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Abstract

Non-enzymatic glycosylation (glycation) between reducing sugar and protein results in formation
of advanced glycation endproducts (AGEs), whichisbelieved to play important rolesin pathogenesis of diabetic
and aging complications. Thus, agents that inhibit the formation of AGEs are purported to have therapeutic
potentials in patients with diabetes or age-related diseases. The present study was conducted to determine
glycation inhibitory activity of arbutin, anaturally occurring compound with an antioxidative property, by using
an in vitro glucose-bovine serum albumin (BSA) assay. Glucose and BSA were coincubated at 60°C in the
presence or absence of arbutin or aminoguanidine, aknown inhibitor of glycation reaction. Following a 24-hour
incubation period, the glycated BSA product was precipitated with trichloroacetic acid (TCA) and redissolved
in akaline phosphate buffered saline (PBS). The formation of glycated BSA was relatively quantitated
by measuring fluorescence intensity. Excitation and emission wavelength were at 370 nm and 440 nm,
respectively. The result of this study demonstrated that arbutin inhibited glycation of BSA by glucose in
a dose-dependent manner. In this assay, the 50% inhibition was observed at 5 and <1 mM concentration
of arbutin and aminoguanidine, respectively. Its inhibitory activity was further confirmed when the glycation
reaction was allowed to proceed at lower temperature (37°C) for 14 dayswith similar findings. Taken together,
these dataindicated that arbutin possessed an in vitro antiglycation activity; however, its activity was relatively
less than that of aminoguanidine when tested by glucose-BSA assay under the condition used in this study.
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Introduction

Non-enzymatic reaction between reducing sugar and free amino group of proteins, also
known asMaillard reaction, leadsto the formation of glycated protein termed Amadori product.
Further rearrangement, oxidation and reduction of the Amadori product result in the formation of
severd advanced glycation endproducts (A GESs) such aspentosidine, carboxymethyllysine, crosdine
and pyrdline. Someof these productscan react with afreeamino group nearby and form crossinking
between proteins (Ulrich and Cerami, 2001). Thecrossinked protein, e.g. crosslinked collagen,
are postul ated to confer pathol ogical conditionsfound in patientswith diabetesand aging, such as
arteria stiffnessand decreased myocardial compliance, resulting from thelossof collagen elagticity
(Singhetal., 2001; Aronson, 2003). Thus, agentsthat inhibit theformation of AGEsare purported
to havetherapeutic potential sin patientswith diabetesand age-rel ated diseases.

The oxidation processisbelieved to play animportant rolein AGEsformation. Further
oxidation of Amadori product |leadsto theformation of intermediate carbonyl compoundsthat can
react with thenearby lysine or arginineresiduesto form protein crosslink and AGEs. Thereactive
carbonyl compoundsmay a so be generated from the metal ion-catal yzed autooxidation of glucose
(Rahbar and Figarola, 2003; Voziyan et a., 2003). Therefore, agents with antioxidative or
metal-chelating property may retard the process of AGEsformation by preventing further oxidation
of Amadori product and metal-catalyzed glucose oxidation. In this regard, several natural
compounds known to possess antioxidative property, such as curcumin, rutin, garcinol
and flavonoid-rich extracts, have been shown to prevent AGES formation in vitro and in vivo
(Sqjithal et al., 1998; Yamaguchi et al., 2000; Kim and Kim, 2003; Kiho et al ., 2004).
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Arbutin (hydroquinone-B-D-glucopyranoside) is a naturally occuring compound
foundin variousplant speciesof diversefamily such asEricaceae (Arctostphylosspp.), Betulaceae
(Betula alba) and Rosaceae (Pyrus communis L.) (Petkou et a., 2002). It was developed for
used asaskin-whitening agent in cosmeticsduetoitsinhibitory effect ontyrosnaseactivity. Arbutin
has been shown to possess antioxidative and freeradical scavenging properties(lokueta., 1992;
Petkou et a, 2002; Myagmar et d., 2004). The present study was conducted to determinewhether
arbutin a so possesses an antiglycation activity whentested in vitro by the glucose-BSA assay.

Materials and M ethods

Materids
BSA (fraction V), arbutin, glucose and TCA were purchased from Sigma-Aldrich
(St. Louis, USA).

