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proved the tenet that on using the C_u(lI) ions pll.! ascorbate, i.e. thc Weissberger,soxidarive sysrem. the degradition 
"r ira -^".'.."r".;;;;-;. pro"o""."d by addeddrbutrn. Cyc lo\ o jrammetric stud.ies 

-of 
arbutin borh i" 

"q""."r'lU IS M N;r(.1) and non_aqueous (0.15 M TBApF6 in DMSO) solutions confir mcd a suistantial probnation andhydrolysis reacrions of arbut
specroscopy, rhe reaction _IJl" 1'ffi:H?HI'.3,i,iTlilT.Jh:Hr":,., ::r:ilindicated the presence exclusrvely or ur"oruyr".Ji"rt. a ,"-"r"t"ur" radical scavengingactivity of arbutin was observed on using tn" eeiS a.l"f,,;;;;;; 

^rrry

".t::l,lt' 
ABTI ass.ayl cyclic volrammetry, EpR spectroscopy, hydroquinone derivarives,qurnone, rotational viscometry, size exclusion .tio^utog."iny, Weissbergcr.s oxidativesystem.

INtnonucrroN

. 
Hyaluronan (HA, hgure l) is a linear polysaccharide consisting ol repeating disaccharideunits of B- 1,3-i/-acetyl-o-grucosamine ard p- 1,4-D-glucr,.oni" u"id. The HA molar sizes inthe human organism vary between 2 x 105 and iO )<lOu lu. allault person weighing 70 kghas ca. 15 g ofHA in the body _ yet about one_third olthis amount tums over daily.

. In the human organism, HA is present i., t o ror-.1 associated with certainglycosaminoglycans and proteins -. e.g. in the skin and cartilage, ri; tiee/unassociated _ in thesynoviar fluid (SF) and vitreous humor or the eye. rre nigiert contenrs of (associared)hyalu-ronan in the human body occurs in the skin in which HA ias a rapid tumover rate - witha halflife of 1 5 days unassociated high-molar-mass ua 
-ir 

se confers its uniqueviscoelastic properries required lor.maintaining proper functioninf of tne sl.novial joints. Thehalf-life of HA within SF is approximatety lZ trours 1t I.
The fast HA fumover in sF of the joints or neuit'y individuals may be attributed ro theoxidarir e/degradative acrion of rr

thecataryic-effect"r,,",',,,i*,""lliL:::tT::ffi:::,$3:',?:::'""Jl.T'ff:ffi*l
and/or inhibited HA degradation by the action of yarious ROS has Ueen studied on applyingseveral in vitro models ln these studies, the change of the hyaluronan molar mass or a relatedparameter, such as the HA sorution dynamic viscosity, *u. u..d as a marker of inflicteddamage [3].

. fbl,in (termed also hydroquinone_B_d_glucopyranoside, figure 2), a substance used inthe function of skin lightening and depigment-atio", i. 
" 

popui". i-g especially in Japan andother Asian countries, also due to its lower toxicity co.pur.O,o f,faroquinone [4, 5].

OH cH.oc oH
no-r-\---'o. Ho7----/9+-^^ r\H o

ie"w,--\- 
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t"cHjoc brl ta, - oH

Figure 1. Hyaluronan acid form oflhe macromolecule
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I igure 2. Arbutin structure.

Two anomeric forms, namely cr- and B-arbutin, exist from which the latter occurs

rrirturally in plants, e.g. in leaves of bearberry (Arctostaphylos uva-ursi Spreng, Ericaceae)

rrnd pear trees (P1'ms corrmunis L , Rosaceae) The primary mechanism of arbutin action is in

i11hibiting t1'rosinase activity in the skin, resulting in the significantly diminished formation of

the brown-colored melanin pigment. Further, arbutin acts as an "anti-aging" agent and a

