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Abstract. The electrochemical properties of three structurally different flavonoids ((+)-catechin, quercetin
and rutin) on a glassy carbon electrode were studied at different pH by cyclic, differential pulse and
square-wave voltammetry. It was determined that in all investigated compounds oxidation of catechol
3'4'-dihydroxy group on the B-ring (the first oxidation peak) occurs. This process is reversible, pH de-
pendent and includes the transfer of 2e” and 2H". The products of electrochemical oxidation of all investi-
gated flavonoids (especially of quercetin) strongly adsorb on the electrode surface. In terms of quantifica-
tion, the absorbance value, proportional to the remaining ABTS+e concentration, is measured after a fixed
reaction time. Results are expressed as Trolox equivalents (TEAC value), that is, as the concentration of
Trolox solution (mmol dm™) with an antioxidant capacity equivalent to that found for 1.0 mmol dm™ of
the substance under investigation. It was found that the TEAC values depend on the concentration of the
investigated compounds. The activity sequence of the investigated, structurally different, flavonoids fol-

lows the sequence: quercetin > (+)-catechin > rutin.
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INTRODUCTION

Flavonoids are a class of secondary plant phenolics
consisting of fifteen carbon atoms, arranged in a C4-Cs-
Cs configuration. More than 5000 flavonoids have been
identified up to date, they have been mostly found in
leaves, seeds, bark and flowers of plants, where they
have a protective role against ultraviolet radiation,
pathogens and herbivors."? The anthocyanin copig-
ments, which attract pollinating insects, are responsible
for the characteristic red and blue colours of berries,
wines and certain vegetables (major sources of flavon-
oids in human diet). Most of the beneficial health effects
of flavonoids (anti-inflammatory, anti-cancer, cardio
protective) are attributed to their antioxidant and chelat-
ing abilities.’

In the last two decades flavonoids were studied by
different techniques. Electrochemical properties of fla-
vonoids were studied by voltammetric techniques (cy-
clic voltammetry,* !0 182173842 differential pulse volt-
ammetry, 5512 153252703374 gnare wave  voltam-
metry,>'>1422% linear sweep voltammetry,®-!3%40
chronocoulometry,**** chronoamperometry'’ AC im-
pedance spectroscopy”’ and rotating disk electrode volt-
ammetry'®'”), UV-spectroelectrochemistry,”>** semi-

empirical calculations® and biosensors.”'> Antioxidant
capacity of flavonoids was studied by cyclic voltam-
metry,'”** differential pulse voltammetry,” Flow
Injection Analysis (FIA),"*® chronoamperometry,*’
biosensors,® UV/Vis spectroscopy (with different re-
agents e.g. Folin-Ciocalteau,'”*° FRAP,**! DPPH,'**"
ABTS,"”"%3% ¢fc.), photochemiluminescence'®, spectro-
fluorimetry (ORAC method)*™*? and electron spin reso-
nance (ESR) spectroscopy”.

The structure of flavonoids is a key determinant of
their radical scavenging and metal chelating activity,
which is referred to as the structure-activity relationship
(SAR). Some of the structural features and nature of
substitutions on rings B and C which determine the
antioxidant activity of flavonoids include the following:
a) the degree of hydroxylation and the positions of the
—OH groups in the B ring, in particular an ortho-
dihydroxyl structure of ring B (catechol group) results
in a higher activity; b) a double bond between C-2 and
C-3, combined with a 3-OH, in ring C, enhances the
active radical scavenging capacity of flavonoids; c)
substitution of the 3-OH in ring C results in increase in
torsion angle and loss of coplanarity, which sub-
sequently reduces antioxidant activity and d) a double
bond between C-2 and C-3, conjugated with the 4-oxo
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(+)-catechin

(trans-3,3' A 5,7-pentahydroxyflavane)

rutin

(3v ,4',5,7—tetrahydr0xyﬂavone—3ﬁ—D—rutinoside)

Figure 1. Molecular structures of (+)-catechin, quercetin and rutin.

group in ring C also enhances the radical scavenging
capacity of flavonoids.'

Since the chemical activities of flavonoids in
terms of their reducing properties as hydrogen or elec-
tron-donating agents could predict their potential to act
as antioxidants (lower oxidation potential points to a
higher antioxidant activity),” studying of electrochemi-
cal and antioxidant properties could help to better un-
derstand the mentioned group of compounds.

