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a b s t r a c t 

Colon cancer is one of the leading causes of cancer-related deaths today. Serious research for ideal 

chemotherapy continues today. In this context, newly synthesized molecules have an essential role in 

cancer treatment research. The effects of 5 diaryl urea derivatives synthesized within the scope of this 

study on the HT-29 colon cancer cell line were investigated for the first time in the literature by in-silico 

and in-vitro methods. Among the five compounds produced in the first stage of the study, DAU5 was 

found to have a cytotoxic effect on HT-29. However, it was determined that it did not show a serious cy- 

totoxic effect on L929 (healthy fibroblast cell line) at the same doses. The efficacy of DAU5 was evaluated 

for expression of LC3B, an indicator of autophagy, and 8-OHdG, an indicator of oxidative stress-DNA dam- 

age. LC3B and 8-OHdG expression were lower in the DAU5 treatment group than in the control group. As 

a result, it was seen that DAU5, a diaryl urea derivative compound we synthesized in this study, has the 

potential to be a chemotherapeutic agent against colon cancer. However, our study needs to be supported 

by in vivo and clinical studies. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Cancer is a pathological condition that occurs in the genetic and 

evelopmental process due to excessive proliferation of cells and 

oss of apoptosis functions. Colon cancer is a severe problem af- 

ecting both women and men, and according to the World Health 

rganization data, it is the third most common cause of cancer- 

elated deaths [1] . Therefore, colon cancer continues to pose a se- 

ere public health problem. In addition to genetic factors, diet, 

moking and alcohol habits, and inflammatory bowel disease play 

 role in its pathogenesis. Colon cancers can spread by invasion, 

ymphatic and hematological ways. Approximately 50% of colorec- 

al cancers are complicated by metastases. However, only 10–20% 

f patients with liver metastases are resectable at presentation 

 2 , 3 ]. 

In addition to surgical interventions in the fight against can- 

er, radiotherapy and chemotherapy are frequently used treatment 
∗ Corresponding author. 
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ethods. In the treatment of colon cancer, chemotherapy is used 

or three main purposes: adjuvant, neoadjuvant, and palliative. 

hen using adjuvant chemotherapy to prevent recurrence and 

istant metastasis after curative surgical resection, Neoadjuvant 

hemotherapy can also be applied to make unresectable masses 

esectable. Palliative chemotherapy is used in advanced tumors. 

s can be understood from all these usage areas, the place of 

hemotherapy in cancer treatment is gaining serious importance. It 

s known that the survival of colon cancer patients increases with 

egional or systemic chemotherapy [2] . For this reason, research on 

hemotherapeutics continues unabated. In these researches, stud- 

es including synthesis of new compounds and examination of 

ioactive potentials of these synthesized compounds make essen- 

ial contributions to the discovery of new cancer drugs [4] . 

Diaryl urea-containing sulfonylureas have attracted the atten- 

ion of researchers with their antibacterial [5] , antifungal [6] , and 

ntimalarial properties as well as antitumor [ 7 –11 ] properties. 

egorafenib, a pyridine-based biphenyl urea derivative, inhibits 

EGFR-1/3, PDGFRb, FGFR1, and Tie-2. Regorafenib is approved for 

se in the treatment of metastatic colorectal cancer. The antitumor 

ffect of regorafenib is thought to be mediated by the induction of 

https://doi.org/10.1016/j.molstruc.2021.132318
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.132318&domain=pdf
mailto:ksayin@cumhuriyet.edu.tr
https://doi.org/10.1016/j.molstruc.2021.132318
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Fig.1. Chemical Structure of regorafenib(A) and sorafenib(B). 
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poptosis and its antiangiogenic and antiproliferative effects [ 12 –

5 ]. Sorafenib is another urea-containing compound used in col- 

rectal, hepatocellular, and kidney cancers [16] Fig. 1 . 

Autophagy plays a vital role in the regulation of protein home- 

stasis. It is a destructive intracellular system and contributes 

o the cell’s survival by activating when the cell is exposed to 

etabolic stress [17] . Furthermore, recent studies have shown that 

ome therapeutic agents can induce anticancer activities in line 

ith autophagy-targeted strategies [18] . For example, studies have 

hown that cancer cells tend to increase autophagy as a protec- 

ive mechanism to protect themselves from apoptosis activated by 

he effect of chemotherapeutic agents and radiotherapy treatments 

19] . Various molecular and cellular signaling pathways such as 

C3 (light chain), ATG5/ATG7 (autophagy-related protein 57), mTOR 

mammalian target of rapamycin), reactive oxygen species (ROS), 

nd Beclin-1 are actively involved in the regulation of autophagy 

20] . Therefore, LC3B protein, which is one of the autophagy indi- 

ators, was chosen in our study. 

