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Synergistic effects of quercetin and selenium on oxidative

stress 1n endometrial adenocarcinoma cells

Cebecioglu R!, Yildirim M!, Akagunduz D!, Korkmaz I', Tekin HO?, Atasever-Arslan B3, Catal T'?

Istanbul Protein Research and Inovation Center, Uskudar University, Uskudar, Istanbul, Turkey.
tunc.catal@uskudar.edu.tr

ABSTRACT

OBJECTIVE: The effects of quercetin and selenium on oxidative stress in endometrial adenocarcinoma cells
are unclear. In this study, the effects of quercetin and selenium on oxidative stress caused by both hydrogen
peroxide and UV radiation in endometrial adenocarcinoma cells were examined.

METHODS: The viability of endometrial adenocarcinoma cells cultured in vitro and treated with different con-
centrations of quercetin and sodium selenite was measured using the MTT assay. Malondialdehyde (MDA)
levels were investigated, and expression levels of BAD and p53 genes were analysed using real-time quanti-
tative polymerase chain reaction. Acridine orange/ethidium bromide staining technique was applied to detect
apoptosis. Mass attenuation coefficient of each quercetin and sodium selenite combinations was evaluated us-
ing Monte Carlo simulation.

RESULTS: The combination of quercetin and sodium selenite enhanced cell viability, and reduced MDA levels.
The expression levels of BAD and p53 genes decreased by combined treatment with quercetin and selenium while
showing synergistic effects in terms of gene expression. Fluorescent microscopic examination showed a decrease
in apoptotic cells in endometrial adenocarcinoma cells treated with the combination of quercetin and selenium.
CONCLUSIONS: For the first time, selenium and quercetin have synergistic cytoprotective and radioprotective
effects on oxidative stress caused by hydrogen peroxide in endometrial adenocarcinoma cells for the first time
(Tab. 1, Fig. 7, Ref. 39). Text in PDF www.elis.sk.

KEY WORDS: endometrial adenocarcinoma cells, malondialdehyde, Monte Carlo simulation, oxidative stress,

quercetin, selenium.

Introduction

Quercetin is a flavonoid compound found in many plants and
foods such as fruits, vegetables, red wine, propolis, rosehip and
turmeric. Quercetin contributes significantly to brain development
(1, 2). The most important feature of the quercetin compound is
its high antioxidant activity in cells (3). Quercetin compound was
reported as anti-inflammatory, antiviral, antioxidant, anti-carcino-
genic and psychostimulant agent (4). In addition, quercetin plays an
important role in the suppression of free radical formation, prolif-
eration in tumour development, and metastasis-causing processes
(5). Effects of several other antioxidant molecules on oxidative
stress condition were investigated in several studies.
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Selenium (Se) is a trace element playing a significant role
in living organisms (6). Selenium is found in organic and inor-
ganic forms in the living systems (7). Selenium is available in the
structure of glutathione peroxidase and iodothyronine deiodinase
enzymes with high antioxidant activity. In this respect, selenium
has a protective effect against harmful free radicals in cells (8). In
humans, the characteristics of biological activity of selenium de-
pend on its form and amount, while it protects the DNA structure
against free radicals (9). Selenium-containing selenoproteins are
involved in many important biological functions with different ac-
tivities (10). These antioxidants play an important role in oxidative
stress caused by various chemicals, but physical factors can also
affect human health. For example, ionizing radiation from medical
and industrial sources can damage the entire biological system.
The exposure to ionizing radiation in living tissues may lead to
different organ dysfunctions (11). Theoretically, all materials can
be used as a radiation attenuator if they are designed with a par-
ticular slab thickness. Yet, the attenuation properties for ionizing
radiation of employed material are dependent upon some material
features such as density and chemical composition (12). Natural
flavonoids are considered to be photo-protective compounds since
they can absorb UV radiation. Flavonoids have a protective effect
by eliminating free radicals and activating antioxidant enzymes in
the biological systems (13). Quercetin was demonstrated to protect
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from the damage caused by UV radiation in rats (5, 14). Moreover,
Zhu et al (2017) demonstrated the protective effect of quercetin
against UV radiation in keratinocyte cells (HaCaT) (15). However,
the effects of quercetin and selenium on oxidative stress in endo-
metrial adenocarcinoma cells are unclear. In this respect, Monte
Carlo simulation was applied in order to examine the synergistic
radiation reduction effect of the selenium and quercetin combina-
tions, and both H,0,-induced oxidative stress and UV radiation
were examined using endometrial carcinoma cells.

