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Determination of free radical scavenging activity of quercetin, rutin, luteolin
and apigenin in H,O,-treated human ML cells K562
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We investigated protective effects of four flavonoids against H,O,-induced DNA damage in human myelogenous
leukemia cells (K562) using the comet assay. The structural difference of studied flavonoids — quercetin, rutin, luteolin
and apigenin — are characterized by the number of hydroxyl groups on the B ring. The presence of an o-dihydroxy structure
on the B-ring confers a higher degree of stability to the flavonoid phenoxyl radicals by participating in electron delocaliza-
tion and is, therefore, an important determinant for antioxidative potential. The results correlate with earlier published
data obtained in murine leukemia cell line L1210. Hydrogen peroxide induced in human K562 cells a concentration-
dependent increase of single cell DNA strand breaks. The strongest inhibition against HO,-induced DNA damage
(44%, 42%) was found in a range of luteolin and quercetin concentrations of 20-100 umol/l. Protective effect of rutin
(100 and 1000 umol/l) was only marginal (8-10% ). Apigenin had no protective effect on DNA single strand breaks induced
by H,O,. Luteolin and quercetin are therefore effective in the protection of human single cell DNA from oxidative attack.
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Flavonoids represent a large group of naturally occurring
polyphenols with a wide range of chemical structures and
pharmacological activities. To date, over 5000 flavonoids
have been identified in the leaves, seeds, bark and flowers
of plants. The antioxidant (free radical-scavenging) proper-
ties of the most of flavonoids may contribute to chemopre-
ventive effect [11]. The results of the in vitro studies have
shown that flavonoids can either inhibit or induce a large
variety of mammalian enzyme systems [9].

Two flavonols, quercetin (QU) and rutin (RU), and two
flavones, apigenin (AP) and luteolin (LU) (Fig. 1) have
attracted attention several years ago and they are being still
studied very intensively because of their potential in the
prevention of cardiovascular diseases and cancer in humans
[26]. Characteristics of these natural compounds were de-
scribed in details in our previous paper [10].

QU (5,7,3’,4-tetrahydroxyflavonol) is one of the most
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common natural flavonoids occurring mainly in glycosidic
forms such as RU (3-rhamnosyl-glucosyl-quercetin). QU
and RU act as powerful antioxidants preventing oxidation
of low-density lipoproteins. QU and its glycosides have
been reported to exert numerous biochemical and pharma-
cological activities, such as free radical scavenging effects on
immunity [2, 12], on inflammatory cell functions [18, 19],
and even antitumor effects [1, 13]. QU inhibited the growth
and viability of various acute myelogenous leukemia
(AML) cell lines and AML blasts freshly isolated from pa-
tients with AML of various subtypes. The effects on inhibi-
tion of proliferation and decreased viability were also
significant in normal CD34+ cells isolated from normal mar-
row donors [16]. AP (5,7,4’-trihydroxyflavone) is a flavo-
noid considered to have a bioactive effect on human health
as antioxidant, radical scavenger, antiinflammatory, carbo-
hydrate metabolism promoter, immunity system modula-
tor. Results acquired by NAKAZAWA et al indicate the
antidepressant properties of AP, which may be mediated
by the dopaminergic mechanisms in the mouse brain [21].
AP inhibits endothelial-cell proliferation in G(2)/M [30].
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Figure 1. Chemical structures of flavonoids tested.

The cancer chemopreventive agent apigenin also has strong
cytostatic and anti-angiogenic effects in vitro [6]. LU
(5,7,3’ 4’-tetrahydroxyflavone) in the low micromolar range
inhibits the proliferation of normal and tumor cells, as well
as in vitro angiogenesis. Inhibition of extensive neovascu-
larization can contribute to prevention of certain chronic
diseases, including solid malignancies. Luteolin shows
strong antiproliferative activity against different human
cancer cell lines (in some hormone-dependent cancer lines
such as breast, prostate, and thyroid cancer for instance) [8,
24] and has strong scavenging properties for superoxide
radicals [5].

We reported previously that in H,O,-treated murine leu-
kemia L1210 cells quercetin and luteolin possessed high
protective effect, while apigenin and rutin had only margin-
al or no effect [10]. In the present study we have examined
the protective effects of these compounds against H,O,-in-
duced DNA damage in human myelogenous leukemia cells
(K562) using the comet assay. Cytotoxic effects of QU, RU,
AP and LU on human ML cells K562 were determined by
the trypan blue exclusion technique.

Material and methods

Cell culture. The human myelogenous leukemia cell line
(K562) was obtained from ATCC (American Type Culture
Collection, Rockville, MD, USA). K562 cells were main-
tained in RPMI 1640 medium supplemented with 10% heat
inactivated FCS and antibiotics (100 pg/ml penicillin and
100 pg/ml streptomycin). The cells were incubated at
37 °C in a humidified atmosphere of 5% CO,: 95% air.
All in vitro experiments were performed during the expo-
nential phase of cell growth.

