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Medik. reduce DNA damage induced by etoposide
in peripheral blood mononuclear cells
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Bioactive compounds isolated from plants are considered to be attractive candidates for cancer therapy.
In this study, we examined the effect of kaempferol, its derivatives, the polyphenol fraction (PF) and an
extract (EX) isolated from the aerial parts of Lens culinaris Medik. on DNA damage induced by etoposide
in human cells. We also studied the effect of these compounds and their combinations on cell viability.
The studies were conducted on HL-60 cells and human peripheral blood mononuclear cells (PBMCs). We
used the comet assay in the alkaline version to evaluate DNA damage. To examine cell viability we applied
the trypan blue exclusion assay. We demonstrated that kaempferol glycoside derivatives isolated from the
aerial parts of Lens culinaris Medik. reduce DNA damage induced by etoposide in PBMCs, but do not have
an impact on DNA damage in HL-60 cells. We also showed that kaempferol induces DNA damage in HL-60
cells and leads to an increase of DNA damage provoked by etoposide. Our data suggest that kaempferol
derivatives can be further explored as a potential agent protecting normal cells against DNA damage
induced by etoposide. Moreover, kaempferol's ability to induce DNA damage in cancer cells and to increase
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1. Introduction

Despite many years of research and high financial outlay,
cancer remains one of the most significant public health pro-
blems. Chemotherapy applied during cancer treatment is toxic
and accompanied by many side effects; hence the need to find
antineoplastic drugs with reduced toxicity toward normal cells.
On the other hand, compounds that would protect normal cells
against the toxic effects of antineoplastic drugs are sought.
Fruits and vegetables, which constitute important elements of
human diet, are a rich source of compounds, such as polyphe-
nols, flavonoids and carotenoids. A proper intake of dietary
phytochemicals may contribute to reduced cancer risk." For this
reason the interest in phytochemicals as elements of cancer pre-
vention and adjuvant treatment is gradually increasing.

Lentil (Lens culinaris) is one of the oldest cultivated
legumes. It belongs to the Neolithic crop package from the
Near East, the so called “founder crops” with wheat, emmer
wheat, barley, pea, chickpea, bitter vetch, and flax.> Numerous
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DNA damage caused by etoposide may be useful in designing and improving anticancer therapies.

reports showed that lentil constituents have a wide variety of
beneficial effects on human health. Its anti-diabetic, anti-
obesity, cardioprotective and anti-microbial properties have
been well established.® Moreover, it has been presented in
many studies that lentils have exceptionally high antioxidant
capacity and ROS scavenging potential as compared to various
fruits and vegetables. What is important, lentil consumption
reduces the risk of incidence of a number of cancers.”™® It was
shown that compounds isolated from lentil seeds have chemo-
preventive potential, acting through different mechanisms
inside the cell.”® For example, it has been recently shown that
complementarily administered sodium selenite, proteolytic
enzymes and Lens culinaris lectin significantly reduced the
defined side-effects (e.g. arthralgia, mucosal dryness) of adju-
vant hormone therapy in patients with breast cancer.’
Kaempferol [3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-
benzopyran-4-one] (Fig. 1A) belongs to the group of flavonols
and is found, among other things, in lentil, broccoli, tea,
tomato, leek, cabbage and beans. Furthermore, many studies
revealed that kaempferol and kaempferol glycosides offer a
wide range of health benefits, including antioxidant, cardio-
protective, anticancer, anti-inflammatory or neuroprotective
benefits.'® Kaempferol exhibits many anticancer properties - it
affects proliferation, apoptosis, autophagy, neoangiogenesis
and metastasis."""> Moreover, kaempferol may cause epige-
netic modifications of histones and DNA."*'* A number of epi-

This journal is © The Royal Society of Chemistry 2019


www.rsc.li/toxicology-research
http://orcid.org/0000-0002-4550-8364
http://orcid.org/0000-0002-7873-0906
http://orcid.org/0000-0001-6666-7973
http://crossmark.crossref.org/dialog/?doi=10.1039/c9tx00176j&domain=pdf&date_stamp=2019-12-03
https://doi.org/10.1039/c9tx00176j
https://pubs.rsc.org/en/journals/journal/TX
https://pubs.rsc.org/en/journals/journal/TX?issueid=TX008006

Published on 10 September 2019. Downloaded by RSC Internal on 3/12/2020 3:11:42 PM.

