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(DPPH) radical [4] and 2,2′-azinobis(3-ethylbenzo-
thiazoline-6-sulphonic acid) radical cation (ABTS•�) 
[11]. Thus, the more oxidizable -OH moieties are 
present in the molecule, the more quantities of radicals 
are likely to be quenched. 2- O - α -D-Glucopy ranosyl-
L-ascorbic acid (AA-2G) and 2- O -β-D-glucopyranosyl-
L-ascorbic acid (AA-2βG) are 2- O -substituted AA 
derivatives in which the oxidizable -OH group at the 
C-2 position of AA is replaced with the glucosyl 
group (Figure 1). According to classical SAR theory, 
these derivatives should diminish radical-scavenging 
activities. However, we showed that, although they 
reacted to DPPH radical and ABTS•� more slowly 
than AA, they could quench more radicals than 
AA in a long-term reaction (hour-time-scale) under 
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       Abstract
 Arbutin, a practically used skin-lightening agent, has been reported to possess a weak antioxidant activity compared to 
that of its precursor, hydroquinone. However, its antioxidant activity has not been systematically evaluated. Hence, this 
study reassessed its activity using fi ve assay systems. Assays were fi rst performed using model radicals, DPPH radical and 
ABTS•�. Arbutin showed weak DPPH radical-scavenging activity compared to that of hydroquinone, but showed strong 
ABTS•�-scavenging activity. Its activity by ORAC assay was then evaluated using a physiologically relevant peroxyl radical. 
Arbutin exerted weak but long-lasting radical-scavenging activity and showed totally the same antioxidant activity as that of 
hydroquinone. Finally, it was shown that, in two cell-based antioxidant assays using erythrocytes and skin fi broblasts, arbutin 
exerted strong antioxidant activity comparable or even superior to that of hydroquinone. These fi ndings indicate that the 
antioxidant activity of arbutin may have been under-estimated and suggest that it acts as a potent antioxidant in the skin.  

  Keywords:   Arbutin ,  hydroquinone ,  in vitro antioxidant assay ,  cell-based antioxidant assay ,  structure–activity relation-
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  Introduction 

 The association of reactive oxygen species (ROS) and 
free radicals with many disease states is now well rec-
ognized and antioxidants have attracted considerable 
attention [1,2]. There have been many studies on 
natural and synthetic antioxidants from various view-
points and a structure–activity relationship (SAR) in 
radical-scavenging activities using unnatural model 
radicals has been extensively studied [3–10]. Classical 
SAR studies are associated with the number of oxidiz-
able -OH groups in a molecule [4,5,8,9]. For instance, 
it is well known that ascorbic acid (AA) has two oxidiz-
able -OH groups at C-2 and C-3 positions (Figure 1), 
so that one molecule of it can scavenge two molecules 
of radicals, such as 1,1-diphenyl-2-picrylhydrazyl 
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optimal conditions [12,13]. Furthermore, these AA 
derivatives showed antioxidant activities comparable 
to that of AA in a more biologically relevant  in vitro  
antioxidant assay system, oxygen radical absorbance 
capacity (ORAC) assay [13] and in a cell-based anti-
oxidant assay system, oxidative haemolysis inhibition 
assay (OxHLIA) [13–15]. Hence the radical-scave nging 
properties of the glucosides of AA are largely altered 
from that of AA, but their comprehensive antioxidant 
activities may be retained. 

 Hydroquinone is a potent antioxidant with 2 oxi-
dizable -OH groups in the molecule as well as AA 
(Figure 1). A glucoside of hydroquinone, arbutin, 
retains one oxidizable -OH group of hydroquinone 
similar to AA-2G and AA-2 β G (Figure 1), so that it 
appears to act as an antioxidant. In fact, there have 
been some studies showing that arbutin exhibited 
antioxidant activity but that it was not strong com-
pared to that of hydroquinone [16–18]. However, in 
those studies, the activity of arbutin was assessed in 
relatively short-term (minute-time scale) [17,18] or 
mainly from the viewpoint of kinetics [16]. Consider-
ing the case of AA-2G and AA-2 β G, arbutin may 
show its characteristic of radical-scavenging in a long-
lasting manner and therefore its antioxidant activity 
may have been under-estimated. 

 Arbutin is well known as an inhibitor of tyrosinase, 
which is a key enzyme involved in melanin synthesis 
and it is widely used as a skin-lightening agent for 
cosmetic products [19]. In addition to this, we show 
here that arbutin possesses a long-lasting radical-
scavenging property by DPPH radical-scavenging 
assay and ABTS•�-scavenging assay and that the anti-
oxidant activity of arbutin was comparable to or even 

superior to that of hydroquinone in the ORAC assay 
and two cell-based antioxidant assays using erythro-
cytes and human skin fi broblasts. Antioxidants have 
an important role in the skin to prevent skin ageing, 
skin disorders and skin diseases [20]. Hence, the 
results obtained here suggest that arbutin acts not 
only as a skin-lightening agent by inhibiting tyrosinase 
activity but also as a useful antioxidant in the skin.   

