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Preparation and Properties of Phytosphingosine Ascorbate with Retaining Skin
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Seok Kee Min', Yong Hoon Jin, Woo Jung Park, Sang Yong Eom, and Jong Heon Kim

Application Research Center, Charmzone R&D Center, 1720-1, Taejang2-dong, Wonju-si, Kangwon-do 220-962, Korea

2 ok A7 24 EIR Yol gelA Y& vitamin C (L-Ascorbic acid)s ZabA WA F23 2o P48 goz w2
=8 3 R NG B g wu ol Rebd A 24 oA, RN g, ARAS 5o 55 21 gk 2@y 24
oA g7 A= 8 2 F7), Yo Bogstal 4 AsETE gHe %%ﬂ Atk oleldt FAHE A3 da) 2o o
TF7F Aol gkn 1 Ax} E}"hﬂ vitamin C FEA7F AgE S 28y 0}”77}7‘]5 vitamin C¢ EU4AT EA4S 48}
HA 2 2 e Bes e HEAFIE s Fo] Bo= oy g

£ ATdAE o] vitamin C BAZ EAL MAAIT 1 55S J]—r°ﬂ HEAZ £ Y% vitamin C FEAZ 7
wet7) 18, AR Aspgo] 8 ~PuA AR F 8149 phytosphingosineS o838kl Ad7] whgo] o8 vitamin G2 OH

719 phytosphingosine®] -NHy7|& o2 ZA#A|7] AJ2¢ vitamin C #EA¢] phytosphingosine ascorbate (SP-VC)E &A1 8}
Atk o18A @A E phytosphingosine ascorbate (SP-VC)E U FA(C583 : HI3 : N28 : 0295) 2 mass spectrosocopy
(Maldi TOF-MS), UV/vis spectra (2685 nm), 'H NMR, FT-IR, €84 (mp=154C), HPLC & Esle] 72 9 EA4L o
stk wE g% ”401] M 493 22 phytosphingosine ascorbate(SP-VC)9] 8} 2 dats} gatg solsbgich

o2l A2 ENZ vitamin C% phytosphingosine® &< EAld) zton] Bobds E43 A43L AXAZ Aolg} oA
E]T‘E A}]g__,_ ixﬂ‘“— 6‘L/K“ o}od 1;]_'

Abstract: In the human skin, vitamin C (L-ascorbic acid) that is well known as the activated materials has effects that is
skin anti-aging and wrinkle repair by giving impetus to collagen bibsynthesis and anti-oxidation, and that is the sun screen,
a wound recovering, inhibition melanogenesis and so on. In spite of its effects, vitamin C has the defects of the skin
stimulation and easily oxidized instahility by water, air, heat and light. For solving their matters, many investigation is
advanced and its results are synthesized the various vitamin C derivatives. And yet they have not solved the unstable
property of vitamin C and were still insufficient for the comparing with the effect of the pure vitamin C itself.

In this study, in order to prepare vitamin C derivative of being improved the stability and to apply vitamin C effect in the
skin, we prepared new vitamin C derivative, phytosphingosine ascorbate, by using phytosphingosine, one of sphingolipids,
which have a distinguished skin affinity. Phytosphingosine ascorbate can be prepared as the ionic bond between amine group
(-NHz) of phytosphingosine and hydroxy group (-OH) of vitamin C by way of the relatively simple reaction. So the
structure and properties of the synthesized phytosphingosine ascorbate was confirmed the use of elemental analysis (C 583 :
H 93 : N 28 : 0 295, MALDI TOF-MS (Mw=49258), Ultraviolet spectra (2635 nm), 1H NMR, FT-IR spectra, thermal
analysis (m.p=154T), HPLC and so on. And we could confirm the anti-bacterial and anti-oxidation effects.

Based on these results, we could confirm to prepare a new material that was expected of both effects of vitamin C and
phytosphingosine and that is improved properties of vitamin C.
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1. Introduction

L-Ascorbic acid (2), vitamin C, is well known to be
susceptible toward thermal and oxidative degradation,
and hence various stable derivatives of L-ascorbic acid
have been searched for and prepared in a number of
laboratories[1-13].