UVB/UVC filter, which protects the skin against deleterious effects caused by photon-

gcnerated free radicals. Beyond their cosmetical actions, products containing arbutin are

therapeutically used for treating cystitis and kidney stones. Arbutin, a very hygroscopic

substance, readily hydrolyzes e.g. by diluted acids yielding D-glucose and hydroquinone in a

l:l mole ratio [6]. Arbutin-based products are successfully applied also as diuretics: it is

anticipated that the drug inhibits/retards the prolileration of pathogens within the urinary tlact

according to its high electrochemical potential, which within the pH range of 7.5 and 2.0 lies

between +466 and +691 mV, respectively [7]. In the body, arbutin is decomposed to D-

glucose and hydroquinone. It is a well known fact the latter substance bears strong

antin.ricrobial and disinlectant properties. The greater the pH values of urine, the stronger the

bacteria killing efficiency of free (not glucuronided) hydroquinone However in more acidic

urine, hydroquinone undergoes extensive glucuronidation; which js believed to lead to the

fonnation of the antibacterially inelfective hydroquinone-glucuronide [7, 8]. So fal no reports

have been published devoted to action(s) of arbutin under conditions simulating RoS

damaging eflects on HA macromolecules. Since the hyalulonan content is so high in various

tissuesfoody fluids - the skin/SF - the presented study is focused on investigating the ability

of arbutin to act anti- and/or prooxidatively by monitoring the kinetics of free-radical

degradation of high-molar-mass HA. As an effective 'oH radical inducer, the system

comprising ascorbate plus cu(II) - the so-called Iy'leissberger's oxidative system - was used.

Along with monitoring the dynamic viscosity of HA solution by the method of rotational

viscometry, fufiher methods such as size exclusion chromatography (SEC), cyclic

voltammetry (cv), EPR spectrometry, and standardized decolorization ABTS assay were

applied at testing arbutin in the function of preventive and chain-breaking antioxidant.

Ma'rrnr,c.L AND METHoDS

Biopolymer

The high-molar-mass hyaluronan sample P9710-2A (M* : 808 7 kDa; M*/M" =1 63)

used was obtained from Lifecore Biomedical lnc., chaska, MN, u.S.A. The declared contents



of transition metars in the HA sample given by the certificate or Analysis are 4 ppm cu and
13 pprn Fe.

Chemicals

Alalyical purity grade Nacl and cucl2.2H2o were purchased from sla\..us Ltd.,Bratislava, Slovakia. Dimethyl sulfoxide (DMSO), l_ascorbic acid, and frSrO, *"." ii"products of Merck KGaA, Darmstadt, Germany. Trolox@, arbutin, and S,S_aimettryt_ i-pyrroline-N-oxide (DMPO) were from Sigma-Aldrich Chemie GmbH, Steinheim, C"._*v
Tetrabutylammonium perchlorate (TBAP), LiClOi, and ABTS _ Z,Z. 

^ri"oU.r"1i-ethylbenzothiazoline-6-sulfonic actd, Qtttrum, >99yo) were from Fluka, chemie GmbH,
Steinheim, Gemany. Redistilled deionized high qualiry grade water, with conductiviry ;<0.055 mS/cm, was produced by using the TKA water purification system from Water
Purification Systems GmbH, Niederelbert, Germany.

Preparation of Stock and Working Solutions

- The HA sampre solutions (2 5 mg/ml) were prepared in the dark at room temperature in
O l5 M aqueous NaCl in rwo steps: First, 4.0 mL of the solvent was added to 20 mg of drvHA powder. Then 3.80, 3.g5, or 3.90 mL of the solvent was added after O fr. ffr'" l,*i
solutions ol L-ascorbic acid (1.6, 8, 16 mM), arbutin (16 mM), and CuCl, (160 pM prepared
from l6 mM CuCl2) were also prepared in 0.15 M aqueous NaCl.

Study of Uninhibited,/Inhibited Hyaluronan Degradation

Uninhibited HA degradation was induced by the oxidative system comprising CuCl: (1.0
pM) with altering concentrations of L-ascorbic acid (10, 50, 100 pM). The procedure was as
follows: the volume of50 pL of 160 pM CuCl2 solurion was added to the HA solution (7.90
mL) and after 30 s stirring the reaction solution was left to stand for 7.5 min at room
temperature. Then 50 pLL of L-ascorbic acid (1.6, g or 16 mM) were added to the reaction
vessel and the solution was gently stirred for 30 s. The reaction mixt're was then immediatery
transfened into the viscometer Teflon! cup reservoir.