 Materials and methods  

 Chemicals 

 Arbutin and hydroquinone were purchased from 
Nacalai Tesque Inc. (Kyoto, Japan). AA, sodium fl uo-
rescein and 2,2′-azobis(2-methylpropionamidine) 
dihydrochloride (AAPH) were purchased from Wako 
Pure Chemical Industries (Osaka, Japan). DPPH was 
from Aldrich Chemical (Milwaukee, WI). ABTS, 
H 2 O 2  (3%) and horseradish peroxidase (HRP; type 
VI-A, essentially a salt-free 1310 units/mg solid) were 
from Sigma Chemical (St. Louis, MO). Sheep eryth-
rocytes were from Nippon Bio-Supp. Center (Tokyo, 
Japan). Reagents were used without further purifi ca-
tion. All water used was Milli-Q grade.   

 DPPH radical-scavenging assay 

 The DPPH radical-scavenging activities were assessed 
as described in a previous paper [12]. Briefl y, DPPH 
radical (100 μM) was mixed with an antioxidant 
(20 μM) in 60% ethanol/40% citric acid sodium 
citrate buffer (10 mM, pH 5). The reaction was car-
ried out under an atmosphere of argon at 25°C for 2 h. 
The decrease of DPPH radical concentration was 
monitored by measuring the absorbance at 524 nm 
with a spectrophotometer (Shimadzu UV-1200, Kyoto, 
Japan).   

 ABTS•�-scavenging assay 

 The ABTS•�-scavenging activities were assessed as 
described in a previous paper [21]. Briefl y, ABTS•� 
(100 μM) generated with an ABTS/H 2 O 2 /HRP sys-
tem was mixed with an antioxidant (20 μM) in citric 
acid-sodium citrate buffer (50 mM, pH 5). The reac-
tion was carried out under an atmosphere of argon at 
25°C for 2 h. The decrease of ABTS•� concentration 
was monitored by measuring the absorbance at 730 nm 
with a spectrophotometer.   

 ORAC assay 

 The ORAC assay was carried out as described in a 
previous paper [13]. Briefl y, fl uorescein (60 nM), 
antioxidant (3 μM) and AAPH (18.75 mM) were 
incubated in 200 μl of KH 2 PO 4 -K 2 HPO 4  buffer 

  

Figure 1.     Chemical structures of hydroquinone, arbutin, AA, 
AA-2G and AA-2βG.  
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(75 mM, pH 7.0) at 37°C in a 96-well plate. The 
fl uorescence (Ex: 485 nm, Em: 520 nm) was moni-
tored every 2 min for 90 min by Powerscan HT 
(DS Pharma Biomedical, Osaka, Japan).   

 OxHLIA 

 The OxHLIA was carried out as described in previous 
papers [13,15]. Briefl y, sheep erythrocytes suspended 
at a concentration of 0.7% (v/v) in phosphate-
buffered saline (PBS: 150 mM NaCl, 8.1 mM 
Na 2 HPO 4  and 1.9 mM NaH 2 PO 4 , pH 7.4) were 
incubated with 40 mM of AAPH in the presence of 
an antioxidant (50 μM) at 37°C with shaking. The 
degree of haemolysis (%) was monitored every 15 min 
for 3 h from the concentration of haemoglobin in the 
centrifuged supernatant by measuring the absorbance 
at 524 nm.   

 Oxidative cell death protection assay 

 Normal human skin fi broblasts (NB1RGB; RIKEN 
Cell Bank, Tsukuba, Japan) were cultured with 
Dulbecco’s modifi ed Eagle’s medium (Nissui Pharma-
ceutical, Tokyo, Japan) supplemented with 10% foetal 
bovine serum, 100 U/ml penicillin and 100 μg/ml 
streptomycin at 37°C in a humidifi ed atmosphere of 
5% CO 2  and 95% air. Cells were suspended in 
medium at an initial density of 1 � 10 5  cells/ml. Each 
100 μl of cell suspension was seeded in a 96-well 
culture plate (NUNC, Roskilde, Denmark). After 
24-h incubation, 50 µl of arbutin (62.5–1000 µM, fi nal 
concentration) or hydroquinone (62.5 and 125 µM, 
fi nal concentration) containing medium and 50 µl of 
20 mM (fi nal concentration) AAPH was added. Skin 

fi broblasts were cultured at 37°C for 24 h, washed 
three times with PBS and labelled with 100 μl of 
5 μM calcein-AM (Dojindo, Kumamoto, Japan) in 
PBS. After 30 min with calcein-AM, the cells were 
lysed with addition of 20 μl of Triton X-100 (0.6%, 
v/v) in PBS. The fl uorescence from calcein-positive 
viable cells was measured with excitation at 485 nm 
and emission at 527 nm using with Fluoroskan Ascent 
(Labosystems, Helsinki, Finland).    

