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PR China, and ?Institute of Chinese Materia Medica, Shanghai University of TCM, Shanghai, 201203, PR China

Abstract

Tiliroside was found to inhibit both monophenolase and diphenolase activity of mushroom tyrosinase. The
lag time of tyrosine oxidation catalyzed by mushroom tyrosinase was obviously lengthened; 0.337 mM of tili-
roside resulted in the lag time extension from 46.7s to 435.1s. A kinetic analysis shown that tiliroside was a
competitive inhibitor for monophenolase and diphenolase with K values of 0.052 mM and 0.26 mM, respectively.
Furthermore, tiliroside showed 34.5% (p < 0.05) inhibition of intracellular tyrosinase activity and 54.1% (p < 0.05)
inhibition of melanin production with low cytotoxicity on B16 mouse melanoma cells at 0.168 mM. In contrast,
arbutin displayed 9.1% inhibition of cellular tyrosinase activity and 29.5% inhibition of melanin production at the
same concentration. These results suggested that tiliroside was a potent tyrosinase inhibitor and might be used

as a skin-whitening agent and pigmentation medicine.

Keywords: Raspberry; tiliroside; Rubus chingii hu; mushroom tyrosinase; inhibition mechanism; B16 mouse

melanoma cells; melanin

Introduction

Driven by rising people interest and demand for skin whit-
ening, increasing researches have focused on screening skin
whitening agents to suppress accumulation of melanin.
Furthermore, the over production and accumulation of
melanin pigment in the skin can result in a large number
of skin problems including chloasoma dermatitis, freckles,
and geriatric pigment spots [1]. And they are also the com-
mon aesthetic problems. Melanin biogenesis, stimulated
by ultraviolet radiation, widely occurs in insects, animals
and plants through free-radical mechanism [2]. During
the melanogenesis, tyrosinase (EC 1.14.18.1) containing a
binuclear copper cluster is the key enzyme to catalyse the
rate-limited steps of pigmentation [3]: the hydroxylation of
tyrosine to 3, 4-dihydroxyphenylalanine (DOPA) and the
oxidation of DOPA to dopaquinone. Many chemicals from
artificial or natural sources were reported as tyrosinase
inihibitors to block melanogenic pathways. Apart from
avoiding UV exposure, application of tyrosinase inhibitors
may be the least invasive procedure for maintaining skin
whiteness [4]. Recently, tyrosinase inhibitors are becoming

increasingly important in cosmetic products that promote
skin-whitening [5]. Many of products are being developed to
control melanogenesis with the similar principles.

Natural tyrosinase inhibitors, such as the flavonoids, are
generally considered to be free of harmful side effects [6, 7]
and show significant inhibition of tyrosinase activity [8].
Raspberry, the fruit of Rubus chingii Hu (Rosaceae, Rubus),
has been used traditionally to treat impotence, prospermia,
enuresis with renal asthenia and gonobolia [9]. Tiliroside,
as the acylated flavonoid of Rubus species [10], possessed
anti-oxidative [11], anti-inflammation [12], anti-microbial
activity [13], UV-protectant [14] and cytotoxic activity against
human leukaemic cell lines [15].

In addition, tiliroside was reported to show inhibitory
effect on diphenolase activity of tyrosinase [16]. However,
the inhibition mechanism on tyrosinase, and the medicinal
effect on B16 mouse melanoma cells (B16 cells) remained
unclear. Further works are necessary to provide more bio-
logical evidence before the application of tiliroside. In our
works, tiliroside was first purified and characterized from
raspberry. The inhibitory effect on monophenolase activity
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by tiliroside was investigated. And the kinetic study of the
inhibition of the monophenolase and diphenolase activ-
ity of tyrosinase by tiliroside was carried out. Furthermore,
its inhibitory effect on tyrosinase- and melanin-reducing
activities in B16 cells was also investigated as intracellular
evidence.

