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Abstract

This study was carried out to reveal the iz vitro cytogenotoxic effect of 2-amino-5-(6-bromo-2-oxo-2H-chromen-3-yl) selenophene-
3-carbonitrile (6-BrCoumSel or CoumSel), a newly synthesized coumarin-selenophene hybrid compound. Coumarin (2H-chromen-
2-one), one of the main components of the test substance hybrid molecule (CoumSel), is an aromatic organic chemical compound
with the formula CoHsO.. Pharmacologically, coumarin belongs to the flavonoid group of chemicals. The other component, seleno-
phene, has the formula CsHsSe and is an unsaturated organic compound containing a five-membered ring containing selenium in its
structure. It is a colorless liquid and is one of the most common selenium heterocycles. It was found that in human lymphocytes
cultured in vitro, the hybrid CoumSel compound increased the frequency of chromosome abnormalities (CA) and micronuclei (MN),
especially at high concentrations, compared to the untreated group (0 pg/ml). However, the increase in MN in the 200 pg/ml 48-
hour treatment was statistically significant. The notable cytotoxic effects were detected at high concentrations. The potential of
CoumSel as an antiproliferative drug with its current properties should not be ignored.

Keywords: Coumarin-selenophene hybrid compound, in vitro human lymphocyte, chromosome aberration, micronucleus, cyto-

toxicity.

1. Introduction

Found in many plants, including some edible plants, coumarin is a pleasant-smelling natural flavoring substance. It has extensive
use in the pharmaceutical and cosmetics industry but is partially toxic to the liver and kidneys. LDso rat: 293 mg/kg (Figure 1) [1].
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Figure 1. Coumarin (benzo- o -pyrone)

Although slightly dangerous to humans, coumarin is hepatotoxic in rats, but this toxicity has been reported to be less in mice.
Metabolism in rodents converts coumarin into a more dangerous and unstable byproduct, causing liver cancer in rats and lung
tumors in mice [2,3]. Although coumarin is a negative mutagen in iz vivo studies, it has been demonstrated that it has both
promutagenic properties and can increase the effects of some promutagens by increasing micronucleus stimulation in iz vitre cells
stimulated with S9 [4,5]. While some coumarin derivatives showed significant cytotoxic effects due to apoprosis in cancer cell lines
like MCF-7, Hela, etc., they did not show cytotoxic effects in the healthy cell line (HEK-293). It has been stated that these
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compounds are promising antimicrobial agents against pathogenic strains of Pseudomonas aeruginosa and Candida albicans, which
were examined to evaluate their antimicrobial effects [6-8]. Coumarin and its derivatives are an anticoagulant drug prescribed to
reduce the risk of blood clotting, venous thrombosis, and pulmonary embolism by inhibiting vitamin K synthesis [9]. Vitamin K
is an activator of coagulation factors II, VII, IX, and X, so as the amount of vitamin K decreases, the synthesis of these factors also
decreases. Coumarin is an oral anticoagulant that inhibits Vitamin K epoxide reductase, an enzyme that recycles oxidized vitamin
K (What are Coumarins, n.d.). Coumarin and its derivatives are preferred in the pharmaceutical industry because they show
antioxidant, antitumor, and anti-inflammatory activity. Some coumarin derivatives constitute the active ingredient of insecticides.
Cause of its pleasant smell is also used in foodstuffs, soaps, perfumes, and other cleaning products. Moreover, coumarin is utilized
as an optical brightening in the structure of laser and fluorescence dyes [11].

The other component of the test substance (CoumSel) is selenophene, which has the formula C4H4Se. Selenophene is an unsatu-
rated organic compound containing a five-membered ring carrying selenium. The selenophene molecule is straight and aromatic
and is subject to electrophilic substitution reactions at the -2 or -2.5 positions. This structure may have brought some properties
to selenophene. These reactions are slower than furan but faster than thiophene. The first confirmed production of selenophene
was achieved by Mazza and Solazzo in 1927 by heating acetylene and selenium together at approximately 300°C [12,13]

Selenophene is a biologically active compound with hepatoprotective, antinociceptive (pain relieving), anticonvulsant [14], anti-
hypertensive [15], and antitumoral [16] properties. Compounds containing selenophene are extremely useful synthetic intermedi-
ates (Figure 2). They can serve as suitable building blocks to synthesize other biologically active compounds.