Toxicology Research

Fig. 1 Chemical structures of kaempferol (A) and kaempferol deriva-
tives P7 (B), P8 (C) and P9 (D) isolated from Lens culinaris Medik.

demiological studies indicate that a high intake of kaempferol
may reduce the risk of cancer.”””"” Many studies also showed
that kaempferol may display anticancer activity, but little is
known about the effect of kaempferol on the activity of chemo-
therapeutic drugs toward both cancer and normal cells.

Etoposide is a chemotherapeutic agent used in the treat-
ment of many types of cancer, including leukemia, approved
by the FDA in 1983'® (Fig. 2). Etoposide belongs to the class of
DNA topoisomerase II inhibitors. Its cytotoxic effect is based
on the stabilization of a covalent complex between DNA topoi-
somerase II and DNA, which increases the level of DNA strand
breaks.'” DNA damage accumulation may initiate death cell
pathways, such as apoptosis. Etoposide is usually administered
intravenously in the form of infusion lasting for about 2 hours
or orally (capsules). This drug has side effects, including bone
marrow suppression, inflammation of mucous membranes
and secondary leukemia.

The aim of this study was to evaluate the effect of kaemp-
ferol, its derivatives, the polyphenol fraction and an extract iso-

Fig. 2 Chemical structure of etoposide.
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lated from the aerial parts of Lens culinaris Medik. on DNA
damage induced by etoposide in human peripheral blood
mononuclear cells (PBMCs) and the HL-60 (human promyelo-
cytic leukemia) cell line. The authors also evaluated the effect
of the tested plant compounds on the viability of PBMCs and
HL-60 cells.

2. Materials and methods

2.1. Reagents

3,4',5,7-Tetrahydroxyflavone (Kaempferol) (K0133) and 4'-de-
methylepipodophyllotoxin 9-(4,6-O-ethylidene-p-p-glucopyrano-
side) (Etoposide) (E1383) were purchased from Sigma-Aldrich
(St Louis, MO, USA). Kaempferol was dissolved in DMSO and
stored at —20 °C. Etoposide was dissolved in methanol. Trypan
blue dye (145-0013) was purchased from Bio-Rad Laboratories
(Hercules, CA, USA). Low-melting-point (LMP) and normal-
melting-point (NMP) agarose, DAPI (4',6-diamidino-2-phenyl-
indole), dimethyl sulfoxide (DMSO) and hydrogen peroxide
(H,0,) were obtained from Sigma-Aldrich (St Louis, MO, USA).

2.2. Preparation of the lentil extract and phenolic fraction

The extract (EX) from the aerial parts of Lens culinaris Medik.
was isolated according to the procedure described by
Zuchowski et al. (2014).%° Briefly, lentil aerial parts were freeze-
dried, powdered, and defatted with chloroform, using a
Soxhlet extractor. A portion of the defatted plant material
(250 g) was subjected to triple extraction with boiling 80%
aqueous methanol (v/v; 2.5 L; 1 h) under reflux. The collected
extract was filtered through a filter funnel, concentrated using
a rotary evaporator (Heidolph, Schwabach, Germany), and
freeze-dried. A portion of EX (7.03 g) was dissolved in 1%
methanol solution, containing 0.1% formic acid, and loaded
onto a C18 column (44 x 120 mm; Cosmosil 140C18-Prep,
140 pm). The column was washed with the same solvent to
remove highly polar constituents of the extract, and phenolic
compounds were subsequently eluted with 60% methanol. The
obtained eluate was rotary evaporated, dissolved in water and
freeze-dried, to yield 976 mg of the PF.