Inhibited HA degradqtion. The procedures to test arbutin in the function of (i) preventive
and (ii) chain-breaking antioxidant were as follows:

(i) A volume of 50 prl of r 60 prM cuCi2 solution was added to the HA solution (7.85
mL) and after 30 s stirring the reaction solution was jeft to stand for 7.5 min at roo,n
tenperature. Then 50 pL of arbutin (16 mM) were added to the solution and stirred
again for 30 s. Finally, 50 pLL ol r_ascorbic acid ( l6 mM) were added to the reaction
vessel and the solution was gently stirred for 30 s. The reaction mixture was then
immediately transferred into the viscometer Teflon'* cup resen,orr;
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(ii) A similar proccdurc as described abo\e (i) $as applcd, horvever, 50 prl- of t,-

ascorbic acid (16 mM) u,ere added to the 7.5 min equilibrated reaction solution (7.90

or 7.85 ml-) - comprising hyaluronan p/ir.r CuCll - and 30 s solution stirring
follorved. Alter I h, finally 50 or 100 prl- of arbutin (1 6 mM) were added to the

solution and stirred again lor 30 s. The solution rnixture was then immediately
transferred into the viscometer Teflon*' cup reservoir.

Itotational Viscometry

'fhe resulting reaction mixture (8.0 mL) was transferred into the Teflon@ cup reservoir of
rr llrookfield LVDV-II+PRO digital rotational viscometer (Brookfield Engineering Labs.,

lrrc., Middleboro, MA, U.S.A.). The recording of viscometer output parameters started 2 min
;rlier the experiment onset. The changes of the dlmamic viscosily (q) values of the reaction
rnixture were measured at 25.0 + 0.1 'C in 3-min intenals for up to 5 h. The viscometer
'Icflon@ spindle rotated at 180 rpm, i.e. at a shear rate o1237.6 s r.

S EC Analyses

Evaluation of HA molar mass changes was performed with Shimadzu apparatus using
a packed HEMA-BIO 1000 column of dimensions 7.8 mm " 250 mm; the packing particle

size was 10 pm. The mobile phase 100 mM phosphate buffer (pH 7.0) containing 0.15 M
NaCl was pumped by the l,C-lOAD device at a flow rate of 0.5 ml-/min. For calibration of
the SEC system used reference hyaluronans (M*: 90.2 1380 kDa) with broader molar-mass

distributions (M*/M" = 1.60-l .88) were applied. The samples of the volume of 20 pL with
the poll.rner concentrations I mg/ml or lower were injected by a 7725i-type RJreodyne valve.
The SEC analyses performance was monitored online by UV (SPD-l0AV, set at 206 nm)

and refractive index (RID-10) detectors.

Cyclic Voltammetry

All cyclovoltammetric experiments were performed with HEKA PG 284 (Germany)

potentiostat under argon using a standard three-electrode arrangement of a platinum wire as

working electrodc, a platinum coil as counter electrode, and a Ag/AgCl as iclerence
electrode. The scan rate used was 100 mV/s.

EPR Spectroscopy

The generation of free radicals during hyaluronan degradation was examined by spin

trapping technique using an EPR X-band EMX spectrometer (Bruker, Rheinstetten, Germany)

at ambient temperature [9, l0]. The sample preparation conditions were identical to those

described under the paragraph "Study of uninhibited/inhibited hyaluronan degradation" - see



the secrion "Uninhibited" as wet as thar of (i) within the section ,.rnhibited HA degradation,,.Yet the prepared total sample volume rvas only g00 pL and the addition of L_ascorbic acidsolution (the last reactant) when appropriate was replaced by addition of the aqueous NaCl_diluent (5 ptl).
The volume of 250 BL of each sample solution ryas thoroughly mixed with 5.0 pL ofDMPO spin trap prior to each experimental set carried out in a thin flat EpR quartz ceu. Theoperational parameters of the equipmenr were adjusted as follows: centre field 3354 G,sweep width 100 G. time consrant gl 92 ms, conversion time 20.4g ms, receiver gain 5e+J.microwave porver l0 mW, and modulation amplitude 2 G.

ABTS Assay - Determination of the TEAC Value

The ABTS'* radical cations were pre-formed by the reaction of an aqueous solution ofK2s2os (3 3 mg) in water (5 mL) with ABTS (r7.2 mg). The resulting bluish-green radicar
cation solution was stored overnight in the dark below 0 'c. Before expenment, the solution(1 mL) was diluted into a final volume (60 mL) with water [11].

_Arbutin 
solution was prepared as specified under the purug.upt, ,,preparation 

of stock andworking solutions". The investigated samples comprised z ,nJoirtr" dilured ABTS.* solutionwith addition of 50 pL of working arbutin solution (l mM).