In this study, the effects of quercetin and selenium on oxidative
stress caused by H,0, was examined using cell viability (MTT)
assay, lipid peroxidation assay, gene expression analysis of BAD
and p53 genes using real-time PCR, and fluorescence microscopy.
Effects of UV radiation were tested and experimental results were
confirmed by computational method of Monte Carlo N-Particle
Transport Code System-extended (MCNPX). The synergistic ef-
fect of quercetin and selenium on Ishikawa cells was investigated
experimentally, and the different selenium and quercetin combi-
nations at different photon energies were analysed theoretically.

Materials and methods

Cell culture and selenium-quercetin treatments

Human endometrial adenocarcinoma cell line (Ishikawa) was
used in the study. The cells were cultured in DMEM medium (Gib-
co, 11960044, UK) supplemented with 10 % foetal bovine serum
(Gibco), 1 % penicillin/streptomycin and L-glutamat at 37 °C ina
humidified atmosphere of 5 % CO,. Ishikawa cells were grown in
a 35-mm culture dishes for 24 h before the experiments. Various
concentrations of quercetin and sodium selenite were applied to
the cultured cells for 12 h, and 300 uM H,0, was added into the
cultures waiting for 3 h. Control group was treated neither with
H,0,, nor with quercetin and selenium. A volume of 300 uL of H,0,
was used to induce oxidative stress in group 2. In groups 3 and 4,
100 uM of quercetin and 30 nM of selenium were supplemented
into media before H,O, treatment, respectively. The combination
of 100 uM quercetin and 30 nM selenium before H,O, treatment
was used in group 5.

Cell viability assay

MTT assay was applied to investigate cell viability. A volume
of 30 pL of 5 mg/mL of MTT reagent in phosphate buffered saline
(PBS) was added to each well, and then replaced with 100 pL of
DMSO. The optical density was measured using microplate reader
(Thermo Scientific, USA) at 540 nm (16).

A separate experimental protocol was used to detect the
UV-protective synergic effect of quercetin and sodium selenite.
The effect of UV was investigated by exposing the cells under
UV light for 30 minutes with the plate lid open. Then, MTT as-
say was performed again.

Evaluation of MDA levels by TBARS assay.

Thiobarbituric acid reactive substances (TBARS) assay was
used to measure malondialdehyde (MDA) levels in the cells ac-
cording to a previous procedure (17). Ishikawa cells were harvested
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with 0.25 % of trypsin and lysed with TRIzol reagent, and incu-
bated for 30 min at 2-8 °C. All samples were added with 300 uL
of TBARS acid reagent in 0.6 N of trichloroacetic acid solution,
and incubated for 15 min at room temperature. Then, the samples
were centrifuged at 12,000 g for 5 min. The standard was con-
verted to MDA by adding 100 pL of TBARS standard (1 mL of
500 uM 1,1,3,3-tetramethoxypropane in deionized water) to 200
puL of TBARS acid reagent, and left for 30 min. A volume of 150
pL of standards and samples were added to a 96-well plate. Then,
75 uL of TBA reagent (thiobarbituric acid in deionized water) was
added to each well, and incubated for 2 h at 65 °C. The absorbance
of each well was measured using a microplate reader (Thermo-
Scientific, USA) at 532 nm.

Real-time PCR

The total RNA was extracted using TRIzol reagent. The to-
tal RNA was used to synthesize cDNA using a thermal cycler
(BIO-RAD, T100 Thermal Cycler). QRT-PCR (Roche Light Cy-
cler, USA) was used to analyse gene expression levels using
specific primers. The following primers were used in the study:
for the BAD gene: R: 5'- GAGCAACATTCAGCAGG-3"and F:
5’- GTACGAACTGTGGCGACTCC-3"; p53 gene: F: 5" AACT-
GCGGGACGAGACAGA 3" and R: 5" AGCTTCAAGAGCGA-
CAAGTTTT3’; The relative quantification of gene expressions
among the groups was analysed by the 2 4“Tmethod (18).

