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a b s t r a c t 

In this study, the aim was computer-aided design of a new anti-cancer drug molecule. For this 

purpose, 7-hydroxy-8-(((1-hydroxy-3-phenylpropan-2-yl)imino)methyl)-4-(trifluoromethyl)-2 H -chromen- 

2-one (D3) was synthesized by the condensation reaction. Its characterization studies were performed 

by NMR, FTIR, MS and UV spectral data. Anti-cancer activity of D3 was examined on MCF-7, HeLa and 

Mat-Lylu cell lines, and it was found that D3 showed cytotoxic activity in all cell lines. Mutagenity of D3 

was determined by Ames/Salmonella assay, and it was found that it had no mutagenic effect on S. ty- 

phimurium TA98 and TA100 strains. Antioxidant activity of D3 was also revealed. Besides, the interaction 

of D3 with DNA was investigated by the UV titration method. Experimental results showed D3 binds to 

DNA by intercalation or groove linking. Moreover, molecular docking approach was used to elucidate the 

atomic level interaction between the synthesized compound and DNA; thus, the atomic level behavior of 

the compound in the binding site of DNA was characterized and its binding properties were determined. 

In addition, the physicochemical and pharmacokinetic properties of the synthesized compound were per- 

formed using ADMET and frontier orbital analyses. In conclusion, according to both in vitro and in silico 

findings, it can be suggested that D3 may be used as a new anti-cancer drug for breast, cervical and 

prostate cancers. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Coumarins are an important class of oxygen-containing het- 

rocyclic compounds with benzopyrone (1,2-benzopyrone or 2 H - 

-benzopyran-2-one) skeleton. Natural and synthetic coumarin 

erivatives attract the interest of researchers because of their wide 

iological activity. Some of the derivatives as warfarin have al- 

eady been used as a drug. Many of the coumarin derivatives have 

een proven to have important biological activities such as antitu- 

or, antibacterial, antifungal, anticoagulant, antioxidant, antiviral 

tc. activities. Coumarin skeleton can easily be functionalized from 

 different position to design new derivatives with promising bio- 

ogical activities [1–11] . 
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Up to now, various drugs for cancer treatment have been devel- 

ped, but due to their serious side effects, medicinal and pharma- 

eutical chemists work hard to develop effective anticancer drugs 

ith promising bioactivity, important therapeutic effect [12] and 

imited toxicity [13] . Coumarin derivatives have been extensively 

nvestigated as antitumor agents and it has been shown that they 

an act on various tumor cells by different mechanisms [ 14 , 15 ].

his derivatives, which are frequently found in nature, exhibit 

 potential anticancer activity against a wide variety of cancer 

ell lines as they can easily interact with a wide variety of en- 

ymes and receptors such as kinase, telomerase, aromatase, sul- 

atase, monocarboxylate transporters and carbonic anhydrase [16] . 

lso, coumarin derivatives have shown the cytotoxic effect on var- 

ous cancer cells such as lung, ovarian, breast, prostate, colon, gas- 

ric cancer and leukaemia [17–23] .Antioxidant compounds neu- 

ralize free radicals and reduce the risk for chronic diseases by 

inimizing the oxidative damage. Hydroxycoumarins are pheno- 

ic compounds that act as free radical scavengers since their hy- 

https://doi.org/10.1016/j.molstruc.2021.130539
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130539&domain=pdf
mailto:yaseminbudama@gmail.com
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[ DNA ] / ε A − ε = [ DNA ] / ε B − ε + 1 / K ε B − ε (2) 
roxyl groups are potent electron/hydrogen donors to free radicals. 

any coumarin derivatives have special abilities to scavenge reac- 

ive oxygen species [24–33] . 

Iminocoumarin is a subclass of coumarin family. The imino 

roup, including Schiff bases compound, is important for several 

iological applications [34–39] . It is examined that Schiff bases is 

elated with antimicrobial, antiviral and anticancer activity. Thus, 

minocoumarins are also important structures that stand out in 

iological and medical applications and have anticancer and an- 

imicrobial properties [40–43] . Imino coumarin, have also anti- 

ancer properties [34] on different human cancer cell lines such as 

oumarin derivatives [44–46] on prostate [ 8 , 47 , 48 ], on breast [49] ,

nd on cervical cancer cell lines [50] . 

Encouraging improvements in biological activities showed by 

oumarins direct the researcher’s attention to design and synthesis 

f new more effective derivatives. But still there is need to develop 

ffective anticancer drugs. 

In developing a new drug, it is evaluated three basic crite- 

ia: efficacy, quality and pharmacological safety. Regulatory bod- 

es such as the Food and Drug Administration (FDA), the Euro- 

ean Medicines Agency (EMA) and the National Health Surveil- 

ance Agency (Anvisa) state that preclinical trials should be the 

tarting point for a new drug development process [51–53] . DNA is 

he target in the development of new anticancer drugs. In this con- 

ext, understanding the interactions of small molecules with DNA 

s important for developing new and effective drugs for clinical ap- 

lications. In addition, the Ames/Salmonella assay is a routine part 

f preclinical trials in determining the safety of a new drugs [54] . 

Uncovering the DNA binding properties of coumarin com- 

ounds, which have antitumor, antioxidant, antiviral, antibacterial, 

ntifungal properties, has an important place in the development 

f new therapeutic reagents. In this study, spectroscopic (UV / VIS) 

nd in silico methods (molecular docking) were used to determine 

he relationship of the coumarin compound with the property of 

eing a potential anticancer drug, and its interaction mechanism 

as investigated at the atomic level. 

