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In this study, we present evidence that cotreatment of aloesin and arbutin inhibits tyrosinase
activity in a synergistic manner by acting through a different action mechanism. Aloesin or
arbutin similarly inhibited enzyme activity of human- and mushroom-tyrosinases with an
ICso value of 0.1 or 0.04 mM, respectively. Lineweaver-Burk plots of the enzyme kinetics
data showed that aloesin inhibited tyrosinase activity noncompetitively with a Ki value of
5.3 mM, whereas arbutin did it competitively (Maeda, 1996). We then examined whether
cotreatment of these agents inhibits the tyrosinase activity in a synergistic manner. The
results showed that 0.01 mM aloesin in the presence of 0.03 mM arbutin inhibited activity
of mushroom by 80% of the control value and the reverse was also true. The inhibitory
effects were calculated to be synergistic according to the Biirgi method. Taken together, we
suggest that aloesin along with arbutin inhibits in synergy melanin production by combined
mechanisms of noncompetitive and competitive inhibitions of tyrosinase activity.
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INTRODUCTION

Tyrosinase is a copper-containing mono-oxygenase (EC
1.14.18.1) that catalyzes the ortho-hydroxylation of
monophenols and the oxidation of o-diphenols to o-
quinones (Mason, 1965). The enzyme is responsible for
the conversion of tyrosine into dopa (3,4-dihydroxy-
phenyl-ananine) and in the synthesis of melanin (Pawelek
1976). Hyperpigmentation on human skin has been
shown to be caused by over-production of dermal
melanin pigment, which is synthesized in the melanocytes
by the action of tyrosinase. Thus, tyrosinase has been
extensively used as a target enzyme to search for
depigmenting agents (Morrison, 1985; Robert, 1989;
Shiroda, 1994; Maeda, 1991). A number of tyrosinase
inhibitor have been isolated and characterized for the
depigmenting action. For example, linoleic acid can
efficiently inhibit tyrosinase activity but exhibits a cytotoxic
effect (Meada, 1991). Hinokitiol, kojic acid, naturally
occurring hydroquinones and catechols were also shown
to inhibit the enzyme activity (Mishma, 1988; Smith,
1988). However, these compounds reveal not only weaker
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depigmenting effect than does arbutin, but also exhibit
some types of adverse side effects (Meada, 1991). Others
also reported that several vanillyl compounds, such as
ferulic acid, curcumin, and capsaicin can inhibit tyrosinase
activity (Shirota, 1994). Recently, aloesin, a chromone
derivative isolated from fresh leaf of Aloe vera, and
arbutin, a hydroquinone glycoside isolated from gvae grsi
folium strongly inhibit tyrosinase activity (Yagi,1987).
Albutin was reported to inhibit the enzyme activity
competitively (Meada, 1996). Other reports, by contrast,
have suggested that the inhibitory mechanism of alpha-
arbutin may be mixed type inhibition, while that of
beta-arbutin is non-competitive (Funayama, 1995). Here,
we present evidence that aloesin inhibits mushroom-
tyrosinase as well as human tyrosinase activity by non-
competitive inhibition mechanism, whereas arbutin does
it by competitive inhibition mechanism. On the basis
of these results, we determined whether cotreatment
of aloesin and arbutin can inhibit tyrosinase activity in
a synergistic manner. The results showed that aloesin
together with arbutin can synergistically inhibit tyrosinase
activity as evaluated by Biirgi method (Okabe, 1976)
and hence, the effective doses can be significantly
reduced for the same inhibitory activity against tyro-
sinase.
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MATERIALS AND METHOD

Materials

Aloesin (M.W: 394) was kindly provided by Namyang
Aloe Co. Ltd. Mushroom-Tyrosinase, general biochemicals
and chemicals were purchased from Sigma. L-[3,5-*H]-
Tyrosine was purchased from Amersham Corp. Calf
serum, Dulbecco's Modified Eagle's Medium (DMEM)
were purchased from Gibco BRL. sk-Mel | cells were
obtained from the Seoul National University Cancer
Center.

Tyrosinase assay

Tyrosinase activity was determined by Pomerantz method
(Korner, 1977) with a slight modification. The reaction
mixture tontained 0.1 U/ul mushroom-tyrosinase, 0.1 M
K,HPO,-KH,PO, (pH6.8) buffer, 0.02 uCi/ul (6x10°M)
L-3,5-*H}-tyrosine and indicated concentrations of aloesin,
arbutin, or aloesin/arbutin. The reaction mixture was
incubated at 37°C for 20 min, and then, 30 pl of
activated charcoal (50mg/ml in 0.2N HCl) was added.
This mixture was then mixed briefly with vortex mixer,
centrifuged at 15,000 g for 15 min. 50 pl of the su-
pernatant was mixed with 300 pl of activated Dowex 50
resin. After briefly centrifuging the mixture, radioactivity
in the supernatant was counted with liquid scintillation
counter. The synergistic inhibitory effect of aloesin and
arbutin on tyrosinase activity was evaluated according to
Biirgi method (Okabe, 1976). The synergistic inhibitory
effect of aloesin together with arbutin on tyrosinase
activity was calculated as followings: % activity=(A-C)/
(B-C)x100, in that A and B denote enzyme activities in
DPM in the presence and in the absence of inhibitors,
respectively, and C denotes DPM without adding enzyme.
When mxn > S, M and N, inhibitors are evaluated to
have synergistic effect on enzyme activity, in that m, n,
and S denote % of control activities tested with
inhibitors; M, N, and both M and N, respectively.