2.3. Kaempferol glycosides from the aerial parts of lentil

Kaempferol glycosides: kaempferol-3-O-[(6-O-E-feruloyl)-p-o-
glucopyranosyl-(1—2)]-p-n-galactopyranoside-7-O-p-n-glucuro-
pyranoside (P7), kaempferol-3-O-{[(6-O-E-p-coumaroyl)-f-p-
glucopyranosyl-(1—2)]-a-.-rhamnopyranosyl(1—6)}-p-b-galacto-
pyranoside-7-O-a-L.-thamnopyranoside (P8), and kaempferol-3-
O-[(6-O-E-caffeoyl)-p-p-glucopyranosyl-(1—2)]-f-b-galactopyrano-
side-7-O-(2-O-E-caffeoyl’)-p-p-glucuropyranoside (P9) (Fig. 1)
were isolated according to the procedure described by
Zuchowski et al. (2014).>° Different glycosides of quercetin and
kaempferol (mainly compounds acylated with hydroxycin-
namic acids) are dominant phenolics of EX and PF. A detailed
description of these compounds can be found in the work of
Zuchowski et al. (2014).>° All isolated compounds and extracts
were dissolved in 50% DMSO and stored at —20 °C.
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2.4. Cell preparation

Peripheral blood mononuclear cells (PBMCs) were isolated
from a leucocyte-buffy coat collected from the blood of healthy
non-smoking donors from the Blood Bank in Lodz, Poland. A
portion of the leucocyte-buffy coat was diluted in 1% phos-
phate buffer saline (PBS). Then, it was centrifuged in a density
gradient of Lymphosep (Cytogen, Zgierz, Poland) at 200g for
20 min at room temperature. Next, the cells were collected and
washed three times in 1% PBS. The supernatant was poured
off and the pellet of the cells was resuspended in RPMI
1640 medium (Lonza, Basel, Switzerland). The study protocol
was approved by the Committee for Research on Human
Subjects of the University of Lodz (11/KBBN-UL/II1/2018).

The HL-60 (human promyelocytic leukemia) cell line was
obtained from the American Type Culture Collection (ATCC)
and cultured in Iscove’s Modified Dulbecco’s Medium (IMDM)
with 15% inactivated fetal bovine serum (FBS) from Biowest
(Cytogen, Zgierz, Poland), 2 mM r-glutamine and 25 mM
HEPES (Lonza, Basel, Switzerland) and penicillin/streptomycin
solution (100 U ml™" and 100 pg ml™, respectively) (Cytogen,
Zgierz, Poland). The HL-60 cells were cultured in flasks at
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37 °C in 5% CO, and sub-cultured every 3—-4 days to maintain
exponential growth.

2.5. Cell treatment

During the experiments, the cells were seeded in the culture
medium and then incubated for 2 h at 37 °C with different
concentrations (10-50 pg ml™") of: kaempferol (K), kaempferol-
3-0-[(6-O-E-feruloyl)-p-p-glucopyranosyl-(1—2)]-p-p-galactopyrano-
side-7-O-p-p-glucuropyranoside (P7), kaempferol-3-O-{[(6-O-E-p-
coumaroyl)-p-p-glucopyranosyl-(1—2)]-a-,-rhamnopyranosyl
(1—6)}-p-p-galactopyranoside-7-O-a-L-thamnopyranoside ~ (P8),
kaempferol-3-O-[(6-O-E-caffeoyl)-p-p-glucopyranosyl-(1—2)]-p-p-
galactopyranoside-7-O-(2-0O-E-caffeoyl’)-p-p-glucuropyranoside (P9),
the polyphenol fraction from the aerial parts of Lens culinaris
Medik. (PF) and an extract from the aerial parts of Lens culinaris
Medik. (EX).

