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Abstract

This study was aimed to evaluate the kinetic properties and capacities of 95% ethanolic (GE95), 50% ethanolic (GE50) and water
(GWE) extracts from Graptopetalum paraguayense for their potential to inhibit mushroom tyrosinase activity. The results showed
that GE95, GE50 and GWE showed potent inhibitory effects on 1-3,4-dihydroxyphenylalanine (L-Dopa) oxidation catalyzed by
tyrosinase. It was found that the tyrosinase inhibitory activities of all the extracts increased with the increase of their concentrations.
The inhibition kinetics, analyzed by Lineweaver—Burk plots, revealed that G. paraguayense extracts showed a mixed-type inhibition
for mushroom tyrosinase when L-Dopa was used as substrate. A comparison of the ICsy and K; values showed that GE95 exhibited

the most effective inhibition of tyrosinase among the extracts.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Tyrosinase (monophenol, dihydroxyphenylalanine:
oxygen oxidoreductase EC 1.14.18.1) is a multifunc-
tional copper-containing enzyme present in microor-
ganisms, plants and animals. This enzyme is mainly
involved in the first two steps of melanin biosynthesis,
which consist of the hydroxylation of L-tyrosine
(monophenolase activity) and the oxidation of the
product of this reaction, the L-Dopa (diphenolase ac-
tivity), to the corresponding O-quinone (Seo, Sharma, &
Sharma, 2003). Tyrosinase is responsible for enzymatic
browning in plants, producing undesirable changes in
colour, flavour and nutritive values of plant-derived
foods and beverages (Friedman, 1996; Sanchez-Ferrer,
Rodriguez-Lépez, Garcia-Cdnovas, & Garcia-Car-
mona, 1995). In addition, tyrosinase is responsible for
the pigment melanin biosynthesis in human skin. Clini-
cally, various dermatological disorders, such as me-
lasma, freckles and age spots, result in epidermal
hyperpigmentation (Mosher, Pathak, & Fitzpatrick,
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1983). Recently, safe and effective tyrosinase inhibitors
have become important for their potential applications
in improving food quality and preventing pigmentation
disorders and other melanin-related health problems in
human beings (Maeda & Fukuda, 1991; Mosher et al.,
1983; Seo et al., 2003). Furthermore, tyrosinase inhibi-
tors are also important in cosmetics for skin-whitening
effects because lighter skin colour is preferred by many
countries and races (Dooley, 1997). As plants are rich
sources of bioactive chemicals, which are mostly free
from harmful side-effects, there is an increasing interest
in finding natural tyrosinase inhibitors from them. Some
potent tyrosinase inhibitors, such as cuminaldehyde
(Kubo & Kinst-Hori, 1988), oxyresveratrol (Shin et al.,
1998), kaempferol (Kubo & Kinst-Hori, 1999), querce-
tin (Chen & Kubo, 2002) and gallic acid derivatives (No
et al., 1999) have been isolated from various plants. In
addition to higher plants, a fungal metabolite, kojic acid
[5-hydroxy-2-(hydroxymethyl)-r-pyrone], has been dem-
onstrated to be a potent tyrosinase inhibitor and is ex-
tensively used as a cosmetic agent with an excellent
whitening effect (Chen et al., 1991b; Kahn, Ben-Shalom,
& Zakin, 1997).

Graptopetalum paraguayense E. Walther is a tradi-
tional Chinese herbal medicine-that belongs to the
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Crassvlaceae family. In folk medicine, it has several
health benefits, such as lowering of blood pressure, al-
leviating hepatic disorders and diuretic effects; further-
more, it is considered to have a skin-whitening effect.
However, little information is available about the effects
of G. paraguayense against mushroom tyrosinase activ-
ity. Therefore, the objectives of this study were to in-
vestigate the tyrosinase inhibitory effect of the water
(GWE), 50% ethanolic (GE50) and 95% ethanolic
(GED95) extracts from G. paraguayense. In addition, the
results were compared with those of the well-known
tyrosinase inhibitor, kojic acid.