To investigate the mutagenic effects and antioxidant activity of 

3, Ames/Salmonella assay and diphenyl-2-picrylhydrazyl (DPPH) 

adical scavenger test were performed. The cytotoxic activity of D3 

as also studied via MTT assay using human breast cancer (MCF- 

), human epithelial cervical cancer (HeLa) and rat prostate cancer 

MAT-Lylu). 

. Materials and methods 

.1. Materials and equipments 

Reagent quality solvents were used without further purifica- 

ion. Column chromatography was conducted on silica gel 60 (40–

3 μM) (Merck). TLC was carried out on aluminum sheets pre- 

oated with silica gel 60F 254 (Merck). IR spectra were determined 

n a Thermo Scientific NICOLET IS10 spectrometer. NMR spectra 

ere recorded on Bruker Avance III 500 MHz spectrometer. Chem- 

cal shifts, δ are reported in ppm with TMS as internal standard 

nd the solvents are CDCl 3 . LC-MS (QTOF) spectra were obtained 

n Agilent G6530B model TOF/Q-TOF Mass Spectrometer. The syn- 

hesis of compounds 1 and 2 were carried out according to the 

iterature procedure [ 55 , 56 ]. 

Calf thymus DNA (CT-DNA), 1,1-Diphenyl-2-picril-hydrazine 

DPPH), ethanol, magnesium sulfate heptahydrate (MgSO 4 .7H 2 O), 

itric acid monohydrate (C 6 H 8 O 7 .H 2 O), potassium phos- 

hate (K 2 HPO 4 ), sodium dihydrogen phosphate monohydrate 

NaH 2 PO 4 .H 2 O), sodium hydroxide (NaOH), sodium chloride 

NaCl), disodium hydrogen phosphate dihydrate (Na 2 HPO 4 .2H 2 O), 

otassium chloride (KCl) agar (Difco), nutrient broth (Oxoid no: 2) 

 -histidine, D -biotin, sodium ammonium phosphate tetrahydrate 
2 
NaHNH 4 (PO 4 .4H 2 O)) and 4-nitro-o-phenylenediamine (NPD) were 

urchased from Sigma Aldrich. Sodium azide (SA, NaN 3 ), dimethyl 

ulfoxide (DMSO), tris base, ethylenediamintetraacetic acid (EDTA), 

ydrochloric acid (HCl), sodium hydroxide (NaOH) were pur- 

hased from Merck Millipore. DMEM, MTT and dexometasone 

ere acquired from Sigma–Aldrich. Penicillin and streptomycin 

ere purchased from I.E. Ulagay. DMSO, which is used for MTT 

ssay was obtained from Merck. RPMI-1640 Medium, FBS, Trypsin, 

BS, L -glutamine were obtained from Gibco. Absorbances were 

easured with BioTek, ELx800 Microplate Reader. 

.2. Methods 

.2.1. Synthesis of 7-hydroxy-8-(((1-hydroxy-3-phenylpropan-2- 

l)imino)methyl)-4-(trifluoromethyl)-2 H -chromen-2-one 

D3) 

2-Amino-3-phenyl-1-propanol (1 mmol) and 8-formyl-7- 

ydroxy-4-(trifluoromethyl)coumarin ( 2 , 1 mmol) were dissolved 

n absolute ethanol. The mixture was refluxed under inert atmo- 

phere for 4 h. The reaction was monitored by TLC. Then alcohol 

as evaporated, and the crude product was purified by column 

hromatography on silica gel (ethyl acetate-hexane 1:1). Yellow 

olid, m.p. 193.1–196.2 °C, yield 92%. 1 H NMR (500 MHz, CDCl 3 , 

): 2.92 (dd, 1H, J = 13.7, 8.5 Hz, CH 2 Ph), 3.05 (dd, 1H, J = 13.5,

.0 Hz, CH 2 Ph), 3.72 (dd, 1H, J = 11.5, 8.0 Hz, CH 2 OH), 3.78–3.80

m, 1H, CH), 3.94 (apparent dd , 1H, J = 11.5, 2.5 Hz, CH 2 OH), 4.72

bs, 1H, OH), 6.32 (s, 1H, = CH), 6.50 (d, 1H, J = 9.5 Hz, ArH),

.15 (d, 2H, J = 6.5 Hz, ArH), 7.21–7.24 (m, 1H, ArH), 7.28–7.32 

m, 3H, ArH), 8.50 (s, 1H, CH 

= N); 13 C NMR (125 MHz, CDCl 3 , δ):

7.9 (CH 2 Ph), 64.4 (CH), 68.9 (OCH 2 ), 100.7 (C-3), 104.1 (C aro H, 

-7), 108.1 (C aro , C-5), 120.0 (C aro H), 122.4 (C aro H), 127.2 (C aro H),

28.9 (C aro H), 129.2 (C aro ), 130.1 (C aro ), 135.8 (C aro ), 141.9 (C q, 

 CF = 130 Hz, CF 3 ), 157.0 (C-4), 158.6 (C aro and C 

–OH), 160.0 (C = N),

76.2 (C = O) ppm. FTIR (ATR): ν = 3551, 3419, 3061, 3028, 2946, 

855, 1723, 1629, 1575, 1496, 1381, 1284 cm 

−1 ; LC-MS (ESI-QTOF): 

/z [M-H] + calcd for C 20 H 16 F 3 NO 4 , 390.0953; found, 390.0977. 