Se

Figure 2. Selenophene [17]

Some of the selenophene-derived compounds showed anticancer [18,19], antiradical/antioxidant [20-22], and antiestrogenic ac-
tivity [23,24]. Some selenophene-derived compounds exhibit potent cytotoxic/apoptotic properties with broad-spectrum anti-
tumor activity [25-28]. An enhanced activity of the selenophene analog molecule against DNA gyrase has been documented [29].
Again, tert-butyl benzo[b]tellurophen-2-ylmethylcarbamate, a selenophene derivative, caused inhibition of histone H3 lysine 9
demethylase (KDM4) in HeLa cells but did not show such an effect in healthy cells [30].

The selenium contained in the selenophene compound participates in the structure of different compounds in soil, plants, and
water. It is vital for organisms. It is a structural element of many enzymes, notably glutathione peroxidase, which protects cell
membranes from oxidative damage. The chemical form of selenium, the selenium level of the organism, and the number of ele-
ments that interfere with selenium metabolism or increase the requirement in the diet, such as sulfur, vitamin E, lipids, amino
acids, proteins, cadmium, mercury, copper and arsenic, determine the need for selenium. Selenium deficiency can cause different
abnormalities in humans. However, excessive selenium intake can also cause poisoning [31].

This study was conducted to reveal the genotoxic and cytotoxic label of the newly synthesized coumarin-selenophene derivative
molecule (CoumSel), which has the potential to be used for different purposes in many industrial fields and whose biological effect
potential has not yet been adequately evaluated. The studies were conducted with peripheral blood cultures obtained from healthy
volunteers under 7z vitro conditions. The genotoxicity and cytotoxicity findings detected provided significant results regarding this
chemical. Considering the potential of the existing chemical to be used in many industrial areas, the results of the scientific study
will provide an analytic perspective for the future projection of CoumSel.

2. Material and Method
2.1. Test Substance (6-Br- CoumSel or CoumSel)

The test substance in the study, the coumarin-selenophene hybrid compound, 6-bromo salicylaldehyde (6-Br-CoumSel) molecule,
was synthesized in the organic chemistry laboratory of Cukurova University Arts and Science Faculty Department of Chemistry
as follows: Inidally, coumarin compounds were synthesized by Pechmann and Knoevenagel methods. Then, the 2-amino
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selenophene-3-carbonitrile molecule was synthesized by the Gewald method, and coumarin-selenophene hybrid derivatives were

prepared [11].

The test concentrations were determined by conducting preliminary experiments under iz vitro conditions with this newly syn-
thesized derivative chemical. In the study, we tried to reveal an insight related to the genotoxic potential of the test chemical by
investigating in vitro chromosome aberration (CA) and micronucleus (MN) induction in peripheral lymphocytes. The cytotoxic
effect of the test substance by mitotic index (MI) and nuclear division index (NDI) data were analyzed.

Chemical name: 2-amino-5-(6-bromo-2-oxo0-2H-chromen-3-yl) selenophene-3-carbonitrile
Chemical formula: C14H7BrN202Se

Nickname: CoumSel (Figure 3)

Molecular weight: 394.08 g/mol

Solubility: Dimethyl sulfoxide (DMSO)

Physical appearance: Solid, brown

2-amino-5-(6-bromo-2-ox0-2H -chromen-3-yl)selenophene-3-carbonitrile

Figure 3. Coumsel

2.2. Chemicals

Colchicine (CAS No: 64-86-8), cytochalasin B (CAS 14930-96-2), Mitomycin C (MMC) (CAS 50-07-7), and DMSO (CAS
67-68-5) were purchased from Sigma-Aldrich Company (Steinheim, Germany).

2.3. Experimental Design and Statistical Analysis

To perform this work, the permits were obtained from the Cukurova University Ethics Committee (06 March 2020/97, Decision
No: 16). Human peripheral blood was taken from nonsmokers four healthy volunteers (two males and two females [ages: 21 and
24]) with an intravenous needle. Human blood culture was treated with CoumSel at 0, 50, 100, or 200 u g/mL concentrations
for one or two cell cycle periods (24 h or 48 h). The highest concentration was determined with OECD TG 473 and TG 489
protocols. According to this protocol, the recommended highest concentration should show 55 * 5% cytotoxicity. Dimethyl sul-
foxide (DMSO) as the solvent control and mitomycin C (MMC) as well as the positive control were used in the experiments. All
values were reported as means * standard error (SE); we analyzed the data using the One-Way Analysis of Variance (ANOVA)
LSD post hoc test and SPSS software (IBM SPSS Statistics 25). The concentration-response effects we determined using the
Pearson correlation. In group comparisons, the standard level of significance is P<0.05.