Fluorescence microscopy

Morphological assessment of apoptotic cells was performed
using the AO/EB double-staining method (19). Ishikawa cells
were collected using trypsin (Gibco, Lot no. 1951049, Canada),
and diluted with DMEM (Gibco, Lot no. 1979018, UK) medium
reaching 10° cells per mL. The cells were transferred to each well
and left in CO, incubator for 24 h at 37 °C. After 24 hours, 5 M
of H,0, was added to all wells with the exception of the control
group. All the medium in the wells was removed after 5 h, and 2 mL
of the compounds (sodium selenite and/or quercetin) were added
into the wells. The wells were transferred to CO, incubator again
and left there for 12 h. A volume of 100 pL of acridine orange was
added into 900 pL of sterile PBS (VWR, Lot No. 1206C155). A
volume of 10 puL of ethidium bromide (EtBr) solution was added
into 900 pL of sterile PBS, and mixed with acridine orange so-
lution in a 1: 1 ratio to prepare the fluorescent staining dye. The
whole medium was removed from the wells, and a volume of 40
pL of staining dye was added into the each well. A fluorescence
microscope (SOIF Optical/MF52) was used to visualize Ishikawa
cells using 20X objective and 10X ocular.

Monte Carlo simulation for radiation attenuation properties

A Monte Carlo simulation approach can offer an alternative
problem solving for extremely complex physical problems perti-
nent to the transport of different types of radiation passing through
matter, such as gamma and neutron rays. Among some reputable
and well-known Monte Carlo codes that are generally utilized in
nuclear physics and medical physics problems, MCNPX has at-
tracted major attention of researchers (20-24).
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In this study, to calculate the linear attenuation coefficient (p)
of investigated selenium and quercetin combinations, the simu-
lation set-up and basic scheme are designed by considering the
Beer-Lambert law (I = I e**), where I is the intensity of photons
transmitted across some distance X, I is the initial intensity of
photons, p is the linear attenuation coefficient and finally x is the
distance travelled. Certain simulation equipment such as isotropic
point source of radiation, selenium and quercetin combinations as
attenuator material for primary radiation beam, lead collimator, de-

tection field to record the attenuated radiation beam from selenium
and quercetin combinations and lead block to avoid detection field
from scattered radiation were designed in input file defined in the
MCNPX input file in order to investigate the radiation attenuation
properties of generated combinations (22-23). The primary radia-
tion beam originated from the isotropic point source was directed
onto the selenium and quercetin combination. The detection field
(F4 Tally Mesh) was put on the same line at a distance 70 cm from
isotropic point source of radiation. The investigated selenium and
quercetin combination was located between the source and the
detector at a distance of 50 cm from the source. In this study, F4

150 1 tally mesh was used to count the number of photons entering the
detector per MeVem?s .
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Fig. 2. Cytotoxicity results affected by UV treatment on Ishikawa cells, and synergistic effect of quercetin and selenium.
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Fig. 3. MDA levels affected by quercetin and selenium in Ishikawa
cell culture.

50 to 100 puM increased the cell viability percentage of Ishikawa
cells after treatment with hydrogen peroxide when compared to
experimental groups (H,O, treatment solely). On the other hand,
addition of sodium selenite in the range of 10 — 40 nM into 50
puM (~15 pg/mL) of quercetin increased cell viability up to 60 %.
The following increase in the concentration of quercetin up to
100 uM in combination with sodium selenite especially at 30 nM
concentration significantly protected Ishikawa cells leading to a
survival of almost 90 %.