Reactive oxygen species (ROS) are primarily produced endoge- 

ously due to metabolic events in living cells. Excess energy intake 

auses excessive production of nicotinamide adenine dinucleotide 

nd superoxide anion in mitochondria. Increased ROS in the 

edium can readily attack proteins, lipids, and deoxyribonucleic 

cid (DNA) [ 21 ]. It has been suggested that DNA damage caused by 

xidation leads to tumorigenesis. However, these damage mecha- 

isms have not been explained [22] . 8-hydroxydeoxyguanosine (8- 

HdG), the oxidatively modified product of proteins and DNA, is 

idely used as a marker for oxidative stress [23] . Therefore, in our 

tudy, the expression of 8-OHdG, which is both an indicator of ox- 

dative stress and an indicator of DNA damage, was studied. 

In the light of all these studies, besides many different effects of 

iaryl urea derivative syntheses, their anticancer properties come 

o the fore. Anticancer effects of diaryl urea derivatives have been 

emonstrated by many different mechanisms. In our study, five 

iaryl urea derivative molecules were synthesized. The effects of 

hese synthesis products on colon cancer cells were demonstrated 

or the first time by in silico and in vitro methods. 

. Materials and methods 

.1. Reagents 

4 ′ -Aminoacetophenone, phthalaldehyde, 4-(trifluoromethyl) 

henyl isocyanate, 4-methoxyphenyl isocyanate, 3-Chloro-4- 

trifluoromethyl)phenyl isocyanate, 3-Chloro-4-methylphenyl 
2 
socyanate, 1-naphthyl isocyanate, and solvents which are toluene, 

MSO was purchased from Merck kGaA. 

.2. Instrumentation 

IR spectra (40 0 0–40 0 cm 

−1 ) were obtained using IR spectra 

ATR) and recorded on a Bruker Tensor II FT-IR spectrometer. Melt- 

ng points were measured on an Electrothermal IA9100 apparatus. 
 H-NMR and 

13 C-NMR spectra were recorded on a JEOL (400 MHz) 

NM-ECZ400S/L1 NMR instrument in DMSO–d 6 at room temper- 

ture; δ in ppm relative to tetramethylsilane (TMS), with J in 

ertz (Hz). Agilent Technology Inc. of 1260 Infinity HPLC System 

as coupled with 6530 Q-TOF LC/MS detector and ZORBAX SB- 

18 (2.1 × 50 mm, 1.8 μm) column. 1 H NMR, 13 C NMR, and Q- 

OF LC/MS analyses of the compounds were carried out at the Ad- 

anced Technology Application and Research Center (CUTAM) of 

ivas Cumhuriyet University. 

.3. Synthesis of diaryl urea (DAU) derivatives 

Synthesized compounds were the diaryl urea derivatives and 

ook place in two steps. The related diaryl urea derivatives were 

ynthesized based on a published article [24] . Schematic illustra- 

ion of the synthesis was represented in Table 1 . Related isocyanate 

erivatives are added to the solution of 4-aminoacetophenone in 

oluene and refluxed for three h. Formed participates are filtered 

nd dried. The obtained solid was re-crystallized in DMSO to pu- 

ify. 

1-{4-[(1,3-D ihydro -1- oxo -2H- inden -2- ylidene )- hydroxymethyl ] 

henyl} −3-[4-( trifluoro methyl ) phenyl ]urea ( DAU1 ). Yellow solid. 

ield 78%. M.p. 277 – 280 °C. IR (KBr): 3535, 3307, 3069, 2945, 

900, 1646, 1628, 1601, 1578, 1546, 1470, 1410, 1372, 1328, 1268, 

225, 1165, 1122, 1108, 1068, 1015, 883, 838, 742, 656. 1 H NMR 

600 MHz, DMSO-D 6 ) keto-enol (41:59), enol tautomer: 15.41 

s, 1H, -OH); 9.26 (s, 1H, -NH-); 9.23 (s, 1H, -NH-); 7.97 (d, 

 = 8.1, 2H, ArH); 7.78 (d, J = 7.4, 1H, ArH); 7.67 – 7.63 (m,

H, ArH); 7.48 (br. s, 1H, ArH); 4.03 (s, 2H, -CH 2 -). 13 C NMR

151 MHz, DMSO) δ 194.7, 171.0, 152.4, 149.0, 143.3, 137.5, 133.8, 

29.8 (2C), 127.9, 127.6, 126.5 (q, J = 3.6 Hz, 2C), 126.4, 124.9 (q, 

 = 262.8 Hz), 123.0, 122.6, 122.4, 118.5 (2C), 118.2 (2C), 109.1, 32.3. 