Materials and methods

Chemicals

Tyrosinase from mushroom (EC 1.14.18.1, T3824, tyrosi-
nase activity 5460U/mg solid) was purchased from Sigma-
Aldrich (St. Louis, USA). DMEM Medium (high glucose)
was from GIBCOBRL, Grand Island (NewYork, USA), tyro-
sine, L-3,4-dihydroxyphenylalanine (L-DOPA) from Qiude
biotech Ltd. (Shanghai, China), Fetal bovine serum (FBS)
from Hangzhou Sijiqing Co., Ltd. (Hangzhou, China), 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) from Bioseen Technology, Inc. (Shanghai, China),
Triton X-100 from Xitang biotech Ltd. (Shanghai, China) and
dimethyl sulfoxide (DMSO, analytical grade) from Shanghai
Chemical Co. (Shanghai, China). Tiliroside was isolated
and purified in our lab with individual purity no less than
98% (HPLC assay, UV detection). The water used was re-
distillated and ion-free.

Extraction and isolation of tiliroside

Tiliroside was isolated from the ethanol extract of raspberry.
Briefly, dried raspberry (10kg) was extracted with 95% etha-
nol three times at room temperature. The ethanol extract was
concentrated under reduced pressure. Then, the suspension
of the extract in deionized water was liquid-liquid extracted
by petroleum ether and acetic ether in sequence. The acetic
ether phase (170g) was fractionated by silica gel column
chromatography and eluted with CHCI,-MeOH using gradi-
ent elution (100:0; 50:1; 20:1; 12:1; 5:1; 3:1; 2:1; 0:1). A total
of 106 Frs. (500mL each) were collected. The combined
fraction (Frs. 52-61) was further purified by using Sephadex
LH-20 eluted with methanol twice, and then recrystalized in
methanol to finally obtain tiliroside (232 mg). Spectral dates
were identical to the previously report [17]. Its individual
purity was no less than 98% (HPLC assay, UV detection).

Assay of extracellular tyrosinase activity

The monophenolase and diphenolase activity assay was
performed with modification as reported by Chen et al.
[18]. Tyrosine was used as substrate in the monopheno-
lase activity assay, and L-DOPA in the diphenolase activity
assay, respectively. Tiliroside was first dissolved in DMSO
at 33.656mM and then diluted to different concentrations
with DMSO. The reaction media (200 L) for activity assay
adapted to a 96-well plate: each sample (40 nL ) was first
added to the 96-well plate, and then 130 p.L 0.5 mM tyrosine
or L-DOPA in 50 mM Na,HPO,-NaH,PO, buffer (pH 6.6) was
added to the reaction system. At last, 30 wL. mushroom tyro-
sinase was added to start the enzymatic reaction. The final
concentration of mushroom tyrosinase was 1.334 pg/mL
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for the monophenolase activity and 3.000 pg/mL for the
diphenolase activity. The test mixture was incubated for
20min at 30 °C and absorbance at 490 nm was measured by
a Sunrise absorbance microplate reader (Tecan Trading AG,
Switzerland). The absorbance of the same mixture without
tiliroside was used as blank control. The inhibition type was
assayed by the Lineweaver-Burk plot, and the inhibition
constant (K) was determined by the slope versus the con-
centration of the inhibitor [19]. Activity of mushroom tyrosi-
nase was calculated as % relative activity = B/AX100, where

A = AOD,,, in 20min without tiliroside and B = AOD,,
in 20 min with tiliroside.
Cell culture

The B16 cells were purchased from Chinese Type Culture
Collection (Shanghai Institute of Cell Biology, Chinese
Academy of Science, Shanghai, China). The cells were cul-
tured in complete DMEM medium (high glucose) contain-
ing 10% dialyzed heat inactivated FBS, penicillin (100 U/mL)
and streptomycin (100U/mL) in a humidified atmosphere
with 5% CO, at 37 °C.

Assay of cell viability

The cell viability of B16 cells was determined using the MTT
method [20]. The cells were plated at a density of 1 X 10°
cells/well (96-well plates) and cultured for 12h. Tiliroside
was added and incubated for 72h. The plates were read with
an automated Bio-Rad 550 microtiter plate reader (Bio-Rad
Laboratories, CA, USA) at 570nm for the reading and at
655nm for the reference wavelength. 0.5% DMSO medium
was used as negative control and arbutin was used as posi-
tive reference.