The cells were treated with different concentrations of
etoposide (E) (1 uM for HL-60 cells and 50 uM for PBMCs) and
incubated for 2 h at 37 °C with the aim of inducing DNA
damage.
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Fig. 3 Effect of kaempferol (K), the polyphenol fraction from Lens culinaris Medik. (PF), an extract from Lens culinaris Medik. (EX) and kaempferol
derivatives P7, P8 and P9 in the concentration of 10-50 pg ml™* and etoposide (E) at 1 pM or 50 pM on the viability of HL-60 cells (A) and PBMCs (B)
measured by the trypan blue exclusion method. Cells were incubated with the tested compounds for 2 h at 37 °C. The figure shows mean results
from three independent experiments. Error bars denote SEM.
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To investigate the effect of lentil compounds on the geno- and
cytotoxicity of etoposide, the cells were incubated simultaneously
with these compounds and etoposide. The final concentration of
DMSO and methanol in the samples did not exceed 0.5% and
did not induce DNA damage or affect cell viability.

2.6. Cell viability

Cell viability was determined by the trypan blue exclusion
assay. The cells were seeded at a density of 5 x 10> cell per ml
in a complete medium and then treated as described above.
After incubation with the tested compounds, 10 pl of the cell
suspension was mixed in a 1:1 ratio with 0.4% trypan blue
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Fig. 4 DNA damage, measured as the comet tail DNA (%) of HL-60
cells (A) and PBMCs (B) incubated for 2 h at 37 °C with kaempferol (K)
(10-50 pM) and etoposide (E) at 1 pM or 50 uM, analyzed by the alkaline
comet assay. The figure shows mean results + SEM, n = 100; **p < 0.01,
***p < 0.001.
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solution (Bio-Rad Laboratories, Hercules, CA, USA) and
applied to a Biirker hemocytometer. Afterwards, 100 cells were
counted under a light microscope. The experiment was
repeated 3 times.

2.7. DNA damage - comet assay

DNA damage was estimated using the alkaline comet assay
according to the procedure defined by Singh et al.>" described
in detail by Tokarz et al.>* The HL-60 cells were separated to
the density of 5 x 10" cell per ml and PBMCs were separated to
1 x 10° in the culture medium and treated as described above.
Then, the cells were centrifuged and embedded in 0.75% low
melting point agarose. One hundred comets were randomly
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Fig. 5 DNA damage, measured as the comet tail DNA (%) of HL-60
cells (A) and PBMCs (B) incubated for 2 h at 37 °C with the P7 derivative
(10-50 pM) and etoposide (E) at 1 pM or 50 pM, analyzed by the alkaline
comet assay. The figure shows mean results + SEM, n = 100; **p < 0.01,
***p < 0.001.
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selected from each sample and the percentage of DNA in the
tail was measured. The comets were observed at 200x magnifi-
cation in an Eclipse fluorescence microscope (Nikon, Japan)
attached to a COHU 4910 video camera (Cohu, Inc., San Diego,
CA, USA) equipped with a UV-1 A filter block and connected to
the Lucia-Comet v. 6.0 image analysis system (Laboratory
Imaging, Prague, Czech Republic). The positive control
included cells incubated with 20 pM hydrogen peroxide (H,0,)
for 15 min on ice.

2.8. Statistical analysis

Data are presented as mean values + SEM. Statistical analyses
were performed using GraphPad Prism 5 (GraphPad Software
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Fig. 6 DNA damage, measured as the comet tail DNA of HL-60 cells (A)
and PBMCs (B) incubated for 2 h at 37 °C with the P8 derivative
(10-50 pM) and etoposide (E) at 1 pM or 50 uM, analyzed by the alkaline
comet assay. The figure shows mean results + SEM, n = 100; **p < 0.01,
***p < 0.001.
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Inc., La Jolla, CA, USA). Statistical differences were determined
by one-way ANOVA followed by post hoc Tukey’s test. The differ-
ences were considered to be statistically significant when the
p value was less than 0.05.