PLC-TOF/MS: 439.1226 ([M + H] + , C 24 H 18 F 3 N 2 O 3 
+ ; calc. 439.1264).

1-{4-[(1,3-D ihydro -1- oxo -2 H - inden -2- ylidene ) hydroxymethyl ] 

henyl}-3-(4-methoxy phenyl)urea ( DAU2 ). Yellow solid. Yield 

0%. M.p. 277 – 280 °C. IR (KBr): 3493, 3408, 3289, 3045, 2938, 

900, 2833, 1595, 1549, 1510, 1467, 1406, 1371, 1299, 1230, 1173, 

029, 880, 829, 740, 656. 1 H-NMR (600 MHz, DMSO-D 6 ) keto-enol 

42:58), enol tautomer: 15.41 ( s , 1H, -OH); 9.22 ( s , 1H, -NH-); 8.76

 s , 1H, -NH-); 8.02 ( d , J = 7.4, 1H, ArH); 7.95 ( d , J = 7.4, 2H, ArH);

.68 – 7.60 ( m , 4H, ArH); 7.50 – 7.47 ( m , 1H, ArH); 7.37 ( d , J = 8.2,

H, ArH); 6.87 ( d , J = 7.8, 2H, ArH); 4.03 ( s , 2H, -CH 2 -); 3.71 ( s ,

H, –OCH 3 ). 
13 C-NMR (151 MHz, DMSO-D 6 ): 194.6; 171.2; 155.1; 

52.8; 149.0; 144.0; 137.5; 133.8; 132.7; 129.8 (2 C); 128.1; 127.3; 

26.4; 123.0; 120.6 (2 C); 117.9 (2 C); 114.4 (2 C); 109.0; 55.6; 32.3. 

PLC-TOF/MS: 401.1370 ([M + H] + , C 24 H 21 N 2 O 4 
+ ; calc. 401.1496). 

1-[4-C hloro -3-( trifluoromethyl ) phenyl ] −3-{4-[(1,3- dihydro -1- 

xo -2H- inden -2- ylidene ) hydroxymethyl ]-phenyl}urea ( DAU3 ). 

ellow solid. Yield 84%. M.p. 180 – 183 °C. IR (KBr): 3535, 3360, 

266, 3239, 3184, 3102, 3065, 3003, 2897, 1707, 1620, 1604, 1552, 

515, 1483, 1469, 1376, 1326, 1306, 1260, 1204, 1180, 1122, 1113, 

028, 960, 840, 748, 731, 550. 1 H NMR (600 MHz, DMSO-D 6 ) 

eto-enol (40:60), enol tautomer: 15.38 ( s , 1H, -OH); 9.29 ( s , 1H,

NH-); 9.27 ( s , 1H, -NH-); 8.10 ( br. s , 1 H, ArH); 8.04 ( d , J = 7.3,

H, ArH); 7.97 ( d , J = 7.4, 2H, ArH); 7.67 – 7.61 ( m , 6H, ArH);

.51 – 7.47 ( m , 1H, ArH); 4.04 ( s , 2H, -CH 2 -). 13 C NMR (151 MHz,

MSO-D 6 ): 194.7; 171.0; 152.5; 149.1; 143.2; 139.4; 139.3; 137.5; 

32.4; 131.5; 129.8 (2 C); 127.2; 126.4; 124.1; 123.7; 123.1 (2 C); 
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Table 1 

Synthesis route and Ar group is synthesized compounds. 

Compound Ar 

DAU1 

DAU2 

DAU3 

DAU4 

DAU5 
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18.4 (2 C); 117.4 (q, J = 6.5); 109.1; 32.31. HPLC-TOF/MS: 473.0750 

[M + H] + , C 24 H 17 ClF 3 N 2 O 3 
+ ; calc. 473.0874). 