The purpose of this study was to show application
of electrochemical methods (cyclic, differential pulse
and square-wave voltammetry) in systematic investi-
gation of electrochemical properties of three structu-
rally different flavonoids (Figure 1), one flavanol
((+)-catechin) and two flavonols (rutin and quercetin)
and to determine the antioxidant capacities of the inves-
tigated compounds by a Trolox equivalent antioxidant
capacity (TEAC) assay.

EXPERIMENTAL

All chemicals were of the highest purity commercially
available and were used without further purification.
Rutin trihydrate (C,7H300163H,0), Quercetin dihydrate
(C15H1007'2H20), (+)-Catechin hydrate (C15H1406 Hzo)
and 2,2'-Azinobis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) were obtained from
Sigma (St. Louis, MO, SAD). (+)-6-Hydroxy-2,5,7,8-
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tetramethylchroman-2-carboxylic acid (Trolox) was
purchased from Fluka (Buchs, Switzerland). All other
chemicals were obtained from Kemika (Zagreb, Croa-
tia). Stock solutions of investigated flavonoids (¢ =
1:10 mol dm ) were prepared in methanol and kept in
the refrigerator (solutions were stable for at least 1
month). Prior to use, stock solutions were diluted to the
desired concentration with a buffer supporting electro-
lyte (I, = 0.1 mol dm™). Buffer supporting electrolyte
solutions were prepared in high-purity water from a
Millipore Milli-Q system (resistivity greater than or
equal to 18 MQ cm). A phosphate buffer solution of pH
= 8.0 and 7.0, and an acetate buffer solution of pH =
5.5, 4.5 and 3.5 were used.

The electrochemical experiments were preformed
with an EG & G Princeton Applied Research Model
273A potentiostat controlled by a computer in a three-
electrode system, consisting of a glassy carbon working
electrode (Bioanalytical System, d = 3 mm), a saturated
calomel reference electrode (S.C.E.) and a platinum
counter electrode. The glassy carbon working electrode
was polished with a-Al,O; powder (0.05 pm, Buehler,
USA) before each measurement. The cyclic voltammetry
scan rate was 50 mV/s. The differential pulse voltam-
metry conditions were: scan increment 5 mV, pulse am-
plitude 50 mV, pulse width 70 ms and scan rate 5 mV/s.
The applied square-wave voltammetry conditions used
were: frequency 50 Hz, pulse amplitude 50 mV and scan
increment 2 mV (effective scan rate of 100 mV/s).



M. Medvidovi¢-Kosanovi¢ et al., Properties of (+)-Catechin, Quercetin and Rutin 199

Table 1a. Oxidation potential (£),,), half wave potential (E,,), peak separation (AE,), oxidation current (/,,) and the area under the
anodic wave (S) values of the first oxidation peak for (+)-catechin as the function of pH values, obtained by cyclic voltammetry

pH EpalV EnlV AE,/ V Lo/ HA S/ uC
35 0.481 0.391 0.192 0.289 1.08
45 0.394 0.307 0.186 0.452 2.09
5.5 0.339 0.267 0.192 0.299 1.20
7.0 0.278 0.189 0.231 0.267 1.15
8.0 0.234 0.142 0.198 0.227 0.92

Table 1b. Oxidation potential (£,,), half wave potential (E,,), peak separation (AE,), oxidation current (/,,) and the area under the
anodic wave (S) values of the first oxidation peak for quercetin as the function of pH values, obtained by cyclic voltammetry

pH EpalV EnlV AE,/V La/ uA S/uC
35 0.391 0.340 0.062 1.237 3.06
45 0323 0.271 0.056 1.480 3.44
5.5 0.248 0.192 0.032 2280 6.37
7.0 0.134 0.083 0.073 1.234 2.69
8.0 0.071 0.051 0.040 0.760 226

Table 1c. Oxidation potential (£, ,), half wave potential (E),,,), peak separation (AE,), oxidation current (/,,) and the area under the
anodic wave (S) values of the first oxidation peak for rutin as the function of pH values, obtained by cyclic voltammetry

pH EpalV En/V AE,/V Lo/ uA S/ uC
3.5 0.459 0.419 0.064 0.374 0.65
45 0.401 0.361 0.037 0.327 0.71
55 0318 0.279 0.037 0.350 0.69
7.0 0.226 0.188 0.047 0.292 0.53
8.0 0.182 0.141 0.075 0.234 0.76

