPS: trisodium ascorbyl 2-phosphate 6-palmitate, APPRECIER

(This experiment was conducted in collaboration with Dr. Nobuhiko Miwa at Butsuryo College of
Osaka, Japan)
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Scavenging of Free Radicals !
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Scavenging of reactive oxygen species detected by ESR.

Human fibrosarcoma HT-1080 cells were homogenized after a cultivation in a medium containing
APPS at 0 to 300uM. the same amount of ferrous salt (FeClz) and hydrogen peroxide (H202) was
added to each homogenate and generated hydroxy radicals were detected by ESR using DMPO as
a spin trapping reagent. Free radicals were significantly reduced in proportion to the APPS
concentration in the cultivation medium.
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High performance in collagen synthesis in cultivated cells.

Human dermal fibroblast NB1RGB was cultivated in a medium containing APPS, APM, or AG at
concentrations of 1uM to 10uM. After the cultivation for 72 hours, the amount of type | collagen in the
medium was measured by ELISA method. APPS showed a significant enhancement of collagen
synthesis even at the lowest concentration, 1uM.

APPS: trisodium ascorbyl 2-phosphate 6-palmitate, APPRECIER
APM: magnesium ascorbyl 2-phosphate
AG: ascorbyl 2-glucoside
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Inhibition of collagen-hydrolyzing enzymes.

Human fibrosarcoma HT-1080 was cultivated in the medium containing trisodium ascorbyl 2-
phosphate 6-palmitate (APPS) at the concentrations of 0 to 0.05mM. After an 18hr-cultivation the
medium was applied to gelatin-polyacrylamide gel electrophoresis to compare the enzyme activities
of matrix metalloprotease-2 and -9 (MMP-2, -9). The figures show the results from zymography (A)
and its densitometry (B), and the calculated relative activities of MMP’s. The activities of MMP-2 and
MMP-9 were both strongly suppressed when cultivated in the presence of APPS.

(This experiment was conducted in collaboration with Dr. Nobuhiko Miwa at Hiroshima Prefectural
University, Hiroshima, Japan)
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The inhibition of tyrosinase by released ascorbate.

Tyrosinase-inhibiting effects of trisodium ascorbyl 6-palmitate 2-phosphate (APPS), ascorbic acid
(AsA), and kojic acid (KJA) were examined using commercially available mushroom tyrosinase
(Sigma, Figure A), cell homogenate of mouse melanoma (B16F 10, Figure B) or human normal
melanocyte (NHEM(M), Figure C). 0-600 pM of each compound was added to the enzyme solution
or cell homogenate and incubated at 37°C for 30 minutes. 0.5 mg/mi L-dihydroxyphenylalanine (L-
DOPA) was employed as a substrate and the tyrosinase activity was measured with
spectrophotometer at 475 nm.

In this experiment AsA exhibited strong inhibitory effects against all tyrosinases tested, while almost
no inhibition was observed with APPS. These results suggest that enriched AsA, not APPS itself, is
responsible for the suppression of intracellular melanin accumulation.
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Inhibition of Tyrosinase
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Inhibition of tyrosinase.

Enzymatic inhibition of various skin-brightening agents against intracellular tyrosinase was examined
using murine melanoma B16F10. The melanoma cells were cultivated for 96 hours in DMEM
medium containing 10% FBS and 30 pM trisodium ascorbyl 2-phosphate 6-palmitate (APPS), 2 mM
kojic acid, or 1 mM ascorbyl 2-glucoside (AG), with a medium renewal at 48 hours. After the
cultivation the cells were harvested, treated with cold methyl alcohol, and the tyrosinase activity was
detected by a treatment with 0.1% dihydroxyphenylalanine (DOPA) for 90 minutes. After being
washed the cells were further stained by nuclear fast red solution for a better microscopic
observation. Addition of 30 M APPS during the cultivation suppressed the intracellular tyrosinase
activity as shown.
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Inhibition of Melanin Syntheég -
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Inhibition of melanin synthesis in B16 melanoma cells.

Inhibitory effects on melanin formation were examined using murine melanoma cells. The B16F10
melanoma cells were cultivated for 96 hours with 10uM or 30uM trisodium ascorbyl 2-phosphate 6 -
palmitate (APPS), 1mM kojic acid, or 100uM arbutin. Addition of 30uM APPS suppressed the
intracellular melanin formation by 20%, which was a comparable effect to that of 1mM kojic acid
employed as a positive control. (Centrifugal precipitation shown above.)
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Inhibition of melanin formation in cultivated skin model.

Inhibitory effects on melanin formation in skin were verified using three dimensional human
keratinocyte/melanocyte co-cultivation system (MEL-300/Asian). The melanin formation was
enhanced by the supplementation with a-melanocyte stimulating hormone (aMSH) in the medium
during the cultivation for fourteen (14) days. When the skin model was treated with 1% trisodium
ascorbyl 2-phosphate 6-palmitate (APPS) on its surface side through the cultivation period, the
accumulation of melanin in melanocytes was significantly suppressed.
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Comparison of Inhibitory effects of melanin formation in cultivated skin model.

Above shown are the inhibitory effect of trisodium ascorbyl 2-phosphate 6-palmitate ( APPS ) on
melanin formation in the human skin model system ( MEL-300, Asian, the experimental method
shown in the previous page ) in comparison with those of magnesium ascorbyl 2-phosphate ( APM ).
The effects of 1% APPS was comparable to that of 6% APM, better than that of 3% APM ( the
approved lowest QD concentration ).
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Recovery of melanin formation in B16 melanoma cells.

The B16F 10 melanoma cells were cultivated for 5days with 30 uM trisodium ascorbyl 2-phosphate
6-palmitate (APPS) or 1mM kojic acid (KJA). During day 5 to 9, the cells were further cultivated with

or without APPS or KJA.
The capability of melanin synthesis was well restored by eliminating the additive from the medium.
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Mechanism of APPS Function
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APPS permeates deeply into the skin, which makes APPS multifunctional.

The skin cells show the site-specific function, for example, the melanin is synthesized in the
melanocyte placed in the basal layer of epidermis, and the collagen in the fibroblast of the dermis.
Unlike many other vitamin C derivatives, which known as the antioxidative or anti-melanogenesis
agents, APPS can permeate deeply into the skin thanks to its amphipathic property. As the result,
APPS is converted to ascorbic acid (AsA) not only in the epidermis but also in the dermis. Due to
this distinct dynamics, APPS acts on both of the melanogenesis (inhibition) and the collagen
synthesis (stimulation).
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