__ A rnodified ABTS assay was mn applying a tIV,A/lS 52000 specrrophotometer
(Sentronic, Germany). uv/VIS spectra were taken up to 120 min. The relative differences(aA) in the light absorbance at 73r nm in the 10'h and 120rh min compared to the reference
experiment using Trolox'" were used to calculate the values of rEAC - Trolox Equivalent ofAntioxidant Capacity.

ABTS assay - Determination of the IC56 Value

The ABTS'- radical cation solution (250 pL) _ prepared from 7 mM ABTS and 2.45 mMK25203, l : l v/v ratio of water solutions - was added to 2.s pL of,t . arbutin sorution and theabsorbance of the sample mixture was measured at 734 nm alter sx minutes. The radicalscavenging capacity ofarbutin was investigated at the drug concentration range 2_1000 pM.The light absorbance was measured quadmplically in 96_well Greiner UV-Starmicroplates (Greiner-Bio-one GmbH, Germany) *itn t.cun Infinrte M 200 reader (Tecan
AG, Austria). The IC56 value was calculated with CompuSyn 1.0.1 software (ComboSyn,
Inc., Paramus, USA).

Resurrs AND DrscussroN

Establishing a Proper HA Oxidative Degradation System

The HA macrontolecules u,ere exposed to tice radical degraclation incluced bv Cu(ll) ions(l Fivl ) and ascorbtle at varioirs conccIrri.tttnn! Ll0.5tt. or 100 ftN.l ) \\here tlie orinrar,".



\ariable-theconccntlalionolcupricions-wassettosuchavaluervhichttlal'occulattlle
early stages of acute joint inflamlnation' The second r ariable' thc concentralion of ascorbate'

.ou.r, tlrut range which is characteristic in SF of a human being As shown in Figure 3 the

curve coded 1, the reaction system Cu( Il):ascorbate equaling 1;10 was during the whole time

period of5 h ineffective to induce a relevant HA degradation The obsen'ed minor growing of

lhe solution 1 value represents the well known eflect - called rheopexy which is

characterized by orientations and attractive self-interactions of dissolved HA macromolecules

inthespacebetweentheviScometelresewoirwallandtherotatingspindle|2]'
By increasing the ascorbate concentration to 50 FM (cf figure 3' curve coded 2)' a

gruduul d."t"ur" of the dynamic viscosity of HA solution was evidenced during the first 90

irin. Th"n a slower HA degrading process was obsewed' which continued up to the end of

monitoring the solution 1 uulu". I 5 h The attained decrease ol the HA dynamic viscosity

lrom its initial value of 9.93 to 8.01 mPa's was, however, classilted as not sufficiently

cffective for our funher investigations

Increasing the ascorbate concentlation to 100 pM resulted in an approximately 60-min

time interval during rvhich "no degradation" of HA macromolecules was registered Yet as

evident from the curve coded 3 in Figure 3, this stationary/lag phase was continued by

a stepwise decrease of the solution dynamic viscosity' achieving at 5 h the value of 6 53

mpals. As proven by using the method of EPR spectroscopy [12] under the experimental

conditions represented in Figure 3, curve coded 3' the signal detected during the earlier time

intewals (5 L0 minl belonged exclusively to ascorbyl radical However as confirmed by

applying the DMPO spin-trapping method, at later time intervals' the generated'OH radicals

"."*"a.0" the scavenging effectit'ity of the actual ascorbate (AscH-) level and thus they

represented the radical species which reacted with the HA chains leading to polysaccharide

fragmentation.

Rudieal Dcgrrtlation ol lligh \lolar \la:s lltrluronatl ' 1l

Figure 3. Time dependences ofdynamic viscosity values ofihe HA solution in the presence of l 0 pM

C,iCl.pt,,., ascorbate at concentrations 10 (1)' 50 (2)' or 100 (3) pM'

Tinrr lnrinl
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."",fiJil1l';*:::.'J"::Tr";:'"9 3' during the time intervar berween 60 and 300 min rhe
The earlie.rt t;tua i_t-^.^t -"1;lution 

n.val ,es covers a range equaling to 3.25 mpa.srh e e a r t i e s t t i m e i n t e n q t, r., i", 
") "1,,1 

i i' " i";:H,':ffi;:lifi ::#; TH,"",processes which resurted in rhe observation. ..0*r*i"o^ur',i. .i-" .oo"o 3 in Figure 3 _
;,ililJ5,.,'ffi#:'";|":'t"': approximatelv oo ,nin, uno.. aerobic conditions, the
w.irru.rg.r'. 'o^';;,;;;':;'r'# "tt"rbate and a trace amount ofcupric ions i. u *"ri tno*i
ror o*,ng:; o* ;;;J; #il;"iil,.:l": ll:jn:i"T,",ilj,;.yi:::n"::Hlii:;however take place simullaneously in a concened u.,ion-- 

"'- "'-"'

AscH- + Cu(lJ) _ Asc..+ 11- + Cu(I) ... reduction ofcupric ro cuprous ions (l)
Note l: It is a well known- fact that AscH_ donates a hydrogen atom (H.or H* + e-.;yielding the resonance_srabirized.,,i"r.';;;;*;;;J;il",. 