Antioxidant properties of investigated flavonoids
were studied by a Trolox equivalent antioxidant capac-
ity (TEAC) decolourisation assay (the procedure was
taken from Ivekovié et al)”’ on J. P. Selecta UV/Vis
spectrophotometer Model UV 2005. A stock solution of
ABTS radical cation was prepared by mixing 0.2 ml
ammonium peroxodisulfate solution (¢ = 65 mmol
dm?) with 50 ml of ABTS solution (¢ =1 mmol dm)
in a phosphate buffer (Z, = 0.1 mol dm > NaH,PO,, pH =
7.40). The mixture was left to stand overnight. A 0.5 ml
of ABTS radical cation stock solution was put into a 1
cm glass cuvette, diluted with 2 ml of phosphate buffer
and the absorbance of the ABTS radical cation at 734
nm was read. Subsequently, a 0.1 ml of sample solution
was added into the cuvette, the solution was quickly
mixed and the absorbance was monitored at 734 nm for
60 s. The decrease of absorbance after 60 s (A4 sumple)
was compared with the decrease of absorbance caused
by the addition of 0.1 ml of Trolox solution (¢ = 400
umol dm ™) (A4 o) and the TEAC value was calcu-
lated according to the formula:*’

AA -C
sample "~ Trolox
TEAC = —2= 2>
Trolox csample

The pH measurements were carried out at the room
temperature with the Metrel MA 5736 pH-meter.

RESULTS AND DISCUSSION

Cyclic Voltammetry

Cyclic voltammograms of (+)-catechin (Table 1la),
quercetin (Table 1b) and rutin (Table Ic) (¢ = 1-10°°
mol dm ) were recorded in the buffer solutions (I, = 0.1
mol dm™) in the pH range from pH = 3.5 to pH = 8.0.
An example of their cyclic voltammograms recorded at
pH = 5.5 is shown in Figure 2. Cyclic voltammetry of
(+)-catechin showed two oxidation peaks associated
with the oxidation centres present in the molecule, a
reversible oxidation peak (£, ,; = 0.339 V) which corre-
sponds to the oxidation of the 3',4'-dihydroxy substitu-
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Figure 2. Cyclic voltammograms of (+)-catechin, quercetin and rutin (¢ = 1-10~> mol dm™) in the acetate buffer (I, = 0.1 mol

dm™>, pH = 5.5). The scan rate is 50 mV/s.

ent on the B-ring and an irreversible oxidation peak
(Epap =0.715 V),“’S’8 which some authors associate with
the oxidation of OH group at the position 3 on the C
ring’ and other with the oxidation of 5,7-dihydroxy
substituent on the A ring.** The reduction peak of the
3'4'-diquinone formed in the first oxidation peak ap-
peared at £, = 0.147 V.*>¥ The peak separation is AE,
=E,,— E,.= 192 mV which agrees with some literature
data.® Somewhat high peak separation value could point
to the EC oxidation mechanism, which includes re-
versible electrochemical oxidation of (+)-catechin to
o-quinon followed by a chemical reaction of catechin’s
oxidation products.

Cyclic voltammograms of rutin and quercetin have
shown one reversible oxidation peak for rutin (£,, =
0.318 V) and quercetin (E,, = 0.248 V), which corre-
sponds to the oxidation of the 3',4'-dihydroxy substituent
on the B-ring. The reduction peak of the 3',4'-diquinone
formed during the rutin or quercetin oxidation process,
appeared at £, = 0.281 V for rutin and at £, = 0.218 V
for quercetin. The peak separation is AE, = E, ,— E, .= 37
mV for rutin and 32 mV for quercetin, which points to a
reversible electrode reaction involving two electrons on
the glassy carbon electro-de,'*!6232931-3341
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Results of this method show structural differences
of the investigated flavonoids, since different values of
oxidation (£),,) and reduction (£, ) peak potentials were
observed, which can also be connected with their differ-
ent antioxidant activities (lower oxidation potential
points to the higher antioxidant activity).”