Antiglycation assay

Antiglycation assay was performed according to the methods reported by Matsuuraand
colleagueswith dight modification (Matsuuraet a., 2002). Inall experiments, thefinal reaction
volume was 1 ml and was performed in 1.5-ml Eppendorf tube. Albumin (1 mg/ml final
concentration) wasincubated with glucose (500 mM fina concentration) in the presence of arbutin,
aminoguanidineor PBS ascontrol buffer at specified concentration. Thereactionwasallowed to
proceed at 60°C for 24 hours, and thereafter, stopped by adding 10 uL of 100% (w/v)
trichloroacetic acid (TCA). The TCA-added mixture was kept at 4°C for 10 minutes before
subject to centrifugation at 10000 g. The precipitate was redissolved with akaline PBS (pH 10)
andimmediately quantitated for therelativeamount of glycated BSA basad on fluorescenceintensity
by spectrofluorometer F-4500 (Hitachi, Japan). The excitation and emission wavelengthsused
wereat 370 nm, and 440 nm, respectively. Intime-course studies, the reaction was alowed to
proceed to different time-points asindicated before the reaction was stopped by TCA andrelative
fluorescent intensity was measured. 1n some studiesto determinethe effectsof temperature, the
reaction mixturewasincubated at 37°C for 14 days, followed by TCA preci pitation and fluorescent
intensity measurement inasimilar manner asstated previoudly.

Satidticd andysis

Resultsare presented asmeans + SD from threeto five experiments asindicated in each
figure legend. Statistical differences among three or more groups were determined by
one-way analysisof variance (ANOVA) followed by aDunnett'spost hoc test of all groupsversus
therespective control group. The percentageinhibitionsof arbutin and aminoguanidineonglycation
reaction performed at each concentration were compared using unpaired t test with two-tailed test.
Ineach analysis, ap vaueof lessthan 0.05 was considered statistically significant. All testswere
performed with GraphPad Prism, version 3.0 for Windows (GraphPad Software, Sandiego, CA).

Results

Initially, antiglycation activity of arbutin wastested for itsability to inhibit theformation
of glycated BSA at 60°C without TCA precipitation. As shown in Figure 1, in contrast to
aminoguanidine, it was not possible to detect any inhibition dueto arbutin'sfluorescent property
which made detection of any changes in fluorescent intensity unsuccessful. To overcome this
problem, the method of M atsuuraand associateswasemployed (Matsuuraet al., 2002). TCA was
usedto precipitate glycated BSA and alow remova of any interferencefrom thereaction mixture.
Using thismethod, thetime course of glycated BSA formation based on fluorescent intensity was
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compared. Intheabsenceof arbutin and aminoguanidine, thefluorescent intensity increased over
time and reached maximum after 24 hours. However, inthe presence of arbutin or aminoguanidine,
the fluorescent intensity was significantly decreased at all time-points studied, indicating less
formation of glycated BSA (Figure2).
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Figure 1 Test of arbutin and aminoguanidine activity on inhibition of glycation reaction without TCA
precipitation. BSA (1 mg/ml) was incubated with glucose (500 mM) in the presence of arbutin
(5 mM) or aminoguanidine (5 mM) or PBS as control buffer at 60°C for 24 hours. The formation of
glycated products was measured by relative fluorescent intensity (excitation wavelength 370 nm and
emission wavelength 440 nm). Data shown are means + SD from three experiments performed in
duplicate.
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Figure2 Time courseinhibition of arbutin and aminoguanidine on glycation reaction based on measurement of
fluoresecent intensity. BSA (1 mg/ml) wasincubated with glucose Q‘:’OO mM) in the presence of arbutin
(5 mM) or aminoguanidine (5 mM) or PBS as control buffer at 60°C for 24 hours. Following a TCA
precipitation, the preci pitate was redissol ved and measured for relative fluorescent intensity (excitation
wavelength 370 nm and emission wavelength 440 nm). Data shown are means + SD from five
experiments performed in duplicate. Statistical difference was determined by ANOVA followed by
a Dunnett's post hoc test. * indicates significant difference (p < 0.01) compared with the respective
control group.
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Theinhibitory activity of arbutin on BSA glycation by glucosewasfurther confirmedinthe
dose-dependent studies. In these experiments, arbutin or aminoguanidine at various
concentrationswasincubated with BSA and glucose at 60°C for 24 hours. Thereafter, thereaction
was stopped by TCA followed by measurement of fluorescent intensity of the redissolved
precipitates. Asshownin Figure 3, both arbutin and aminoguanidine inhibited the formation of
glycated BSA dose-dependently inasimilar manner. However, theinhibitory activity of arbutinon
glycation reaction observed is less than that of aminoguanidine. Under the condition studied,
aminoguanidineinhibited morethan half of the reaction at concentration lessthan 1 mM while
arbutininhibited approximately 50% at about 5mM. Thus, arbutin exertsaweaker inhibitory effect
on BSA glycation by glucose than that exhibited by aminoguanidine.
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Figure 3 Dose-dependent inhibition of arbutin and aminoguanidine on BSA glycation by glucose. BSA
(2 mg/ml) was incubated with glucose (500 mM) in the presence of arbutin or aminoguanidine at
indicated concentrations or PBS as control buffer at 60°C for 24 hours. Followi ng a TCA precipitation,
the precipitate was redissolved and measured for relative fluorescent intensity (excitation wavelength
370 nm and emission wavelength 440 nm). Data shown are means + SD from three experiments
performed in duplicate. In A (relative fluorescent intensity), statistical difference was determined
by ANOVA followed by aDunnett's post hoc test. * indicates significant difference (p < 0.01) compared
with the control group (0 mM). In B (percentage inhibition), statistical difference was compared with
unpaired t test. ** indicates significant difference (p < 0.0001) between arbutin and aminoguanidine

group.