2.4. Chromosome Abnormality (CA) Test

To examine the cytogenetic effects of 6-bromo-CoumSel, used as the test substance, we applied four different concentrations (0,
50, 100, and 200 p g/mL) to the healthy peripheral blood culture for 24 or 48 hours. Since the test substance did not dissolve
homogeneously in distilled water, we dissolved it in DMSO, an organic solvent. To block mitosis in the metaphase stage, 0.06
pg/mL of the colchicine solution was added to each tube at the 70th hour of the culture period, and the tubes were mixed by
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gently shaking. We pretreated cells with colchicine for 2 hours at 37°C. At the end of the 72nd hour, we harvested and stained the
cells from culture tubes, as stated by Arslan et al. [32].

The 100 well-distributed c-metaphases in homogeneously stained preparations were examined to detect chromosomal abnormali-
ties (CA) in each variant. To determine the mitotic index (MI), we calculated the percentage of dividing cells at 3000 cells.

) __ number of cells in mitosis

MI(%

x100 (1)

total number of cells

2.5. Micronucleus (MN) Test

The cultured human peripheral lymphocytes were treated with four concentrations of the chemical 6-bromo-CoumSel for 24 or
48 hours. At the end of the culture period, we prepared micronucleus slides for each variant according to the method of Arslan et

al. [32].

To detect micronucleated cells in prepared preparations, we examined 1000 binucleated cells. To calculate the nucleus division
index (NDI), we determined the cells with 1, 2, 3, and 4 nuclei among 1000 cells and applied the following formula.

(1xM1)+ (2xM2) + (3x M3) + (4 x m4)]
N (total number of cells)

NDI-.

@)

3. Results

3.1. Chromosome Abnormality (CA) Findings

It was found that the CA values caused by the test substance (CoumSel) were at the level of the DMSO and 0 pg/ml groups. Slight
rises in CA findings related to enhanced CoumSel concentration were not meaningful and were within confidence limits. Moreo-
ver, we could not observe a safe number of metaphases in the 48-hour treatment of the highest concentration (200 pg/mL) due to
the possible toxic effect on the culture, so we did not include it in the statistical analysis. Abnormality levels per cell (CA/cell)
showed similarities to CA% values (Table 3.1). As with CA%, there were no notable differences in CA/cell (P>0.05). On the other
hand, we confirmed the cytotoxic effect potential of the test substance. In particular, the increase in CoumSel concentration caused
significant cytotoxic effects at both treatment periods (24 and 48 hours). The highest concentration of CoumSel (200 pg/ml)
showed a cytotoxic effect compared to the negative (0 pg/mL) control in the 24-hour application (P<0.001). It was statistically
confirmed that this cytotoxic effect occurs at the MMC level. Again, 100 pg/mL CoumSel exhibited significant cytotoxic potential
compared to both the DMSO control and 0 pg/ml groups in the 48-hour treatment (P<0.001) (Table 1)

Table 1. Chromosome aberrations percentage (CA%), CA/cell ratio, and mitotic index (MI) in human-cultured lymphocytes treated with

CoumSel
Treatment
Test Substance  Time Cons. *CA%=*SE CA/cell £SE **MI+SE
(hour)  (ug/mL)
MMC 24 0,25 uL/mL 35.25+1.25 0.525+0.018 2.57+0.26 a3
DMSO 24 10 uL 1.00 £ 0.00 0.010 £ 0.000 6.22+0.23 a3
CoumSel 24 0 1.25+0.25a3 0.012+0.002 a3 7.39+£0.47 a3 b2
CoumsSel 24 50 1.50+0.28 a3  0.015+0.003 a3 6.69 £0.13 a3
CoumsSel 24 100 1.50+0.28 a3  0.015+0.003 a3 7.00+0.11 a3
CoumsSel 24 200 1.75+0.25a3 0.017 +£0.002 a3 328+0.12¢3
MMC 48 0,25 pL/mL 62.00 + 2.19 2.250 £0.237 1.15+0.16
DMSO 48 10 uL 0.50+£0.28 0.005 +0.003 7.24+0.29
CoumsSel 48 0 1.25+0.25a3 0.012+0.002 a3 7.39+0.47 a3
CoumsSel 48 50 1.75+0.47 a3 0.017 £ 0.005 a3 7.60+0.11 a3
CoumsSel 48 100 2.00+0.40 a3 0.020 + 0.004 a3 5.00 £ 0.3 a3b3c3
CoumSel 48 200 - - -
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3.2. Micronucleus (MN) Findings