.2.2. DNA binding assay 

DNA binding assay was performed using the UV–vis absorption 

itration method in Tris-HCl/NaCl buffer (pH 7.2) at room temper- 

ture. The purity of the CT-DNA solution in Tris-HCl / NaCl buffer 

as confirmed as 1.9 ratio which is the ratio of UV absorbance val- 

es at 260 and 280 nm wavelengths. This ratio indicates that the 

T-DNA is free of protein impurities [ 57 , 58 ]. The experiment was

arried out by keeping the D3 concentration (30 μM) constant in 

he buffer and adding increasing concentrations (0–270 μM) of CT- 

NA. The solutions were incubated for 5 min at room temperature, 

nd then spectra were recorded. The percentage ratio of changes in 

he absorbance intensity of D3 was calculated by the following for- 

ula ( Eq (1) ). 

H = [ ( A i − A s ) / ( A i ) ] × 100 (1) 

n this equation, Ai indicates the free absorbance intensity of the 

ompound, and as indicates the absorbance intensity of the com- 

ound after adding DNA at the maximum concentration. 

The intrinsic binding constant (K b ) used to investigate the bind- 

ng strength of the D3 molecule to DNA was calculated using 

q. (2) . In the formula, εA ; damping coefficient in the measured 

oncentross, εb ; damping coefficient after binding of all com- 

ounds to DNA and εf ; damping coefficient of the free compound. 

n the [DNA]/( ε A − ε f ) versus [DNA] plot, the ratio of the slope to

he point of intersection gives K b [57] . 

( ) ( ) ( )

f f b f 
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.2.3. Mutagenity assay 

The Ames/Salmonella assay is the most widely used test among 

acterial mutation tests to investigate the mutagenic effects of 

hemicals [59] . The strains of S. typhimurium , TA98 and TA100 are 

idely used in the Ames test, and they are very sensitive in de- 

ecting the majority of known bacterial mutagens [60] . 

TA98 and TA100 mutant strains of S. typhimurium were used 

n our study. The genotypes of test strains (histidine requirement, 

fa mutation, uvr B mutation, and pKM101 plasmid) were routinely 

hecked [61] . In the experiment, 100 μL of 1–2 × 10 9 bacteria, 100 

L of D3 in different concentrations (6.25, 12.5, 25 and 50 μg / 

L), 500 μL of phosphate buffer (pH = 7.4) were added to 2 mL 

all agar containing 222 μL of histidine / biotin (0.5 mM) for both 

. typhimurium strains, and mixed vigorously on a vortex mixer. 

hen, minimal glucose was poured onto the surface of the agar 

late. Negative control plates, (100 μL DMSO + 100 μL bacteria 

 500 μL buffer) and spontaneous control plates (100 μL bacteria 

 500 μL buffer) were also prepared. After then, positive control of 

A98 (100 μL 4-nitro-o-phenylenediamine + 100 μL bacteria + 500 

L) and TA100 (100 μL sodium azide + 100 μL bacteria + 500 μL 

uffer) were prepared. After 48 h of incubation at 37 °C, D3 treated 

lates were compared with negative control plates for mutagenic- 

ty. Experiments were carried out in triplicate for each sample. 

.2.4. Antioxidant activity 

Antioxidant activity of D3 was determined by diphenyl-2- 

icrylhydrazyl (DPPH) radical scavenger test. The ability of D3 to 

cavenge the stable free radical DPPH was measured spectropho- 

ometrically by a continuous decrease in absorbance at 517 nm 

n the presence of antioxidants [62] . Four different concentrations 

6.25, 12.5, 25 and 50 μg / mL) of D3 samples were used similar to

he mutagenity assay result. The stock solution of DPPH (25 μg / 

L) was prepared in ethanol, and 0.5 ml of this stock solution was 

dded to each sample. After incubation in the dark for 20 min, the 

bsorbance values were read at 517 nm using a UV–vis spectropho- 

ometer. BHT (Butyl Hydroxy Toluene) was used as the standard 

ntioxidant, and percent inhibition of DPPH radical was calculated 

sing Eq (3) [63] . In this equation, A C indicates absorbance of con- 

rol, and A S indicates absorbance of test sample. 

 Inhibition = [ ( A C − A S ) / A C ] × 100 (3) 

.2.5. HOMO LUMO analysis 

For the determination of frontier molecular orbitals required 

o obtain properties such as chemical stability, ionization poten- 

ial, electron affinity, chemical hardness of the synthesized com- 

ound under different environmental conditions, Gaussian pro- 

ram [64] and time-dependent density functional theory (TD-DFT) 

65] approach with B3LYP / 6-311 ++ G (d, p) basis set [66] were

sed. 