Figure 2 shows effects of UV on Ishikawa cells using MTT
assay. Treatment with H,O, significantly reduced cell viability of
Ishikawa cells exposed to UV light. Quercetin led to an increase
in cell viability when compared to H,O,-treated cells, and its com-
bination with sodium selenite moderately affected it.
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Lipid peroxidation levels

Figure 3 shows malondialdehyde (MDA) levels and corre-
sponding lipid peroxidation levels affected by quercetin and sele-
nium treatment. Hydrogen peroxide caused a significant increase
in MDA levels from 2 nmol/mL to 3 nmol/mL (p < 0.0001), while
quercetin treatment at the concentration of 100 pM significantly
decreased MDA levels. The amount of 100 uM quercetin and 30
nM sodium selenite treatments reduced the MDA levels when
compared to H,O, group. The sodium selenite treatment, when
applied as a sole agent, did not show a significant effect as shown
with quercetin. However, the combination of 100 pM quercetin
and 30 nM sodium selenite decreased MDA levels almost down
to 1 nmol/mL, thus improving the antioxidant feature of quercetin
as a sole compound.

Real-time PCR results

Quantitative PCR analysis was performed to examine the
gene expression levels of BAD and p53 in response to quercetin
and selenium treatments against oxidative stress caused by H,0,.
While 300 uM H,0, administration increased BAD and p53 gene
expression, 100 uM quercetin and 30 nM sodium selenite co-
administration decreased their expression. The expression level
of Bad gene increased the chance up to 3-fold when compared to
control group (1-fold). The 100 uM-quercetin treatment decreased
BAD gene’s expression while a more significant decrease was
shown when quercetin was combined with selenium (Fig. 4A).
The p53 gene expression levels were not significantly affected by
quercetin or sodium selenite when applied as sole agents while the
combination of quercetin and selenium significantly lowered p53
gene expression results showing a quite similar change as shown
in control group (Fig. 4). BAD gene’s expression levels were de-
creased by the quercetintsodium selenite treatment which was
increased by hydrogen peroxide treatment (Fig. 4).
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Fig. 4. Relative gene expression levels of BAD and p53 ¢ affected by quercetin and selenium.
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Fig. 5. Fluorescent microscopic image of Ishika-
wa cells; control (A), treated with hydrogen
peroxide (B), treated with hydrogen peroxide
and sodium selenite (C), treated with hydro-
gen peroxide and quercetin (D), and treated
with hydrogen peroxide and combination of
sodium selenite and quercetin (E) (Magnifica-
tion 10X x 20X).
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Fig. 6. Comparison of MCNPX and XCOM results for quercetin (a) and sodium selenite (b).

Fluorescent microscopic examination showed an increase in
necrotic cells in Ishikawa culture treated with H,O, as highlighted
in red in Figure 5 while both sodium selenite and/or quercetin
ameliorated the deleterious effects of H,0,. These results indicate
that sodium selenite and/or quercetin can protect Ishikawa cells
against oxidative stress caused by H,0,.

Radiation attenuation results

The radiation attenuation coefficients include highly signifi-
cant data for the attribute of radiation attenuation. In this study,
mass attenuation coefficients (i/p) in values of selenium, querce-
tin and selenium-quercetin combinations were calculated utiliz-
ing MCNPX simulation code to validate the results with standard
WinXcom data (31). The variations in mass attenuation coeffi-
cient (W/p) values as a function of the photon energy for sodium
selenite, quercetin, and quercetin-sodium selenite combinations

are presented graphically in Figures 6 and 7. It is obvious from
Figure 6 that WinXCom data are in good agreement with those
of MCNPX code. Therefore, it was considered as a validated in-
put for next calculations. Further, we have modelled 4 different
quercetint+sodium selenite combinations namely QS1, QS2, QS3
and QS4 while considering their chemical compositions as well as
their densities in different molar fractions (Tab. 1). The calculated

Tab. 1. 4 different quercetin+sodium selenite combinations namely
QS1, QS2, QS3 and QS4.

Composition Sample ID
99.9943 % quercetin + 0.005690 % sodium selenite QS1
99.98858 % quercetin + 0.0114 % sodium selenite QS2
99.98286 % quercetin + 0.0171 % sodium selenite QS3
99.97724 % quercetin + 0.022758 % sodium selenite QS4
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Fig. 7. Comparison of mass attenuation coefficients of quercetin-sodi-
um selenite combinations. QS1: 100 pM+10 nM Se; QS2: 100 pnM+20
nM Se; QS3: 100 pM+30 nM Se; QS4: 100 pM+40 nM Se.

(W/p) values of the quercetint+sodium selenite combinations versus
the photon energy using MCNPX code are presented in Figure 7.