2. Materials and methods
2.1. Chemicals

Mushroom tyrosinase (6050 units/mg), L-3,4-dihy-
droxyphenylalanine (L-Dopa) and kojic acid were pur-
chased from Sigma Chemicals Co. (St. Louis, MO). All
other chemicals were reagent grade or purer.

2.2. Preparation of the water (GWE), 50% ethanolic
(GES50) and 95% ethanolic (GE95) extracts from G.
paraguayense

The G. paraguayense were planted in pots and kept at
room temperature. The plant was harvested until the
leaves grew up to 5 cm long. Each 20 g of G. para-
guayense was extracted with 700 ml of 95% ethanol at 75
°C, 50% ethanol at 85 °C, or with distilled water at 100
°C for 3 h. The decoction was filtered and then dried by
a vacuum freeze-dryer. The extraction rates of the
GWE, GE50 and GE95 were 3.84%, 1.95% and 2.50%,
respectively. The extracts were sealed in plastic bottles
and stored at —70 °C until use.

2.3. Enzymatic assay of tyrosinase

The tyrosinase activity, using L-Dopa as substrate,
was measured according to the method of Kubo and
Kinst-Hori (1998) with slight modifications. First, 0.3 ml
of 2.25 mM L-Dopa solution was mixed with 0.27 ml of
25 mM phosphate buffer (pH 6.8) and incubated at 25
°C for 10 min. Then, 0.3 ml of each sample solution and
0.03ml of 400 units/ml mushroom tyrosinase in aqueous
solution (added last) were added, in that order, to the
mixture. This solution was immediately monitored for
the formation of dopachrome by measuring the linear
increase in optical density at 475 nm. One unit (U) of
enzymatic activity was defined as the amount of enzyme
increasing 0.001 absorbance per min at 475 nm in the
experimental condition.

Inhibition effects on the enzyme activity by test
samples were represented as % of inhibition. % inhibi-

tion = (1 — B/A) x 100, where 4 = AODy7s/min without
test samnle and B = AODy4;s/min with test sample.
Means of triplicates were determined. The 50% inhibi-
tion (ICs) of tyrosinase activity was calculated as the
concentrations of test samples that inhibited 50% of
tyrosinase activity under experimental conditions.

2.4. Kinetic analysis

The reaction mixture consisted of five difference
concentrations of L-Dopa (0.75-7.5 mM) as substrate
and mushroom tyrosinase in 25 mM phosphate buffer
(pH 6.8). Three different concentrations of GWE, GE50
or GE95 (0.25-2.0 mg/ml) were added to the reaction
mixture. Michaelis—-Menten constant (K,,) and maximal
velocity (Vmax) of the tyrosinase were determined by
Lineweaver—Burk plots.

2.5. Statistical analysis

All the assays to determine enzyme activity, the ty-
rosinase inhibitory effect of G. paraguayense and kojic
acid and the enzyme kinetics, were conducted at least
three times with three different sample preparations. All
data were expressed as means+ SD. Analysis of vari-
ance was performed by using SPSS (SPSS Inc. USA).
Duncan’s new multiple range test was used to determine
the difference of means, and p < 0.05 was considered to
be statistically significant.

3. Results and discussion

3.1. Effect of G. paraguayense extracts on the activity of
mushroom tyrosinase

Mushroom tyrosinase has been widely used as the
target enzyme for screening and characterizing potential
tyrosinase inhibitors. Because the mode of inhibition
depends on the structures of both the substrate and in-
hibitor, L-Dopa was used as the substrate in this study.
Therefore, the activity studied in this paper was con-
cerned with O-diphenolase inhibitory activity of mush-
room tyrosinase.