L-Ascorbic acid is a naturally occurring product
found in many fruits and vegetables. In the human
skin, vitamin C has the various effects that are anti-
aging and wrinkle repair by giving impetus to collagen
biosynthesis, and that is the sun screen, a wound
recovering, inhibition melanogenesis and so on and is
not expensive in comparison with the other vitamins.
And vitamin C is not only reduced or eliminated a free
radical and harmful oxygen as a high anti-oxidation
effect but also strengthened an immunity of skin.
However, as previously stated, vitamin C has the de-
fects of the skin stimulation and easily oxidized
instability by heat, light air, and water, especiallyan
aqueous alkali solution[1-9]. Because of this defects,
the applications of vitamin C have been limited in the
cosmetics field.

For solving their matters, many investigations have
advanced and its results are synthesized the various
vitamin C derivatives. And yet they have not solved
the unstable property of vitamin C and were still
insufficient for the comparing with the effect of the
pure vitamin C itself[1-13].

In this study, in order to prepare vitamin C
derivative of being improved the stahility and to apply
vitamin C effect in the skin, we tried to synthesize the
vitamin C derivative that was linked the specific-
materials that were well known to be the effect in the
skin with L-ascorbic acid and that was able to apply
the effects of the linked material as well. In here, we
investigated and prepared phytosphingosine ascorbate
(SP-VC, 3) that was the new vitamin C derivative by
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using phytosphingosine (25,35 4R-2-amino-1,3,4-octade-
canetriol; PS, 1), one of sphingolipids which have a
distinguished skin affinity, that has the activation of
skin-lipid strength and anti-bacterial effect for Propio-
nibacterium acnes (P. acnes), on purpose to synthesize
the new material that had the effect of vitamin C as
well as phytosphingosine[16-18]. The prepared SP-VC
was expected the synergism effects of vitamin C and
phytosphingosine. Vitamin C has the instability and
skin stimulation due to a self-oxidation and high acid-
ity at 3-OH, respectively. Phytosphingosine ascorbate,
which could be prepared the ionic bond between amine
group (-NHz) of phytosphingosine and 3-hydroxy
group (3-OH) of vitamin C by way of the relatively
simple reaction, acid-base reaction, is expected the
improvement from the skin stimulation and the impro-
vement of stability from oxidation of vitamin C as well
as the ahility that could apply the effect of the original
vitamin C in the skinl6,7]. Thus the prepared SP-VC
was expected the practicable to the cosmetics and
pharmaceutical field. So that we have been inves-
tigating actively the skin effects, safety, and stability
of SP-VC.

In this paper, we firstly were confirmed the synthe-
sis and properties of phytosphingosine ascorbate and
were carried out a free radical scavenging by using
DPPH and anti-bacterial effect for P. acnes of the
various effects. And we are supposed to establish that
the effects of SP-VC that were expected of both effects
of vitamin C and phytosphingosine.

2. Results and Discussion

2.1. Synthesis of Phytosphingosine Ascorbate
(3, SP-VC)
Scheme 1 is the synthetic process of phytosphingo—-
sine ascorbate (3) that can be obtained from acid-base
reaction between L-ascorbic acid (2, vitC) and phy-

HO

1) CHCl; + MeOH HO
OH NH, OG0

on 2) pH 7.5~8.0 _
OH 3) HO 0 OH
HO— OH H3N+
! O + MeOH \/\/\/\/\/\/\)\KK/OH
Ho”  oH oH

2

Scheme 1. Synthetic procedure of phytosphingosine ascorbate.
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Figure 1. HPLC chromatogram of SP-VC.
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Figure 2. DSC curve of SP-VC, vitamin C & PS.

tosphingosine (1, PS). Exactly, 3, which have the
properties to differ from 1 and 2, could be obtained
from the ionic bond between the negative (-) charge of
3-hydroxy (-OH) group of the dissolved 2 and the
positive (+) charge of amine (-NHz) group of 1, in the
controlled solution and could confirm the properties and
structure through the various precision equipment.

TLC used silica gel 60 plate (F 254) of prepared
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Figure 3. UV spectrum of SP-VC & vitamin C.