In the study, 200 pg/mL, 48-hour CoumSel application significantly increased the MN%o rate compared to the negative control
(0 pg/mL) group (P<0.001). The MN per binuclear cell (MN/binuclear cell) ratio caused by the test substance shows a similar
trend to the MN%eo ratio. Nuclear division indices (NDI) are negatively related to the test substance concentration, but the dose-
effect correlation is not statistically significant. The highest cytotoxic effects occurred at 100 pg/mL and 200 pg/mL. CoumSel in
these concentrations significantly reduced the NDI value in both treatment periods (24 or 48 hours) compared to both the solvent
(DMSO) control and the negative control group (P<0.001) (Table 2)

Table 2. Effect of CoumSel on the ratios of micronucleus (MN), MN/binuclear cell, and nuclear division index (NDI) in human-cultured

lymphocytes
Treatment .
Test substance  Time Cons. *MN%o+SE 'c\ng /gguclear NDI+SE
(hour) (ug/ml)

MMC 24 0,25 uL/mL  23.50 + 1.041 0.228 £0.014 1.245 £ 0.051
DMSO 24 10 uL 6.00 +0.408 0.006 = 0.000 1.483 +£0.029
CoumSel 24 0 3.25+0.479 a3 0.003+£0.000a3 1.367 +0.030 a2b2
CoumSel 24 50 4.00£0.408 a3 0.004 +0.000 a3  1.433+0.009 a3
CoumSel 24 100 3.50+0.289 a3 0.004 £0.000a3 1.309+0.016 b3
CoumSel 24 200 5.75+1.031 a3 0.006 £0.001 a3  1.185+0.023 b3c3

MMC 48 0,25 uL/mL  130.75 £4.990 0.109 £ 0.000 1.095+0.015
DMSO 48 10 uL 2.75+£0.250 0.003 +0.000 1.338 £ 0.052

CoumSel 48 0 3.25+0.479 a3 0.003 £0.000a3 1.367 +0.030 a3
CoumsSel 48 50 3.50+0.289 a3 0.004 £0.000a3  1.309+0.016 a3
CoumsSel 48 100 2.50+0.289 a3 0.003 £0.000a3 1.196 +0.014 alb3c3
CoumsSel 48 200 13.00 £ 0.577 a3b3c3 0.013+0.014a3  1.126 =0.004 b3c3

*: Examined 1000 cells in each donor, 4000 cells in total. {: Calculated from a total of 3000 cells. a: The difference is significant
compared to the positive (MMC) control. b: The difference is significant compared to the solvent (DMSO) control. c: The
difference is significant compared to the untreated (0 pg/ml) control. alblcl< 0.05, a2b2c2< 0.01, a3b3c3< 0.001

4. Discussion and Conclusion

The in vitro cytogenotoxic effect hypothesis of the coumarin-selenophene hybrid compound (CoumSel) was tested with in vitro
human peripheral lymphocytes. Experiments revealed that chromosome aberration (CA) and micronucleus (MN) frequencies
increased, especially in cells where high concentrations were applied, but only the MN increase at 200 pg/mL concentration was
significant. There are many effects underlying the emergence of this result. These may be oxidative activity on DNA or microtubule
(mitotic spindle) structure, covalent binding affinity to the DNA backbone, or topoisomerase enzyme inhibition effect. In addition,
the various agents on enzymes or auxiliary factors involved in DNA replication or repair or nucleotide monomers may cause
genotoxicity. According to the results of an old study confirming this idea, monofunctional and bifunctional pyrroles increased
sister chromatid exchange (SCE), which is an indicator of genotoxicity in human lymphocytes, and especially bifunctional pyrroles
were more effective in increasing SCE [33]. A different study reported similar results. According to the results of this study, two
of the three commercially available partially photo-treated pyrrole-derived intermediates (1H-pyrrole-2-carboxaldehyde and 6-
chloro-2-pyridinecarboxylic acid) are genotoxic even at low concentrations, while 2-pyridinecarbonitrile is only cytotoxic [34].