1-(3–chloro-4-methylphenyl) −3-(4-(hydroxy(1-oxo-1,3- 

ihydro-2H-inden-2-ylidene) methyl) phenyl)urea ( DAU4 ). 

ellow solid. Yield 73%. M.p. 222 – 225 °C. IR (KBr): 3448, 3289, 

094, 3044, 2983, 1637, 1583, 1541, 1498, 1406, 1371, 1303, 1221, 

169, 1114, 1091, 1049, 994, 882, 837, 789, 740, 655, 54 9, 4 82.
 H NMR (600 MHz, DMSO-D 6 ) keto-enol (41:59), enol tautomer: 

5.52 ( s , 1H, -OH); 9.16 ( s , 1H, -NH-); 8.89 ( s , 1H, -NH-); 8.03 ( d ,

 = 7.2, 1H, ArH); 7.96 ( d , J = 7.4, 2H, ArH); 7.69 ( br. s , 1H, ArH);

.66 – 7.62 ( m , 4H, ArH); 7.50 – 7.46 ( m , 1H, ArH); 7.24 ( d , J = 8.2,

H, ArH); 7.22 – 7.18 ( m , 1H, ArH); 4.03 ( s , 2H, -CH 2 -), 2.25 ( s , 3H,

CH 3 ). 
13 C NMR (151 MHz, DMSO-D 6 ): 194.6; 171.1; 152.5; 149.0; 

43.5; 138.9; 137.5; 133.8; 131.6; 130.2; 129.8 (2 C); 129.1; 128.1; 

27.2; 126.4; 123.0; 118.1 (2 C); 117.6 (2 C); 109.1; 32.34; 19.28. 

PLC-TOF/MS: 419.1117 ([M + H] + , C 24 H 20 ClN 2 O 3 
+ ; calc. 419.1157). 

1-{4-[(1,3-D ihydro -1- oxo -2H- inden -2- ylidene )- hydroxymethyl ] 

henyl} −3-naphthalen-1-ylurea ( DAU5 ). Yellow solid. Yield 79%. 

.p. 242 – 245 °C. IR (KBr): 3461, 3264, 3046, 3011, 2900, 1634, 

599, 1574, 1549, 1509, 1468, 1406, 1372, 1323, 1231, 1176, 1093, 

012, 881, 836, 783, 742, 659. 1 H NMR (600 MHz, DMSO-D 6 ) 

eto-enol (40:60), enol tautomer: 15.24 ( s , 1H, -OH); 9.51 ( s , 1H,

NH-); 8.90 ( s , 1H, -NH-); 8.12 ( d , J = 8.5, 1H, ArH); 8.06 ( d , J = 7.2,

H, ArH); 7.99 ( d , J = 6.8, 2H, ArH); 7.93 ( d , J = 8.1, 1H, ArH); 7.71

 d , J = 8.2, 2H, ArH); 7.67 – 7.63 ( m , 4H, ArH); 7.59 ( t , J = 7.5, 1H,

rH); 7.54 ( t , J = 7.2, 1H, ArH); 7.48 ( d , J = 6.8, 2H, ArH); 4.03

 s , 2H, -CH 2 -). 13 C NMR (151 MHz, DMSO-D 6 ): 194.2; 171.1; 153.1;

49.0; 143.8; 137.5; 135.5; 134.1; 133.8; 131.6; 129.9; 128.8; 126.6; 

26.3; 126.2 (2 C); 124.1; 123.9; 123.0; 121.8; 118.0 (2 C); 117.5; 

09.0; 32.37. HPLC-TOF/MS: 421.1593 ([M + H] + , C 27 H 21 N 2 O 3 
+ ; calc.

21.1547). 

.4. Computational chemistry 

Gaussian software was used in the computational investigations 

 25 , 26 ]. The mentioned compounds were optimized at the M06–

X method with 6–31G(d) basis set in water. Additionally, polariz- 

ble Continuum Model (PCM) using the integral equation formal- 

sm variant (IEFPCM) was considered solute-solvent interactions. 

t the results of calculations, no imaginary frequency was ob- 

erved. IR and NMR spectrum were calculated at the same level 

f theory. Some utilities such as ChemDraw were used in this 

tudy [27] . 
3 
.5. Molecular docking 

The ground state structures of phenyl urea derivatives were ob- 

ained from computational calculations. In this stage, the Maestro 

rogram was used [ 28 –31 ]. The ligand and target protein were pre-

ared using LigPrep and Protein Preparation module, respectively. 

he receptor-binding domain of the target protein was defined us- 

ng the Grid Generation module. pH was defined as 7 ± 2 in the 

hole calculations. Molecular docking calculations were performed 

sing the Ligand Docking module. 

