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Abstract Polyphenols of plant origin with wide range of antiradical activity can prevent
diseases caused by oxidative and inflammatory processes. In this study, we show using ESR
method that the purified water-soluble extract from leaves of Rhus typhina L. containing
hydrolysable tannins and its main component, 3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-
glucose (C55H40O34), displayed a strong antiradical activity against the synthetic 1,1-diphenyl-
2-picrylhydrazyl radical (DPPH) in homogenous (solution) and heterogeneous systems (sus-
pension of DPPH containing liposomes) in the range of 1–10 μg/ml. The C55H40O34 and
extract at 1–30 μg/ml also efficiently, but to a various degree, decreased reactive oxygen and
nitrogen species (RONS) formation induced in erythrocytes by oxidants, following the
sequence: tert-butyl hydroperoxide (tBuOOH) > peroxynitrite (ONOO−) >hypochlorous acid
(HClO). The explanation of these differences should be seen in the specificity of scavenging
different RONS types. These relationships can be represented for C55H40O34 and the extract by
the following order of selectivity: O.−

2 ≥ NO· > ·OH > 1O2. The extract exerted a more
pronounced antiradical effect in reaction with DPPH and ROS in all models of oxidative stress
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Highlights 1. The extract from Rhus typhina L. leaves containing 98 % of tannins and its main component, 3,6-
bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose, strongly decreased RONS formation in erythrocytes induced
by tBuOOH, ONOO−, and HClO.
2. The specificity of scavenging of different RONS types by tannins in model systems can be represented in the
following order: O.−

2 ≥ NO· > ·OH > 1O2

3. In both cell-free and cellular models (erythrocytes), the extract showed higher antiradical activity as compared
to isolated 3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose.
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in erythrocytes in comparison with C55H40O34. The redox processes between the extract
components and their specificity in relation to RONS can underlie this effect.

Keywords Tannins . Reactive oxygen andnitrogen species . Erythrocytes . tBuOOH .ONOO− .
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Abbreviations
DMPO 5,5-Dimethyl-1-pyrroline-N-oxide
DCFH-DA 2′-7′-dichlorodihydrofluorescein diacetate
DPPH 1,1-Diphenyl-2-picrylhydrazyl radical
EDTA Ethylenediaminetetraacetic acid
ESR Electron spin resonance
HClO Hypochlorous acid
NBT Nitroblue tetrazolium
NO Nitric oxide
1O2 Singlet oxygen
O.−

2 Superoxide radical anion
OH Hydroxyl radical
ONOO− Peroxynitrite
PMS Phenazine methosulfate
RNO N,N-Dimethyl-4-nitroaniline
RONS Reactive oxygen and nitrogen species
tBuOOH tert-butyl hydroperoxide.

Introduction

Currently, much attention has been paid to alternative medicine and search for available
sources for obtaining of plant origin compounds which prevent diseases caused by
oxidative and inflammatory processes. Such sources can be plants which produce
tannins, i.e., compounds from the class of polyphenols. Among them, there are tannin-
rich plants from genus Rhus (Anacardiaceae family). Since then, extracts from their fruit
and leaves have long been used in traditional medicine as antimalarial, antibacterial,
antidiarrheal, and antiinflammatory agents [1–3]. Some of them were patented as
interferon-inducing compounds [4].

Tannins are polyphenoles with the molecular mass ranging between 500 and 3000 Da. On
the basis of their structures, these compounds are classified into two groups: hydrolysable and
condensed tannins. Hydrolysable ones are esters of sugars and phenol carbonic acids, and
condensed tannins are polycondensates of catechins (flavan-3-ol). Hydrolyzable tannins are
classified in turn into gallotannins and ellagotannins and contain gallic and ellagic acid,
respectively [5]. Tannins are characterized by structural diversity and high chemical activity
including scavenging radicals and interaction with proteins and lipids that make a basis for
variety of biological effects, such as antitumor, antimutagen, antimicrobial, antiviral, antiplate-
let, hypoglycemic, and antiinflammatory ones [6–9]. It should be emphasized that
antiinflammatory effects of tannins are due to antioxidant properties, including antiradical
activity, inhibition of Fenton reaction as a result of metals chelating, and the impact on the
expression and activity of pro- and antioxidant enzymes [6, 10, 11].
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Numerous phenol groups in the chemical structures of high-molecular tannins allow to
reduce at a high rate free radicals compared to low-molecular flavonoids. As was shown,
tannins exert little or no pro-oxidative effect in contrast to flavonols which can exhibit
pro-oxidative properties due to formation of reactive oxygen species (ROS) via their
oxidation products—O-quinones [12, 13]. Moreover, the size and degree of galloylation
of the hydrolyzable tannins affect the solubility of compounds, which determines the
efficiency of their antioxidant action in lipid and water phases. The antioxidant effects
depend not only on the structure of a compounds itself but also on the type of oxidative
stress inducers [14, 15].