Assay of intracellular tyrosinase activity

Tyrosinase activity was measured as reported previously
[21, 22], with slight modification. Briefly, the cells were
plated at a density of 1 X 10° cells/well (96-well plates), and
then treated with tiliroside for 72h. The cells were washed
with potassium phosphate buffered saline (PBS, pH 6.8)
twice and lysed with PBS containing 1% Triton X-100. The
cells were shaken for 5min, then frozen at -20 °C for 2h, and
disrupted by thawing at room temperature. At last, 100 wL
of 0.5 mM L-Dopa was added to a 96-well microplate. After
incubation at 37 °C for 2h, the absorbance of samples was
measured at 490 nm with automated Bio-Rad 550 microtiter
plate reader. Arbutin was used as reference. The percentage
ofinhibition was calculated as follows: % inhibition = (A-B) /
A X 100. A: OD at 490 nm with 0.5% DMSO medium; B: OD
at 490 nm with test sample.

Assay of melanin content of melanocytes

The assay was followed as reported previously [23, 24, 25],
with slight modification. The B16 cells were plated at a density
of 1X10° cells/well (96-well plates) and treated with tiliro-
side for 72h. After 3-day culturing, the cells were washed with
PBS for twice. 100 pL of ethanol-ethyl ether (1:1) were added
to 96-well microplate in order to dissolve the insolubilities.
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Then, the microplate was kept at room temperature for
15min. After the organic solvents were removed, cell pellets
were dissolved in 150 pL 1M NaOH-10% DMSO solution
(v/v) at 80 °C for 3h, and then kept at 37 °C overnight. The
absorbance was measured at 405nm using a Bio-Rad 550
microtiter plate reader. 0.5% DMSO medium was used as
negative control and arbutin was used as positive reference.

Statistical analysis

All the experiments were run at least three times. SPSS 13.0
(SPSS Inc., Chichago, USA) was used for all the statistical
analysis: all experiment data were presented by their calcu-
lated means and standard deviation in descriptive statistical
analysis. The comparison between groups was comple-
mented by method of pairwise t-test. Values of p <0.05 were
considered to be significant.

Results and discussion

The effect of tiliroside on monophenolase activity of
mushroom tyrosinase

The different concentration of tiliroside was examined
for its effect on the monophenolase activity of mushroom
tyrosinase on substrate, tyrosine. The kinetic course of the
oxidation of tyrosine in the presence of different concentra-
tions of tiliroside was shown in Figure 1. As a characteristic
of monophenolase activity, there was a lag period occurred
simultaneously to the appearance of the stable product,
dopachrome. The reaction system reached a steady-state
rate after the lag period, which was estimated by extrapola-
tion of the linear portion of the product accumulation curve
to the abscissa [26]. The lag period increased with increas-
ing of concentration of tiliroside. When the concentrations
of tiliroside were 0, 0.021, 0.042, 0.084, 0.168, 0.337mM,
the lag times were 46.7, 129.3, 174.4, 248.8, 339.5, 435.1s5,
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Figure 1. Process curves for the inhibition of monophenolase of mush-
room tyrosinase by tiliroside. Tyrosine was a substrate. The reaction was
done in 50mM Na,HPO,-NaH,PO, buffer, pH 6.6, at 30 °C in the presence
of different concentrations of tiliroside for curves 1-6 were 0, 0.021, 0.042,
0.084, 0.168 and 0.337 mM, respectively. The final concentration of mush-
room tyrosinase was 14.934 p.g/mL.

respectively. When the concentration of tiliroside increased
from 0 to 0.337mM, the lag time was prolonged from 46.7 to
435.1s, which lengthened about ten times. On contrary, the
steady-state rates which were the slopes of the line parts of
the process courses, decreased with increasing of concentra-
tion of tiliroside. The result showed that tiliroside inhibited
the monophenolase activity and lengthened the lag phase.
In the catalysis of tyrosinase, there were three existing forms:
E_  (met-tyrosinase), E, (oxy-tyrosinase) and E deory (deoxy-
tyrosinase). E_  can catalyze both diphenol substrates and
monophenol substrates while E__ can only catalyze diphe-
nol substrates [27, 28]. When E_ form binds with monophe-
nol, the system will produce the dead-end complex E__M
[29]. Tiliroside might combine with E__ to form dead-end
complex, which resulted in the prolongation of lag time.
In addition, the inhibitory effect could be explained by the
structural similarity between inhibitor and tyrosinase [30].
Tiliroside and the amino acid tyrosine (Figure 2) have a simi-
lar skeleton, which possibly explained the inhibitory effect
of tiliroside on monophenolase.