.2.6. Molecular docking and ADME analysis 

In this study, the molecular structure of the synthesized D3, 

s a ligand, was drawn and optimized with the DFT/B3LYP/6–

11 ++ G(d,p) basis set with the help of Gaussian09 package pro- 

ram [64] . The molecular structure of B-DNA dodecamer (PDB 

ode: 1BNA) [67] having 1.9 Angstrom resolution was prepared as 

 target receptor before molecular docking analysis was realized. 

ll water molecules and ions in the receptor file were removed and 

he polar hydrogens were added to receptor molecule. After lig- 

nd and receptor were determined and prepared, all pdb files were 

onverted to pdbqt file format by AutoDockTools1.5.6 program [68] . 

he grid box was adjusted to x = 40 Å, y = 40 Å and z = 40 Å with

.375 nm grid spacing. After all the adjustments were made, the 

olecular docking study was carried out with the AutoDock Vina 

.1.2 program [69] . The most favorable binding affinities, the close 
3 
nteractions and root mean square deviation (RMSD) values for 

3 molecule were obtained as a result of the docking study per- 

ormed. All pictures (close interactions and h-bonding interactions) 

ere obtained using PyMol 2.2.3 [70] and AutoDockTools1.5.6 pro- 

rams. Pharmacokinetic and toxicity profiles (ADMET properties) 

f D3 were determined by Molinspiration [71] , Swissadme [72] and 

reADMET [73] online servers. 

.2.7. Cell cultures 

HeLa (human epithelial cervical cancer) and MCF-7 (human 

reast cancer) cell lines were cultured in DMEM (Sigma), con- 

aining 10% fetal bovine serum (FBS, Gibco Lab) and penicillin 

100 IU/mL, İ.E. Ulagay), streptomycin (100 μg/mL, I.E. Ulagay). 

AT-Lylu (rat prostate cancer) cell line was maintained in RPMI- 

640 medium (Gibco Lab.) containing%1 FBS (Gibco Lab), 2 mM L - 

lutamine (Gibco Lab.) and 250 nM dexamethasone (Sigma) with- 

ut antibiotics. MCF-7, HeLa and Mat-Lylu cell lines were incubated 

t 37 °C in a humid environment containing 5% CO 2 . 

.2.8. Cell cytotoxicity assay 

HeLa and MCF-7 cell lines were seeded at a density of 1 × 10 4 

nd MAT-Lylu cell line was seeded at a density of 5 × 10 3 per well

n a 96-well cell culture plate for the MTT assay. Cells were incu- 

ated overnight, and different D3 concentrations added to wells. At 

he end of incubation period, 40 μL of MTT (5 mg/ml) were added 

o each well. Cells reincubated for 4 h and 160 μL of DMSO was 

dded to each well to dissolve formazan crystals. Absorbance was 

easured using Elisa Reader at 450–690 nm. Percentage of the cell 

iability was calculated using Eq (4) . 

iability % = [ ( Absorbance of Experimental Group ) 

/ ( Absorbance of Control Group ) ] × 100 (4) 

.2.9. Statistical analysis 

One-way analysis of variance (ANOVA) in the IBM SPSS Statis- 

ics 22 package program was used for statistical analysis of Ames 

est and DPPH antioxidant activity results. In addition, the results 

re presented as the mean ± SD of the triple measurement. The 

ignificance level of the group averages was determined at the 

 ˂0.05 level with the Tukey test. For statistical analysis of the cy- 

otoxicity experiments, differences between control and treatment 

roups were evaluated by One-way ANOVA and Dunnett’s multi- 

le comparison tests using GraphPad Prism Software with a sig- 

ificance level of p < 0.05. (Prism Version 7.0; GraphPad Software, 

nc.). 

. Results and discussion 

.1. Synthesis of D3 

In this study, 7-hydroxy-8-(((1-hydroxy-3-phenylpropan-2- 

l)imino)methyl)-4-(trifluoromethyl)-2 H -chromen-2-one ( D3 ) was 

repared by the condensation reaction of 8-formyl-7-hydroxy-4- 

trifluoromethyl)coumarin ( 2 ) with 2-amino-3-phenyl-1-propanol 

 Fig. 1 ). The structure and purity of the compound was determined 

y its spectral data (IR, NMR, LC, QTOF, Figs. S1–S4) and it was 

oncluded that they are in accordance with the structure. 

.2. DNA binding assay results 

DNA targeting is an important strategy in the treatment of var- 

ous diseases. As DNA is the primary pharmacological target of an- 

itumor drugs, for the design of new anticancer drug, the determi- 

ation of interactions between the small drug molecule with CT- 

NA is the one of the crucial method [74] . UV–vis absorption spec- 

roscopy is a useful method to investigate the interaction between 
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Fig. 1. Synthesis of D3. 

Fig. 2. The absorption spectra of D3 in the presence of increasing amounts of 

CT-DNA and in the absence of CT-DNA (black peak). Conditions: [DK3] = 30 μM, 

[DNA] = 0–270 μM. Arrow ( ↓ ) indicates absorbance changes upon increasing DNA 

concentration. 
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mall drug molecules and CT-DNA, and it can be also obtained 

he information about interaction model [75–77] . The interaction 

s observed as a shift in absorbance (hypochromic, hyperchromic) 

r maximum wavelength (bathochromic, hypochromic) [78] . The 

bsorption spectra of D3 in the presence and absence of CT-DNA 

ere given in Fig. 2 . It was seen from the figure, D3 exhibited

 29.1% hypochromic effect at 365 nm wavelength, and a 2 nm 

athochromic (red) shift. Hypochromic effect and bathochromic 

hift indicate that D3 binds to DNA either via intercalation or 

roove binding [79–82] . 