3. Results

3.1. Etoposide, kaempferol, kaempferol glycosides,
polyphenol fraction and extract from Lens culinaris Medik.
leaves do not affect the viability of HL-60 cells and PBMCs

Firstly, we checked the cytotoxicity of the tested compounds
using the trypan blue exclusion assay. The results indicated
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Fig. 7 DNA damage, measured as the comet tail DNA (%) of HL-60
cells (A) and PBMCs (B) incubated for 2 h at 37 °C with the P9 derivative
(10-50 pM) and etoposide (E) at 1 pM or 50 pM, analyzed by the alkaline
comet assay. The figure shows mean results + SEM, n = 100; **p < 0.01,
***p < 0.001.
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that kaempferol (K), kaempferol glycosides (P7-P9), polyphe-
nol fraction (PF) and extract (EX) from the aerial parts of Lens
culinaris Medik. were not toxic for HL-60 cells and PBMCs
after 2 hours of incubation at 37 °C (Fig. 3).

3.2. Kaempferol induces DNA damage in HL-60 cells

We found that kaempferol (K) in the concentrations of
25 ug ml™" and 50 pg ml™' induced statistically significant
DNA damage in HL-60 cells (p < 0.01 and p < 0.001, respect-
ively) (Fig. 4A). Additionally, the simultaneous incubation of
HL-60 cells with etoposide and 50 pg ml™" kaempferol led to
an increased level of DNA damage (39.6%) compared to incu-
bation only with etoposide (27.5%) (p < 0.001). We observed
that kaempferol did not induce DNA damage in PBMCs

P7 50 pg/ml + E 1 uM

P7 50 pg/ml + E 50 uM

P8 50 pg/ml + E 50 uM
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(Fig. 4B). However, in PBMCs, kaempferol at 50 pg ml™’
increased DNA damage induced by etoposide (from 13.8% to
18.8%) (p < 0.001).

3.3. Kaempferol glycosides from the aerial parts of Lens
Culinaris Medik. decrease DNA damage induced by etoposide
in PBMCs and do not affect the level of DNA damage in HL-60
cells

We showed that kaempferol glycosides did not cause DNA
damage in both HL-60 cells and PBMCs (Fig. 5-7).
Furthermore, all three of the tested kaempferol glycosides
reduced the level of DNA damage induced by etoposide at
50 uM in PBMCs (Fig. 5B, 6B and 7B). For example, in the cells
treated with etoposide at 50 uM and the P7 derivative at three

P8 50 pg/ml P9 50 pg/ml

P8 50 pg/ml + E 1 puM P9 SOfig/ml+ E 1 uM

P9 50 pg/ml

P9 50 pg/ml + E 50 uM

Fig. 8 Representative photos of comets, obtained in the alkaline version of the comet assay after the incubation of HL-60 cells (A) and PBMCs (B)
with P7, P8 and P9 kaempferol derivatives at 50 uM and etoposide (E) at 1 yM or 50 uM. The figure also contains pictures of comets from the nega-
tive control (K—) and positive control (cells incubated with H,O, at 20 pM for 15 min on ice).

This journal is © The Royal Society of Chemistry 2019
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different concentrations (10, 25 and 50 pg m1~") the amount of
DNA damage in the comet tail decreased from 12.3% to 7.7%,
6.4% and 7.9%, respectively (p < 0.001) (Fig. 5B). However, we
did not observe any changes in the level of DNA damage
caused by etoposide in the HL-60 cells incubated with kaemp-
ferol glycosides (Fig. 5A, 6A and 7A). Fig. 8 shows representa-
tive pictures of the comets obtained after the incubation of
HL-60 cells (A) and PBMCs (B) with P7, P§ and P9 kaempferol
derivatives at 50 pM and etoposide (E) at 1 pM or 50 pM.

3.4. Polyphenol fraction from the aerial parts of Lens
culinaris Medik. increases the level of DNA damage induced by
etoposide in HL-60 cells and PBMCs