.6. Cell culture studies and development of HT-29 cells 

In the present study, the human colon adenocarcinoma cell line 

HT-29) obtained from the ATCC (American Type Culture Collec- 

ion) was used. Cells were stored at 37 °C in a humidified atmo- 

phere with 5% CO2, in 25 cm 

2 flasks, 10% fetal bovine serum (FBS), 

% L-glutamine and 1% penicillin/streptomycin cultured in RPMI 

640 medium containing. Cells were passaged after reaching 80% 

ensity. After the third passage, the cell lines were prepared for 

tudy. 

.7. Cell viability assay 

Colon cancer cell line HT-29 was used to evaluate the an- 

icancer activity of DAU1 - DAU5 that we synthesized. TXT 

2,3-bis-(2–methoxy-4-nitro-5- sulfophenyl) −5-[( phenylamino ) 

arbonyl ] −2H-tetrazolium hydroxide)(Biological Industries) colori- 

etric method was used for cell viability evaluation. Cells in the 

rowth phase were seeded in a 96-well microplate at a density 

f 1 × 10 4 cells per well in RPMI 1640 culture medium (100 μL). 

fter one day of incubation, the process was started. Five synthesis 

olecules were applied to the microplates at a dose of 20 μM. 

fter 24 h of incubation, 40 μL of TXT reagent and DMEM mixture 

ithout phenol red (80 μL) was added to all wells, and the plates 

ere incubated at 37 °C for 4 h. All experiments were repeated 

hree times. Cell viability was compared with the drug-free control 

roup. Optical density values were read on an ELISA reader at 

50 nm (Thermo Fisher Scientific-Switzerland). The cell viability 

ate in the control group was accepted as 100%, and the results 

ere obtained using the formula % Cell viability = (Concentration 

.D./Control O.D.) X 100 were recorded. For ideal dose determi- 

ation, the synthesis molecule with sufficient cytotoxic effect was 
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Fig. 2. Optimized structure of studied compounds. 
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pplied to HT-29 again at different doses (80, 40, 20, 10.5 μM). The 

C50 value (drug concentration causing 50% reduction in prolifer- 

tion) was calculated using Graph Prism 7 software (GraphPad). 

ext, the possible cytotoxic effect on the healthy connective tissue 

ell line L929 was investigated to investigate the selectivity of 

he DAU5 synthesis molecule to tumor cells. The active molecule 

as applied to the L929 cell line at doses of 80, 40, 20, 10, 

 μM. 

.8. Immunofluorescence examination 

Cells were fixed with methanol for 5 min at −20 °C and washed 

ith PBS. It was then incubated with PBS containing 0.1% Triton 

-100 at room temperature for 15 min. After washing, it was in- 

ubated with PBS containing 2% BSA for 60 min. After rewash- 

ng, it was incubated overnight at + 4 °C at 1/300 dilution with 

olyclonal anti LC3B (Abclonal, Catalog no. A7198) and monoclonal 

nti-8-OhDG (Santa Cruz, catalog no. sc-66,036) primary antibod- 

es. Cells washed with PBS were incubated with goat anti-rabbit 

ITC and goat anti-mouse FITC secondary antibodies at a dilution 

atio of 1/50 for 45 min at room temperature and in the dark. 

inally, 4 ′ ,6-diamidino-2-phenylindole (DAPI) was dropped on the 

ashed cells and examined under a fluorescence microscope. In 

he evaluation, positivity in cells in the whole area was evalu- 

ted semiquantitatively as absent (-), mild ( + ), moderate ( ++ ), and

evere ( +++ ). 

.9. Statistical analyses 

The data analysis was done with the SPSS 23.0 package pro- 

ram. Results were expressed as mean ± standard deviation 

SEM). Normally distributed data were evaluated using the one- 

ay ANOVA Analysis of Variance Test. Data that did not show 

ormal distribution were evaluated by applying the Kruskal- 

allis and Mann- Whitney U tests, non-parametric tests. The 

ost hoc Tukey test was used to determine the differences be- 

ween the experimental groups. Pathological data were analyzed 

ith Student’s t -test. The significance level was accepted as 

 < 0.05. 
4 
. Results and discussion 

.1. Ground state structures 

The studied diaryl urea derivatives are optimized at M06–2X/6–

1G(d) level in the water. The optimized structures are represented 

n Fig. 2 . 