Table 1. Properties of SP-VC, Vitamin C & PS

SP-VC Vitamin C PS
Tm (T) 154~155 193~200 97~102
Td (C) 215~225 195~200 280~290
Rf (TLO) 0.35~040 0.20~0.25 0.65~0.70
UV abs. (nm) | 2685~269.0 | 2485~249.0 —

SP-VC became visible the one spot and confirmed the
distinction of Rf value with 1 and 2 in an identical
condition (eluent - CHCls : MeOH : water : acetic
acid). Based on this result, we could obtain the
characteristic peak of SP-VC through HPLC (Figure
DI15]. And the characteristic thermal properties of
SP-VC were measured through thermal analysis.

Figure 2 is the DSC curves of SP-VC, vitamin C,
and phytosphingosine. The melting point (Tw) of
SP-VC was measured in the range of 154~155C and
was confirmed in higher ranges than one of PS (102C)
owing to vitamin C that had a high melting point. We
measured the properties of SP-VC, PS, and vitamin C
in the same condition (Table 1). The degradation tem-
perature of vitamin C was known as equal with its Tm.

Figure 3 is the UV/vis spectra of SP-VC and
vitamin C. SP-VC has the UV absorbance owing to
vitamin C. However, the UV absorbance of SP-VC
was measured on higher wavelength, 2687nm, than
vitamin C because of phytosphingosine back-bone
(Table 1).

In order to confirm the structure of SP-VC, we
confirmed and analogized by 'H NMR, FT-IR spec-
trometer, elementary analysis, and MALDI TOF-MS
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Figure 4. 'H NMR spectrums of SP-VC, vitamin C & PS.
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Figure 5. FT-IR spectrums of SP-VC, vitamin C & PS.
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(time of flight-mass spectroscopy) to measure a
molecular weight. Respectively, Figure 4 and 5 is 'H
NMR and FT-IR spectrums of SP-VC, vitamin C and
PS. Through the assigned peaks, we could confirm the
structure of them. In 'H NMR spectrum, we could
assign the shifted proton peaks on account of being
combined two materials. And in FT-IR spectrum, we
could analogize the structure of SP-VC from C=0, C=C
and C-H absorbent band. Besides we measured C 58.3
*H 93N 28 O 295 (Cale. C 584' H 970 N 28 O
292) and 49258 (Calc. 49363) by using elementary
analysis and MALDI TOF-MS[13], respectively.

2.2. Free Radical Scavenging Effect by Using
DPPH (1,1-diphenyl-2-picryl hydrazyl)

To confirm the anti-oxidation effect of SP-VC, which

was considered vitamin C of typical anti—oxidant, we

tested the anti-oxidation effect of SP-VC, vitamin C,
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Figure 6. Anti-bacterial effect of SP-VC, vitamin C & PS.

Table 2. Comparison of Free Radical Scavenging Activity

Sample SC50 (ppm)
BHT 356.26
Vitamin C 6.85
PS —
SP-VC 21.48

PS, and BHT, one of the established anti-oxidants, as
using the DPPH method. All of them were tested three
times, respectively and measured SCH0. As the results
in Table 2, although the anti-oxidation effect of SP-
VC was a little inferior to vitamin C, it was superior
to BHT. As we know, phytosphingosine had no anti-
oxidation effect.

2.3. Anti-bacterial Activity Tests for P. acnes

As the results of an anti-bacterial test for the P.
acnes as concentration of them (SP-VC, PS, and
vitamin C), we could confirm that the MIC of SP-VC
and PS were 2% and 1%, respectively (Figure 6). All
of them were tested three times, respectively. We were
confirmed that the anti-bactenal effect of SP-VC was
better than PS of being improved about this effect.
And as the results that we tested SP-VC and the
typical anti-bacterial materials, we also could confirm
that SP-VC was better than them. And we couldn’t
find the anti-bacterial effect of vitamin C.

3. Conclusion

From the various analysis results, we could confirm
that the prepared SP-VC was the single substance and
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could improve the synthetic structure of SP-VC. And
the prepared SP-VC had the effects of the anti-
oxidation (Table 2) and anti-bacterial for P. acnes
(Figure 6). Based on these results, we could estimated
that SP-VC had the properties both of PS and vitamin
C. Therefore, we are investigating the effects of the
skin barrier strength, wound recovering, anti-aging,
and skin lightening as considering vitamin C and PS,
and are investigating the stability of SP-VC and its
conditions.