The tautomeric conformation of any biomolecule is determined by the combination and distribution of electrical charges of the
atoms that make up that molecule. Any proton or electron shifts in the molecule may unpredictably affect its standard stability,
causing it to transform into a different conformational form. This situation can directly or indirectly affect the molecule and
prevent its optimized function. Unstable oxygen species (ROS), described as reactive in aerobic respiring cells, attack all biomole-
cules, including nucleic acids, and can disrupt their characteristic electrical dynamics. This phenomenon, called oxidative stress,
can result in the molecule's unique function being restricted or completely blocked. It has long been known that the primary origin
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of oxidizing products is electron leaks in the mitochondrial respiratory chain (ETS). Many studies investigating the effects of
oxidative interactions on genome stability released significant outputs. These findings include genomic instability of the cell and
activation or inactivation of various biochemical mechanisms. DNA lesions or molecular dysfunctions resulting from reactive
attack may cause cell cycle arrest and apoptotic cell death. Briefly, it is undeniable that the multicomponent mitotic machinery
that ensures cell division is de facto affected by oxidative stress [35-42]. Test substance CoumSel may have had cytotoxic effects
through different mechanisms. Ersaur et al. stated that Coumsel, a coumarin and 2-aminoselenophene-3-carbonitrile derivative,
showed significant cytotoxic and antiproliferative effects on the MCF-7 cell line. The same researchers found that contrary to
popular belief, these coumarin derivatives have a radical scavenging (antioxidative) effect, not an oxidative one [43]. It could not
find any reliable study on the direct oxidative effect of coumarin selenophene derivative compounds.

According to the mitotic index (MI) and nuclear division index (NDI) data I determined in my study, CoumSel showed cytotoxic
effects, especially at high concentrations. This observed effect may be due to genotoxicity because they share a similar underlying
pattern. However, there are also minor variational differences in our findings. Although no definite clastogenic effect is observed,
the increase in MN frequency highlights the aneugenic effect of the test substance. I suggest oxidative or nonoxidative impacts on
the cell division apparatus (mitotic spindle, centromere, etc.) as the reason for this. The cytotoxicity in our study may have arisen
from confusion in the spindle apparatus. It is known that tubulin-binding molecules interfere with the dynamic balance of micro-
tubules, destroying microtubule reorganization in the M phase and forming abnormal spindles. This causes cell cycle arrest, leading

to apoptotic cell death [44].

In summary, the genotoxic and cytotoxic effects of CoumSel at high concentrations are remarkable. With this anti-mitotic feature,
it may provide new insight into the solution to the problem of uncontrolled cell proliferation. Additionally, focusing on different
experiments that will reveal the metabolic action of the test chemical will expand the scientific perspective.

Acknowledgments

I thank CUBAP for this support. Moreover, I especially thank Biisra Boz for evaluating the experimental data and the other
researchers who contributed to our project ( Dr. Giray and Dr. Ergatir).

References

[1] Merck Coumarin., n.d. Coumarin msds. Coumarin MSDS - 822316 - Merck. https://www.merckmillipore.com/TR/tr/prod-
uct/msds/MDA_CHEM-822316. [accessed November 28, 2023].

[2] Born, S.L., Api, A.M., Ford, R.A., Lefever, F.R., Hawkins, D.R., (2003). Comparative metabolism and kinetics of coumarin
in mice and rats. Food and Chemical Toxicology. 41(2): 247-58. doi: 10.1016/50278-6915(02)00227-2.

[3] Vassallo, ].D., Hicks, S.M., Daston, G.P., Lehman-McKeeman, L.D., (2004). Metabolic Detoxification Determines Species
Differences in Coumarin-Induced Hepatotoxicity. Toxicological Sciences. 80(2): 249-57. doi: 10.1093/TOXSCI/KFH162.

[4] Kishino, Y., Hasegawa, T., Arakawa, S., Shibaya, Y., Yamoto, T., Mori, K., (2019). Effect of the metabolic capacity in rat liver
S9 on the positive results of in vitro micronucleus tests. The Journal of Toxicological Sciences. 44(3): 145-53. doi:

10.2131/JTS.44.145.