Differential Pulse Voltammetry

Differential-pulse voltammetry was used for the investi-
gation of oxidation peak current (/,) as a function of pH
(from pH = 3.5 to pH = 8.0) and to study the adsorption
of the investigated compounds on the glassy carbon
electrode. As is shown in Table 2, the highest peak
current of the first oxidation peak was around pH = 4.5
(for (+)-catechin) and around pH = 5.5 (for rutin and
quercetin) and it decreased in more acidic and alkaline
media. Oxidation peak potentials for all investigated
compounds decreased with an increase of pH.

The plot of the peak potential (£,) vs. pH for the
first oxidation peak showed linearity with the slope 58.7
mV (for (+)-catechin), 73.1 mV (for quercetin) and 60.6
mV (for rutin), which corresponds to the mechanism
involving the same number of protons and electrons and
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Table 2. Oxidation current (/,,) and oxidation potential (£,,) values of the first oxidation peak for (+)-catechin, quercetin and
rutin as the function of pH values, obtained by differential pulse voltammetry

(+)-catechin quercetin rutin
pH EpalV Lo/ HA Epa/V L/ nA EpalV Lo/ LA
3.5 0.429 0.28 0.372 0.66 0.397 0.60
4.5 0.330 0.37 0.284 0.84 0.366 0.64
5.5 0.248 0.26 0.213 0.89 0.299 0.71
7.0 0.160 0.24 0.089 0.57 0.190 0.55
8.0 0.102 0.20 0.012 0.36 0.132 0.40

agrees with data found in literature *>'4!6-2%-231.33.3741.42

The plot of the peak potential (£,) vs. pH for the second
oxidation peak of (+)-catechin showed linearity with the
slope 63.3 mV which agrees with literature data’ and
also points to the oxidation mechanism which involves
the exchange of the same number of protons and elec-
trons.

Differential pulse voltammetry revealed a second
oxidation peak of rutin and quercetin around 0.9 V
which corresponds to oxidation of 5,7-dihydroxyl group
on the A-ring and agrees with literature data.'*'**>*
Both peaks of rutin, quercetin and (+)-catechin de-
creased with successive scans (Figure 3) for all pH

values studied, which confirmed adsorption of their
oxidation products on the glassy carbon electrode sur-
face (the decrease of the oxidation peaks in the second
scan was the most visible for quercetin, which confirms
that the products of quercetin oxidation block the elec-
trode surface and agrees with literature data).'* Even
though, two other oxidation peaks of quercetin, peak 2
around 0.3 V (vs. Ag/AgCl), which corresponds to oxi-
dation of 3-OH group at ring C and peak 3 around 0.6 V
(vs. Ag/AgCl), which corresponds to oxidation of 5-OH
group at ring A, were found by Brett et all,'* those peaks
were not observed in our study at any pH value. The
oxidation products of investigated flavonoids can also
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Figure 3. Diferential pulse voltamograms of (+)-catechin, quercetin and rutin (¢ = 1-10~> mol dm™) in the acetate buffer (I, = 0.1

mol dm; pH = 4.5 for (+)-catechin; pH = 5.5 for rutin and quercetin) at the scan rate of 5 mV/s.
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Figure 4. Dissociation diagram of (+)-catechin: (H4A) undis-
sociated form of (+)-catechin, (H;A~, H,A?", HA* and A")
deprotonated forms of (+)-catechin. Dissociation constants
(PKaz = 9.02; pKay = 9.12; pK,s = 9.43 and pK,; = 9.58) were
taken from the literature.**
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Figure 5. Dissociation diagram of quercetin: (H;A) undissoci-
ated form of quercetin, (H,A", HA? and A®") deprotonated
forms of quercetin. Dissociation constants (pK,s = 6.74; pKa4
=9.02 and pK,s 7= 11.55) were taken from the literature.>

undergo homogenous chemical reactions with water
following their oxidation at a glassy carbon elec-
trode 5142931