We noticed that the polyphenol fraction (PF) from the aerial
parts of Lens culinaris Medik. at the concentration of 50 g
ml™" induced DNA damage in PBMCs (Fig. 9B) at a statistically
significant level (p < 0.001). Furthermore, the PF at this con-
centration increased DNA damage caused by etoposide.
Etoposide induced 13.7% of DNA damage in PBMCs (p <
0.001), while a combination of etoposide and PF at 50 pg m1™"
caused 25.4% of DNA damage (p < 0.001). We did not observe
any changes in the level of DNA damage at lower concen-
trations (10 and 25 pg ml™") of the PF in PBMCs. The PF at the
tested concentrations (10-50 pg ml™") did not induce DNA
damage in HL-60 cells (Fig. 9A). However, the PF at 25 pg ml™*
and 50 pg ml™" caused an increase in DNA damage induced
by etoposide from 26.8% to 40.4% and 41.5%, respectively
(p < 0.001) (Fig. 9A). Fig. 10 shows representative pictures of
the comets obtained after the incubation of HL-60 cells (A)
and PBMCs (B) with the PF at 10, 25 and 50 pg ml~" and etopo-
side (E) at 1 pM or 50 pM.

3.5. Extract from the aerial parts of Lens culinaris Medik.
increases the level of DNA damage induced by etoposide in
HL-60 cells but does not affect DNA damage in PBMCs

Finally, we examined the effect of an extract isolated from the
aerial parts of Lens culinaris Medik. (EX) on etoposide treat-
ment (Fig. 11). While the control PBMCs had about 1% of
DNA lesions, the cells after incubation with EX at 25 pg ml™
had 7.5% of DNA damage (p < 0.05) and after incubation with
EX at 50 pg ml~" showed 12.1% of DNA damage (p < 0.001)
(Fig. 11B). Interestingly, the level of DNA damage caused by
etoposide and EX at 50 pg ml™' was at a similar level (around
12%) (p < 0.001). However, we did not observe any changes in
the level of DNA damage in PBMCs caused after incubation
with both etoposide and EX (Fig. 11B). EX did not induce DNA
damage in HL-60 cells (Fig. 11A). We noticed an increase in
the DNA damage level in HL-60 cells treated with etoposide
and EX. Etoposide at 1 pM induced DNA damage in HL-60
cells at the level of 26.3% (p < 0.001). The simultaneous incu-
bation of HL-60 cells with etoposide and EX at 25 ug ml™" led
to 52.7% of DNA damage (p < 0.001). The incubation of HL-60
cells with EX at 50 pug ml™" and etoposide at 1 uM induced
about 38.7% of DNA damage (p < 0.001) (Fig. 11A).
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DNA damage (% DNA in tail)

DNA damage (% DNA in tail)

Fig. 9 DNA damage, measured as the comet tail DNA (%) of HL-60
cells (A) and PBMCs (B) incubated for 2 h at 37 °C with the polyphenol
fraction (PF) from Lens culinaris Medik. (10-50 pug ml™) and etoposide
(E) at 1 uM or 50 pM, analyzed by the alkaline comet assay. The figure
shows mean results + SEM, n = 100; *p < 0.05, **p < 0.01, ***p < 0.001.

4. Discussion

Intracellular oxidative stress is directly associated with
cancer.”> Kaempferol protects DNA, proteins and lipids
against damage induced by oxidative stress. Therefore, the
antioxidant properties of kaempferol can be used in cancer
treatment and prevention. It was shown that 20 pM kaempferol
protected erythrocytes against AAPH-induced oxidative
damage.”* Additionally, it was noted that kaempferol increased
the activity of antioxidative enzymes, such as GPx.*®> Other

This journal is © The Royal Society of Chemistry 2019
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20 uM H,0,

PF 25 pg/ml

PF 25 pg/ml + E 1 uM PF 50 pg/ml + E 1 uM

20 UM H,0,

PF 25 pg/ml

PF 50 pg/ml

PF 50 pg/ml + E 50 pM

Fig. 10 Representative photos of comets, obtained in the alkaline version of the comet assay after the incubation of HL-60 cells (A) and PBMCs (B)
with the polyphenol fraction (PF) at 10, 25 and 50 ug ml™* and etoposide (E) at 1 M or 50 pM. The figure also contains pictures of comets from the
negative control (K-) and positive control (cells incubated with H,O, at 20 uM for 15 min on ice).