Cell cultures and purification of human melanoma
tyrosinase

sk-Mel-1 cells were cultured at 37°C under humidified
air with 5% CO, for 3 days in DMEM supplemented
with 5% calf serum. Human tyrosinase was purified as

Aloesin
Fig. 1. Structures of aoesin and arbutin.
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previously described (Wittbjer, 1990) with a slight mo-
dification. Cultured cells were harvested, washed with
0.9% of NaCl, and then, homogenized in the same
solution. After centrifugation at 40,000 g for 1 hour, the
pellet was lysed in buffer containing 0.1 M Tris-HCl, pH
7.5, 2.5% Triton X-100, and dialysed in buffer solution
containing 10 mM Tris-HCl, pH 7.5, 0.1 mM Triton X-
100 for 24 hour. Proteins were then, precipitated with
a gradient concentration of (NH,),SO,, and the fraction
of proteins precipitated with 40~60% saturation of
(NH,),SO, was taken for the subsequent experiments.
The pellet was dissolved and dialyzed in dialysis buffer.
After dialysis, tyrosinase was purified by Con-A-Sepharose
chromatography. The specific enzyme activity was 550
U/mg proteins.

RESULTS AND DISCUSSION

Dose-dependent inhibition of mushroom- and human
melanoma-tyrosinase activity by aloesin or arbutin

To examine whether aloesin or arbutin inhibits human
melanoma-tyrosinase activity as does mushroom-tyrosinase
activity, we determined the inhibitory effects of these
agents on human tyrosinase activity in a dose dependent
manner. The results showed that aloesin as well as
arbutin strongly inhibited the enzyme activity of mu-
shroom- and human melanoma-tyrosinase with a similar
dose-dependency (Fig. 2A and B). The data showed that
the 1C;, values of aloesin and arbutin against human-
tyrosinase activity were 0.1 and 0.04 mM, respectively
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Fig. 2. A: Dose-dependent inhibitory effect of aloesin or arbutin
on tyrosinase activity. Tyrosinase activity was determined by
Pormerantz method as described in materials and methods.
A: Inhibitory effects on mushroom tyrosinase activity. 1Cso
values were calculated to be 0.1 and 0.04 mM for aloesin and
arbutin, respecely. B: Inhibitory effect on human melanoma sk-
Mel-1 tyrosinase activity. Sk-Mel-1 tyrosinase was partially
purified from cultured sk-Mel-1 cells as described in Materials
and Methods. Specific activity of tyrosinase was 550 U/mg
proteins. 1Cs, values were calculated to be approximately 0.1
and 0.04 mM for aloesin and arbutin, respectively. Each
value represents the means of triplicate determinations+SE.
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(Fig. 2B), whose values were similar to those against
mushroom-tyrosinase activity (Fig. 2A). The results sug-
gested that aloesin and arbutin can similarly inhibit en-
zyme activity of both human melanoma- and mushroom-
tyrosinases.

Kinetic analysis of the inhibitory effect of aloesin on
tyrosinase activity

In the earlier reports, it has been suggested that arbutin
inhibits mushroom-tyrosinase activity competitively with
a Ki value of 2.01x107° M (Maeda, 1996). Here, we
examined whether aloesin can inhibit mushroom-tyro-
sinase activity with a similar inhibition mechanism. As
shown in Fig. 3, Lineweaver-Burk plots showed that
aloesin at 4x10* M and 8x10™* M could inhibit in
non-competitive manner the tyrosinase activity with a
Ki value of 5.25x10™ M. Under the same experimental
conditions, we also confirmed that arbutin can com-
petitively inhibit mushroom-tyrosinase activity with a
similar Ki value as previously reported (data not shown).
We also examined whether aloesin or arbutin can inhibit
human-tyrosinase activity with the same action mech-
anisms of these compounds shown against mushroom-
tyrosinase activity. The results showed that aloesin and
arbutin inhibit the human tyrosinase activity with similar
Ki values and the same inhibition mechanisms (data not
shown). The data suggested that aloesin and arbutin can
similarly inhibit the enzyme activity of -both mushroom-
and human-tyrosinases with the same action mechanisms
and potency.