Chemicals. Na,EDTA,NaOH, H,O, and NaCl were pur-
chased from Lachema Brno, Czech Republic. QU, RU, LU,
AP, ethidium bromide, Triton X-100 and agarose electro-
phoresis reagent were obtained from Sigma-Aldrich Che-
mie, Steinheim, Germany. Tris(hydroxymethyl)-amino-
methane was obtained from Serva Feinbiochemica, Heidel-
berg, Germany. Trypan blue solution (0.4% ) was obtained
from Fluka Chemie AG, Switzerland. Phosphate-buffered
saline (PBS) was obtained from Sebak GmbH, Germany.
Agarose 11, RPMI (1640) medium without L-glutamine and
NaHCOj; was bought from Amresco-Biotechnology Grade,
USA. Fetal calf serum (FCS) was purchased from Grand
Island Biological Co., Grand Island, NY, USA.

Cytotoxicity assay. Cells were incubated with different
concentrations of flavonoids for 30 min at 37 °C in a dark
incubator together with untreated control samples. Samples
were then centrifuged at 1000 x g for 5 min at 25 °C. After
pretreatment, the cells were washed with PBS and again
centrifuged at 1000 x g for 5 min at 25 °C. Cells were stained
with the 0.4% trypan blue solution (TB) and the number of
viable (uncolored) and dead (colored) cells was counted.
The ratio of the number of viable cells to all cells gives the
percentage of viable cells.

Single cell gel electrophoresis (the comet assay). The pro-
cedure of SINGH et al [27] modified by SLAMENOVA et al
[28] was followed. Briefly: human myelogenous leukemia
cells K562 were treated with different concentrations of
flavonoids, QU (20, 50, 100 umol/1), RU (100, 500, 1000
umol/1), AP (300, 600, 1200 umol/l), LU (20, 50, 100 gmol/
1), for 30 min. 2x10" of treated as well as control untreated
cells were suspended in LMP agarose and spread on the
base layer. Triplicate slides were prepared per sample.
The slides were treated with 50 ul of 100 ymol/l H,O, for
5 min on ice in the dark and they were washed twice with
PBS. After lysis, electrophoresis and unwinding the slides
were neutralized with Tris (0.4 mol/l, pH 7.5), and stained
with 20 ul ethidium bromide (1 mg/ml). Ethidium bromide-
stained nucleoids were evaluated with a Zeiss Jenalumar
fluorescence microscope using the computerized image
analysis (Komet 3.0, Kinetic Imaging, Ltd., Liverpool,
UK). The percentage of DNA in the tail was determined
as it is linearly related to the frequency of DNA breaks.

Statistics. The results were statistically evaluated using
the Student’s t-test and a statistically significant increase:
“p<0.05, “p<0.01, ““p<0.001, resp. decrease of DNA strand
breaks by H,O, or flavonoids: *p<0.05, **p<0.01,
Tp<0.001 was indicated in A, B, C and D parts in Figure 3.

Results

Cytotoxicity of flavonoids. Cytotoxicity of studied com-
pounds against K562 cells was evaluated by the trypan blue
exclusion technique after 30 min treatment of cells with
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Figure 2. Percentage of viable cells after treatment of K562 cells with flavo-
noids evaluated by TB exclusion technique.
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Figure 3. Incidence of DNA strand breaks in K562 cells treated with flavonoids, H>O,, or by combina-
tion of H,0, and flavonoids. (A) quercetin 1 (20 yumol/l), quercetin 2 (50 zmol/l) and quercetin 3 (100
1mol/l), (B) luteolin 1 (20 pmol/l), luteolin 2 (50 ymol/l) and luteolin 3 (100 ymol/l), (C) rutin 1 (100
mol/l), rutin 2 (500 xmol/l) and rutin 3 (1000 xmol/l), (D) apigenin 1 (300 xmol/l), apigenin 2 (600 ymol/

1) and apigenin 3 (1200 ymol/l).
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studied flavonoids. The results, depicted in Figure 2,
showed that incubation of K562 cells in RPMI 1640 medium
containing different concentrations QU (0-1200 pmol/l)
and LU (0-500 umol/l) caused cytotoxicity at the concen-
trations higher than 250 ymol/l. RU and AP (0-1200 pmol/1)
did not have any cytotoxic effects even at substantially high-
er concentrations.

Effects of flavonoids on the level of single DNA strand
breaks induced by H,O,. We measured the level of single
strand DNA breaks in H,O,-treated K562 cells in order to
test antioxidant effects of the studied flavonoids. The opti-
mal concentration of H,O, in our experiments was 100
umol/l. The % of tail DNA corresponding to the level of
DNA strand breaks at this H,O, concentration, was 60.