[5] Kanode, R., Chandra, S., Sharma, S., (2017). Application of bacterial reverse mutation assay for detection of non-genotoxic
carcinogens. Toxicology Mechanisms and Methods. 27(5): 376-81. doi: 10.1080/15376516.2017.1300616.

[6] Dhawan, S., Awolade, P., Kisten, P., Cele, N., Pillay, A.S., Saha, S.T', et al., (2020). Synthesis, Cytotoxicity and Antimicrobial
Evaluation of New Coumarin-Tagged f-Lactam Triazole Hybrid. Chemistry &  Biodiversity. 17(1). doi:
10.1002/CBDV.201900462.

[7] Maleki, E.H., Bahrami, A.R., Sadeghian, H., Matin, M.M., (2020). Discovering the structure—activity relationships of different
O-prenylated coumarin derivatives as effective anticancer agents in human cervical cancer cells. Toxicology in Vitro. 63: 104745.

doi: 10.1016/].TIV.2019.104745.

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 11-18



lla

[8] Ahmed, E.Y., Abdel Latif, N.A., El-Mansy, M.F., Elserwy, W.S., Abdelhafez, O.M., (2020). VEGFR-2 inhibiting effect and
molecular modeling of newly synthesized coumarin derivatives as anti-breast cancer agents. Bioorganic & Medicinal Chemistry.
28(5). doi: 10.1016/].BMC.2020.115328.

[9] Verhoef, T L., Redekop, W.K., Daly, A.K., Van Schie, R M.F., De Boer, A., Maitland-Van Der Zee, A.H., (2014). Pharmaco-
genetic-guided dosing of coumarin anticoagulants: algorithms for warfarin, acenocoumarol and phenprocoumon. British Journal
of Clinical Pharmacology. 77(4): 626. doi: 10.1111/BCP.12220.

[10] www.drugs.com (What are Coumarins)., n.d. List of Coumarins and indandiones - Drugs.com. hteps://www.drugs.com/drug-
class/coumarins-and-indandiones.html. [accessed January 22, 2024].

[11] Ersaur, M., Giray, E.S., (2018). Fen ve Miihendislik Bilimleri Dergisi Yil: 35-41.

[12] Hartough, H.D. (Howard D., Hochgesang, F.P. (Frank P.)., Blicke, F.F. (Frederick F., (1952). Thiophene and its derivatives:
533.

[13] Eicher, T., Hauptmann, S., Speicher, A., (2003). The Chemistry of Heterocycles. The Chemistry of Heterocycles. doi:
10.1002/352760183X.

[14] Wilhelm, E.A., Jesse, C.R., Bortolatto, C.F., Nogueira, C.W., Savegnago, L., (2009). Anticonvulsant and antioxidant effects
of 3-alkynyl selenophene in 21-day-old rats on pilocarpine model of seizures. Brain Research Bulletin. 79(5): 281-7. doi:
10.1016/].BRAINRESBULL.2009.03.006.

[15] Grange, R.L., Ziogas, J., North, A.]., Angus, J.A., Schiesser, C.H., (2008). Selenosartans: novel selenophene analogues of
milfasartan and eprosartan. Bioorganic & Medicinal Chemistry Letters. 18(3): 1241-4. doi: 10.1016/].BMCL.2007.11.136.

[16] Juang, S.H., Lung, C.C., Hsu, P.C., Hsu, K.S,, Li, Y.C., Hong, P.C., et al., (2007). D-501036, a novel selenophene-based
triheterocycle derivative, exhibits potent in vitro and in vivo antitumoral activity which involves DNA damage and ataxia telangi-
ectasia-murtated nuclear protein kinase activation. Molecular Cancer Therapeutics. 6(1): 193-202. doi: 10.1158/1535-
7163.MCT-06-0482.

[17] Merck-Selenophene., n.d. Selenophene 97 288-05-1. https://www.sigmaaldrich.com/TR/en/product/aldrich/367141. [ac-
cessed January 22, 2024].

[18] Mhetre, A.B., Lee, H., Yang, H., Lee, K., Nam, D.H., Lim, D., (2017). Synthesis and anticancer activity of benzoselenophene
and heteroaromatic derivatives of 1,2,9,9a-tetrahydrocyclopropalc]benzo[e]indol-4-one (CBI). Organic & Biomolecular Chemis-
try. 15(5): 1198-208. doi: 10.1039/C60B02729F.