Cotreatment of aloesin and arbutin inhibits tyrosi-
nase activity in a synergistic manner

Since aloesin and arbutin inhibit tyrosinase activity
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Fig. 3. A double-reciprocal plot of mushroom tyrosinase kinetics
in the absence or presence of aloesin, 0.4 or 0.8 mM. The
values represent incremental [PHIOH. Each value represents
the means of triplicate determinationstSE. Lineweaver-Burk Plots
indicate that aloesin inhibits tyrosinase activity noncompetitively
with Ki value of 5.25x10™ M.

with a different action mechanism, we tested whether
cotreatment of these compounds can synergistically inhibit
the enzyme activity by combined inhibitory action mech-
anisms. For this, we determined the enzyme activity in
the presence of a fixed concentration of arbutin, 0.03
mM with varying concentration of aloesin, or vice
versa (Table |, Fig. 4A and 4B). The results showed
that aloesin could synergistically inhibit in the presence
of 0.03 mM both mushroom- and human-tyrosinase
activity (data not shown for human tyrosinase activity)
(Fig. 4A). The data showed that 0.01 mM aloesin

Table 1. The synergistic effect of aloesin and arbutin on tyrosinase activity

Treatment Dose (mM) Inhibition rate (%) Incidence (%) Calculation for potentiation
Aloesin 0.00 0.045.7 100 5.7
0.01 19.0£1.0 81.0+1.0
0.03 23.0+1.8 77.0+1.8
0.10 48.5%13.4 51.511.4
1.00 91.241.0 8.8+1.0
Arbutin 0.00 0.0+£7.9 100 £7.9
0.01 40.9£1.9 59.1£0.9
0.03 54.210.9 45.810.9
0.10 62.410.3 37.620.3
1.00 83.9+1.0 16.1+£1.0
Aloesin+Arbutin 0.03+0.01 79.442.2 20.6+2.2 77.0x59.1=45.5>20.6
0.03+0.03 89.8+0.7 10.240.7 77.0x45.8=35.3>10.2
0.03+0.10 90.8+0.3 9.210.3 77.0x37.6=29.0> 9.2
Arbutin+Aloesin 0.03+0.01 76.4+3.8 23.613.8 45.8x81.0=37.1>23.6
0.03+0.03 89.8+0.7 10.210.7 45.8x77.0=35.3>10.2
0.03+0.10 95.510.4 4.510.4 45.8xX51.5=23.6> 4.5

*Enzyme assay was carried out under the conditions given in materials and methods. The values are meanstSE of three measure-
ments. The synergistic effects were evaluated according to Biirgi method.
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Fig. 4. The synergistic inhibitory effect of aloesin and arbutin on tyrosinase activity. Assays were carried out with mushroom
tyrosinase. A: Dose-dependent effect of aloesin on tyrosinase activity in the presence of 0.03 mM arbutin. B: Dose-dependent
effect of arbutin on tyrosinase activity in the presence of 0.03 mM aloesin. Each value represents the means of triplicate
determinations £ SE. The synergistic effects were evaluated according to Burgi method.

together with 0.03 mM arbutin inhibited the enzyme
activity by 86% as compared with the control value.
The inhibitory effect of aloesin at the same concent-
ration was 4.5-fold lower than that of cotreatment of
aloesin together with 0.03 mM arbutin. The reversed
experiments also showed the same results (Fig. 4B). To
evaluate whether the cotreatments may result in
synergistic inhibitory effects on tyrosinase activity, we
calculated the potentiation values according to the
Biirgi method. As shown in Table I, the mxn values,
potentiation values were larger than those of the
incidence values in all the concentrations of inhibitors
as indicated. Thus, it is evident that aloesin and arbutin
act through different inhibitory mechanisms and hence,
synergistically inhibit the enzyme activity by binding to
different acting sites. In the earlier reports, it has been
suggested that arbutin inhibits tyrosinase activity by a
mixed type- or competitive-inhibition (Funayama, 1995).
However, our data clearly demonstrated that arbutin
inhibits the enzyme activity by competitive inhibition
mechanism. The notion is supported by the results that
aloesin together with arbutin synergistically inhibits the
enzyme activity. Taken these data together, it is evident
that aloesin and arbutin, which are world-widely used
as whitening agents in cosmetics, efficiently inhibit both
human and mushroom-tyrosinase activity via acting
through non-competitive and competitive inhibition mech-
anisms, respectively. In addition, cotreatment of these
agents clearly showed a synergistic inhibitory effect on
the enzyme activity of human-and mushroom-tyrosinases.
Taken together, we suggest that aloesin along with

arbutin inhibit tyrosinase activity in a synergistic manner.
Thus, it is advantageous to use aloesin and arbutin as
a mixture for depigmenting effect, as the cotreatment
can cut down the effective doses of these agents for
the same inhibitory effect on tyrosinase activity and
can reduce potentially adverse side-effect.
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