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Kojic acid–phenylalanine amide (KA–F–NH2), which showed an excellent tyrosinase inhibitory activity,
did not inhibit melanogenesis in melanocyte due to its low cell permeability. To enhance its cell perme-
ability by increasing lipophilicity, we prepared metal coordination compounds of KA–F–NH2 and charac-
terized them by FT-IR and ICP analysis. The metal complex of KA–F–NH2 inhibited mushroom tyrosinase
activity as much as KA–F–NH2 and reduced melanin contents in melanocyte efficiently.

� 2009 Elsevier Ltd. All rights reserved.
Cellular internalization of large molecule weight and hydro-
philic molecules is still a formidable challenge due to the nature
of plasma membrane. Although the biological barriers are neces-
sary to inhibit invasion of xenobiotics into cells, therapeutic agents
are limited to delivery at the targeted sites due to impermeability
of the barrier. In order to circumvent this problem, numerous
delivery methods have been intensively developed. For example,
the systems based on cationic lipids1,2 peptide bond modifica-
tion3,4 or cell-penetrating peptides5–11 have drawn a great deal of
attention. However, there have not been any studies addressing
the use of metal chelation.

Kojic acid (KA), which is a natural fungal metabolite, has been
extensively studied as a cosmetic material for skin whitening
and as a food additive to prevent enzymatic browning because
it acts as a potent metal chelator and a scavenger of free
radicals.12,13

In our previous study, we reported that kojic acid–tripeptide
amides (KA–FWY–NH2) demonstrated 100-fold tyrosinase inhibi-
tory activity compared to kojic acid itself.14 However, when KA–
FWY–NH2 was applied to cell system, they exhibited no melano-
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genesis inhibitory activity. Since we thought that the molecular
weight was too large to penetrate the cell membrane, kojic acid-
amino acid amide (KA–AA–NH2) library was also prepared to re-
duce molecular weight. Kojic acid–phenylalanine amide (KA–F–
NH2) did not inhibit melanin synthetic pathway at all in cell sys-
tem probably due to its poor cell-penetrating ability, although it
indicated the highest tyrosinase inhibitory activity as much as
KA–FWY–NH2 by mushroom tyrosinase inhibitory test.15 There-
fore, we prepared copper or zinc coordinated compounds to in-
crease the lipophilicity16 of KA–F–NH2 and evaluated its
melanogenesis inhibitory activity in cell system.

First, we obtained KA–F–NH2 (3) in 75% yield and 95% purity by
previously reported procedure17,18 from the Rink amide AM
SURE™ resin by acid cleavage condition. Cu–[KA–F–NH2] (4) and
Zn–[KA–F–NH2] (5) were obtained by the direct chelation meth-
od19,20 as green copper complex (4) and dull white zinc complex
(5) in 40% and 20% yield, respectively (Fig. 1).21 The molar ratio
of KA–F–NH2 (3) to metals was approximately 2, which is
characterized by inductively coupled plasma-atomic emission
spectrometer (ICP-AES) analysis.

Although kojic acid has been known to bind weakly to metallo-
enzymes such as tyrosinase in vivo, the chelation with free metals
proceeded relatively faster and tighter.22 Even though the com-
plexation between metal ion and kojic acid is reversible, its equi-
librium was shifted toward the complex formation due to its
solidified product.23
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Figure 1. Synthetic scheme. (a) synthesis of kojic acid-7-imidazolide (KA-Im, 2); (b) preparation of KA–F–NH2 (3), Cu[KA–F–NH2](4) and Zn[KA–F–NH2](5).
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The kojic acid derivatives (2, 3) and metal complexes (4, 5) were
characterized by FT-IR analysis. When the carbonyl group partici-
pates in bonding to copper(II) or zinc(II) ion, its stretching band
should be down-shifted. Thus, new bands at 1567 cm�1 and
1513 cm�1 appeared after copper coordination in the spectrum
(Fig. 2(d)). The bands that appeared at 1725 cm�1 of carbamate
bond and at 1678 cm�1 of amide C-terminus were unchanged,
which indicated that these carbonyl groups participated very little
in coordinating the metal complexation. The IR spectra of Zn–[KA–
F–NH2] (5) were very similar to those of Cu–[KA–F–NH2] (4)
(Fig. 2(e)).

To evaluate tyrosinase inhibitory activity of the metal complex
(4, 5), we performed a mushroom tryosinase inhibition test.24 Like
KA–F–NH2 (3), this showed much higher mushroom tyrosinase
inhibitory activity than KA (1) itself (Fig. 3). It is known that the ke-
tone group and hydroxyl group of KA (1) are coordinated with the
divalent copper ion at the active site of tyrosinase, and conse-
quently the enzyme is deactivated.25 Since Cu–O coordination are
competing between dinuclear copper of tyrosinase and copper of
Cu–[KA–F–NH2] (4), 4 revealed slightly lower activity than KA–F–
NH2 (3).