Inhibition type and inhibition constant of tiliroside on the
monohenolase activity of mushroom tyrosinase

The steady-state rates of oxidation reaction of tyrosine by
the enzyme followed Michaelis-Menten kinetic. The kinetic
studies of the enzyme by the plot of Lineweaver-Burk were
shown in Figure 3. Double-reciprocal Lineweaver-Burk
plots for tiliroside yielded a family of straight lines intersect-
ing nearly on the vertical axis. The values of K _ increased
with increasing inhibitor concentration. Tiliroside seemed
to show competitive inhibitory activity. The plot obtained
from different slopes versus inhibitor concentrations was
shown in the inset of Figure 3. It was used to estimate inhi-
bition constant for free enzyme. The inhibition constant
(K) was 0.052mM. The Michaelis-Menten (K ) was deter-
mined to be 3.93mM. The inhibition mechanism of tiliro-
side on the monophenolase activity of tyrosinase may also
be explained by the structural similarity between tiliroside
and the amino acid tyrosine (Figure 2). They have a similar
skeleton and thus possibly acting as a competitive substrate
to tyrosine.

Inhibition type and inhibition constant of tiliroside on the
diphenolase activity of mushroom tyrosinase

The kinetic behavior of mushroom tyrosinase during the
oxidation of L-DOPA has been studied. In the presence
of tiliroside, the kinetic studies of the enzyme by the plot
of Lineweaver-Burk were shown in Figure 4. The results
showed that tiliroside was a competitive inhibitor because
increasing the concentration resulted in a family of lines
with a common intercept on the 1/v axis but with different
slopes. According to the competitive inhibition, tiliroside
inhibited the diphenolase activity of tyrosinase by combin-
ing with the active site of the enzyme. The oxidation reac-
tion of L-DOPA conformed to Michaelis-Menten kinetics
formula and the Michaelis-Menten (K ) was calculated as
1.28mM. The plot obtained from different slopes versus
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Figure 3. Lineweaver-Burk plots for inhibition of tiliroside on the oxidation of tyrosine by mushroom tyrosinase. Tyrosine was a substrate. The reaction
was done in 50 mM Na,HPO,-NaH,PO, buffer, pH 6.6 and at 30 °C in the presence of different concentrations of tiliroside for curves 1-5 was 0, 0.042,
0.084, 0.168 and 0.337mM, respectively. The final concentration of mushroom tyrosinase was 14.934 pg/mL. The inset was the secondary plot of the

slope versus concentration of inhibitor (tiliroside).

inhibitor concentrations was shown in the inset of Figure 4.
It was used to estimate inhibition constant for free enzyme.
The inhibition constant (K) was 0.26 mM. The K; of arbutin
for the diphenolase activitywas 2.98 mM [31]. It denoted that
tiliroside was more effective inhibitor of the diphenolase
activity than arbutin, had been reported to have inhibitory
activity and widely used in cosmetic industry as whitening
composition [32, 33].

Noticeably, tiliroside (kaempferol-3-O-B-D-(6"-E-p-
coumaroyl)-glucopyranoside) derives from kaempferol,
which also proved to be a tyrosinase inhibitor, possessing
the ability to chelate one copper in the binuclear activity
center of tyrosinase [34, 35, 36]. Kamepferol inhibits the
enzyme competitively and the inhibition mechanism is a
classical competitive type. The presence of hydroxyl groups
at positions 5, 7 and the 4-oxo group in the tiliroside mol-
ecule can chelate copper in tyrosinase [12]. In addition, the
free hydroxyl groups helped to bind the activity site of tyro-
sinase. This, however, did not rule out the possibility that the
structural formula of tiliroside was associated in part with
this mechanism of inhibition.

MTT assay

The MTT assay was performed to evaluate the cytotoxicity
of tiliroside on B16 cells. This cell viability test was aimed at
finding a relative safe dosage for further intracellular deter-
mination of melanin formation in B16 cells. In this study,
different concentrations of tiliroside were examined by the
MTT assay. As shown in Table 1, tiliroside gave relatively
lower cytotoxicity with cell viablity about 80% in 0.168 mM,
which had similar effects with arbutin at the same concen-
tration. Based on the results of the MTT test, tiliroside was
further examined for inhibition of intracellular tyrosinase
activity and melanin content.