Dissociation diagrams of (+)-catechin, quercetin
and rutin (Figures 4—6), calculated from their micro-
scopic dissociation constants deduced from NMR mea-
surements for (+)-catechin® (pK,y = 9.02; pKow = 9.12;
pKas = 9.43 and pK,; = 9.58) and from potentiometry
and spectrophotometry for quercetin® (pK,y = 6.74;
pKay = 9.02 and pK,s, = 11.55) and rutin®® (pK,; = 7.35;
pKay = 8.80; pK,3 = 11.04 and pK,s = 11.90) show that
their spontaneous deprotonation doesn’t occur below pH
= 6 for (+)-catechin (the similar result was obtained by
Martinez et al.)* and below pH = 5 for quercetin and
rutin. It means that the neutral molecules of the investi-
gated flavonoids participate in an electrochemical oxi-
dation reaction and adsorption processes up to pH = 6

Croat. Chem. Acta 83 (2010) 197.
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Figure 6. Dissociation diagram of rutin: (H4A) undissociated
form of rutin, (H;A", H,A%", HA* and A47) deprotonated
forms of rutin. Dissociation constants (pK,; = 7.35; pK,y =
8.80; pK,3 = 11.04 and pK,s = 11.90) were taken from the
literature.*®

for (+)-catechin and up to pH = 5 for quercetin and
rutin. At higher pH values, spontaneous deprotonation
of flavonoids occur, different dissociated species of (+)-
catechin, quercetin and rutin are formed and the possi-
bility of occurrence of much more complex electro-
chemical and adsorption processes exists, which agrees
with the results of Martinez et al.* for (+)-catechin (they
assumed the possibility of occurrence of electron or
hydrogen abstraction reactions of catechin in the range
of physiological pH).

Square-Wave Voltammetry

Square-wave voltammograms were recorded over the
same pH interval (Table 3) investigated by cyclic volt-
ammetry and differential-pulse voltammetry. The results
have confirmed adsorption of oxidation products of in-
vestigated flavonoids on the electrode surface since the
oxidation peak currents decreased with increasing scan
number. The advantage of this method compared to dif-
ferential pulse and cyclic voltammetry lies in greater
speed of analysis, lower consumption of electroactive
species and reduced problems with blocking of the elec-
trode surface (the current is sampled in positive and nega-
tive-going pulses, so the oxidation and reduction peaks of
electroactive species can be obtained at the same time).
The reversibility of the first oxidation peak of (+)-
catechin, quercetin and rutin was confirmed since both
the oxidation (forward current) and reduction (backward
current) peaks appeared at the same potential, £, = 0.34
V for (+)-catechin (at pH = 4.5), E, = 025 V for
quercetin (at pH =5.5) and E, = 0.33 'V for rutin (at pH
=5.5) (Figure 7). The square-wave voltammograms have
confirmed the irreversibility of the second oxidation peak
of (+)-catechin, since there was no corresponding reduc-
tion peak in the investigated pH interval.
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Table 3. Oxidation current (/,,) and oxidation potential (E,,) values of the first oxidation peak for (+)-catechin, quercetin and
rutin as the function of pH values, obtained by square wave voltammetry

(+)-catechin quercetin rutin
pH E,./V L./ pA E,./V L./ pA E,./V L./ pA
3.5 0.393 2.223 0.369 3.441 0.469 2.999
4.5 0.338 3.377 0.319 5916 0.400 3.316
5.5 0.268 2.604 0.245 9.271 0.330 3.693
7.0 0.186 1.987 0.134 5.489 0.230 2.765
8.0 0.130 1.983 0.074 3.130 0.189 2.162

A possible oxidation mechanism of (+)-catechin,
which corresponds to the oxidation of 3'4'-dihydroxy
substituent on the B-ring and includes transfer of two
electrons and two protons is given in Figure 8. The
mechanism involves ionization of (+)-catechin, losing a
proton to give the monoanionic species followed by a
one electron, one proton oxidation of the monoanionic
species to form a radical anion. This then undergoes a

second reversible one-electron oxidation to give dehy-
dro-form of (+)-catechin. The latter species is rapidly
protonated and then dehydrated to yield the final prod-
uct o-quinone.***

The mentioned oxidation mechanism is pH de-
pendent (the highest oxidation peak current was ob-
tained around pH= 4.5). According to some authors,” at
lower pH values the first oxidation step of (+)-catechin
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Figure 7. Square wave voltamograms of (+)-catechin, quercetin and rutin (¢ = 1-10~> mol dm?) in the acetate buffer (/. = 0.1, pH
= 4.5 for (+)-catechin and pH = 5.5 for quercetin and rutin) at the frequency of 50 Hz, pulse amplitude of 50 mV and scan incre-
ment of 2 mV (the effective scan rate is 100 mV/s). (/) total current, (/) forward current and (/,) backward current.
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Figure 8. A possible mechanism of electrochemical oxidation of (+)-catechin (R,), quercetin (R}) and rutin (Ry,). R = H in querce-

tin and rutinose (C;,0¢H;;) in rutin.