 Results  

 DPPH radical-scavenging assay and 
ABTS•�-scavenging assay 

 DPPH radical and ABTS•� are relatively stable radi-
cals. Their characteristic colours disappear when they 
are quenched and so the decrease of these radicals 
can be easily monitored by a spectrometer [22]. 
Because pH of the skin surface is  ∼ 5 [23], we assessed 
the DPPH radical- and ABTS•�-scavenging activities 
of arbutin in buffered solutions at pH 5 and compared 
them with those of hydroquinone and AA (Figure 2). 
AA was used as a reference. Hydroquinone and AA 
showed nearly the same reaction profi le in both assays, 
i.e. 20 μM of these antioxidants rapidly quenched 
 ∼ 40 μM of DPPH radical and ABTS•� within 1 or 
5 min. Thus, their reaction stoichiometries (number 
of radical molecules reduced by one molecule of anti-
oxidant) were  ∼ 2 and this was consistent with a previ-
ous report [24] and the theory of the classical SAR. 
On the other hand, arbutin slowly and continuously 
reacted with DPPH radical as expected (Figure 2A). 
The stoichiometry of this reaction was 0.7 at the time 
point of 2 h, but this value might be slightly increased 
afterward because it seems that the reaction had not 
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  Figure 2.      Time courses of DPPH radical- (A) and ABTS•�-scavenging (B) reaction of arbutin, hydroquinone and AA. Arbutin, hydroquinone 
or AA (20 μM) and DPPH radical or ABTS•� (100 μM) were incubated at 25°C in 60% ethanol/40% citrate buffer (10 mM, pH 5) 
or citrate buffer (50 mM, pH 5), respectively. Changes in the remaining radicals were measured at the indicated times. Each value is the 
mean � SD of three separate experiments. Absence of SD bar means that the SD bar is within the symbol.  
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yet been completed. In contrast, the amount of 
ABTS•� scavenged by arbutin in the fi rst minute was 
comparable to that scavenged by hydroquinone and 
AA (Figure 2B). Interestingly, the reaction between 
arbutin and ABTS•� further proceeded until 30 min 
and gave high reaction stoichiometry such as 3.5. 
Arbutin showed weak activity in the DPPH radical-
scavenging assay but unexpectedly strong activity in 
the ABTS•�-scavenging assay. This discrepancy led us 
to assess the antioxidant effi cacy of arbutin in more 
physiologically relevant assay systems, because DPPH 
radical and ABTS•� are both unnatural radical species 
that do not exist in the human body.   

 ORAC assay 

 The ORAC assay utilizes an AAPH-derived peroxyl 
radical, which mimics lipid peroxyl radicals involved 
in lipid peroxidation chain reaction  in vivo . Inhibition 
of peroxyl-radical induced oxidations of a fl uorescent 
probe, fl uorescein, by antioxidants is serially moni-
tored [22]. Because fl uorescein diminishes fl uorescence 
under acidic conditions, we performed the ORAC assay 
at pH 7, conventional pH for this assay [25]. Although 
it is different from the pH of skin (pH 5) [23], Prior 
et al. [22] reported that AAPH-derived peroxyl radi-
cal-scavenging reactions are pH-independent. In the 
case of hydroquinone and AA the fl uorescence was 
completely retained in the early phase and decayed 
rapidly after lag times of 25 and 10 min, respectively 
(Figure 3). On the other hand, arbutin failed to sup-
press the fl uorescent decay completely but continued 
partial inhibition for a longer period than hydroqui-
none and AA. As a result, the remaining fl uorescence 
intensity of arbutin was more than that of hydro-
qunone and AA after 30 min. In the ORAC assay, the 
total extent of antioxidant activity is represented by 
the net area under the curve (net AUC), which is 

obtained by subtracting the area under the blank 
curve from the area under the sample curve [25]. The 
net AUC was in the order of arbutin ≈ hydroquinone 
� AA. Thus, arbutin showed potent activity compa-
rable to that of hydroquinone in the ORAC assay and 
we therefore confi rmed its antioxidant activity in a 
cell-based assay.   

 Oxidative haemolysis inhibition assay (OxHLIA) and 
oxidative cell death protection assay 

 OxHLIA is a cell-based antioxidant assay using the 
same radical source as that used for the ORAC assay 
[15,26]. The oxidation of erythrocyte membranes by 
AAPH-derived peroxyl radical induces the oxidation 
of lipids and proteins and eventually causes haemoly-
sis and this haemolysis was inhibited by each anti-
oxidant (Figure 4). The order of inhibition was 
arbutin  �  hydroquinone � AA, which was similar to 
that observed in the ORAC assay (Figure 3). 