For all combinations, the (W/p) values decrease with the in-
creasing incidents of photon energy. However, the maximum (p/p)
values were observed for QS4 sample. Furthermore, it is to be noted
that the attenuation attitudes of each quercetint+sodium selenite
combinations were observed to be similar, which is certainly due
to similar elemental combinations in the sample parts. However,
QS4 has the highest mass attenuation coefficients in the used pho-
ton energies. This can be explained by the higher elemental mass
fraction value of selenium (Se) in QS4 sample.

Discussion

In this study, the effects of quercetin and selenium on oxidative
stress caused by hydrogen peroxide in Ishikawa cell line were ex-
amined. Both antiproliferative and anti-radioactive effects of quer-
cetin in oxidative stress-induced Ishikawa cells increase with sele-
nium. Increasing concentration of quercetin protects Ishikawa cells
after H,O, treatment, and based on MTT assay results, it could be
suggested that quercetin and sodium selenite may have a synergis-
tic effect in protecting the cells against oxidative stress. Similarly,
Chen et al (2018) reported that 5 ng/mL quercetin increased cell
viability from 20 % up to 80 % in a model of H,0 -induced oxida-
tive stress at concentration level of 1000 uM in intestinal porcine
enterocyte cells (25). Quercetin and sodium selenite combination
has a moderate effect on Ishikawa cells’ viability exposed to UV
radiation and H,0, treatment. Oliviera et al (2018) reported that
antioxidant compounds including quercitrin in Nectandra hihua
ethanolic extract protects against UVB-induced oxidative stress
in L929 fibroblasts (26). Stellavato et al (2018) reported that the
treatment with a mixture of hyaluronic acid, minerals, amino acids,
and vitamins protected the immortalized human keratinocyte cells
exposed to UV-A and H,0, (27). In this study, lipid peroxidation
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levels decreased significantly by the treatment of both quercetin
and sodium selenite, while the combination of both compounds
showed a synergistic affect for the protection of Ishikawa cells.
Previously, decreased MDA and lipid peroxidation levels caused
by a selenium polysaccharide were reported in cultured rat pheo-
chromocytoma (PC12) cells after H,0, exposure through inhibit-
ing the oxidative stress (28). The expression levels of BAD and
p53 genes were lowered by the combined treatment of quercetin
and selenium showing synergistic effects in terms of gene ex-
pression. Shang et al (2018) reported that quercetin increased
pro-apoptotic protein of BAD gene in human gastric cancer AGS
cells (29). Synergistic protective effects of selenium in combina-
tion with other compounds such as taurine were also reported
showing downregulation of p53 gene in myocardial infarction in
rats (30). Muecke et al (2018) reported that selenium supplemen-
tation showed promising results concerning radioprotection in tu-
mour patients (32). It was previously suggested that p53 stimulate
BAD and promote apoptosis through cytochrome c release from
mitochondria in cancer cells (33). Protective effects of selenium
and quercetin with other antioxidants were previously reported in
biological systems (34-39). The combination of both molecules
in chemotherapy treatment may reduce the damage and acceler-
ate the repairing process caused by chemotherapy. In conclusion,
for the first time, the combination of selenium and quercetin has
synergistic effects on oxidative stress in Ishikawa cells.

References

1. Ross JA, Kasum CM. Dietary flavonoids: Bioavailability, metabolic
effects, and safety. Annu Rev Nutr 2002; 22: 19-34.

2. LiY, Yao J, Han C, Yang J, Chaudhry MT, Wang S et al. Quercetin,
inflammation and immunity. Nutrients 2016; 8: 1-14.

3. Alvarez MC, Maso V, Torello CO, Ferro KP, Teresinha S, Saad O.
The polyphenol quercetin induces cell death in leukemia by targeting epi-
genetic regulators of pro-apoptotic genes. Clin Epigenetics 2018; 10: 139.

4. Aguirre L, Arias N, Macarulla MT, Gracia A, Portillo MP. Benefi-
cial effects of quercetin on obesity and diabetes. Open Nutraceuticals J.
2011; 4: 189-198.

5. Ma JJ, Yu YG, Yin SW, Tang CH, Yang XQ. Cellular uptake and in-

tracellular antioxidant activity of zein/chitosan nanoparticles incorporated
with quercetin. J Agric Food Chem 2018; 66: 12783-12793.

