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Abstract—Transesterification of arbutin and undecylenic acid vinyl ester was catalyzed by alkaline protease, Bioprase, in dimeth-
ylformamide to get arbutin derivative having undecylenic acid at 6-position of glucose moiety, 6-O-undecylenoyl p-hydroxyphenyl
B-p-glucopyranoside. The reaction rate increased with increase of arbutin concentration, and when its concentration was 0.9 M, the
conversion rate was more than 90% under addition of 2 M undecylenic acid vinyl ester. The obtained arbutin ester significantly sup-

pressed melanin production in murine B16 melanoma cells.
© 2007 Elsevier Ltd. All rights reserved.

Cosmetics containing skin-whitening agents have at-
tracted the attention of women in Asian countries and
become best selling skin care products. Hyperpigmenta-
tion in the epidermis is caused by excessive melanin syn-
thesis. Tyrosinase is a rate-limiting enzyme, which is
used for the ultimate formation of melanin.! Therefore
tyrosinase inhibitors may have potential for treating
abnormal pigmentation disorders and for use as skin-
whitening agents in the cosmetic industry.> Many
researchers have tried to find tyrosinase inhibitors in cer-
tain plant extracts®® and naturally occurring com-
pounds.®8

Arbutin, p-hydroxyphenyl B-p-glucopyranoside, which
has been extracted from plants, is well known as a tyros-
inase inhibitor and has been widely used for skin whiten-
ing.” Arbutin has recently been reported to exert a
potent inhibitory effect on hydroxylation reaction of
tyrosinase.!? As one of the arbutin derivatives, a-arbutin
has been developed and commercialized in the cosmetic
industry.!! The other arbutin derivatives substituted at
6-position of glucose moiety in arbutin have been inves-
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tigated. Nakajima et al. reported the lipase-catalyzed
transesterification of arbutin and synthesized cinnomoyl
arbutin ester,'? and Kadokawa et al. synthesized hybrid
compound consisting of arbutin and kojic acid.'?

Regioselective acylation of carbohydrate with undecy-
lenic acid was carried out by lipase in hydrophilic organ-
ic solvents,'* and we discussed enzymatic synthesis of an
arbutin derivative having undecylenic acid ester, which
showed mushroom tyrosinase inhibiting activity in a
cell-free experiment.'> In the previous report, we did
not examine the conditions for efficient enzymatic syn-
thesis, that is, preparation yield, concentration and feed
rate of raw materials. In the present study, we examined
efficient enzymatic synthesis of the arbutin ester and fur-
ther evaluated the inhibitory effect on melanin synthesis
by a cellular experiment using B16 melanoma cells.

First, we investigated efficient synthesis of the arbutin
undecylenic acid ester using arbutin and undecylenic
acid vinyl ester catalyzed by Bioprase (Scheme 1), be-
cause increasing substrate concentration is important
for minimizing the size of the reaction vessel and saving
time in industrial scale synthesis.

The reaction was initiated in the 20 ml screw-capped
flask by adding 10 mg/ml Bioprase conc. (Nagase
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Scheme 1. Enzymatic synthesis of arbutin undecylenic acid ester in DMF by Bioprase.

Chemtex, Osaka, Japan), protease from Bacillus subtilis,
to 5Sml dimethylformamide and water (95:5, volume)
containing various concentrations of arbutin and
undecylenic acid vinyl ester. The suspension was stirred
at 130 rpm for 7 days at 40 °C. The reaction was termi-
nated by filtering off the enzyme, and the remaining
arbutin concentration was analyzed by HPLC. Arbutin
was detected by high performance liquid chromatogra-
phy (HPLC) with a refractive index detector. A carbo-
hydrate analysis column, TSK gel Amide-80
(TOSOH), was used with a mobile phase of mixture of
90% acetonitrile and 10% water at a flow rate of
1.0 ml/min.

To obtain the product, a scaled-up reaction was carried
out by use of 1.5 g Bioprase conc., 11.3 g (0.0415 mol)
arbutin, and 35 g (0.167 mol) undecylenic acid vinyl es-
ter in 150 ml of dimethylformamide/water (95:5, vol-
ume) at 40 °C. After 7 days reaction, the reaction was
terminated by filtering off the enzyme. The solvent was
evaporated and the product was separated by silica gel
chromatography with an eluent consisting of n-hexane/
ethyl acetate (1:10, v/v) to give colorless powder of 6-
O-undecylenoyl p-hydroxyphenyl B-p-glucopyranoside
(vield 10 g, 55%). Melting point of the product was
153-154 °C. The structure of the products was estab-
lished by '"H NMR (JEOL:JNM-EX270). DMSO-d;
was used as a solvent and trimethylsilane was used as
an internal reference. '"H NMR (DMSO-dq): & 1.237
(br s, 8H, (CH,)4-), 1.31-1.34 (m, 2H, -CH,~CH -
CH=), 1.49-1.52 (m, 2H, fCOfCHfCﬂf}, 1.99(q,
2H, J=7Hz, J=12Hz, -CH,-CH=), 2.28(t,
J=7Hz, -CO-CH,-), 3.13-3.26 (m, 3H, H-2,3,4),
3.48-3.52 (m, 1H, H-5), 4.05 (q, 1H, J =12 Hz, H-6),
430 (dd, J=2Hz, J=12Hz, H-6), 4.66 (d, 1H,
J=7.5Hz, H-1), 491-5.01 (m, 2H, -CH=CH,), 5.15
(br s, 1H, 4-OH), 5.23 (br s, 1H, 3-OH), 5.31 (br s,
1H, 2-OH), 5.75-5.81 (m, 1H, -CH=CH,), 6.65 (d,
2H, J =9 Hz, aromatic-H), 6.83 (d, 2H, J =9 Hz, aro-
matic-H), 9.01(s, 1H, aromatic-OH).