Since rhe ta.er has a pK,value of-0 g6' it is not protonated una trr* in uqu"ou. ."tit"?t, *ut be present as Asc.- [13r.
As the cuprous ions are r

;::*r^::d j.i:**iH:,i,#:t{r""fi .!!l;.jjn,d:;.i;:".:,:r:r.":r"il1
parricipates in the n"*, ui-.r."o"" ,.0,.il;;J;::lr;:il,*"ffiJ:frjion intermediate

[AscH- .Cu(I)] + O:O + H* _' Asc.. + quUll + H2O2 . hydrogen peroxide formation

and one may suppose that the nasce.r r,^n *^r^^--j- , 
Q\

,.,".",0,#o;,.ll"iL#ffiffi::ll,i;:#:j;?':;:"i:."".iliJsed.immediatery 
by the

HrO, + [Cu(l)] + 'OH + HO-+ Cu(II) ... gererarion ofhydroxyl radicals (3)
In summary, we could express the following final/net reaction

AscH'+ fAsctf...Cu(l)l + O=O + 2Asc. + Cu(l]) + HO.+ .OH 
... (net reaction)

Yet the conclitions of the above flow chart should be taken int(reaction system there is a rear ascorbate excess, the nur".nt hud.nl 
account: Since within the

:"::::iJ, 
and due ro,n"," i_.. *. u.*.0.",,",".,ilil:Tt:J:,d,]:,*,ffi":.,:"",.1,i;

AscH- + 'OH + Asc'' + H,O ... quenching the hl,droxyl radicals (4)

According to our previous fi
tr2l under rhJexp;.n!n:;i:"il:,tfss 

obtained 
.bv 

using the method or EPR spectroscopy
earrier rime'""i,"i; i.-uo"n.',j:Ti':::::l:.:,"'ll'",t'iu,.r,curvecoded3,duringthe
,",Ti:, j;;:t=,:il*:*:l*l:: fit[JHr::;:;:; ;,t;;; :]t;:j:,,::", "*
lielding back;;;;;: il.":rat 

(trvo) ascorb]'ls unclerso a reclox disproportional reactionrate and a not chargecl dchydroascorbate fDHfl 16. p11f



lladic:rl l)cgrrrdation ol lligh \lol;rr'\ll:s IIlrlLrnnun .. l9

r)olccule ho\\'ever hl,drolyzes yieldiDg an intenrlediate, narrely 2,3-diketo-L-glucolric acid.
.IrLrror scveral fina1 products such as L-xylose, and L-xylonic-, L-lyxonic-, L-threonic-. as u.ell
.rs oxalic acids [] 3]. Study of the padicipation of the above nentioned intennediate as well as

,'l the final products wlthin the reaction flow charts (ci-. reactions 1 ,1) r.vas however beyond
tlrc scope of the present investigatioIl.

The laler lime inleryal of lhe reaclion: Let us continue the analysis of the potential
ehernical processes which could result in the observations represented by the curve coded 3 in
lrigure 3 namely the result within the time interval from approximately 60 to 300 min:

As anticipated according to the sequential depletion of the ascorbate the nonquenched

hydroxyl radicals can react with the HA macromolecule by abstracting a hydrogen radical
(11'), resulting in the formation of a C-macroradical represented in Figure 4 and further
dcnoted as A.

Under aerobic conditions, the alkyl-type macroradical - A - reacts raprdly with the
rnolecule of dioxygen (O2) yielding a peroxyl-type macroradical, hereafter denoted as AOO'.
.lhe 

intermediate peroxyl-type macroradical lormed may react with an ad.jacent hyaluronan
rnacromolecule (HA), and thus the radical chain reaction propagates quickly

AOO' + HA - AOOH + A' ... propagation ofthe radical chain reaction (s)

After its "collision" with an HA macromolecule (cf. reaction 5), the generated peroxyl-
lype macroradical yields a high-molar-mass hydroperoxide, which subsequently, mostly
induced by the present Cu(l) ions {AOOH + Cu(l) ---+ 4q'+ HO + Cu(Il)1, yields an

alkoxyl-t1pe macroradical (AO'). This is a presumed intermediate of the main chain splitting,
resulting in biopolyrner fragments whose solution is characterized by a reduced dynamic
viscosity (cfl Scheme I [14]).