According to Fig. 1 , the ground state structures are mainly pla- 

ar for the mentioned compounds. The planarity of the compounds 

s mainly distorted by the benzene ring, which location is the left 

ide of the compounds. Finally, there is an intramolecular hydrogen 

ond in each compound. This situation has gained extra stability to 

tudied compounds. 

.2. Experimental and computational IR spectra 

The experimental section gives the experimental section the po- 

itions of observed peaks in the IR spectra of studied diaryl urea 

erivatives ( DAU1 – DAU5 ) and their assignments based on exten- 

ive data available for related compounds. The IR spectra of men- 

ioned compounds are given in Supplemental Material. Experimen- 

al and calculated frequencies of functional groups are given in 

able 2 . 

.3. NMR spectra 

When the examined 

1 H NMR spectra of the synthesized di- 

ryl urea compounds ( DAU1-DAU5 ), it is seen that the compounds 

re in the form of keto-enol at a ratio of approximately 40:60. In 

he 1 H NMR spectra of the synthesized diaryl urea compounds, 

t is seen that the prominent characteristic peaks are composed 

f the signals of enol proton, amide protons, and methylene pro- 

ons in the structure. In the 1 H NMR spectra of DAU1-DAU5 , the 

roton of the enol group (-OH) gave a broad singlet between δ
5.24–15.52 ppm. The amide protons of DAU1-DAU5 gave a sin- 

let between δ 9.16–9.51 ppm and 8.76–9.27 ppm, respectively. The 

ethylene protons gave a singlet between δ 4.03–4.04 ppm. 

In the 13 C NMR spectra of DAU1-DAU5 , the carbonyl group in 

he indanon unit were resonated between δ 194.2–194.7 ppm, the 
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Table 2 

Experimental and computational vibrational frequencies (cm 

−1 ) of the related compounds. 

Assignments DAU1 DAU2 DAU3 DAU4 DAU5 

Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. 

νOH 3307 3200 3408 3198 3360 3212 3289 3199 3264 3196 

νNH 3535 3628 3493 3637 3535 3633 3448 3622 3461 3645 

νCH-Aromatic 3069 3310–3212 3289–3045 3313–3211 3266–3065 3310–3225 3094–3044 3318–3212 3046–3011 3315–3212 

νCH-Aliphatic 2945, 2900 3117–3075 2938–2900 3203–3072 3003–2897 3116, 3078 2983 3183–3076 2900 3112 

νC = O 1646 1811 1595 1812 1707 1817 1637 1815 1634 1808 

Fig. 3. Contour diagram of frontier molecular orbitals. 
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arbon atom of the amide group were resonated between δ 152.4–

53.1 ppm. Among the two olefinic carbon atoms in the struc- 

ure, the carbon of the enol group gave a signal between δ 171.0–

71.2 ppm, while the other olefinic carbon atom gave a signal be- 

ween δ 109.0–109.1 ppm. The signal, located at δ 32.3 ppm in the 

liphatic region, comes from the carbon of the methylene unit in 

he structure. 

.4. Electronic properties 

Electronic properties of the chemical are essential in determin- 

ng the biological activity of compounds. For this aim, contour dia- 

ram of frontier molecular orbitals, which are the highest occupied 

olecular orbital (HOMO) and the lowest unoccupied molecular 

rbital (LUMO), and molecular electrostatic potential (MEP) map 

re calculated at the same level of theory. The contour diagrams of 

rontier molecular orbitals are represented in Fig. 3 . 

According to Fig. 3 , electrons in HOMO are mainly delocalized 

n the whole structure. Especially, pi electrons are active in any 

nteraction, especially on the benzene ring. On the other hand, pi 

lectrons on the indanone are generally active. Furthermore, MEP 

aps of the related compounds are calculated and represented in 

ig. 4 . 
5 
According to Fig. 4 , the environments of the heteroatoms are 

ainly reddish-yellow. Therefore, these atoms can be good poten- 

ials for the interactions. Furthermore, pi electrons on the benzene 

ings seem active due to the surface color. In general, the activ- 

ty of DAU5 seems more than the others due to the naphthalene 

roup. Compared to other structures, pi electrons in naphthalene 

eem more active. However, the molecular reactivity in other re- 

ions except for the left side of the molecule seems to be the 

ame. 