[19] Adly, M.E., Gedawy, E.M., El-Malah, A.A., El-Telbany, F.A., (2019). Synthesis and Anticancer Activity of Certain Seleno-
phene Derivatives. Russian Journal of Organic Chemistry. 55(8): 1189-96. doi: 10.1134/51070428019080189/METRICS.

[20] Schumacher, R.F., Rosdrio, A.R., Souza, A.C.G., Acker, C.I., Nogueira, C.W., Zeni, G., (2011). The potential antioxidant
activity of 2,3-dihydroselenophene, a prototype drug of 4-aryl-2,3-dihydroselenophenes. Bioorganic & Medicinal Chemistry.
19(4): 1418-25. doi: 10.1016/].BMC.2011.01.005.

[21] Singh, V.P., Yan, J., Poon, ].E., Gates, P.]., Butcher, R.J., Engman, L., (2017). Chain-Breaking Phenolic 2,3-Dihydro-
benzo[b]selenophene Antioxidants: Proximity Effects and Regeneration Studies. Chemistry — A European Journal. 23(60): 15080—
8. doi: 10.1002/CHEM.201702350.

[22] Tavadyan, L.A., Manukyan, Z.H., Harutyunyan, L.H., Musayelyan, M. V., Sahakyan, A.D., Tonikyan, H.G., (2017). An-
tioxidant Properties of Selenophene, Thiophene and Their Aminocarbonitrile Derivatives. Antioxidants. 6(2). doi: 10.3390/AN-
TIOX6020022.

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 11-18



Improving Wood Mechanical Properties Using Guinea Grass, Wood Sawdust, Crack Filler And Wood Adhesive

[23] Luo, J., Hu, Z., Xiao, Y., Yang, T., Dong, C., Huang, J., et al., (2017). Rational design and optimization of selenophenes
with basic side chains as novel potent selective estrogen receptor modulators (SERMs) for breast cancer therapy. MedChemComm.

8(7): 1485-97. doi: 10.1039/C7MD00163K.

[24] Zhang, S., Wang, Z., Hu, Z., Li, C., Tang, C., Carlson, K.E., et al., (2017). Selenophenes: Introducing a New Element into
the Core of Non-Steroidal Estrogen Receptor Ligands. ChemMedChem. 12(3): 235. doi: 10.1002/CMDC.201600593.

[25] Juang, S.H., Lung, C.C., Hsu, P.C., Hsu, K.S,, Li, Y.C., Hong, P.C., et al., (2007). D-5010306, a novel selenophene-based
triheterocycle derivative, exhibits potent in vitro and in vivo antitumoral activity which involves DNA damage and ataxia telangi-
ectasia-mutated nuclear protein kinase activation. Molecular Cancer Therapeutics. 6(1): 193-202. doi: 10.1158/1535-
7163.MCT-06-0482.

[26] Shiah, H.S., Lee, W.S., Juang, S.H., Hong, P.C., Lung, C.C., Chang, C.J., et al,, (2007). Mitochondria-mediated and p53-
associated apoptosis induced in human cancer cells by a novel selenophene derivative, D-501036. Biochemical Pharmacology.

73(5): 610-9. doi: 10.1016/].BCP.2006.10.019.

[27] Yang, Y.N., Chou, K. ming., Pan, W.Y., Chen, Y. wen., Tsou, T.C., Yeh, S.C,, et al., (2011). Enhancement of non-homol-
ogous end joining DNA repair capacity confers cancer cells resistance to the novel selenophene compound, D-501036. Cancer
Letters. 309(1): 110-8. doi: 10.1016/].CANLET.2011.05.023.

[28] Csuk, R., Siewert, B., Wiemann, J., (2013). A bioassay-driven discovery of an unexpected selenophene and its cytotoxicity.
Bioorganic & Medicinal Chemistry Letters. 23(12): 3542-6. doi: 10.1016/].BMCL.2013.04.036.

[29] Wiles, J.A., Phadke, A.S., Bradbury, B.J., Pucci, M.]., Thanassi, ].A., Deshpande, M., (2011). Selenophene-containing in-
hibitors of type IIA  bacterial topoisomerases. Journal of Medicinal Chemistry. 54(9): 3418-25. doi:
10.1021/JM2002124/SUPPL_FILE/JM2002124_S1_001.PDF.