Reactive oxygen and nitrogen species (RONS) are produced both as free radicals (O.−
2,

·OH, NO·) and non-radicals (1O2, H2O2) due to cellular metabolism and play roles of
mediators and regulators of various physiologic processes in living organisms. RONS pro-
duction is controlled by an antioxidant system including both antioxidant enzymes and low
molecular weight antioxidants. However, exceeding physiologic concentration of RONS
provokes enhanced oxidation of proteins, lipids and nucleic acids, and development of
diseases caused by oxidative and inflammatory processes [16–18].

There are a number of diseases that are accompanied by increased oxidative stress of
erythrocytes: neurodegenerative [19], diabetic [20], obesity [21], thyroid dysfunction [22],
chronic kidney disease [23], and systemic lupus erythematosus [24]. Oxidative damage of
cellular components in these cells gives rise to eryptosis, a specific form of erythrocyte
apoptosis [25]. Enhanced eryptosis results in elimination of oxidized erythrocytes from blood,
which, in turn, causes development of different forms of anemia [26–28]. In addition, under
pathologic processes oxidized erythrocytes themselves become a source of RONS [29, 30], the
so-called pro-oxidative bullets capable of causing oxidation of blood vessel cells. And,
moreover, due to oxidative stress, erythrocytes begin to show glycated proteins named
Advanced Glycation End Products (AGEs) which, while interacting with receptors on endo-
thelial cells, induce oxidative stress in them and activate the nuclear factor kappaB (NF-κB)
[29, 31].

Two lines can be observed in studies on biological activities of compounds of plant origin:
investigation of isolated substances and/or whole extracts aiming at elucidation of the possi-
bility of synergic action of their components.

In connection with the aforesaid, the goal of this study was to carry out a comparative
investigation of the specificity of protection of erythrocytes by purified water-soluble
extract from leaves of Rhus typhina L. containing more than 98 % hydrolysable tannins
and its main component, 3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose
(C55H40O34) against oxidative stress induced by different pro-oxidants (tert-butyl hydro-
peroxide [tBuOOH], peroxynitrite [ONOO−], and hypochlorous acid [HClO]) as well as
to elucidate whether this peculiarity is due to the specificity of the compounds interaction
with different RONS.

Material and Methods

Material and Chemicals

Leaves of R. typhina L. were collected in Tashkent environs (Uzbekistan) and taxonomically
indentified in the Institute of Botanic of Academy of Sciences.
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The Isolation of Total Polyphenols and Main Component

Total polyphenols from the leaves R. typhina L. were isolated according to the
Islambekov [32]. Briefly, 300 g of ground aerial-dry leaves was extracted at first by
chloroform and then dried raw material in undergone to triple extraction by hot 70 %
aqueous acetone (module 1/10). Aqueous acetone fraction was filtrated, condensed, and
was treated in sequence chloroform (three times) and ethyl acetate (five times) in solvent:
fraction ratio 1:3 (v/v). The ethyl acetate extract was concentrated and sum of polyphe-
nols was precipitated by fourfold volume of hexane. The extract contains the following:
3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose (74.05 %), rutin (1.15 %), 2,3-di-
O-galloyl-β-D-glucose (2.15 %), 2-O-galloyl-β-D-glucose (2.10 %), 3-O-galloyl-β-D-
glucose (2.20 %), 6-O-galloyl-β-D-glucose (2.05 %), 1,4,6-tri-O-galloyl-β-D-glucose
(5.10 %), 1,2,3,4,6-penta-O-galloyl-β-D-glucose (10.05 %), quercetin (0.05 %),
kaempferol (0.05 %), and gallic acid (1.05 %).