Molecules, binds to the DNA by intercalation, are used in cancer 

reatment owing to inhibit DNA replication in fast-growing cancer 

ells [ 83 , 84 ]. Although these kinds of bound molecules do not have

NA sequence selectivity, studies have reported that they bind 

ore to regions where guanine and cytosine are dense [ 85 , 86 ]..

olecules that bind to the groove, as well as molecules that bind 

o DNA by intercalation, have clinical importance as anticancer 

gents [87] . It was reported that molecules bind to the groove re- 

ions rich in adenine and thymine on the DNA [88] . It is desirable

hat molecules developed for cancer treatment are bound by in- 

ercalation or the groove. Our results showed D3 can exhibit both 

orms of binding. 

The K b value of D3 was found to be 4 × 10 5 M 

−1 . Although

his value is lower than the classical intercalator (Ethidium bro- 

ide K b = 7 × 10 7 M 

−1 ) [89] , it coincides with the values in

ther studies that are stated to be linked to DNA by intercalation 

 75 , 76 , 89 , 90 ]. The Gibbs energy ( �G) of D3 was determined using
4 
he Eq (5) . 

G = − RT ln K (5) 

In the equation, "R" is the gas constant (8.314 J K 

-1 mol -1 ) and

 is the temperature (298 °K). As a result of the calculation, the 

ibbs energy value was found to be −7.63 kcal / mol. The en- 

rgy value calculated by the molecular docking study was found 

o be −7.9 kcal / mol. When the experimental and theoretical val- 

es were compared, the relative percentage error between the two 

alues was determined as 3.4%. According to these results, it was 

etermined that the interaction between D3 and DNA was sponta- 

eous [58] . 

.3. Mutagenity assay results 

The crucial challenge of effective drugs developed for cancer 

reatment is their toxicity [91–93] . Today, the development of ef- 

ective and safe drugs has been the primary goal of researchers. 

s the Ames test is one of the principal tools of toxicological ge- 

etics, it has become part of a series of pre-clinical tests to detect 

he mutagenic potential of new drugs [94] . The Ames/Salmonella 

est is the method used to identify chemicals that cause gene mu- 

ations. In this study, the D3 molecule, an imino coumarin deriva- 

ive, was synthesized as an anticancer drug candidate, and for this 

urpose we evaluated to determine its safety. The mutagenicity of 

3 was determined using S. typhimurium TA98 and TA100 strains. 

n this method, it is used that Salmonella strains that are unable to 

ynthesize histidine due to mutations in the histidine operon and 

hen cannot grow or form colonies in their absence. Chemicals / 

rug candidates with mutagenic potential can restore gene func- 

ion. Thus, a positive result from the test indicates that chemical 

 drug candidate is mutagen [58] . In our study, four different con- 

entrations of D3 (6.25, 12.5, 25 and 50 μg / Plate) were used. The 

esults showed that the concentrations of D3 used were not muta- 

enic according to the method ( Table 1 , Figs. 3 and 4 ), and statisti-

al analysis determined by Mortelman and Zeiger [95] . In addition, 

he results obtained coincide with the results of anti-cancer drug 

andidates in the literature [ 58 , 59 , 96 , 97 ]. 

.4. Antioxidant activity results 

Oxidative damage is being the main contributing factor to can- 

er formation and the development of cancer. Molecules with the 

bility to scavenge and reduce free radicals can exhibit chemo 

reventive activity [ 93 , 98 , 99 ]. Therefore, we evaluated the antioxi- 

ant activity of D3 in our study. The 2,2-diphenyl-1-picrylhydrazyl 

DPPH) spectrophotometric method is one of the most widely ap- 

lied method in order to assess the radical scavenging activity 
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Table 1 

Mutagenity results of D3 ( n = 3 for each set of conditions). Data are presented as mean ± standard 

deviation. 

Treatment 

Concentration 

(μg/Plate) Number of revertant colony/Plate 

TA98 TA100 

Mean ±SD Mean ±SD 

D3 6.25 48.00 ± 7.00 156,00 ±3,60 

12.5 47.00 ±9.53 141,33 ±16,04 

25 57.66 ±1.52 141,00 ±3,60 

50 49.33 ±0.57 128,33 ±18,92 

Positive 

Control 

NPD 10 620.00 ±39.68 ∗

SA 1 971,66 ±20.20 ∗

Negative Control (DMSO) 49.00 ±3.00 138.33 ±27.00 

Spontaneous Control 42.33 ±1.52 135.66 ±27.53 

NPD: 4-Nitro-o-phenylenediamine. 

SA: Sodium azide. 
∗ The mean revertant colony number difference between negative control and application groups 

is significant at the level of p < 0.05 (Tukey test). 

Fig. 3. Mutagenity results of D3 on S. typhimurium TA98. Data are presented as 

mean ± standard error ( p < 0.05). 

Fig. 4. Mutagenity results of D3 on S. typhimurium TA100. Data are presented as 

mean ± standard error ( p < 0.05). 
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Fig. 5. Antioxidant activity of D3. Data are presented as mean ± standard error ( p 

< 0.05). 
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100] . This method was used for assessment of the antioxidant ac- 

ivity of D3. According to this method, chemicals must have strong 

ydrogen donor groups to show good antioxidant properties [100] . 