Figure 1 shows the effect of ratio and concentration of
arbutin and undecylenic acid vinyl ester on the enzy-
matic transesterification catalyzed by Bioprase. The con-
version rates of these reactions reached a plateau after 4
days’ reaction, probably because the enzyme was inacti-
vated in the reaction mixtures. Hence, the reaction
should be completed within 4 days. The reaction can

be accelerated by increasing the enzyme concentration
and/or the substrate concentration. From the practical
viewpoint, the latter way is better.

The reaction rates of transesterification increased with
increase of the molar ratio of undecylenic acid vinyl
ester against arbutin. Excess undecylenic acid vinyl ester
is wasted in the reaction from the viewpoint of process
economy. At a high concentration of arbutin (0.9 M)
near saturated concentration of arbutin in DMF, the
reaction proceeded in the presence of even 2 M equiva-
lent of undecylenic acid vinyl ester, and more than
90% conversion rate was obtained at 4 days’ reaction.

B16 murine melanoma cells were cultured in Dulbecco’s
MEM supplemented with 10% heat-inactivated (56 °C,
30 min) fetal bovine serum at 37 °C in a humidified
atmosphere containing 5% CO,. Fifteen microlitres of
DMSO solution with or without the arbutin ester was
added to the culture medium (15 ml) 24 h after cell seed-
ing (5x 10° cells/75 cm? dish). After 6 days of culture,
the cells were harvested and the cell weights were deter-
mined. Melanin content was measured using the method
of Masamoto with slight modification.!® Melanoma cells
were pelleted by centrifugation at 1500g for 5 min and
then washed twice with phosphate-buffered saline. After
further centrifugation, the supernatant was removed by
decanting and the precipitated cells were solubilized
with 1 ml of 1 M NaOH for 24 h in a capped test tube.
The absorbance was measured at 400 nm, and the mela-
nin content was calculated (A400/g-cell).

Dose-dependent inhibitory effect of the arbutin ester in
cultured B16 melanoma cells is shown in Figure 2. The
growth rate of B16 melanoma cells was not significantly
altered after 6 days of incubation in the 0.1-10 mM con-
centration range of arbutin and 0.001-0.1 mM of the
arbutin ester, although the number of cells that adhered
to the plates seemed to decrease at the highest concen-
tration of both samples. After 6 days of incubation with
the arbutin ester 0.1 mM, the melanin production de-
creased to approximately 30% compared with that in
control cells, while arbutin 0.1 mM did not affect mela-
nin production.

Tyrosinase catalyzes three distinct reactions in seven
step of eumelanin (black type melanin) synthesis: (1)
the hydroxylation of tyrosine to 3,4-dihydroxyphenylal-
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Figure 1. Effect of ratio and concentration of arbutin and undecylenic acid vinyl ester on the enzymatic transesterification catalyzed by Bioprase.
Arbutin 0.3-0.9 M, undecylenic acid vinyl ester 0.3-2.7 M, Bioprase conc 10 mg/ml, DMF (5% water).
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Figure 2. Effect of arbutin and arbutin undecylenic acid ester on the
melanin synthesis in a cultured B16 melanoma cell.

anine (DOPA) (monophenolase); (2) the oxidation of
DOPA to DOPA quinone (o-diphenolase); and (3) the
oxidation of 5,6-dihydroxy indole to indole-quinone.
The remaining steps can proceed spontaneously at phys-
iological pH.?

The cellular experiment involves some additional factors
(reaction time, availability of a cofactor, and penetra-
tion through the cell membrane) to eliminate the inhib-
iting activity on melanin synthesis as compared with the
cell-free experiment. We previously reported that the
arbutin ester exhibited inhibition of oxidation by tyros-
inase.!> In considering the mechanism of the arbutin
ester action, it is reasonable to assume that the arbutin
ester easily penetrates and hydrolyzes to arbutin in the
cells to display antimelanogenic activity.

In conclusion, we could shorten the reaction time and
increase the product by increasing the substrate concen-
tration. Further, the arbutin ester decreased melanin
production efficiently compared with arbutin. Arbutin
has been used as a whitening agent for a long time.
The arbutin ester described in this paper would be
expected to be one of the second generation of arbutin
derivatives having a higher antimelanogenesis activity.
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