To isolate the main components of the extract, 10 g of the polyphenol sum was
chromatographed through a column with hide powder using chloroform and mixture
methanol-chloroform (2:8). Four fractions of phenol compounds were obtained. Fraction
containing hydrolysable tannins was re-chromatographed on a column with silica gel (L40/
100) in a solvents system containing diethyl ether-ethyl acetate at a ratio from 2:8 to pure ethyl
acetate.

The main compound is an amorphous light brown powder. The substance is well soluble in
water, ethanol, DMSO and methanol; soluble in ethyl acetate; and not soluble in chloroform
and hexane. The structure as 3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucosewas con-
firmed by NMR and MS spectra (Fig. 1).

3,6-bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose—С55Н40O34, [α]
20 D -+22.880 (сa.

0.85, Me2СO), melting temperature 216–218 °С. MSm/z 1243 [M-H]-; 13С-NMR-(50 МHz,
Me2СO–d6 + D2O, ppm) δ 96.5 (C-1), 74.2 (C-2), 73.0 (C-3), 69.6 (C-4), 75.1 (C-5), and
63.4 (C-6) glucose; 120.4(С-1), 110.1 (С-2, C-6), 145.9 (С-3, C-5), 139.3 (С-4), and 168.8 (С-

Fig. 1 Structure of 3,6-bis-O-di-
O-galloyl-1,2,4-tri-O-galloyl-β-D-
glucose (C55H40O34)
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7)—galloyl group; 115.8 (C-1), 126.4 (C-2), 108.1 (C-3), 145.8 (C-4), 136.4 (C-5), 144.5
(C-6), 168.0 (C-7), 115.5 (C′-1), 125.8 (C′-2), 107.8 (C′-3), 145.8 (C′-4), 136.6 (C′-5), 144.4
(C′-6), and 167.6 (C′-7)—digalloyl groups.

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH), 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO), nitroblue tetrazolium (NBT), nicotinamide adenine dinucleotide (NADH),
phenazine methosulfate (PMS), and tBuOOH were from Sigma-Aldrich, St. Louis,
MO, USA. The fluorescent probes 2′-7′-dichlorodihydrofluorescein diacetate (DCFH-
DA) was from Molecular Probes, Eugene, OR, USA. All other reagents were purchased
from POCH (Poland).

DPPH Radicals ESR Measurements

The DPPH free radical assay was carried out to the method described by Oszmianski
et al. with modification [33]. The tested compounds in different concentration (0,5-10μg/
ml) were added to 500 μl ethanol solution of DPPH, mixed, and then transferred in
capillaries. The measurement was started after 3 min of antioxidant adding. The electron
spin resonance (ESR) experiments were run on a spectrometer BTechnical University of
Wroclaw^ with the following typical settings: power 50 mW, magnetic field 331 mT,
slow scan range 10 mT, sweep time 64 s, time constant 1 s, modulation amplitude
1.25 × 10−1 mT, and microwave frequency 9.25 GHz. Typical ESR spectrum of DPPH in
organic solvents is presented by five resolved peaks (Fig. 2a). For estimation of antiox-
idant activity of tested compounds in reaction with DPPH, the intensity of the strong
peak in the center of the spectrum (h) of the control sample was taken for 100 %. Results
are shown as dependence of DPPН signal intensity on concentration of the test
compound.

Fig. 2 ESR spectra of DPPH in the absence (control) and presence of C55H40O34 and extract (a). The dose-
dependent scavenging effect of C55H40O34 and extract on DPPH in ethanol solution (b). The data presented are
the means ± SE (n = 9). The effects of extract and C55H40O34 were statistically significant according to one-way
ANOVA test (*p < 0.05; ***p < 0.001)
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Preparation of DPPH Containing Liposomes

Liposomes were prepared according to Gabrielska [34]. The thin film of egg yolk phospha-
tidylcholine (PC) was formed on the bottom of a round flask (50 ml) by removing chloroform
in rotary evaporator under vacuum. The film was hydrated in buffer solution (20 mM Tris-
HCl, 125 mM KCl, pH = 7.4) and was vortexed to obtain a milky suspension of multilamellar
vesicles. The obtained suspension was freeze/thawed thrice The final concentration of lipids in
the suspension was 5 mg/ml. DPPH was added to prepared liposomes at a final concentration
of 500 μM. Suspension was evaporated and resuspended in 1 ml of buffer 20 mM Tris-HCl,
125 mM KCl, and pH = 7.4.