Prior to the evaluation of tyrosinase inhibitory activity in cell
system for metal complexes, we performed crystal violet assay26

in order to examine the complexes’ cytotoxicity. In fact, KA–F–
NH2 (3) and the metal complexes (4, 5) were not cytotoxic by con-
centration of 200 lM (Table 1).
Despite the fact that KA–F–NH2 (3) has more than 90% tyrosi-
nase inhibitory activity at 100 lM, there was no reduction in
melanin formation activity in cell system because its low lipophil-
icity did not allow penetrating the cell membrane. According to
Lipinski’s rule,27 KA–FWY–NH2 has low cell permeability because
its molecular weight is 682 Dalton and there are several hydrogen
bonding donors (OHs, NHs) and acceptors (Os, Ns). Although the
molecular weight of KA–F–NH2 (3) is only 332 Dalton, its C log P
value is �0.3254, which means that KA–F–NH2 (3) is too hydro-
philic to permeate the cell membrane. Due to the hydrophilic nat-
ure of 3, there was no melanin reducing activity in cell system.

In contrast, the metal complex (4, 5) reduced melanin levels in
Mel-Ab cell (Fig. 4).28 This result demonstrates that metal complex
of KA–F–NH2 (3), whose C log P values of 4 and 5 are 1.2536 and
1.4536, respectively, is able to penetrate cell membrane by
decreasing its hydrophilicity by metal chelation. This process
blocks hydrogen bonding donors and acceptors of KA–F–NH2 (3).
When the metal complexes penetrated the cell membrane and
reached the inside of melanocyte, coordinated metal ions would
be released and the resulting free KA–F–NH2 (3) would bind com-
petitively to the dinuclear copper in tyrosinase.

Cu–[KA–F–NH2] (4) exhibited its superior activity in cell system
as well as during the in vitro tyrosinase inhibition test. However,
Zn–[KA–F–NH2] (5) showed relatively weak depigmenting activity
in cell system compared to that of enzyme assay. This is probably
due to weaker Zn–O coordination ability than Cu–O coordination,



Figure 2. FT-IR spectra. (a) KA-Im (2); (b) phenylalanine amide; (c) KA–F–NH2 (3);
(d) Cu–[KA–F–NH2] (4); (e) Zn–[KA–F–NH2] (5).

Figure 3. Mushroom tyrosinase inhibitory activity; % Inhibitory activity was
measured after 10 lM (grey solid bars) or 100 lM (green solid bars) of each
sample, respectively. Each experiment was performed in triplicate and averaged.

Table 1
Cell viability in Mel-Ab cella

Concentration
(lM)

KA–F–NH2

(3)
Cu–[KA–F–NH2]
(4)

Zn–[KA–F–NH2]
(5)

1 96.6 (±3.4) 97.7 (±7.6) 106.0 (±0.9)
10 90.1 (±9.3) 103.6 (±11.1) 108.3 (±1.6)
50 105.3 (±1.4) 112.6 (±8.3) 108.3 (±1.8)

100 103.4 (±4.4) 104.8 (±7.9) 114.0 (±1.5)
200 102.4 (±7.3) 117.7 (±6.3) 113.3 (±5.5)

a Percent (%) of control (±S.D.).

Figure 4. Melanogenesis inhibitory activity in Mel-Ab cell; % Melanin contents
were measured after 10 lM (grey solid bars) or 100 lM (green solid bars) of each
sample, respectively. Black solid bar means the result of control sample without any
inhibitor. Each experiment was performed in triplicate and averaged.
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and Zn2+ ion is easily released before penetrating cell membrane
when Zn–[KA–F–NH2] (5) is treated on the cell. The general order
of metal complexes’ stability with oxygen is known as following;
Hg > Pd > Cu2+/Fe3+ > Ni>Co > Zn > Cd > Fe2+ > Mn > Mg > Ca.23 This
proves that Cu–[KA–F–NH2] (4) has better inhibitory activity in cell
system than Zn–[KA–F–NH2] (5).

In conclusion, the metal complexes of KA–F–NH2 exhibited po-
tent tyrosinase inhibitory activity both in vitro enzyme test and in
cell-based assay system. These results demonstrated that metal
complex formation could be applied as a delivery system for
hydrophilic molecules which have low cell permeability into cells.
In addition, these new materials can be used as an effective whit-
ening agent in the cosmetic industry or applied on irregular hyper-
pigmentation. Further investigations on various metal complexes
of kojic acid–amino acid derivatives are underway, and the results
will be reported elsewhere.
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