The graphic of DPPH stable free radical scavenging activity of 

3 is shown in Fig. 5 . It was found that the antioxidant activity

f D3 did not increase depending on the concentration, and the 

ntioxidant activity of D3 was low compared to BHT. These re- 

ults were also statistically supported ( P < 0.05). As a result, it was

ound that all concentrations of D3 had antioxidant activity. It was 

hought that antioxidant activity may be due to the OH groups in 

he structure of D3 [ 100 , 101 ]. 
5 
.5. Frontier molecular orbitals analysis results 

The Frontier Molecular Orbitals which enable identification of 

eactivity, optical and electronic properties of a molecule, are de- 

ned by HOMO / LUMO interactions. HOMO is the outermost 

olecule orbital occupied by electrons and acts as an electron 

onor, while LUMO is the first empty molecule orbital not occu- 

ied by electrons and has the characteristics of an electron accep- 

or. Besides, HOMO energy is related to the ionization potential, 

epresents the ability to donate electrons, LUMO energy is related 

o electron affinity and characterizes the molecule’s ability to re- 

eive electrons. The energy difference ( �E) between HOMO and 

UMO plays an important role in chemical reactions and expresses 

he chemical stability of the molecule. The closer the energy levels 

f the interacting molecular orbitals (from HOMO to LUMO), the 

maller the �E energy difference; interaction and reaction occur 

ore easily. The TDDFT/B3LYP 6-311 ++ G(d, p) calculations were 

ade to determine the difference ( �E) between HOMO and LUMO 

nergy values in two different environments (vacuum and water), 

epending on different ambient conditions. The frontier molecu- 

ar orbitals and the energy gap ( �E) of the compound obtained 

n two different environments (vacuum and water) was shown in 

ig. 6 . For vacuum, the HOMO orbitals were concentrated densely 

n the 2-amino-3-phenyl-1-propanol moiety, the OH group and 

he C 

–C bonds on the pyrone ring of the coumarin core LUMO or- 

itals have also been heavily located on coumarin ring. The cal- 

ulated energy gap ( �E) value was 3.91 eV. HOMO molecular or- 

itals are on all atoms except CF 3 group for water environment, 

hile LUMO orbitals are located on only coumarin ring just like a 

acuum environment. The calculated band gap ( �E) for the water 
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Fig. 6. The frontiers molecular orbitals and band gap energies for D3. 

Table 2 

Calculated molecular orbital energies (eV) and energy differences of D3. 

TD-B3LYP/6-311 ++ G(d,p) 

E LUMO + 1 E LUMO E HOMO E HOMO-1 �E HOMO-LUMO �E (HOMO)-(LUMO + 1) �E (HOMO-1)-(LUMO) 

Vacuum −1.98181 −2.88631 −6.80557 −7.04177 3.91926 4.82376 4.15546 

dH 2 O −1.80384 −2.70808 −6.76040 −6.90680 4.05232 4.95656 4.19872 

Table 3 

The calculated values of ionization potential, electron affinity, electronegativity, 

chemical hardness, chemical potential and �E (gap) for D3 in vacuum and dH2O. 

Vacuum TD-DFT/6311 ++ G(d,p) Energy (a.u.) Energy (eV) 

Homo Energy E HOMO −0.25010 −6.80557 

Lumo Energy E LUMO −0.10607 −2.88631 

Ionization potential I = -E HOMO 0.25010 6.80557 

Electron affinity A = - E LUMO 0.10607 2.88631 

Electronegativity χ = (I + A)/2 0.178085 4.84594 

Chemical potential μ = -(I + A)/2 −0.178085 −4.84594 

Chemical hardness η = (I-A)/2 0.072015 1.95963 

�E (gap) E LUMO- E HOMO 0.14403 3.91926 

dH 2 O TD-DFT/6311++G(d,p) Energy (a.u.) Energy (eV) 

Homo Energy E HOMO −0.24844 −6.76040 

Lumo Energy E LUMO −0.09952 −2.70808 

Ionization potential I = -E HOMO 0.24844 6.76040 

Electron affinity A = - E LUMO 0.09952 2.70808 

Elektronegativity χ = (I + A)/2 0.17398 4.73424 

Chemical potential μ = -(I + A)/2 −0.17398 −4.73424 

Chemical hardness η = (I-A)/2 0.07446 2.02616 

�E (gap) E LUMO- E HOMO 0.14892 4.05232 
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nvironment was 4.05 eV. Electron transitions in the D3 molecule 

or the vacuum environment were from the 2-amino-3-phenyl-1- 

ropanol, OH group and the C 

–C bonds on the pyrone ring of 

oumarin core to the coumarin ring. For the D3 molecule in the 

ater environment, electron transfer within the molecule is to- 

ards coumarin ring from all molecules except the CF 3 group. The 

alculated molecular orbital energies (eV) and energy differences 

f D3 were tabulated in Table 2 . 

The ionization potential ( I = - E HOMO ) = 6.80 eV, 6.76 eV, elec-

ron affinity ( A = - E LUMO ) = 2.88 eV, 2.70 eV, the electronega-

ivity ( χ = (I + A)/2 ) = 4.84 eV, 4.73 eV, chemical potential

 μ= −(I + A)/2 ) = −4.84 eV, −4.73 eV and chemical hardness

 η = (I − A)/ 2 ) = 1.95 eV, 2.02 eV values were performed for D3

n vacuum and dH 2 O environment, respectively, and tabulated in 

able 3 . As can be seen from Table 3 , the chemical hardness de-

ree of the D3 molecule in the polar water environment increased 
6 
ompared to the vacuum environment, and therefore, the chemical 

tability also increased with the HOMO LUMO band gap. The cal- 

ulated UV–vis absorption wavelengths λ (nm), excitation energies 

 (eV) and oscillator strengths ( f ) of D3 in vacuum and dH 2 O were

epicted in Fig. S5 and tabulated in Table 4 . The greatest contribu- 

ions for UV–vis transitions come from HOMO-LUMO with 89% and 

6% major contributions for vacuum and water environment with 

xcitation energy of 3.53 eV and 3.63 eV and excitation wavenum- 

er of 350.5 nm and 340.6 nm, respectively. 