6. Kryukov GV, Castellano S, Novoselov SV, Lobanov AV, Zehtab O,
Guigo R et al. Characterization of mammalian selenoproteomes. Science
2003; 300: 1439-1443.

7. Talbi W, Ghazouani T, Braconi D, Ben Abdallah R, Raboudi F,
Santucci A et al. Effects of selenium on oxidative damage and antioxi-
dant enzymes of eukaryotic cells: wine Saccharomyces cerevisiae. J Appl
Microbiol 2018; https://doi.org/10.1111/jam.14150.

8. Drutel A, Archambeaud F, Caron P. Selenium and the thyroid gland:
more 370 good news for clinicians. Clin Endocrinol 2013; 78: 155-164.

9. Gandin V, Khalkar P, Braude J, Fernandes AP. Organic selenium
compounds as potential chemotherapeutic agents for improved cancer
treatment. Free Rad Biol Med 2018; 127: 80-97.

10. Yakubov E, Buchfelder M, Eyiipoglu 1Y, Savaskan NE. Selenium
action in neuro-oncology. Biol Trace Elem Res 2014; 161; 246-254.



Cebecioglu R et al. Synergistic effects of quercetin and selenium on oxidative stres...

11. Ramachandran L, Nair CK. Radioprotection by tempol: studies on
tissue antioxidant levels, hematopoietic and gastrointestinal systems, in
mice whole body exposed to sub-lethal doses of gamma radiation, Iran. J
Radiat Res 2012: 10; 1-10.

12. Tekin HO, Karahan M, Erguzel TT, Manici T, Konuk M. Radiation
shielding parameters of some antioxidants using Monte Carlo simulation.
J Biol Phys 2018; 44: 579-590.

13. Bao D, Wang J, Pang X, Liu H. Protective effect of quercetin against
oxidative stress-induced cytotoxicity in rat Pheochromocytoma (PC-12)
cells. Molecules 2017; 22: pii: E1122.

14. Erden Inal M, Kahraman A. The protective effect of flavonol quer-
cetin against ultraviolet a induced oxidative stress in rats. Toxicology
2000; 154: 21-29.

15. Zhu X, Li N, Wang Y, Ding L, Chen H, Yu Y et al. Protective effects
of quercetin on UVB irradiation-induced cytotoxicity through ROS clear-
ance in keratinocyte cells. Oncol Rep 2017; 37: 209-218.

16. Pirildar S, Siitliipinar N, Atasever B, Erdem-Kuruca S, Papouskova
B, Simanek V. Chemical constituents of the different parts of Colchicum
baytopiorum (Liliaceae) and their cytotoxic activities on K562 and HL60
cell-lines. Pharm Biol 2010; 48: 32-39.

17. https://resources.rndsystems.com/pdfs/datasheets/kge013.pdf

18. Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2 (-Delta Delta C (T)) Method.
Methods 2001; 25: 402-408.

19. Kasibhatla S, Amarante-Mendes GP, Finucane D, Brunner T,
Bossy-Wetzel E, Green DR. Acridine orange/ethidium bromide (AO/EB)
staining to detect apoptosis. Cold Spring Harb Protoc 2006; doi:10.1101/
pdb.prot4493.

20. Dong MG, El-Mallawany R, Sayyed MI, Tekin HO. Shielding prop-
erties of 80TeO2-5TiO2—- (15—x) WO3—xAnOmglasses using WinXCom
and MCNPS5 code. Radiat Phys Chem 2017; 141: 172—178.

21. Tekin HO, Singh VP, Manici T. Effects of micro-sized and nano-sized
WO3on mass attenauation coefficients of concrete by using MCNPX code.
Appl Radiat Isot 2017; 121: 122—125.

22. Tekin HO, Manici T. Simulations of mass attenuation coefficients for
shielding materials using the MCNP-X code. Nucl Sci Tech 2017; 28: 95.

23. Lakshminarayana G, Baki SO, Kaky KM, Sayyed MI, Tekin
HO, Lira A et al. Investigation of structural, thermal properties and
shielding parameters for multicomponent borate glasses for gamma and
neutron radiation shielding applications. J Non Cryst Solids 2017; 471:
222-237.