4. Experimental Section

In the study, the used L-ascorhic acid (vitamin C;
99.5%) was purchased from Aldrich. Phytosphingosine
(99%) was used as received from commercial sources.
The other reagents and solvents were used chemicals
grade. TLC was performed on plates coated with silica
gel (silica gel 60 F254, Merck). The spots were located
by UV light and indicator (1% phosphomolyhdic acid in
MeOH). Thermal analysis was measured of using a
Pekin Elmer TGA/DSC 7 series in the nitrogen atmo-
sphere at a heating rate of 10C/min. 'H NMR spectra
were recorded on a Varian 500 MHz spectrometer
(Unity Inora 500 NB) in DMSO-d6 and CDCI3 as a
solvent. FT/IR spectra (KBr pellets) and UV/Vis
spectra were measured on a Jasco FI/IR 410 and
Jasco V-570 spectrophotometer, respectively. In order
to measure the molecular weight, we used a MALDI
TOF-mass spectroscopy (Perseptive Brosystem L-1004).
Elementary analysis was performed with a CE instru—
ments EA-1110 elemental analyzer. General procedure
HPLC chromatogram was recorded on a Waters 2690
System with 996 Photo-Diode Array Detector (PDA,
Waters).

4.1. General Procedure

In a dry, 500 mlL, two-necked round-flask equipped
with a mechanical stirrer and a dropping funnel, 180 g
(57 mmol) phytosphingosine were added to 200 mL
mixing solution of methanol and chloroform (7:3 v/v).
The mixture were stirred until all the material dis-
solved. In the other 200 mlL flask, 100 g L-ascorbic
acid (0.057 mmol) were dissolved into 100 mL methanol.
This solution was titrated by using 01 N aqueous
KOH solution to pH 80. After stirring for 30 min, this
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solution was dripped slowly in the flask that was
placed phytosphingosine solution. After stirring for 30
min, this solution was transferred in dropping funnel
and then was dripped slowly at ambient temperature in
the round-flask that was placed the phytosphingosine
solution. The mixture were stirred vigorous for 2~3 h
at ambient temperature and the white precipitate ob—
tainedwas filtered, washed in mixing solution of
acetone and hexane (3:7). The collected materials were
dried in a vacuum oven. 25 g phytosphingosine ascor-
bate (SP-VC) were obtained (vield 86%).

mp=154TC, Rf=0.35~0.40 (CHCI3: MeOH: Water: Acetic
acid), Elemental analysis (C 583 : H93 : N 28 : O
295), TOF-MS (Mw=49258), '"H NMR (DMSO-d6, 500
MHz) 8 087~090 (s, 3H), 1.27~14 (s, 2H), 14~15
(m, 3H), 1.50~153 (m, 3H), 33~34 (s, 1H), 3.44~348
(s, 2H), 35~36 (m, 2H), 3.72~373 (m, 1H), 3.8~39
(m, 1H), 419~4.21 (m, 1H), 47 (s, 1H), 753~7.55 (m,
3H), FT-IR (KBr) 34124, 29187, 1749, 16536,
14685, 1379.8, 1322, 1140.7, 1073.2

4.2. Free Radical Scavenging Effect by using
DPPH

As Blois methods[14], the free radical scavenging
effect tests carried out using DPPH (Aldrich U.S.A) of
SP-VC, vitamin C, phytosphingosine, and BHT. Equal
volume samples were mixed 0.1mM DPPH solution (in
methanol) and stayed 10 min, and then detection with
UV spectrophotometer (570 nm).

4.3. Anti-bacterial Activity Tests for P. acnes

We tested anti-bacterial effect for P. acnes of
SP-VC in the anaerobic condition. P. acnes were
cultured and the activated for 72~96 h. The grew P.
acnes were put with SP-VC, PS and the anti-acne
effect materials as the concentration at the Gas—pak jur
in the incubator (37C). As the paper disc method, we
tested SP-VC, PS, and the using anti-acne materials
with anaerobic indicator envelope at gas—pak jur. This
test performed at incubator for 4~5 days[16-18,23].
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