.6. Molecular docking and ADMET results 

In order to reveal the interaction of the D3 molecule with DNA, 

 different conformation of the D3 molecule bound to the B-DNA 

odecamer structure were identified and the most stable binding 

ose and energy among them were determined by molecular dock- 

ng analysis. The best binding pose which corresponds to the best 

inding affinity value ( −7.9 kcal / mol) and other poses of the D3 

olecule and RMSD values of these were given in Table 5 . The 

ydrogen bonding and close interactions between D3 and B-DNA 

ere also tabulated in Table 6 a and b. 

By looking at the close interactions, it was observed that the 

denines and guanines belonging to DNA and the D3 molecule in- 

eract. DG10, DG16 (deoxyguanosines), DA17, DA18 (deoxyadeno- 

ine), which have close interactions with D3, have been seen to 

e capable of hydrogen bonding with D3 (cf. Figs. 7 and 8 ). It was

een that the D3 molecule interacts with DNA, as seen in Fig. 8 . 

A closer look at the hydrogen bonds reveals that the O1 atom 

f D3 and the hydrogen atom bound to the nitrogen of D3 come 

o the fore. Hydrogen bonds are of great importance in receptor 

igand interactions as they provide high stability and strong bind- 

ng. In this study, it was seen that the O1 atom of D3 molecule 

ade hydrogen bond with H3 (2.4 Å) and H22 (2.3 Å) of DG10 

nd H21 (3.1 Å) and H22 (2.1 Å) of DG16. Additionally, it was seen

hat hydrogen atom bound to the nitrogen (HN1) of D3 molecule 

ade hydrogen bond with O3’ (2.6 Å) and O4’ (3.2 Å) of DA17. The 
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Table 4 

Calculated absorption wavelengths λ (nm), excitation energies E (eV) and oscillator 

strengths (f) of D3 along with transition levels and assignments in vacuum and dH2O. 

TD-B3LYP/6-311 ++ G(d,p) 

E (eV) λ (nm) f major contribs. symmetry 

dH 2 O 3.6393 340.68 0.0741 H-3 → L (13%) Singlet-A 

H → L (76%) 

3.8009 326.2 0.3104 H-3 → L (16%) Singlet-A 

H-1 → L (62%) 

H → L (15%) 

3.8636 320.9 0.0002 H-4 → L (51%) Singlet-A 

H-2 → L (36%) 

Vacuum 3.5374 350.5 0.0079 H → L (89%) Singlet-A 

3.6907 335.94 0.0002 H-3 → L (48%) Singlet-A 

H-2 → L (15%) Singlet-A 

H-1 → L (23%) Singlet-A 

3.8089 325.51 0.0199 H-4 → L (48%) Singlet-A 

H-1 → L (31%) Singlet-A 

Table 5 

The affinity energies and RMSD values of D3 bounded by B-DNA dodecamer. 

Mode Affinity kcal/mol Dist from rmsd l.b. Best mode rmsd l.b. 

1 −7.9 0.000 0.000 

2 −7.8 1.125 3.131 

3 −7.6 3.983 8.364 

4 −7.6 3.941 8.060 

5 −7.5 4.057 8.170 

6 −7.5 1.249 1.883 

7 −7.5 4.074 8.081 

8 −7.4 4.078 8.534 

9 −7.4 4.008 8.479 

Table 6 

(a). The close interactions, binding affinity and hydrogen bonding between D3 and B-DNA (b). The hydrogen bonding 

interactions of D3 bounded by B-DNA dodecamer. 

Table 6a 

Affinity (kcal/mol) Close interactions Hydrogen bonding ( ̊A) 

−7.9 DG10, DG16, DA17, DA18 DG10, DG16, DA17, DA18 

Table 6b 

DNA Chain Residues of DNA Atom Number of Residues of DNA Atom Number of D3 Interaction ( ̊A) 

A DG10 H3 O1 2.4 

A DG10 H22 O1 2.3 

B DG16 H21 O1 3.1 

B DG16 H22 O1 2.1 

B DG16 H22 O2 3.4 

B DA17 O3‘ HN1 2.6 

B DA17 O4‘ HN1 3.2 

B DA18 OP1 H2 3.4 
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est docked pose of D3 with the B-DNA and preferable hydrogen 

onding interactions were shown in Figs. 7 and 8 , respectively. De- 

ermining ADME features, which is an important step in drug de- 

elopment studies, gives information about the pharmacokinetics 

f drug candidate molecules. The ADME profile of the drug pro- 

ides vital information about the easy absorbability of the drug 

hen taken by mouth, its transport to the target area in the body 

nd its removal. Determination of many features such as molecular 

eight, brain / blood partition coefficient, skin permeability helps 

o develop effective drugs. Lipinski’s 5 rules also provide informa- 

ion on the appropriateness of oral administration of drug candi- 

ate molecules. Four simple physicochemical parameters were de- 

ermined by Lipinski according to the active drugs that passed to 

he phase II clinical stage [ 102 , 103 ]. PSA (Polar Surface Area) is

n important parameter that characterizes the transport of drug 

olecules. The PSA value to be used as a substitute for BBB pen- 

tration is expected to be less than 90 Å 

2 [104–106] . According to 

he results in the Table S1, two online server systems ( Molinspira- 
7 
ion and Swissadme ) set PSA value as 83.03 Å 