[30] Kim, Y.J., Lee, D.H., Choi, Y.S., Jeong, ].H., Kwon, S.H., (2019). Benzo[b]tellurophenes as a Potential Histone H3 Lysine
9 Demethylase (KDM4) Inhibitor. International Journal of Molecular Sciences. 20(23). doi: 10.3390/1JMS20235908.

[31] Cetin, M., Deniz, G., Polat, U., Yalgin, A., (2002). Broylerlerde inorganik ve organik selenyum ilavesinin biyokimyasal kan
parametreleri iizerine etkisi. Vet. Med. 21: 59-63.

[32] Arslan, M., Timocin, T., Ila, H.B., (2017). In vitro potential cytogenetic and oxidative stress effects of roxithromycin. Drug
and Chemical Toxicology. 40(4): 463-9. doi: 10.1080/01480545.2016.1264410.

[33] Ord, M.]., Herbert, A., Mattocks, A.R., (1985). The ability of bifunctional and monofunctional pyrrole compounds to induce
sister-chromatid exchange (SCE) in human lymphocytes and mutations in Salmonella typhimurium. Mutation Research. 149(3):

485-93. doi: 10.1016/0027-5107(85)90167-8.

[34] Skoutelis, C., Antonopoulou, M., Konstantinou, I., Vlastos, D., Papadaki, M., (2017). Photodegradation of 2-chloropyridine
in aqueous solution: Reaction pathways and genotoxicity of intermediate products. Journal of Hazardous Materials. 321: 753-63.

doi: 10.1016/].JHAZMAT.2016.09.058.

[35] Limoli, C.L., Giedzinski, E., (2003). Induction of chromosomal instability by chronic oxidative stress. Neoplasia (New York,
N.Y.). 5(4): 339—46. doi: 10.1016/S1476-5586(03)80027-1.

[36] Cooke, M.S., Evans, M.D., Dizdaroglu, M., Lunec, J., (2003). Oxidative DNA damage: mechanisms, mutation, and disease.
FASEB Journal : Official Publication of the Federation of American Societies for Experimental Biology. 17(10): 1195-214. doi:
10.1096/F].02-0752REV.

[37] Barzilai, A., Yamamoto, K.I., (2004). DNA damage responses to oxidative stress. DNA Repair. 3(8-9): 1109-15. doi:
10.1016/j.dnarep.2004.03.002.

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 11-18



lla

[38] Salmon, T.B., Evert, B.A., Song, B., Doetsch, P.W., (2004). Biological consequences of oxidative stress-induced DNA dam-
age in Saccharomyces cerevisiae. Nucleic Acids Research. 32(12): 3712-23. doi: 10.1093/NAR/GKHG696.

[39] Gonzalez-Hunt, C.P., Wadhwa, M., Sanders, L.H., (2018). DNA damage by oxidative stress: Measurement strategies for two
genomes. Current Opinion in Toxicology. 7. doi: 10.1016/j.cotox.2017.11.001.

[40] Walczak, C.E., Heald, R., (2008). Mechanisms of mitotic spindle assembly and function. International Review of Cytology.
265: 111-58. doi: 10.1016/50074-7696(07)65003-7.

[41] Przewloka, M.R., Glover, D.M., (2009). The kinetochore and the centromere: a working long distance relationship. Annual
Review of Genetics. 43: 439-65. doi: 10.1146/ANNUREV-GENET-102108-134310.

[42] Gabel, C.A., Li, Z., DeMarco, A.G., Zhang, Z., Yang, ]., Hall, M.C., et al., (2022). Molecular architecture of the augmin
complex. Nature Communications 2022 13:1. 13(1): 1-13. doi: 10.1038/s41467-022-33227-7.

[43] Ersaur, M., Yildirim, M., Giray, E.S., Yalin, S., (2020). Synthesis and antiproliferative evaluation of novel biheterocycles
based on coumarin and 2-aminoselenophene-3-carbonitrile unit. Monatshefte Fur Chemie. 151(4): 625-36. doi:
10.1007/S00706-020-02573-X/TABLES/7.

[44] Budhiraja, A., Kadian, K., Kaur, M., Aggarwal, V., Garg, A., Sapra, S., et al., (2012). Synthesis and biological evaluation of
naphthalene, furan and pyrrole based chalcones as cytotoxic and antimicrobial agents. Medicinal Chemistry Research. 21: 2133~
40. doi: 10.1007/s00044-011-9733-y.

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 11-18