The inhibitory activities of tiliroside against tyrosinase
and melanin biogenesis in B16 cells

Based on the results of the MTT test, the concentrations
ranging from 0.011 to 0.168 mM of tiliroside were chosen for
tyrosinase- and melanin-reducing activities. Arbutin was
used as positive control. The results are shown in Table 2.
The results suggested that tiliroside had inhibitory effect on
intracellulartyrosinase activityand showed dose-dependent
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Figure 4. Lineweaver-Burk plots for inhibition of tiliroside on the oxidation of L-DOPA by mushroom tyrosinase. L-DOPA was a substrate. The reaction
was done in 50 mM Na,HPO,-NaH,PO, buffer, pH 6.6, at 30 °C in the presence of different concentrations of tiliroside for curves 1-5 was 0, 0.042, 0.084,
0.168 and 0.337mM, respectively. The final concentration of mushroom tyrosinase was 3.000 pg/mL. The inset was the secondary plot of the slope

versus concentration of inhibitor (tiliroside).

Table 1. The cell viability of tiliroside and arbutin on B16 cells
(Mean = SD, %).

Cell survival (Mean * SD, %)

Table 2. The tyrosinase- and melanin-reducing activities of tiliroside on
B16 cells.

Concentration (mM) Tiliroside Arbutin

0 100 = 0.00 100 * 0.00
0.011 97.4+0.02 99.7 +0.03
0.021 96.8 +0.20 97.2+0.30
0.042 93.8 +0.01* 97.0 * 0.40
0.084 89.5 +0.02* 92.1 +0.03*
0.168 78.9 +0.01* 82.9 +0.01*

Viability of medium-treated cells was set to 100%.
Differences in data were evaluated for statistical significance (p<0.05)
using the t-test.

bioactivity, which was consistent with its extracellular
activities. In contrast, arbutin, at the same level (0.168 mM),
showed lower inhibition. When the reduced melanin con-
tent of tiliroside was examined, a similar dose-dependent
inhibition was observed (Table 2). Treatment with tiliroside
at a concentration of 0.168mM resulted in a significant

Intracellular Melanin production

Concentration tyrosinase inhibition inhibition
Sample (mM) (Mean = SD, %) (Mean = SD, %)
Tiliroside 0.011 5.7 +0.15* 14.5 + 0.02*
0.021 12.9 +0.01* 17.5 +0.01*
0.042 14.8 +0.04* 21.2+0.02*
0.084 24.5+0.03* 40.4+0.03*
0.168 34.5+0.01* 54.1+ 0.04*
arbutin 0.011 5.2+ 0.04* 2.2+0.02
0.021 6.0 +0.03* 12.2 +0.04*
0.042 7.1+0.02* 15.8 + 0.03*
0.084 7.6 +0.04* 18.0 +0.01*
0.168 9.1+0.02* 29.5+0.01*

Percentage of tyrosinase inhibition and melanin production inhibition
were result from compared with medium-treated group.

Differences in data were evaluated for statistical significance (p<0.05)
using the t-test.



reduction in the melanin (54.1%, p <0.05), whereas was
29.5% (p<0.05) inhibition in that of arbutin. Tiliroside
presented higher activity against melanin production
than arbutin. Although the death of cells would lead to the
reduction of melanin biogenesis, tiliroside exhibited 14.5%
(p<0.05) inhibition of melanin biogenesis at 0.011 mM
with little cytotoxicity on B16 cells. Melanin synthesis is a
multi-step pathway. In addition to tyrosinase, it is control-
led by many factors including UV exposure, prostaglandins,
vitamins, growth factors, interleukins, interferons, and hor-
mones [37]. It is necessary to investigate tiliroside’s inhibi-
tion on this multi-step melanin synthesis pathway.

Conclusion

In this study;, tiliroside, a natural compound from raspberry,
showed monophenolase and diphenolase inhibitory activ-
ity of mushroom tyrosinase. The inhibition mechanism
of tilirosde on monophenolase and diphenolase activity
of mushroom tyrosinase was elucidated as competitive.
Furthermore, its inhibitory effect against intracellular
tyrosinase activity and melanin synthesis were studied.
Tiliroside could significantly inhibit intracellular tyrosinase
activity and melanin production with low cytotoxicity on
B16 cells in contrast to arbutin. Those evidently support that
tiliroside could be a potential skin whitening agent in cos-
metic or pharmaceutical industries. Moreover, future stud-
ies on derivatives of tiliroside from raspberry and structure-
activity relationships are so necessary as to provide more
evidence.
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