studies showed that kaempferol at 50 uM for 24 h reduced the
viability of human gastric cancer SNU-216 cells to 26.87 +
3.18%, and kaempferol at 50 uM for 48 h reduced the viability
of SNU-216 cells to 9.63 + 4.28%.%° In the same study it was
observed that kaempferol at 50 uM had no significant effect on
the viability of human normal gastric GES-1 cells.”® In this
study we evaluated whether polyphenols isolated from Lens
culinaris Medik. could affect DNA damage caused by etoposide
in HL-60 cells and PBMCs. These are the first studies showing
the impact of kaempferol and its glycosides on etoposide
activity in both neoplastic and normal cells. We showed that
the tested compounds - kaempferol, its derivatives (P7, P8 and

This journal is © The Royal Society of Chemistry 2019

P9), the polyphenol fraction (PF) and an extract (EX) isolated
from the aerial parts of Lens culinaris Medik., used at concen-
trations of 10, 25 and 50 ug ml™", did not affect the viability of
HL-60 cells and PBMCs (Fig. 3).

In this work we also demonstrated that kaempferol did not
induce DNA damage in PBMCs (Fig. 4B). Our results are con-
sistent with other studies conducted on normal lung and liver
cells.”” The same studies showed that kaempferol isolated
from S. anacardium protected these cells against DNA damage
induced by H,0,.>” Kumar et al also demonstrated that
kaempferol-based treatment increased the expression of anti-
oxidant genes encoding catalase and superoxide dismutase-2.
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Fig. 11 DNA damage, measured as the comet tail DNA (%) of HL-60
cells (A) and PBMCs (B) incubated for 2 h at 37 °C with an extract (EX)
from Lens culinaris Medik. (10-50 puM) and etoposide (E) at 1 uM or
50 pM, analyzed by the alkaline comet assay. The figure shows mean
results + SEM, n = 100; *p < 0.05, **p < 0.01, ***p < 0.001.

Curcumin, Ze. another flavonoid, did not induce DNA damage
in normal CD34+ cells and granulocytes.>® On the other hand,
curcumin enhanced the cytogenotoxic effect of etoposide in
HL-60 cells through the intensification of free radical pro-
duction.”® We observed that kaempferol induced DNA damage
only in cancer cells (Fig. 4A). This is consistent with the results
obtained by Zhu.*® Kaempferol induced DNA damage in
MDA-MB-231 breast cancer cells and increased the expression
of the DNA damage-associated protein ATM.
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Interestingly, kaempferol glycosides - P7, P8 and P9 deriva-
tives isolated from the aerial parts of Lens culinaris Medik. —
did not induce DNA damage in both HL-60 cells and PBMCs
(Fig. 5-7) (Fig. 8). Moreover, kaempferol glycosides reduced
DNA damage induced by etoposide in PBMCs (Fig. 5B, 6B and
7B) (Fig. 8B). The kaempferol derivatives tested by us con-
tained additionally ferulic acid (P7), coumaric acid (P8) and
caffeic acid (P9). These substances have antioxidant and pro-
tective properties. The protective effect of caffeic, ferulic and
coumaric acids on DNA damage is due to the antioxidant
activity of these compounds. Ferulic acid decreased the level of
DNA damage induced by gamma irradiation in PBMCs. Its
action is based on the ability of scavenging reactive
oxygen species (ROS) and inducing DNA repair mechanisms.*°
It was shown that caffeic acid decreased oxidative stress and
protected liver cells against DNA damage induced by
ethanol.®® Caffeic acid at 10 uM decreased DNA double-strand
breaks (DSBs) induced by H,O, in L-02 human liver cells.
Caffeic acid also decreased the level of ROS in L-02 cells.*?
The protective effect of caffeic acid was also tested on human
lymphocytes exposed to UVB radiation. Pretreatment with
caffeic acid before UVB-irradiation significantly decreased the
level of DNA damage.** Moreover, caffeic acid protected lym-
phocytes against DNA damage induced by mycotoxin
Ochratoxin A.** Caffeic acid treatment also protected human
T-lymphoma Jurkat cells against H,0,-induced DNA damage.*®
On the other hand, caffeic acid increased the level of DNA
damage induced by radiation (6 Gy) in breast cancer cell
lines T47D and MDA-MB-231.%® An extract from L. sibiricus,
which has a high content of caffeic, ferulic and coumaric
acids, protected CHO cells against DNA damage induced by
H,0,.*” This protective effect was associated with the stimu-
lation of DNA repair mechanisms and increased the expression
of antioxidant genes (SOD2, CAT and GPx). Experiments
carried out on pBR322 plasmid DNA showed that ferulic
and caffeic acids protected DNA against mutagenic and toxic
effects of UV and H,0,.%® Ferulic acid also decreased the level
of oxidative DNA damage induced by methylglyoxal in
plasmid DNA.?° The protective action of kaempferol glyco-
sides, which we observed in PBMCs, may be related to the
presence of the above-mentioned phenolic acids. Interestingly,
we noticed that this protective effect did not occur in the case
of cancer cells.