The attack of hydroxyl radicals on D-glucuronate or N-acetyl-D-glucosamine moieties of
HA can also lead to the "opening" ofrings without breaking the poll.mer chain [15, 16].

cH oc 9' o' oII
ol - 

-'- -tr,, 
,, o. o.'. ( _o

^ I rolr'\-.J-_ c -_" _f _-__r.i _ ^ __ c"_\_,_/ o\ 
r ro 1\-', "1

. -o--fJ ,;J--/,,__.^/ " "N__-No\,,'S-'-' oc'\ ( " oH 
/niHotr oH cllroc

Figure 4. The hyaluronan C'-type macroradical, due to li5 high reactivil). rmmediately traps a molecule
of dioxygen yielding a peroxyl-type macroradical.

CHJOC
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-" J:;{1'-" r"5; q t.:i:",'"L7'-- / ." / .'v) '\o /(\{---lu\ Ho-
o.1 -o '" t-7-- J - no\--N_o

t, \ orr

--t \

-":z*i;..4g7,: ';5is
OH\OH

Scheme L Fragmentation of the alkoxy_rype macroradical (AO.).

Investigating pro- and Anti_Oxidative Action of Arbutin

Based on its chemical struc

ff :l*;Ti:Ji'":J,-J,!"i+l::i:itfi ':h'?J::#ff '":J:::::"1';':ii:ilil::

ltlr* *^ i";; ; il ;;;: "r:iliffi ::?l'::,*:f ff xnnx,::*,:l:
;fi[[1; j:#:l]l.L in o,o..a*. 1i; u.0", ti. fu,ug."on':;, oruninhibited,/inhibited

fn e [nrin]

::tii: iJ ffi i:i:lii);: ::?;:l " 
viscositv varues or the HA sorution in the presence or r 1tM

depcndences observ",l ,nd"..i,nilrr.llt 
lhe cotrcentralions l0 (l'). 50 (2 ). or l00 ('l')tlM. as well the,"t",",o"..o,r,oi..o-;;;#ji;;:;;:::il#li;::$Jjf,i;1arraruurn-eu,"", r..2.n.,n-'"
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,\s indicatcd in I'-igure 5, contrary- to the exPected inhib ition i retardatjon ol the

tlcgradation ol HA macromolecules, on introducing the drug resulting in its concentration ol
50 or 100 prM (cf. curves coded 2 or 3' in figure 5) a remarkable reduction ofthe r1 value of

lhe solution monitored was recorded at the earliest time interval. while the shape of curve 3

(cf. figure 5), relating to the reaction mixture rvithout arbutin, indicates a stationary/lag phase

of the HA degradation process during the first 60 rrin, addition of the arbutin drug tested (100

;LM) shows both elimination of the reaction lag phase and significant acceleration of the

decay of HA macromolecules.

The degradation of the native HA sample after 5-h treatment by the systern comprising

Cu(Il):arbutin:ascorbate in the molar concentration ratio of l:100:100 was unequivocally

proved by SEC analysis (cf. figure 6, UV and RI traces). As evident from Figure 6, the

polymer sample at 5 h had a lower molar mass (Mp".t = 695 kDa) as compared to that of the

original hyaluronan.

To explain the above observations, the reader's attention is to be switched to the

reversible redox processes known for the pair of hydroquinone and quinone (denoted

hereafter shortly QH: and Q), which can be described as follows [18]

QH, {-} Q + 2Ht + 2e' ... hydroquinone two-electron oxidation

As claimed above, arbutin is readily hydrolyzed by diluted acids yielding QH2 and D-

glucose in a 1:1 mole ratio [6]. The latter tenet was supported also by our cyclic voltammetric

experiments perfonned both in DMSO/TBAPF6 and aqueous 0 15 M NaCl solution, as

shown in Figure 7.

clear differences are seen on comparing DMSO and water solutions. In water solution,

the products of hydroiysis as well as protonation of arbutin are observable already during the

first cV scan, in contrast to DMSO where only a small increase of arbutin degradation

products is seen. In water solution, the strong increase of the cv peak, characteristic of

Q/QH2 redox couple during repetitive redox cycling, indicates that compared to non-oxidized

arbutin, the oxidized form of arbutin strongly hydrolyzes (decomposes). Thus due to the

addition of ascorbic acid to arbutin, rapid drug hydrolysis occurred.