Upon questioning the effects of temperature on antiglycation activity, glucose-BSA assay
was performed at 37°C. The glycation reaction at 37°C proceeded at much slower rate than
at 60°C, thus the incubation period was prolonged to 14 daysin the presence of 0.02% sodium
azideto prevent bacterial growth in reaction mixture. Asshownin Figure4, theresult wasvery
similar to that observed at 60°C, suggesting that temperature did not affect arbutin and
aminoguanidineactivity inthisstudy.
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Figure 4 Dose-dependent inhibition of arbutin and aminoguanidine on BSA glycation by glucose performed at
37°C. BSA (1 mg/ml) wasincubated with glucose (500 mM) in the presenceof arbutin or aminoguandine
at indicated concentrationsor PBSas control buffer at 37°C for 14 days. FollowingaTCA precipitation,
the precipitate was redissolved and measured for relative fluorescent intensity (excitation wavelength
370 nm and emission wavelength 440 nm). Data shown are means + SD from three experiments
performed in duplicate. In A (relative fluorescent intensity), statistical difference was determined
by ANOVA followed by aDunnett's post hoc test. * indicates significant difference (p < 0.01) compared
with the control group (0 mM). In B (percentage inhibition), statistical difference was compared with
unpaired t test. ** indicates significant difference (p < 0.0001) between arbutin and aminoguanidine

group.

Discussion

Inthe present study, arbutin was demonstrated to possess antiglycation activity when tested
by glucose-BSA assay. The antiglycation activity of arbutin was dose-dependent. However,
arbutin activity wasrelatively lessthan that of aminoguanidine when compared on an equimolar
basis. Inthisstudy, the glucose-BSA assay employed to eva uate the antiglycation activity wasthe
method of Matsuura and colleagues (Matsuura et al., 2002). This assay was developed as
ascreening tool for searching of glycationinhibitorsfrom natural product extractsthat often contain
interfering substances such asfluorescence and quencher materials. Useof TCA enablesthere-
moval of any solubleinterfering substances prior to the measurement of fluorescent intensity and
alowsreative quantitation of theamount of glycated BSA. Theassay wasvalidated and foundto
correlatewd | with other methodsfor antiglycation assay (Matsuuraet a., 2002). By thistechnique,
theproblem of arbutin autofl uorescence caus ng the measurement of fluorescent intensity impossible
waseliminated.

Themechanism of arbutin antiglycation activity iscurrently unknown and was not explored
inthe present study. Previous studies have demonstrated antioxidativeand freeradical scavenging
property of arbutin (Petkou et al., 2002; Myagmar et a., 2004). Thus, like other natural
compoundsthat have been shownto possessantiglycation activity, itisvery likely that arbutin may
exert itsinhibitory effect on glycation by impeding further oxidation of glycated proteins and
metal-catalyzed oxidation of glucosethat |eadsto theformation of AGES. Arbutinisaglycosylated
hydroquinoneand recently other quinone compounds have a so been reported to exhibit antiglycation
activity (Jung et al., 2005). These quinone compoundsincluding derivatives of benzogquinoneand
naphthoguinone al so possess antioxidative activity asshown by their inhibitory effectsonlipid
peroxidation. However, theantiglycation potency seemsto corrdateonly partidly withtheantioxidative
property. Thisfinding leadstheauthorsto concludethat other mechanismsmust beinvolvedinthe
antiglycation activity of these quinone compounds. Themechanism of arbutin antiglycation activity
will bethe subject of futurestudies.
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Arbutin hasbeen commonly used in cosmetics asaskin-whitening agent mainly duetoits
antityros nase activity (Petkou et a., 2002). Thefinding that arbutin possesses antiglycation activity
impliesthat arbutin applied topically may improve skin el asticity by itsinhibition of theglycation
of skin collagen. Crosdlinking of skin collagen following AGEsformationisconsidered to contribute
to age-related skin stiffening from theloss of collagen elasticity. In support of thispostul ation,
ALT-711, an antiglycation agent has been reported to improve skin hydration and el asticity when
applied topically to the skin of 24-month-old rat for 3 days(Vasan et al., 2003). Whether topical
application of arbutinwill havethe sameeffect on skin e adticity remainsto bestudied in both animal
and human.

Conclusion

Arbutin, anaturally occuring compound with antioxidative and radical scavenging activity,
was demonstrated to possess an in vitro antiglycation activity based on glucose-BSA assay.
[tsantiglycation activity wasrdatively lessthan that of aminoguanidineinthisassay. Themechanism
of arbutin antiglycation activity and its application asatherapeuti c agent need further investigation.
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