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The inhibition of (R)-, (S)-, and (()-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acids (HTCCA)
on mushroom tyrosinase was evaluated. All HTCCAs inhibited the tyrosinase activity. The ID50 values
were 1.88, 1.84, and 1.88 for the (R)-, (S)-, and (()-HTCCAs, respectively. The inhibition kinetics
analyzed by Hanes-Woolf plots indicated that both (R)- and (S)-HTCCAs are competitive inhibitors
of the tyrosinase, with Ki values of 0.83 and 0.61 mM, respectively. Dimethyl sulfoxide (DMSO) was
also tested for its direct inhibitory activity against the tyrosinase and its potential influence on the
tyrosinase inhibitory effects of (R)- and (S)-HTCCAs. DMSO, a widely used solvent for tyrosinase
inhibitors, was found to dose-dependently inhibit the tyrosinase activity. Addition of DMSO in a
tyrosinase digest containing either (R)- or (S)-HTCCA further dose-dependently reduced the tyrosinase
activity. These data indicated a potential to use a HTCCA as a tyrosinase inhibitor in food, cosmetic,
and medicinal products and a need to improve the solvent system for the studies of tyrosinase
inhibitions.
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INTRODUCTION

Tyrosinase (EC.1.14.18.1), also known as the polyphenol
oxidase, is a copper-containing multifunctional oxidase that
catalyzes both the hydroxylation of monophenols to diphenols
and the oxidation ofo-diphenols too-quinones. Tyrosinase
widely exists in plants and animals and is involved in the
formation of melanin pigments (1-3). In the food industry,
tyrosinase is a very important enzyme in controlling the quality
and economics of fruit and vegetable storage and processing
including fruit pulp manufacturing (4, 5). Tyrosinase catalyzes
the oxidation of phenolic compounds to the corresponding
quinone and is responsible for the enzymatic browning of fruits
and vegetables. In addition to the undesirable color and flavor,
the quinone compounds produced in the browning reaction may
irreversibly react with the amino and sulfhydryl groups of
proteins. The quinone-protein reaction decreases the digest-
ibility of the protein and the bioavailability of the essential amino
acids including lysine and cysteine. Tyrosinase inhibition may
be a potential approach to prevent and control the enzymatic
browning reactions and improve the quality and nutritional value
of food products.

Tyrosinase also plays an important role in the developmental
and defensive functions of insects. Tyrosinase is involved in
melanogenesis, wound healing, parasite encapsulation, and
sclerotization in insects (6-8). Recently, the development of

tyrosinase inhibitors has become an active alternative approach
to control insect pests.

In addition, it is well-recognized that tyrosinase inhibitors
are important for their potential applications in medical and
cosmetic products that may be used to prevent or treat
pigmentation disorders (3, 9, 10). Tyrosinase inhibitors may
result in a reduction in melanin biosynthesis and are used in
cosmetic products for perpigmentation-related concerns includ-
ing the formation of freckles. Tyrosinase may also be a target
for developing medicines to treat hypopigmentation-related
problems, such as albinism and piebaldism (3). Other biological
functions of tyrosinase include the neuromelanin formation in
human brain and the melanoma specific anticarcinogenic activity
(1). Recent research indicated that tyrosinase could play a role
in dopamine neurotoxicity and contribute to the neurodegen-
eration associated with Parkinson’s disease (11).

The discovery and characterization of new tyrosinase inhibi-
tors are necessary for their potential applications in improving
food quality and nutritional value, controlling insect pests, and
preventing pigmentation disorders and other melanin-related
health problems in human beings. The mushroom tyrosinase
has been widely used as the target enzyme in screening and
characterizing the potential inhibitors. In the present study,
inhibitory effects of (S)- and (R)-6-hydroxy-2,5,7,8-tetrameth-
ylchroman-2-carboxylic acids (HTCCA) on mushroom tyrosi-
nase activity were examined and compared.
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MATERIALS AND METHODS

Materials. (S)-, (R)-, and (()-HTCCAs (98% pure for both), the
mushroom tyrosinase (EC.1.14.18.1), andL-3,4-dihydroxyphenylalanine
(L-DOPA) were purchased from Sigma-Aldrich (St. Louis, MO). All
other chemicals and solvents were of the highest commercial grade
and used without further purification.