The ESR measurement conditions as described for DPPH solution.

Hydroxyl Radicals ESR Assay

The concentration of ·OH radicals was measured by ESR method using spin trap DMPO
according to Jang [35]. ·OH radicals were obtained in the mixture containing 300 μM ascorbic
acid, 400 μM Fe3+, and 5 mM H2O2 according to Fenton reaction. Final concentration of
DMPO was 5 mM. After 2 min incubation in the absence and the presence of tannins at the
concentrations 10–40 μg/ml, the resulting adduct DMPO-·OH was measured by ESR. The
measurement conditions were as described for DPPH. The typical four-line ESR spectrum of
DMPO-·OH adduct is presented in Fig. 4a. To evaluate the efficiency of antioxidant activity of
sumac tannins in relation to the concentration, the changes in intensity of the sum of two strong
peaks of the spectrum (h1 + h2) were chosen (Fig. 4a).

Superoxide Radical Assay

The determination of superoxide radicals was carried out according to the method
described by Nakagawa and Yokozawa with minor changes [36]. The superoxide radicals
were obtained in non-enzymatic reaction using phenazine methosulfate–nicotinamide
adenine dinucleotide (PMS/NADH) system, which reduced NBT to a purple formazan.
The mixture (1.5 ml PBS, pH 7.4) containing 125 μM EDTA, 62 μM NBT, 38 μM
NADH, and tested substances at different concentrations (2.5–15 μg/ml) was incubated
for 5 min at room temperature. Then PMS at the final concentration 3.3 μM was added
to probes and after 10 min incubation, the absorbance of mixture was measured at
540 nm. The results are presented as relative scavenging of superoxide radical (%)
depending on concentration of tested compounds.

Detection of Nitric Oxide

The measurement of nitric oxide radicals was carried out according to the method described by
Devi [37]. The various doses (2.5–15 μg/ml) of tested substances were incubated 150 min at
25 °C with 2 ml 10 mM sodium nitroprusside in PBS. Then 0.5 ml of probes was mixed with
1 ml 0.33 % sulfanilic acid in 20 % glacial acetic acid and allowed to stand for 5 min at the
same temperature. Next, 1 ml of 0.1 % naphthylethylene diamide dihydrochloride was added
into probes, mixed, and incubated for 30 min at 25 °C. The absorbance of probes was
measured at 540 nm against blank sample. The results are presented as relative scavenging
of nitric oxide (%) dependent on concentration of tested compounds.
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Detection of Singlet Oxygen

Singlet oxygen was generated in non-enzymatic reaction between NaClO and H2O2, which
was monitored by N,N-dimethyl-4-nitroaniline (RNO) bleaching according to the method
described by Pedraza-Chaverri [38]. Mixture (2 ml 50 mM phosphate buffer, pH = 7.1)
containing 10 mM histidine, 10 mM NaOCl, 10 mM H2O2, and 50 μM RNO as well as
various doses (10–50 μg/ml) of tested substances were incubated for 40 min at 30 °C. Next
absorbance of mixture was measured at λ = 440 nm against blank sample. The results are
presented as relative scavenging of superoxide radical (%) dependent on concentration of
tested compounds.

Measurement of RONS in Erythrocytes

Swine blood was collected in the presence of 3.8 % citrate as an anticoagulant (1:9). Then
citrated blood was centrifuged (400 g, 15 min, 4 °C), and the plasma and buffy coat were
removed by aspiration. The erythrocytes were washed twice with 0.9 % NaCl. RONS in
erythrocytes was measured by the oxidation of DCFH-DA to fluorescent DCF in the presence
of oxidants [39]. Erythrocytes (10 % suspension in PBS, pH = 7.4) were incubated with
40 μM DCFH-DA for 30 min at 37 °C in darkness. Next, incubation cells were washed twice
and then resuspended in PBS. Then 0.5 % erythrocytes suspension was incubated with various
doses of (1–30 μg/ml) of tested substances and different oxidants (10 mM tBuOOH, 1 mM
HClO, or 400 μM ONOO−) for 5 min at 37 °C. The fluorescence of DCF was measured with
excitation at λ = 498 nm and emission at λ = 522 nm. Fluorescence intensity of DCF in
erythrocytes in the presence of hydrolysable tannins and oxidants was defined as a percentage
of fluorescence in comparison with the oxidant’s one, which was taken for 100 %.