.5. Biological activity 

AnticancerAnticancer activity of diaryl urea derivatives synthe- 

ized in the study was evaluated in the HT-29 colon cancer cell 

ine. In the first step, the compounds were applied at a fixed con- 

entration of 20 μM. Cell viability percentages were calculated af- 

er 24 h administration. Results below 60% were considered signif- 

cant in the TXT viability test. The study was repeated three times, 

nd the average cell viability; DAU1 = 93.84% DAU2 = 97.10% 

AU3 = 81.89% DAU4 = 83.15% DAU5 = 51.23% were detected. 

ccording to the statistical analysis, no lethal effect of DAU1 and 

AU2 on HT-29 cells was observed. Although the cytotoxic effect 

f DAU3 and DAU4 in cells was statistically significant, it was ob- 

erved that it was not at the desired level. Cell viability was 51, 
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Fig. 4. MEP maps of the studied compounds. 

Table 3 

Results of Application of IF Molecules at a Dose of 20 μM to the HT-29 Cell Line. 

n Mean ±SD. Error p 

Control 3 99.18 ± 0.84 –

DAU1 3 93.84 ± 1.71 p = 0.854 

DAU2 3 97.10 ± 3.43 p = 0,997 

DAU3 3 81.89 ± 6.87 P < 0.05 

DAU4 3 83.15 ± 1.16 p < 0.05 

DAU5 3 51.23 ± 1.22 ∗ p < 0.05 

∗ Cell viability < %55. 
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3% in DAU5 ( Table 3 ). Based on these results, the DAU5 molecule

as chosen as it caused cell viability to drop below 55% at a dose 

f 20 μM in the HT-29 cell line for further biological research. 

In the present study, the next step was taken to determine 

he effective IC 50 value of the DAU5 molecule on HT-29. DAU5 

olecule was reapplied to HT-29 cell line at doses of 5 μM, 10 μM, 

0 μM, 40 μM, 80 μM. Mean values in cell viability were ob- 

ained with TXT performed at the end of three repetitions. Cell 
6 
iability was 97.22% at 5 μM, 85.00% at 10 μM, 50.83% at 20 μM, 

6.94% at 40 μM, and 32.13% at 80 μM. The IC 50 value was de- 

ermined as 14.96 μM. In another phase of the study, the po- 

ential cytotoxicity of DAU5 on the healthy fibroblast cell line 

929 at the same doses was examined. At the end of three rep- 

titions, mean values in cell viability were obtained with TXT. 

ell viability was determined as 99.70% at 5 μM, 101.31% at 

0 μM, 88.53% at 20 μM, 75.85% at 40 μM, and 4 8.4 9% at 80 μM

 Table 5 ). 

.6. Molecular docking 

Experimental and computational techniques can do determina- 

ion of biological activity. As in silico analyses, molecular docking 

s the best option for this purpose. In this study, colon cancer is 

elected as a target for the studied compounds. In colon cancer, 

otal 34 key targets have been explained by Zhang et al. in 2021 

https://doi.org/10.1186/s13040 \ 055020 \ 05500232 \ 0559]. Especially, 

SP90 has been reported as the most critical gene for colon cancer 

revention. Molecular docking calculations are performed between 

tudied compounds and target protein with PDB ID 4BQG. The x- 

-z coordinate of the receptor-binding domain is 2.08–12.62–24.21. 

olecular docking calculations are done. Docking score (DS), van 

er Waals interaction energy (E vdW 

), Coulomb interaction energy 

E Coul ), and total interaction energy (E Total ) of studied compounds 

re given in Table 5 . 

According to Table 3 , there is only one active compound against 

he HSP90. The docking score is too low for the studied compound 

xcept for DAU5. It means that it is almost no key-lock compati- 

ility, and studied compounds are inactive against the HSP90. Only 

AU5 is active against HSP90. Additionally, the total interaction en- 

rgy of DAU5 is the best in the studied compounds. The docking 

tructure and interaction map of DAU5 are represented in Fig. 5 . 
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Table 4 

The efficacy of DAU5 synthesis molecule in HT-29 and L929 cell lines at doses of 5 μM, 10 μM, 20 μM, 40 μM, 80 μM is shown in the table and graph. 