follows the eH mechanism (neutral molecule of (+)-
catechin losses one electron first and after that one pro-
ton). At higher pH values (pH = 7.4) the first oxidation
step follows two parallel reaction paths, - the eH
mechanism (phenol/radical cation/phenoxyl radical) and
the He mechanism (phenol/phenolat anion/phenoxyl
radical). The second oxidation step of (+)-catechin fol-
lows the He mechanism (neutral molecule of (+)-
catechin losses one proton and after that one electron).
The coproportionation reaction between o-quinone and
(+)-catechine is also possible, which leads to a semi-
quinonic radical, which is able to give an electroinactive
dimer.?

The second irreversible oxidation peak of (+)-
catechin which some authors associate with the oxida-
tion of OH group at the position 3 on the C ring’ and
other with the oxidation of 5,7-dihydroxy substituent on
the A ring,** also includes transfer of two protons and
two electrons. The final oxidation product is a catechin
polymer which is the result of head to tail polymeriza-
tion mechanism (repeated condensation reactions be-
tween the A-ring of one unit and the B-ring of another
unit).®

A possible oxidation mechanism of quercetin and
rutin, which corresponds to the oxidation of 3'4'-
dihydroxy substituent on the B-ring and includes trans-
fer of two electrons and protons is given in Figure 8.
The mechanism involves ionization of quercetin /rutin,
losing a proton to give the monoanionic species fol-
lowed by a one electron, one proton oxidation of the
monoanionic species to form a radical anion. This then
undergoes a second reversible one-electron oxidation to
give dehydro-form of quercetin/rutin. The latter species
is rapidly protonated and then dehydrated to yield the
final product o-quinone'**’ and in the quercetin oxida-
tion mechanism semi-quinone and p-quinone methide
could also be formed”’ (it was found that quercetin/rutin
and their oxidation products are both adsorbed on the
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electrode surface).'**?!¥* Quercetin can react as a

nucleofil with its oxidation product quercetin-o-quinone
to form a dimer'” and can be degraded by air oxygen to
produce relatively smaller phenolic acids or 3,4-
dihydroxy and 2,4,6-trihydroxyphenylglyoxylic acid.”’
The oxidation mechanism is pH dependent and the op-
timal pH value for the oxidation process of both flavon-
oids was found to be around pH=5.5 which agrees with
data found in literature.'>*' The second oxidation peak
of quercetin and rutin found in differential pulse volt-
ammograms, which corresponds to the oxidation of 5,7-
dihydroxy group on the A-ring is an irreversible oxida-

tion process.'¢*7

TEAC assay

In this study, the antioxidant capacities of (+)-catechin,
quercetin and rutin solutions of different concentrations,
expressed as Trolox equivalents, were determined by
the classic TEAC decolourisation assay. It was found
that TEAC values of all investigated compounds are
concentration dependent (Figure 9), which agrees with
data found in literature.”” Due to the concentration de-
pendency of the TEAC values of investigated com-
pounds, the TEAC values measured at concentration, ¢
= 100 pmol dm > were used for comparison and they
amounted to: 3.42 for quercetin, 2.95 for (+)-catechin
and 2.87 for rutin. Since a higher TEAC value points to
a higher antioxidant capacity, it can be concluded that
quercetin has the highest antioxidant capacity followed
by (+)-catechin and rutin. The TEAC assay gave the
same relative order of antioxidant capacities of investi-
gated flavonoids as obtained by cyclic voltammetry,
since a lower half-wave potential value (£},,) of the first
oxidation wave, also points to the higher antioxidant
capacity™ (quercetin has the lowest E,, values (Table
1b), followed by (+)-catechin (Table 1a) and rutin (Ta-
ble 1c). The obtained results also agree with data found
in literature 243444731
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Figure 9. The TEAC values of (+)-catechin, quercetin and rutin (n = 3, SD = £ 0.05 for (+)-catechin and rutin; SD = + 0.30 for
quercetin) measured after 1 min in different concentrations by TEAC assay.