Statistical Analysis

The results are presented as mean ± SE. The level of significance was analyzed using one-way
ANOVA test. P < 0.05 and below was accepted as statistically significant. The EC50 values
were calculated by linear regression analysis. Statistical analysis was performed using Origin
8.5.1 (Microcal Software Inc., Northampton, MA) software.

Results and Discussion

Investigation of mechanisms of action of antioxidants in different oxidative stress models is
important for working out a strategy against oxidative damage induced by various toxic
factors. It is known that due to electron donor/acceptor properties, plant phenols and polyphe-
nols manifest antiradical and antioxidant activities which depend on their structure, the
presence of hydroxyl groups as well as their solubility in hydrophobic /hydrophilic phases
[13, 40–45]. It is also know that to their structural diversity and properties, respectively,
polyphenol-containing plant extracts often exert stronger antioxidant effects compared to
isolated constituents [9, 46]. In this study, we show using ESR method that water-soluble
extract from R. typhina L. leaves containing hydrolysable tannins and its main component, 3,6-
bis-O-di-O-galloyl-1,2,4-tri-O-galloyl-β-D-glucose (C55H40O34), displayed strong, concentra-
tion-dependent, antiradical activity against the synthetic DPPH radical in solution (Fig. 2). On
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Table 1 DPPH· scavenging activity (EC50 values) of С55Н40O34, extract, and Trolox

С55Н40O34 Extract Trolox

EC50 [μg/ml]

DPPH· in solution 9.71 ± 0.28 3.74 ± 0.07 5.38 ± 0.11

DPPH· in liposomes 11.57 ± 0.13 5.23 ± 0.15 7.76 ± 0.14

Fig. 3 Dose-dependent effects of C55H40O34 (a) and extract (b) on RONS in erythrocyte induced by 1 mM
HClO, 400 μM ONOO−, and 10 mM tBuOOH. The data presented are the means ± SE (n = 9). The effects of
C55H40O34 and extract were statistically significant according to one-way ANOVA test (*p < 0.05; **p < 0.01;
***p < 0.001)
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the basis of results obtained, amount of antioxidant necessary to decrease initial DPPH
concentration by 50 % (EC50) was calculated by the method of linear regression.

These values are presented in the Table 1 in comparison with ЕС50 of Trolox, a well-known
antioxidant that was used as a positive control. According to the results, activity of the extract
has been established to be 1.44 times higher than Trolox in the reaction with DPPH, while the
activity of C55H40O34 was 1.8 times lower. However, it should be emphasized that activity of
the extract in this reaction was 2.61 times as high as that of C50H40O34.

Obtained data indicate a high antiradical activity of tannins under investigation against
DPPH in the homogenous phase. As tannins are water-soluble compounds, it was of interest to
study of their antiradical properties in protein-free cell model using suspension of liposomes
containing of DPPH.

Comparison of EC50 values for the extract, C55H40O34 and Trolox (Table 1), showed that a
series of efficiency of DPPH reduction in liposomes is analogous to the obtained one in the
reaction with free radical in ethanol solution and can be represented by the following order:
extract > Trolox > C55H40O34. In a heterogeneous system (water/lipid), i.e., in a reaction with
DPPH embedded in liposomes, the EC50 for C55H40O34, and the extract were higher than for
free DPPH, which seems to be due to slighter solubility of tannins in the lipid phase or
shielding of their OH groups because of binding to lipid.