Fig. 1 shows the dose-response curve for the tyrosi-
nase inhibitory effect of the G. paraguayense extracts and
a well-known tyrosinase inhibitor, kojic acid. It was
found that all G. paraguayense extracts had potent in-
hibitory effects on Dopa oxidase activity of mushroom
tyrosinase and the inhibitory activities increased with
increase of extract concentrations. The results showed
that GE95 had the highest tyrosinase inhibitory activity
among the extracts, followed by GES50, and GWE had
the lowest. On the basis of the half-inhibition concen-
tration (ICsp) for the extracts, the GE95 had the highest
tyrosinase inhibitory ability as shown by the lowest
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Fig. 1. Dose-dependent inhibition of mushroom tyrosinase by extracts
from G. paraguayense and kojic acid. Tyrosinase activity was mea-
sured using L-Dopa as the substrate. Each value represents mean + SD
(n=23).

value of ICsy, while GWE showed the least ability
(Table 1). The GE9S5 is approximately 1.4 times and 3.5
times more effective than GES0 and GWE, respectively.
From a comparison of the ICsy values, the tyrosinase
inhibitory activity of kojic acid was found to be signif-
icantly more pronounced than those of G. paraguayense
extracts. To obtain 75% tyrosinase inhibitory activity,
the concentrations needed for GE95, GE50, GWE and
kojic acid were 1.76, 2.38, 7.07 and 0.03 mg/ml, re-
spectively. In other words, to reach a similar extent of
tyrosinase inhibitory effect, the concentration required
for G. paraguayense extracts was significantly higher
than that required for kojic acid. Although the anti-
tyrosinase abilities of the extracts were significantly less
than that of kojic acid, it was evident that the G. para-
guayense extracts did have potent tyrosinase inhibitory
activities.

3.2. Determination of the inhibition type of G. paraguay-
ense extracts on mushroom tyrosinase

The kinetic behaviour of mushroom tyrosinase dur-
ing the oxidation of L-Dopa was studied. Under the
experimental conditions, the apparent K, and Vy.x of

Table 1
Inhibition constants of the G. paraguayense extracts and kojic acid for
mushroom tyrosinase

Inhibitor 1Csy (mg/ml) K; Inhibition type
GE95 0.8040.02¢*  0.59 mg/ml mix
GES0 1.14 £0.05¢ 1.11 mg/ml mix
GWE 2.83+0.05¢ 1.84 mg/ml mix
Kojic acid 0.01 £0.00° 3.28 pg/ml mix

#Values are given as means +SD (n = 3).
b¢Means in the same column followed by different letters are signif-
icantly different (p < 0.05).

the L-Dopa oxidation reaction, catalyzed by the tyrosi-
nase, were 0.56 mM and 243 U, respectively. The Ky,
value was lower than the values reported by Chen and
Kubo (2002); however, it was higher than that for the L-
Dopa oxidation observed by Yu (2003). Different
enzyme preparations and assay methods could have
contributed to these differences in K, values (Chen
et al., 1991b).

The inhibition kinetics for the GE95, GES50 and
GWE were analyzed by Lineweaver—Burk plots as
shown in Figs. 2-4, respectively. The four lines, obtained
from the unhibited enzyme and from the three different
concentrations of G. paraguayense extracts, intersected
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Fig. 2. Lineweaver-Burk plots of mushroom tyrosinase and L-Dopa
without (@) and with [((D) 0.25 mg/ml, (A) 0.5 mg/ml and (A) 1.0 mg/
ml] 95% EtOH extracts from G. paraguayense. 1/V:1/AODy75 nm/min.
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Fig. 3. Lineweaver—Burk plots of mushroom tyrosinase and r-Dopa
without (@) and with [(() 0.5 mg/ml, (A) 1.0 mg/ml and (A) 2.0 mg/
ml] 50% EtOH extracts from G. paraguayense. 1/V:1/AODy75 nm/min.
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Fig. 4. Lineweaver-Burk plots of mushroom tyrosinase and L-Dopa
without (@) and with [(() 0.3 mg/ml, (A) 0.6 mg/ml and (A) 1.2 mg/
ml] water extracts from G. paraguayense. 1/V:1/AODy475 nm/min.