Furthermore other representatives of hydroxycinnamic
acids have a protective effect on normal cells. Chlorogenic acid
protected vascular smooth muscle cells from DNA damage
induced by isoproterenol through the suppression of ROS
generation.’® Additionally, chlorogenic acid protected DNA
from damage induced by UV radiation in mouse fibroblast
cells (CCRF).*! The main components of the extract isolated
from Amaranthus viridis are chlorogenic acid, gulonic acid, and
kaempferol, which protected human PBMCs from H,O,-
induced DNA damage.**> Moreover, phenolic extracts isolated
from different kinds of honey which contain seven phenolic
acids including hydroxycinnamic acid protected mice lympho-
cytes from oxidative DNA damage induced by H,0,.** It was
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suggested that these phenolic compounds can pass through
the cell membrane and then scavenge hydrogen peroxide.
Additionally, cinnamic acid at concentrations of 0.74-148
pg ml™" reduced the level of DNA damage induced by hydro-
gen peroxide in human lymphocytes.**

Interestingly, other flavonol glycosides can protect cells
from genotoxicity. Kaempferol 3-O-p-isorhamninoside and
rhamnocitrin 3-O-p-isorhamninoside isolated from Rhamnus
alaternus leaves decrease the amount of DNA damage induced
by H,0, in human lymphoblastoid TK6 cells and in the p53
deficient cell line NH32.*> Moreover, both tested compounds
have antioxidant activity. These compounds chelate trace
metals such as iron and copper which play a role in
oxygen metabolism. The derivative P8 we tested contains a
rhamnopyranoside moiety. It was shown that another flavonol
glycoside containing this moiety, quercetin-3-O-a-L.-rhamnopyr-
anoside, also exhibits a protective activity against DNA damage
induced by H,0, in human umbilical vein endothelial cells
(HUVECs).*® Flavonol glycosides can protect normal cells from
damage in the genetic material but there is a need to further
examine the mechanism of their action and the possibility of
their use in the prevention of normal cells during
chemotherapy.

5. Conclusion

In this paper we determined the effect of plant compounds
isolated from the aerial parts of Lens culinaris Medik. on DNA
damage induced by etoposide in HL-60 cells and PBMCs. We
showed that kaempferol derivatives from lentils may be useful
in protecting normal cells against DNA damage caused by eto-
poside. Furthermore, we demonstrated that kaempferol and an
extract from the aerial parts of Lens culinaris Medik. increase
the level of DNA damage induced by etoposide in HL-60 cells.
Our results suggest that active compounds isolated from
lentils may be successfully applied in anticancer therapy as
substances protecting normal cells against the toxic effects of
chemotherapeutics, e.g. etoposide. On the other hand, these
compounds may enhance the chemotherapeutic effect of eto-
poside in cancer cells.

Abbreviations

DAPI 4',6-Diamidino-2-phenylindole

DMSO  Dimethyl sulfoxide

HL-60 Human promyelocytic leukemia cell line
LMP Low-melting-point agarose

NMP Normal-melting-point agarose

PBMCs Peripheral blood mononuclear cells
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