Different antioxidant capacities of investigated
flavonoids, obtained in this study, can be explained by
their structural differences. Antioxidant activity of (+)-
catechin, quercetin and rutin can be ascribed to common
3'4'-catechol structure of the B-ring, which indicates a
higher antioxidant activity (during the oxidation process
on the B-ring of a flavonoid molecule, o-semiquinone
radical is formed, which is a good antioxidant). Differ-
ent antioxidant capacities can be explained by the pres-
ence of a double bond between C-2 and C-3, conjugated
with the 4-oxo group in the ring C (present in quercetin
and rutin molecules), as well as with the presence of 3-
OH group in ring C (present in quercetin molecule)
which enhance the radical scavenging capacity of fla-
vonoids. Lower antioxidant capacity of rutin compared
to quercetin and (+)-catechin can be explained by a
lower number of —OH groups in a rutin molecule
(quercetin and (+)-catechin have five —OH groups and
rutin has four) and by supstitution of 3-OH in ring C
with rutinose, which increases the steric tension and
reduces the antioxidant activity. Higher antioxidant
capacity of quercetin compared to (+)-catechin, can be
explained by the presence of a double bond between C-

2 and C-3, conjugated with the 4-oxo group in ring C in
a quercetin molecule which enhances its antioxidant
activity.”*>

CONCLUSIONS

The results of this study have shown that the electro-
chemical oxidation of (+)-catechin, quercetin and rutin
on a glassy carbon electrode, which corresponds to
oxidation of 3',4'-dihydroxy substituent on the B-ring
(the first oxidation peak), is pH dependent, includes the
transfer of two electrons and two protons and that the
oxidation products of all flavonoids studied are strongly
adsorbed on the electrode surface. Peak current depen-
dence on pH revealed the maximum at around pH = 4.5
for (+)-catechin and pH = 5.5 for quercetin and rutin (it
decreased in more acidic and alkaline media). Structural
differences of the investigated flavonoids were shown
through obtained different values of their oxidation and
reduction potentials. TEAC assay results have shown
that the TEAC values of all three investigated com-
pounds are concentration dependent. The activity se-
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quence of the investigated, structurally different, fla-
vonoids is: quercetin > (+)-catechin > rutin.
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SAZETAK

Elektrokemijska i antioksidacijska svojstva (+)-katehina,
kvercetina i rutina

Martina Medvidovi¢-Kosanovié, Marijan Seruga, Lidija Jakobek i Ivana Novak

Zavod za primijenjenu kemiju i ekologiju, Prehrambeno-tehnoloski fakultet,
Sveuciliste J. J. Strossmayera u Osijeku, Kuhaceva 18, P.O. Box 709, HR-31000 Osijek, Hrvatska

Istrazivana su elektrokemijska svojstva tri strukturno razli¢ita flavonoida ((+)-katehina, kvercetina i rutina) na
elektrodi od staklastog ugljika, pri razli¢itim pH vrijednostima, uporabom ciklicke, diferencijalne pulsne i pravo-
kutnovalne voltametrije. Utvrdeno je da se u svim istrazivanim spojevima oksidira kateholna 3',4'-dihidroksilna
skupina na B-prstenu (prvi oksidacijski pik). Taj proces je reverzibilan, ovisi o pH i uklju¢uje izmjenu 2¢ i 2H".
Produkti elektrokemijske oksidacije svih ispitivanih flavonoida (osobito kvercetina) se snazno adsorbiraju na elek-
trodnu povrsinu. U terminima kvantifikacije, vrijednost apsorbancije, proporcionalna koncentraciji preostalog
ABTS+e, mjerena je nakon konstantnog vemena reakcije. Rezultati su izrazeni kao ekvivalenti Troloksa (TEAC
vrijednost), tj. kao koncentracija otopine Troloksa (mmol dm ), koja ima antioksidacijski kapacitet ekvivalentan
vrijednosti odredenoj za 1.0 mmol dm ispitivane tvari. Utvrdeno je da TEAC vrijednosti ovise o koncentraciji is-
trazivanih spojeva. Aktivnosni slijed ispitivanih, strukturno razli¢itih, flavonoida slijedi niz: kvercetin > (+)-
katehin > rutin.
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