to the left of the 1/V axis above the 1/S axis.The results
indicated that all the G. paraguayense extracts exhibited
mixed-type inhibition for the oxidation of L-Dopa cat-
alyzed by mushroom tyrosinase. The mixed-type inhi-
bition implies that G. paraguayense extracts affected the
affinity of the enzyme for L-Dopa but did not bind at the
active site (Webb, 1963). The kinetic and inhibition
constants of G. paraguayense extracts are listed in Table
1. From the equilibrium constant for inhibitor binding,
K; of the extracts, it was clear that GE95 had the most
effective binding capacity to the enzyme as shown by the
lowest value of Kj, while GWE showed the least capac-
ity. In other words, GE95 showed the highest tyrosinase
inhibitory ability among the extracts, followed by GE50
and GWE, in decreasing order.

Kojic acid, a fungal secondary metabolite produced
by species of Aspergillus and Penicillium (Basappa,
Sreenivasamurthy, & Parpia, 1970; Manabe, Tanaka,
Goto, & Matsuura, 1984; Torrey & Marth, 1977) was
shown to inhibit mushroom tyrosinase activity (Chen,
Wei, & Marshall, 1991a; Chen et al., 1991b; Kahn &
Zakin, 1995). Kojic acid has been extensively used as a
medical agent for the treatment of some skin disorders
associated with hyperpigmentation. The inhibition ki-
netics for the kojic acid were also analyzed by Linewe-
aver—Burk plots as shown in Fig. 5. Kojic acid also
exhibited mixed-type inhibition for the oxidation of -
Dopa catalyzed by mushroom tyrosinase, in agreement
with the observations of Chen et al. (1991b). As the K in
Table 1 indicates, kojic acid showed much more effective
inhibition on tyrosinase than did G. paraguayense ex-
tracts. The K; was obtained as 3.28 ng/ml for kojic acid
and the value is approximately 180-times more potent
than that of GE95. Because the most effective inhibitory
component has not yet been isolated from G. para-
guayense extracts, it is apparent that crude G. para-

40 -

T’;_:j 30 -
E
E
=
w
S 20-
a
S
2
10 -

-2 -1 0 1 2 3 4 5
1/[S] (mM)’
Fig. 5. Lineweaver-Burk plots of mushroom tyrosinase and L-Dopa

without (@) and with [(O) 6.0 pg/ml, (A) 4.0 pg/ml and (A) 2.0 pg/ml]
kojic acid. 1/V:1/AODg75 nm/min.

guayense extracts do not exhibit superior activity to
kojic acid. However, safety is a primary consideration
for tyrosinase inhibitors, especially for those in food and
cosmetic products. From the previous data in our lab-
oratory, it appeared that G. paraguayense extracts are
safe in genotoxicity and exhibit antioxidative activities.
It is therefore clear that the most effective tyrosinase
inhibitory component in G. paraguayense is worthy of
further studies as a potential tyrosinase inhibitor.

4. Conclusions

This study implies a depigmentation effect of G
paraguayense extracts and shows dose-dependent
inhibitory effect on L-Dopa oxidation by mushroom
tyrosinase. A study of the kinetics of inhibition of
mushroom tyrosinase shows that the G. paraguayense
extracts are mixed-type inhibitors tyrosinase of the en-
zyme with L-Dopa as the substrate. The isolation and
the structural elucidation of the active constituents of
the extracts will provide useful leads in the development
of skin-whitening agents. Therefore, further research
works are focussing on isolating and identifying the ef-
fective tyrosinase inhibitory component in G. para-
guayense and its inhibitory effect on melanin synthesis
with defined cultured cells in vitro.
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