Fig. 4 ESR spectra of DMPO-·OH in the absence (control) and presence of C55H40O34 and extract (a). The
dose-dependent scavenging effect of C55H40O34 and extract on DMPO-·OH (b). The data presented are the
means ± SE (n = 9). The effects of extract and C55H40O34 were statistically significant according to one-way
ANOVA test (*p < 0.05; ***p < 0.001)

Table 2 Scavenging of erythrocyte RONS (EC50 value) by C55H40O34 and extract

Oxidant C55H40O34 Extract

EC50 [μg/ml]

1 mM HClO 17.98 ± 0.78 13.03 ± 0.23

400 μM ONOO− 13.46 ± 0.17 10.47 ± 0.16

10 mM tBuOOH 6.39 ± 0.11 5.25 ± 0.05
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Our data on high antiradical activity of tannins in relation to DPPH in model systems pose a
question of this activity realization in cellular models of oxidative stress induced by different
prooxidant, where tannins are partly bound by as lipids as protein. The ability of tannins to
bind with proteins and, to some extent with lipids, is well known. Tannins via their aromatic
groups interact with hydrophobic sites of proteins and form hydrogen bonds between poly-
phenol hydroxyl groups and protein acceptor sites [47, 48]. For lipids, it is suggested that
polyphenols form hydrogen bonds between phenolic groups and carbonyl and phosphorous
groups of phospholipid and hydrophobic interaction between the aromatic groups and the
hydrocarbon chain of phospholipids [49, 50]. Shielding of tannin hydroxyl groups, as result
interaction with proteins and lipids, may cause greatly change in their antiradical activity.
Therefore, we examined the ability of sumac tannins to scavenge RONS generated by various
oxidants in erythrocytes. Erythrocytes are especially susceptible to oxidative stress due to high
tension of oxygen and presence of hemoglobin iron. The used oxidants were short-chain
hydroperoxide—tert-butyl hydroperoxide (tBuOOH), an analog of the lipid hydroperoxides,
as well as peroxynitrite (ONOO−) and hypochlorous acid (HClO), which are generated in the
organism and transformed in enzymatic and non-enzymatic reactions to RONS [51–57].

Our research showed that in all the models of oxidative stress, induced in erythrocytes by
tBuOOH, ONOO−, and HClO, the extract and C55H40O34 considerably decreased RONS
formation in a concentration-dependent way in the range of 1–30 μg/ml (Fig. 3a, b). The
results obtained are consistent with the existing data that protein-bound tannins possess the
sufficiently high antiradical activity and enhance the total antioxidant activity of blood
[58–60].

However, it should be noted that the efficiency of antioxidant activity of sumac tannins
depends on the oxidant used. According to findings, C55H40O34 exerts higher activity
concerning tBuOOH and 2.1- and 2.8-fold lower one regarding ONOO− and HClO, respec-
tively (Table 2). Similar sequence was found for extract too. It should be also noted that as
compared to C55H40O34, the extract exhibited higher activity with statistical significance
(p < 0.01). For instance, in the case of the oxidant tBuOOH, the scavenging effect of extract
was higher by 1.2-fold, whereas in the case of ONOO− and HClO, the effect was increased by
1.3- and 1.4-fold, respectively (Table 2).

The analysis of the results obtained indicates that the efficiencies of the scavenging
activities of studied tannins toward erythrocyte RONS generated by different pro-oxidant
considerably varied and can be represented by following order: tBuOOH > ONOO− >
HClO.

The explanation of these differences seems to be sought in types of RONS generated
by these oxidants in erythrocytes as well as in the specificity of scavenging of their by
tannins. In the case of tBuOOH, interacting with hemoglobin and methemoglobin causes
the formation of O.−

2 and H2O2 [51]. In erythrocytes, ONOO− produces O.−
2, ·NO2, ·OH,

and NO−
3 [52–54], while HClO contributes to generation of ·OH and 1O2 [55, 56].

Moreover, oxidative stress induced by these oxidants provokes an increase in erythrocyte
Ca2+ level, which results in activation of Ca/CaM-dependent NOS, thus contributing to
an increase of NO· level [51, 57].

Fig. 5 Dose-dependent scavenging effect of extract and C55H40O34 on singlet oxygen (a), superoxide radical
(b), and nitric oxide (c). The data presented are the means ± SE (n = 9). The effects of extract and C55H40O34

were statistically significant according to one-way ANOVA test (*p < 0.05; **p < 0.01; ***p < 0.001)

b
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In order to test our hypothesis, we detected a specific scavenging activity of C55H40O34 and
extract against RONS, such as O2

.−, 1O2, ·OH, and NO· which are formed in the erythrocytes
in presence of studied pro-oxidants.