Figure 3 represents inhibitive effects
+++
++
4t

B of 30 min pretreatment of K562 cells
with QU, LU (both 20-100 gmol/l),
RU (100-1000 pgmol/l) or AP (300-
1200 pmol/l) in combination with
a short-term treatment of cells with
H,0, (100 wpmoll). H,O,-induced
DNA damage was significantly elimi-
nated by QU and LU at the concentra-
tions 20-100 umol/l, while RU showed
only marginal inhibition at higher con-
centrations (500 and 1000 pmol/l) (Fig.
3A, B, C). AP does not induce impor-
tant changes in cellular DNA (Fig. 3D)
at the concentration range 300-1200
umol/l.
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Discussion

D
The generation of reactive oxygen

species (ROS) are implicated in the
etiology of aging and diseases includ-
ing cancer, multiple sclerosis, Parkin-
son disease, senile dementia and
autoimmune diseases. H,O, is mainly
produced from the reaction of super-
oxide anion and dismutase of cells
[23]. Furthermore, H,O, has emerged
as a pivotal molecule not only for can-
cer cell proliferation but also in deter-
mining the fate of cancer cells exposed
to phytochemicals. H,O, either pro-
motes or inhibits the proliferation of
cancer cells, and the phytochemicals
either scavenge or generate H,O,
[17]. Structurally distinct antioxidants
may partially prevent cells from degen-
erative damage of ROS. The structural
assumptions of the flavonoids studied
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are minutely referred in our previous work [10].

Many investigators worked in the past and are still work-
ing on the explanation of mechanism of antioxidant, resp.
free radical scavenging effects of flavonoids [7, 20, 32]. In
spite of that, inconsistent results have been obtained regard-
ing their antioxidant and ROS scavenging properties [22].
BROWN?’s in vitro studies have demonstrated the antioxi-
dant activities of the flavonoids as hydrogen-donating free
radical scavengers and their structural dependence [4].

Biological effects of QU are attributed to its antioxidative
activities in scavenging ROS [25]. However, QU can act as
both antioxidant and prooxidant depending on the concen-
tration and the source of the free radicals [14, 29]. RU is
a glycoside of QU and represents the naturally occurring
form of QU. RU and QU inhibited superoxide formation,
hydroxyl radical formation in the Fenton reaction and lipid
peroxyl radical generation. The structural difference be-
tween flavonoids studied (QU, RU, AP, LU) is in the num-
ber of hydroxyl groups on the B ring (Fig. 1). The presence
of an o-dihydroxy structure on the B-ring confers a higher
degree of stability to the flavonoid phenoxyl radicals by
participating in electron delocalization and is, therefore,
an important determinant for antioxidative potential [3].
LU dose-dependently inhibited O,  production by
xanthine/xanthine oxidase and showed the same quenching
effect of H,O, as QU. Lack of 3-hydroxyl group on B ring
showed that AP is much less active [31]. AP is mentioned as
a less-toxic and non-mutagenic flavone with promising che-
mopreventive activity against skin cancer [15].

The results presented here relate to the previously re-
ported study on protective properties of flavonoids QU,
RU, AP and LU against H,O, induced DNA damage of
murine leukemia L.1210 cells. The aim of our work was to
compare their protective effect on human myelogenous leu-
kemia K562 cells.

The cytotoxicity of QU and LU was five-fold more toxic
to K562 cells compared to L1210 cells while AP and RU did
not show toxicity to any of the cell lines studied [10].

The protective action against DNA damage induced by
H,0, of four flavonoids was followed in concentration-de-
pendent manner. We found that LU possessed the highest
DNA-protective effect among the flavonoids studied (34—
44% at the concentrations 20-100 umol/l). The free radical
scavenging activity of QU was lower when compared to LU.
The percentage of QU protective effect was 18% at the
concentration 20 umol/l, resp. 42% at the concentration
100 umol/l and for RU was relatively low (8-10%) at the
concentrations 500 and 1000 gmol/l in K562 cell line. AP did
not protect cellular DNA against the formation of single
DNA strand breaks induced by H,O, under experimental
conditions used.

When compared with our previous results [10], QU and
LU have manifested the highest protective effects towards
H,0; induced damage in both leukemia cells used (L1210,

K562). On the other hand, only marginal, resp. no protec-
tive effects were caused by RU on DNA single strand
breaks induced by H,O,. AP has even affected as pro-oxi-
dant at the rather high concentration, 1200 umol/l, in L1210
cell line, whereas this flavonoid did not protect cellular
DNA against damage by H,O, in K562 cells.

The most abundant flavonoid in human diet is QU and it
may play an important role in protecting murine and human
DNA from oxidative attack. The results are in agreement
with the structural assumptions that are responsible for
scavenging activity against ROS.
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