Reaction Conditions for Kinetic Analysis.The tyrosinase reaction
mixtures contained 0.5-2.0 mML-DOPA, 0.1 M phosphate buffer (pH
6.8), and certain levels of (R)- or (S)-HTCCA in a total volume of 3.0
mL (1, 6). A total of 125 U of tyrosinase was added to initiate the
enzymatic reactions. The reactions were carried out at 25°C. The
increase in the absorbance at 475 nm, which accompanies the oxidation
of the L-DOPA, was measured at 0.5, 1.0, 1.5, and 2.0 min of the
enzymatic reaction. The effects of (R)- or (S)-HTCCA on the tyrosinase
activity were determined at final concentrations of 0.45 and 0.90 mM,
respectively. The initial velocity (Vi) of each reaction was determined
by a linear least squares determination of the slope of the line resulting
from the plot of the absorbance at 475 nm vs time. The kinetics analyses
of the reactions were obtained by using Hanes-Woolf plots ([S]/Vi vs
[S]) (12), while theKi for each HTCCA was obtained from the
secondary plot of the apparentKm against the inhibitor concentrations.
One unit (U) of the tyrosinase activity was defined as the amount of
the enzyme to increase 0.001 of the absorbance at 475 nm under the
experimental condition (1).

Determination of the ID50. ID50 is the required concentration of
(R)- or (S)-HTCCA to reduce the tyrosinase activity to 50% of that in
the control containing no inhibitor under the same experimental
conditions. Eight levels of each HTCCA were used to obtain the ID50

value against the tyrosinase. The enzymatic reaction mixture contained
0.8 mM L-DOPA, 0.1 M phosphate buffer (pH 6.8), 67 U/mL of the
tyrosinase, and a certain concentration of a HTCCA. The tested
concentrations of each HTCCA were 0, 0.19, 0.39, 0.58, 0.88, 1.22,
1.70, and 2.19 mM in a final total volume of 1.85 mL. The absorbance
at 475 nm was measured against a pure water blank at 0.5 and 1 min
of the reaction and used to calculate the tyrosinase activity. The ID50

of each HTCCA was obtained by plotting the percent tyrosinase activity
remaining under the experimental condition against HTCCA concen-
tration. Triplicate reactions were carried out for each level of a
HTCCA.

RESULTS AND DISCUSSION

HTCCAs are water soluble derivatives of vitamin E, contain-
ing the essential structural components observed in identified
tyrosinase inhibitors. There are a pair of enantiomers of HTCCA,
with a R or Sconfiguration on the C2 (Figure 1). HTCCA is a
water soluble analogue of vitamin E and has been used as a
water soluble antioxidant standard in a number of research
studies (3,14). In the present study, (R)- and (S)-HTCCA were
examined and compared for their inhibitory effects against the
mushroom tyrosinase. Both (R)- and (S)-HTCCA are competi-
tive inhibitors of the tyrosinase (Figures 2and3). Under the
experimental conditions, the apparentKm andVm of theL-DOPA
oxidation reaction catalyzed by the tyrosinase was 0.34 mM
and 0.21∆A475nm/min, respectively. TheKi values for both (R)-
and (S)-HTCCA were obtained from the secondary plots of the
Km

app of each inhibitor at each level against the inhibitor
concentration (Figure 4A,B). TheKi of (R)-HTCCA against

mushroom tyrosinase was 0.83 mM, which was greater than
the Ki (0.61 mM) of the (S)-HTCCA under the same experi-
mental conditions (Table 1). These results indicated that the
(R)-HTCCA has stronger tyrosinase affinity than the (S)
enantiomer, while the tyrosinase affinities of both HTCCA
isomers are lower than that ofL-DOPA, suggesting tyrosinases
may have stereoselectivity in binding substrates or inhibitors.
It was also noted that theL-DOPA concentration range (0.5-
2.0 mM) used in this study was greater thanKm, and further
kinetic studies using broader concentration ranges ofL-DOPA
(0.25-5Km) may be performed to more accurately determine
the inhibitory kinetics of HTCCA against the tyrosinase if
necessary (15).

The inhibitory capacities of the (R)-, (S)-, and (()-HTCCA
were determined within 1 min of the reactions when the
enzymatic reactions have reached their steady states and
expressed as the ID50 values. The ID50 is the level of each
HTCCA isomer required to reduce the tyrosinase activity to
50% of that in the control containing no inhibitor under the
same experimental conditions. No significant difference in the
ID50 values among the (R)-, (S)-, and (()-HTCCA against the
tyrosinase was observed in this study (Table 1). The results
from this research showed the potential utilization of (R)-, (S)-,
and (()-HTCCA as tyrosinase inhibitors in food, cosmetic, and
medicinal products. It needs to be noted that the measurements
of the ID50 values were not done at the equilibrium of each

Figure 1. Stereo structures of (R)- and (S)-HTCCAs.