Reaction chemistry inNestigated by sPin-traPping EPR spectroscopic method: Figxe 8

represents t)?ical records register€d on applying DMPO in the function of radical trapping

within the reaction system comprising (a) HA and Cu(ll); (b) HA, Cu(II), and arbutin; as well

? 8 r) lll nrinrle{ ll t !

Figure 6. SEC analyses ofthe narive HA sample and ofthat degrading over 5 h. (The native HA peaked

earlier.) Left panel - UV traces at 206 nm, right panel RI records
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as (c) HA, Cu(II), arbutin, and ascorbate, where the reactants were applied at such
concentration ratios which were identical to those described under the paragraph ,,Study of
unin-hibited/inhibited hyaluronan degradation".

0.0 0.5

E MvsAg

Figure 7. Cyclic voltammetry (repetitive cycling, CV scans are indicated with numbers) ofarbutin in
. DMSO/TBAPF6 (black lines 1-4) or in HlOA.JaCl (gray lines 1'-5').

3300 1320 33.10 3360 33e0 3.lOC

B/G

Figure 8. The DMPO-OH signals registered I min after mixing rhe DMpO spin trap wirh the sample
solution containing HA and Cu(ll) - trace a: and u,ith the solution comprising HA. Cu(ll). and arburin
trace b. The signals for ascorbyl detected at time intervals of 10. j0. 60. 90. and 120 min are
represented by the respective traces lrom cl to c5.

J
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(a. b)i B), adurixing DMPO into the reaction r.essel conraining alreadv the tq,o
r'()rrponenrs - H:\ and cu(ll) a signal characterisric for the 'DN4po oH aciducr *,.as
r.corded. horvever the fbrrowing arbutin application diminished so''ewhat the signal
;rbundance (cfl figure 8, traces coded a and b). The simplest explanation of these observations
truld be that DMPo added ir a great excess reduced cu(rl) ions to cuprous ones, which
slrbsequently reacted with dioxygen, yielding superoxide anion radicals (O2'). These ROS
spontaneously dismutate and the dismutation product H1o2 is decomposed by the reduced
eopper ions in a Fenton-like reaction.

Note 2; It should be pointed our, however, that sysrcms conprising HA and Cu(II) or HA,
t'u(ll), and arbutin did not induce any significant degradation of hyaluronan macromolecules
lrot shown). (c): It should be pointed out here that the mixing of aI the reaction components,
rirmely DMPo with the sample solution containing HA, cu(U), arbutin. and ascorbate. took
hut approximately l min during which time the sample was not scanned by the EpR
spectrometer. However, after a short time, a signal related to Asc emcrged, whose intensity

'aried: During the first time interval - up to approximately 60 min _ the intensiry of the
.ccorded signal rose, then it declined and after 120 min the spectrometer rrronitor was,,silent'.
(cf. figure 8, traces c1 c5). The EPR spectroscopic observations at a later time interval,
ramely the less and less abundant signal related to Asc' between 60 and 120 min, as weil as
later on the signal disappearance, coincide well with the results represented in Figure 5, curve
coded l' at similar time intervals.

By admixing DMPO into the reaction vessel containing already the two components -IIA and cu(II) a signal characteristic for the 'DMpo-oH adduct was recorded, however the
lbllowing arbutin application reduced the EpR signal of 'DMpo-oH adducts by about 20-i0
percent (cl figure 9).

The simplest explanation of these observations coulci be that hydroperoxides already
present in the initial HA solution 19, 19, 20] rapidly decompose due to the presence of

120E+06

1.00E+O6

! s ooenos

=e 6 ooE+05

I
E

t 4.ooEr{s
t!

2.00E+05

0 0oE+00

HA. cu{ll). arbuiinHA CL(10

Figure 9. Integrai EPR intensity of 'DMpo-oH adducts registered l min after mixing the DMpo spin
trap with sample solution containing HA and Cu(lI) and with the solution comprising FI,q, CL.,(tf). ana
arbutin
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Cu(II)/Cu(l) ions (cfl also Scher
peroxidation 

"rripi). ra*",.d i".l""rtr-io"*'' 
as aireadv well established in the field of

LOOH + Cu(tt) - LOO'+ Cu(I) + H*
LOOH + Cu(t) --+ LO'+ Cu(tI) + HO.