24. MCNP X-5,2003. A General Monte Carlo N-Particle Transport Code:
V.5, vol. I (LA-UR-03e1987) and vol. II (LACP-0245), Los Alamos Na-
tional Laboratory.

25. Chen Z, Yuan Q, Xu G, Chen H, Lei H, Su J. Effects of quercetin on
proliferation and H,0,-induced apoptosis of intestinal porcine enterocyte
cells. Molecules 2018; 23: pii: E2012.

26. Oliveira MM, Daré RG, Barizio EO, Visentainer JV, Romagnolo
MB, Nakamura CV et al. Photodamage attenuating potential of Nectan-
dra hihua against UVB-induced oxidative stress in L929 fibroblasts. J
Photochem Photobiol B 2018; 181: 127-133.

27. Stellavato A, Pirozzi AVA, Donato S, Scognamiglio I, Reale S, Di
Pardo A et al. Positive effects against UV-A induced damage and oxida-
tive stress on an in vitro cell model using a hyaluronic acid based formu-
lation containing amino acids, vitamins, and minerals. Biomed Res Int
2018; 848-1243.

28. Sheng Y, Liu G, Wang M, Lv Z, Du P. A selenium polysaccharide
from Platycodon grandiflorum rescues PC12 cell death caused by H,0, via
inhibiting oxidative stress. Int J Biol Macromol 2017; 104: 393-399.

29. Shang HS, Lu HF, Lee CH, Chiang HS, Chu YL, Chen A et al.
Quercetin induced cell apoptosis and altered gene expression in AGS hu-
man gastric cancer cells. Environ Toxicol 2018; 33: 1168—1181.

30. Dallak M. A synergistic protective effect of selenium and taurine
against experimentally induced myocardial infarction in rats. Arch Physiol
Biochem 2017; 123: 344-355.

31. Gerward L, Guilbert N, Jensen KB, Levring H. WinXCom - A
program for calculating X-ray attenuation coefficients, Radiat Phys Chem
2004; 71: 653-654.

32. Muecke R, Micke O, Schomburg L, Buentzel J, Kisters K, Adamietz
IA. Selenium in radiation oncology-15 years of experiences in Germany.
Nutrients 2018; 10: pii: E483.

33. Atasever-Arslan B, Isik FB, Gur H, Ozen F, Catal T. Apoptotic ef-
fect of Nigella sativa on human lymphoma U937 cells. Pharmacognosy
Magazine 2017; 13 (51): 628-632.

34. Catal T, Bolkent S. Combination of selenium and three naturally oc-
curring antioxidants administration protects D-galactosamine-induced liver
injury in rats. Biol Trace Elem Res 2008; 122: 127-136.

35. Ozakman G, Yayman SG, Sezer-Zhmurov C, Serdaroglu-Kasikci
E, Catal T. The influence of selenium on expression levels of the rbcL gene
in Chlorella vulgaris. 3 Biotech 2018; 8: 189.

36. Enisoglu-Atalay V, Atasever-Arslan B, Yaman B, Cebecioglu R, Kul
A, Ozilhan S et al. Chemical and molecular characterization of metabolites
from Flavobacterium sp. PLoS One. 2018; 13: €0205817.

37. Catal T, Liu H, Bermek H. Selenium induces manganese-dependent
peroxidase production by the white-rot fungus Bjerkandera adusta (Will-
denow) P. Karsten. Biol Trace Elem Res 2008; 123 (1-3): 211-217.

38. Catal T, Tunali S, Bolkent $, Yanardag R. An antioxidant combina-
tion improves histopathological alterations and biochemical parameters
in D-galactosamine-induced hepatotoxicity in rats. Eur J Biol 2017; 76
(1): 14-19.

39. Bayrak BB, Catal T, Bolkent S, Yanardag R. Efficacy of antioxidant
vitamins (vitamin C, vitamin E, Beta- carotene) and selenium supple-
ment on D-galactosamine-induced lung injury in rats. IUFS J Biol 2016;
75 (1): 11-18.

Received March 2, 2019.
Accepted April 1, 2019.

455