2 for D3. Also, accord- 

ng to the Swissadme and PreADMET (in Table S2) online servers, 

he synthesized D3 molecule is a molecule with high compliance 

ith Lipinski rules. Additionally, gastrointestinal (GI) absorption of 

3 is high. In the literature, the range of Caco-2 permeability is 

iven as < 1 × 10 −6 cm/sec (0–20% poor), 1–10 × 10 −6 cm/sec 

20–70% moderate), > 10 × 10 −6 cm/sec (70–100% good), respec- 

ively [ 107 , 108 ]. Using the PreADMET online server, the Caco-2 per-

eability of D3 was determined as 20.7612 nm/sec with moder- 

te value. The calculated human intestinal absorption (HIA) value 

as 94,058,651%. The percentage of plasma protein binding, which 

s important in the transport of drugs, is 87,813,153. According to 

DI (World Drug Index) measurement [109] , D3 molecule is in 

0% cutoff. CMC like rule [110] , which is similar to the rule of 5, is

ualified for D3 molecule. The calculated drug-likeliness and AD- 

ET features of D3 molecule were given in Tables S1 and S2. Ac- 

ording to all the interpreted results, the D3 molecule was seen as 

n important drug candidate 
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Fig. 7. The best docked pose and close interaction between D3 and the B-DNA. 

Fig. 8. The preferable hydrogen bonding interactions between D3 and the B-DNA. 

Fig. 9. Effect of different D3 concentrations on the viability of MCF-7, HeLa and 

MAT-Lylu cell lines after 24 h treatment ( ∗ p < 0.05 vs control, ∗∗ p < 0.01 vs control). 

3

c

Fig. 10. Effect of different D3 concentrations on the viability of MCF-7, HeLa and 

MAT-Lylu cell lines after 48 h treatment ( ∗ p < 0.05 vs control, ∗∗ p < 0.01 vs control). 

a

i  

a

c

.7. Cell cytotoxicity assay 

HeLa, MCF-7 and MAT-Lylu cell lines were treated with different 

oncentrations of D3 (0.025, 0.05, 0.1, 0.2, 0.25, 0.5 and 1 mg/ml) 
8 
nd cytotoxicity was measured via MTT assay after 24 and 48 h of 

ncubation. As shown in Fig. 9 for 24 h and Fig. 10 for 48 h D3 has

 cytotoxic effect on all cell lines. IC 50 values for D3 in MAT-Lylu 

ell line was 0.25 mg/ml in the 24 h experimental group. IC val- 
50 
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es of HeLa and MCF-7 cells were determined as 1 mg/ml for both 

ell lines in the 48 h experimental group. Comparison of cytotox- 

city between cancer cells, it was determined that D3 showed the 

ighest cytotoxic activity in MAT-Lylu cell lines. According to the 

esults 0.025 and 0.05 concentrations did not show any cytotoxic 

ctivity in MCF-7 cells in the 24 h experimental group ( p > 0.05)

 Fig. 9 ) and for 48 h, all concentrations have a toxic effect on both

ell lines as compared with the control group ( Fig. 10 ). In addi-

ion, it was found that MCF-7 and MAT-Lylu cell lines showed a 

oncentration-dependent decrease in cell viability. 

. Conclusion 

Nowadays, it is known that the length and high costs of 

ew drug development processes are among the biggest problems 

f the pharmaceutical industry. Computer-aided drug design has 

merged as a promising new science in this sense. In this study, a 

ew iminocoumarin derivative (D3) was designed and synthesized 

s a new anti-cancer drug molecule. DNA binding activity of D3 

olecule was evaluated experimentally and theoretically by DNA 

inding assays and molecular docking analysis method. Adenine 

nd guanine bases of DNA more interact with the D3 molecule 

nd this interaction was achieved through the hydrogen bonds 

hat provide high stability and strong binding ( −7.9 kcal/mol) en- 

rgy. The experimental Gibbs free energy value was observed as 

7.63 kcal / mol. The results of binding assay and in silico studies 

evealed that two values were very close to each other and thus 

he interaction between D3 and DNA was spontaneous. The syn- 

hesized D3 molecule, with its calculated high gastrointestinal (GI) 

bsorption value, appropriate PSA value, high absorption human 

ntestine (HIA) value, and the high percentage of binding to plasma 

rotein value, showed high compliance with Lipinski rules and has 

he potential to be a drug due to its promising pharmacokinetic 

nd ADME properties. Anticancer activity of D3 was examined on 

hree cancer cell lines, including MCF-7, HeLa and MAT-Lylu. It was 

ound that D3 decreased cell viability, depending on concentration 

nd time. Moreover, it was determined that D3 showed higher cy- 

otoxicity on the MAT-Lylu cell lines compared to MCF-7 and HeLa 

ell lines. All these results suggest that D3 may be used as an an-

icancer drug in the future. 
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