We used DMPO spin trap to quantify the amount of ·OH generated in the Fenton reaction
(Fe2+ + H2O2). As Fig. 4b shows, the hydroxyl radical (OH)-scavenging activities of
C55H40O34 and extract were dose dependent.

The dose-dependence curves for 1O2, O
.−
2, and NO· scavenging activity of C55H40O34 and

extract are presented in Fig. 5, and EC50 values are listed in Table 3.
According to these findings, C55H40O34 exerts approximately identical activity concerning

NO· and O.−
2 and 3.3- and 4.0-fold lower one toward ·OН and 1O2, respectively. Similar

efficiency was found for extract too. However, as it appears from the data presented in Table 3,
the activity of extract was slightly higher (but significantly p < 0.05) compared with
C55H40O34 concerning ROS. No apparent difference was noted in NO· scavenging activity
between C55H40O34 and extract. The findings demonstrate that both the C55H40O34 and the
extract are specific to RONS. The sequence of the C55H40O34 and extract toward RONS can be
represented in the following order: O.−

2 ≥ NO· > ·OH > 1O2. Taking into consideration these
data, we can explain the following sequence of efficiency of the antiradical activity of studied
tannins toward RONS generated in erythrocytes by the oxidants (tBuOOH > ONOO− >
HClO). The tannins scavenged RONS generated by tBOOH (O.−

2, NO·) to a greater extent
compared to RONS generated by ONOO and HClO (·OH, 1O2).

However, it should be emphasized that as in the reaction with DPPH, the extract was more
effective than C55H40O34 in the reaction with all the ROS studied. Antioxidant activity of an
extract is generally believed to be represented by a sum of activities of its constituent
components. However, there is also another point of view according to which a synergic
action of extract components provides the basis for realization of antioxidant activity of the
extract [61–63].

The mechanism of the synergic effect of the components mixture suggests formation of redox
pairs among them. As a result of their interaction, antioxidant oxidizing in the reaction with
radical is reduced by other components of the mixture which play a role of reducers. This enables
the antioxidant to participate in reactions repeatedly [64]. It is possible that the extract, which
consists 98 % of tannins with different structures and 2 % of flavonoids, acts in a similar way.

It should be pointed out that compared with C55H40O34, the extract also exerted a more
pronounced antiradical effect in the models of oxidative stress in erythrocytes. However, in
this case, the difference in activity was more pronounced when the concentrations of the
compounds were higher. It is possible that the spatial location of extract components in the
membrane hampers their interaction at a low concentration. We cannot also exclude the fact
that the location of the extract components between the hydrophilic and hydrophobic regions

Table 3 Specificity of RONS scavenging (EC50 values) by С55Н40O34 and extract

RONS С55Н40O34 Extract

EC50 [μg/ml]

O.−
2 13.67 ± 1.52 10.06 ± 0.17

·OH 44.03 ± 1.21 34.43 ± 0.72
1O2 52.34 ± 2.35 42.22 ± 0.59

NO· 12.48 ± 0.71 11.76 ± 0.87
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of the membrane also plays an important role and can also affect the manifestation of their
activities. This suggestion was confirmed by the literature data. It was found earlier that only a
mixture of antioxidants inhibited both oxidative degradation of proteins and deformation of
erythrocytes induced by various oxidants [65]. The authors suggest this to be related to the
specificity of the location of mixture components in the membrane and the interaction with
different types of radicals in hydrophobic and hydrophilic areas.

Conclusion

This study demonstrated that hydrolysable tannins (C55H40O34 and extract) isolated from
leaves of R. typhina L. are characterized by high and specific antiradical activity both in the
model systems and in the erythrocytes under oxidative stress induced by various oxidants such
as tBuOOH, ONOO, and HClO.

The high antiradical activity of C55H40O34 and the extract against RONS indicate that the
substances can function as both interventive and preventive antioxidants. It was found that in
both cell-free and cellular models (liposomes, erythrocytes), the extract showed higher anti-
radical activity as compared to isolated C55H40O34. The redox processes between the extract
components and their specificity in relation to RONS may underlie this effect. Hydrolysable
tannins, from R. typhina leaves, being water-soluble, with low toxicity and highly efficient
antioxidants, can be used as nutraceuticals in preventing the development of diseases associ-
ated with oxidative stress.
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