 Finally, protective effects of arbutin and hydroqui-
none against AAPH-induced cell death on human 
skin fi broblasts were investigated (Figure 5). Arbutin 
signifi cantly showed the protective effects against oxi-
dative stress in fi broblasts, but hydroquinone did not. 
Hydroquinone had cytotoxicity at the concentration 
of 125 μM and above even in the absence of AAPH 
(data not shown), suggesting that the inherent anti-
oxidant activity of hydroquinone was interfered with 
by its cytotoxic property. On the other hand, arbutin 
showed no infl uence on the cell viability in the absence 
of AAPH at the all concentrations tested (data not 
shown). As a result, the antioxidant effect of arbutin 
was superior to that of hydroquinone in the oxidative 
cell death protection assay.    

 Discussion 

 Hydroquinone is a potent antioxidative compound 
and its monoglucoside, arbutin, was thought to 
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decrease antioxidant activity according to the classical 
SAR theory. In fact, the DPPH radical-scavenging 
activity of arbutin was diminis`hed compared to that 
of hydroquinone both in reaction rate and reaction 
stoichiometry (Figure 2A), as shown in previous 
studies [17,18]. However, arbutin showed strong 
ABTS•�-scavenging activity, especially in reaction 
stoichiometry (Figure 2B). The reaction stoichio-
metry, 3.5, was superior to the number of oxidizable 
-OH groups in the molecule and even to the reaction 
stoichiometry of its precursor, hydroquinone. The 
reaction between arbutin and ABTS•� may proceed 
via complicated reactions followed by a simple elec-
tron transfer reaction. In any event, arbutin had a 
long-lasting radical-scavenging property, which is 
greatly different from the radical-scavenging property 
of hydroquinone (Figure 2). As several researchers 
pointed out, it is important to assess antioxidant effi -
cacy by several methods [22,27], especially when dif-
ferent results are obtained from two assays. We 
therefore performed the ORAC assay, which is based 
on inhibition of the biologically relevant peroxyl 
radical-induced oxidation of fl uorescein (Figure 3). 
Unlike hydroquinone, arbutin could not fully inhibit 
the oxidation of fl uorescein. This indicated that the 
reactivity of arbutin against AAPH-derived peroxyl 
radical was lower than that of hydroquinone. On the 
other hand, the duration of the partial inhibition by 
arbutin was longer than that by hydroquinone. As a 
result, arbutin showed totally the same antioxidant 
activity as hydroquinone in the ORAC assay. Ioku 
et al. [16] reported a similar tendency in the case of 
inhibition of AAPH-induced methyl linoleate peroxi-
dation; that is, arbutin showed lower reactivity against 
AAPH-derived peroxyl radical but a longer inhibition 
period than hydroquinone, although they did not 

particularly emphasize it. The ORAC assay uses bio-
logically relevant peroxyl radicals, but the oxidizable 
target for peroxyl radicals, fl uorescein, is not a mimic 
of a certain biomolecule. Therefore, we confi rmed 
that arbutin exerted potent antioxidant activity com-
parable or even superior to that of hydroquinone by 
two cell-based antioxidant assays using erythrocytes 
(Figure 4) and human skin fi broblasts (Figure 5). 
Taken together, these results suggest that although 
arbutin had a different radical-scavenging property 
from that of hydroquinone, its total antioxidant activ-
ity may be equal to that of hydroquinone at least 
 in vitro . 

 As mentioned in the Introduction, arbutin has been 
practically used as a skin-lightening cosmetic ingredi-
ent owing to its potent inhibitory effect on melanin 
synthesis. On the other hand, its aglycone, hydroqui-
none, has a stronger skin-whitening effect than that 
of arbutin [28] and is used not only as a cosmetic 
ingredient but also as a therapeutic agent for melasma 
and disorders of hyperpigmentation [29]. Recently, 
Bang et al. [18] showed that normal human skin 
microfl ora could hydrolyse arbutin to hydroquinone 
and suggested that the skin-lightening and antioxi-
dant effects of arbutin were enhanced by hydroqui-
none formation  in vivo  [18]. However, they assessed 
antioxidant activity only by the DPPH assay. Arbutin 
is certainly less effective in skin lightening than 
hydroquinone, but the comprehensive antioxidant 
effi cacy of arbutin may be comparable to that of hyd-
roquinone based on the data presented here. In addi-
tion, it should be noted that hydroquinone showed 
cytotoxicity against normal human skin fi broblasts 
(Figure5) and its long-term safety has been contro-
versial [30], while arbutin has been shown to have 
much less toxicity than that of hydroquinone [28]. 
Therefore, the antioxidant activity of arbutin  per se  
could be more helpful in daily skin care than previously 
recognized [16–18].         
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