Figure 2. Hanes−Woolf plots of mushroom tyrosinase and L-DOPA without
(O) and with (S)-HTCCA (0) 0.45 and (4) 0.90 mM. [S]/vi ) mM min
(∆A475nm)-1.

Figure 3. Hanes−Woolf plots of mushroom tyrosinase and L-DOPA without
(O) and with (R)-HTCCA (0) 0.45 and (4) 0.90 mM. [S]/vi ) mM min
(∆A475nm)-1.
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reaction, since melanin pigments are water insoluble and
precipitate from the reaction mixture upon formation. The
mushroom tyrosinase was selected for the present study due to
its availability. However, it has to be kept in mind that the
tyrosinases from individual sources may differ in their structures
and properties (4). In addition, becauseL-DOPA was used as a
substrate in this study, the inhibitory activities of all of the
HTCCA isomers discussed in this paper are against the
diphenolase activity of mushroom tyrosinase.

The effects of dimethyl sulfoxide (DMSO), a solvent widely
used to dissolve or help to dissolve tyrosinase inhibitors (1, 4),
on the tyrosinase activity and the tyrosinase inhibitory capacities
of (R)- and (S)-HTCCA were also determined in this research,
since we observed the potential influences of DMSO in
tyrosinase activity and the inhibitory effects of both HTCCA
enantiomers against mushroom tyrosinase in our preliminary
experiments. As compared to the control containing no inhibitor,
DMSO suppressed the tyrosinase activity at tested levels, 100
and 200µL in a total volume of 3.0 mL (Figure 5). The
inhibition of DMSO on the mushroom tyrosinase was dose-
dependent. Additions of DMSO at the two levels in the

tyrosinase digests containing (R)- or (S)-HTCCA resulted in
further inhibitions of the tyrosinase activity (Figure 5). The
influence of the DMSO on the inhibitory effects of both (R)-
and (S)-HTCCA against the tyrosinase was also dose-dependent.
These data suggest that it is essential to identify an alternative
approach for evaluating the hydrophobic compounds for their
potential tyrosinase inhibitory activity in an aqueous system.

In summary, this research evaluated the kinetic properties
and the capacities of both (R)- and (S)-HTCCA for their
potentials to inhibit mushroom tyrosinase activity. The results
indicated the potential to use the HTCCA as tyrosinase inhibitors
in food, cosmetic, and medicinal products, since HTCCA is a
water soluble vitamin E analogue and may have less safety
concerns. This research also indicated the possible interactions
between DMSO and other chemicals for their inhibitory
activities against a tyrosinase, suggesting that an improved
solvent system is needed for future research in the tyrosinase
inhibitions.
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Figure 4. Secondary plot of Km
app as a function of inhibitor concentration.

[(S)-HTCCA] and [(R)-HTCCA] stand for the concentrations of (S)- and
(R)-HTCCAs, respectively.

Table 1. Tyrosinase Inhibitory Activity of HTCCAs

compd
ID50

a

(mM)
Ki

(mM)
mode of
inhibition

(R)-HTCCA 1.88 0.83 competitive
(S)-HTCCA 1.84 0.61 competitive
(±)-HTCCA 1.88 N/Ab N/A

a ID50 is the initial concentration of a HTCCA to reduce the tyrosinase activity
to 50% of that in the control containing no inhibitor under the same experimental
condition. b N/A stands for not tested.

Figure 5. Effects of DMSO on mushroom tyrosinase and the inhibitory
activities of (R)- and (S)-HTCCAs. Cont ) the control containing no
inhibitor or DMSO; R and S stand for (R)- and (S)-HTCCAs at a
concentration of 0.90 mM, respectively; D1 and D2 stand for the final
levels of DMSO at 100 and 200 µL in a total volume of 3.0 mL,
respectively; RD1 and SD1 ) 0.90 mM (R)- or (S)-HTCCAs and 100 µL
of DMSO in a total volume of 3.0 mL, while RD2 and SD2 ) 0.90 mM
(R)- or (S)-HTCCAs and 200 µL of DMSO in a total volume of 3.0 mL.
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