"rJ;':iJ"J;:llTn,::tthe 
presence of peroxvl and arkoxvl radicals as wel as their
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AOOH + Cu(t) - AO' + g1119 1 11O.

Thus a short-living (ca. I ps). alkoxy-type macroradical was only present in ourexpenmenral system. This macrlr1d11t ** ;io";Jll";;.oii.'ano degraded quickly tofragm€nts with lower molar mass (ct. Scheme l).
,iy'ole 4; It should be pointed o
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lhc arbutin sca\.enting acti!ity represcnted bf its establishcd lCr1l r,aluc 5.43 ptM should
1,, classified as relativeiy high, corrparable to that valuc of quercetin (lC.o : 2.86 tLM) rhc
.rrbstance used as a standard elfective natural antioxidant [2i,22].

'l he reaction of decolorization of the ABTS'- radical aation solution is based on a simple
rt;rution during which a proper reductant provides an electron to the acceptor - the ABTS'-
r rrtlical cation. Although the ABTS assay is still one of the primary choices, the reader should
rirkc into account that the results described by either thc TIIAC or ICso values represent just
rrrlucs detennined at the experimental conditions used; by applying e.g. another electron

rrcccptor (such as that ol DPPH' the 1 ,l -diphenyl-2-picrylhydrazyl radical) dilferent
l('ir) values are established.

Nole 5. On applying the DPPH assay, the detemined IC5s value fur arbutin (:768 irM)
rcpresents a 176-times lower antioxidant capacity than the one detennined fbr qucrcetin (4.36

lrM). Although the above arbutin IC5e value correlates well with those published by other
rrvestigators applying similar DPPH-assay conditions [23], it should be pointed out that there
is an experimenlal "conflict": The DPPH assay, which uses alcohols (rnethanol) as the 1,1-
rliphenyl-2-picrylhydrazyl-radical dissolvent, is preferably used to investigate the
rltioxidant capacity of lipophilic (alcohol soluble) substances. Yet arbutin is classifiable as a

Irydrophilic substance, perfectly soluble in water. As calculated, the arbutin vJ. quercetin

solubility in water, 39.1 vs. 0.26 g/L, closely correlates to the logP - lipophilicity values of
(hese substances, namely -1.36 vs. +1.07 [24], respectively. Thus, the IC5e value for arbutin (:
768 pM) determined by using the DPPH assay does not primarily indicate the very low
rcduction power of the drug, but most plausibly, this value reflects also a much poorer arbutin
solubility compared to that ofquercetin when methanol was the solvent used.

Investigating Arbutin in the Function of a Chain-Breaking Antioxidant

There is a discrepancy of arbutin classification as an efficient antioxidant/reductant -
based on the ABTS assays - and on the contrary a pro-oxidant investigated by the drug action
when introduced into the running free-radical HA degradation during the phase of the
reaction propagation. Under the experimental conditions specified under the paragraph
"Study of uninhibited/inhibited hyaluronan degradation" section (ii) - the results
represented in Figure l1 should be assessed as bi-phasic. As evident (cl hgure 11, curves
coded 100 and 200), addition ol the arbutin solution after I h of the reaction onset,
immediately increased the degladation rate of HA macromolecules. This process however
continued by a step-wise slov.,ing-down of the solution dynamic viscosity with the final
values 8.43 and 7.33 mPa s, proving the inhibitory action ol arbutin compared to uninhibited
free-radical HA degradation represented by the curve coded 0 in Figure I L

Based on the above results (cl figure I l), one may conclude that arbutin lunctions as a

chain-breaking antioxidant. Yet it should be pointed out again that such a statement is valid
only under the experimental conditions used. On applying the dmg for skin lightening, one
should take care since the pro-oxidative action ol arbutin may result in damaging the tissues
involved. The skin contents of HA, ascorbate, and the ubiquitous redox-active (transition)
metals ll8] - including Cu ions - predispose the processes documented by the above
observations.
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Tim€ [|llin]

lig::e 1.1 li:e deeendences ofdynamic viscosity values ofHA solurion in the presence of I lrMcucr'7 prus 100 [M ascorbate (0) and after addition ofarbutin in the concentration of 100 (r00) and 200(200) [M.
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