HT-29 FIBROBLAST 

DAU5 Dose n Mean ±SD. Error P n Mean ±SD. Error P 

Control 3 99.52 ± 2.13 – 3 98.52 ± 1.54 –

5 μM 3 97.22 ± 1.31 p = 0.830 3 99.70 ± 0.41 p = 0.901 

10 μM 3 85.00 ± 1.12 p < 0.05 3 101.31 ± 0.29 p = 0.223 

20 μM 3 50.83 ± 1.79 p < 0.05 3 88.53 ± 0.46 p < 0.05 

40 μM 3 36.94 ± 0.32 p < 0.05 3 75.85 ± 1.05 p < 0.05 

80 μM 3 32.13 ± 0.49 p < 0.05 3 48.49 ± 0.23 p < 0.05 

Fig. 5. The docking structure and interaction map between DAU5 and 4BQG. 

Table 5 

Molecular docking results. 

Compound DS A E vdW 

a E Coul 
a E Total 

a 

DAU1 −2.74 −37.21 −9.19 −46.39 

DAU2 −2.50 −37.93 −11.42 −49.35 

DAU3 −1.34 −43.37 −6.29 −49.66 

DAU4 −2.08 −45.80 −0.52 −46.32 

DAU5 −6.95 −50.06 −4.64 −54.71 

a in kcal/mol. 
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According to Fig. 5 , pi-pi stacking, h-bond, polar interactions are 

he most critical interaction types. Furthermore, DAU5 is inhibited 

he HSP90 protein. It implies that DAU5 can be used in the pre- 

ention of colon cancer. 
7 
.7. Immunofluorescence findings 

It was determined that the difference between LC3B and 8- 

hDG expressions in the cells stained in 6 different sam ples be- 

onging to the control groups (CG) and DAU5 groups was statisti- 

ally significant. Tables of mentioned results are given in Supple- 

entary Material. 

While LC3B expression was mild in the CG, no significant ex- 

ression was detected in the DAU5 group. Moderate expression of 

-OhDG was detected in the CG but not in the DAU5 group ( Fig. 6 ).

Microtubule-associated protein LC3B, which controls mitochon- 

rial quality against oxidative damage and is associated with cel- 

ular longevity, is an indicator of autophagy [32] . LC3B is a method 

o detect the amount of intracellular lysed products, the extent of 
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Fig 6. LC3B expression A- Mild level in CG (arrowhead), B- Negativity in DAU5 group, 8-OhDG expression C- Moderate level in the CG (arrowhead), D- Negativity in DAU5 

group. x20. 
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utophagosome formation, and the extent of autophagic activity. It 

as been reported that suppression of autophagy increases apopto- 

is, and therefore, drugs that suppress autophagy can provide ther- 

peutic effects in cancer cells [33] . In our study, LC3B was studied 

s an indicator of autophagy. One of the biomarkers of ROS (Free 

xygen radical) formation, oxidative stress, and DNA damage is 8- 

HdG (8–hydroxy-2-deoxyguanosine) [34] , resulting from free rad- 

cal damage to guanine. In studies, high 8-OHdG levels have been 

ssociated with rat colon cancer, human breast cancer, and hep- 

tocellular cancers [ 22 , 35 –38 ]. Therefore, 8-OHdG expression was 

xamined in our study. 

In the light of this result, it was observed that the DAU5 

olecule significantly suppressed autophagy in HT-29 cells and 

howed the anticancer effect. In addition, it was observed that 

he expression of 8-OHdG decreased significantly in the treatment 

roup in which the DAU5 molecule was applied due to the activa- 

ion of some possible repair mechanisms. All these results patho- 

ogically support the anticancer potential of the DAU5 molecule, 

hose activity in the HT-29 colon cancer cell line was demon- 

trated by TXT colorimetric method. 

. Conclusion 

Diaryl urea derivative compounds were analyzed. Molecular in- 

ertion was performed, and five urea derivative compounds were 

ynthesized. Chemical analyzes of the synthesized compounds 

ere completed. Then, the cytotoxic effects of the five diaryl urea 

erivative compounds we synthesized on the HT-29 colon cancer 

ell line were investigated. It was determined that the DAU5 com- 

ound had a cytotoxic effect on HT-29. In another stage of the 

tudy, it was observed that DAU5 did not have serious cytotoxi- 
8 
ity on L929, a healthy fibroblast cell line, at doses that showed 

ytotoxic effects on colon cancer cells. This result proved that our 

ompound has a more specific effect on colon cancer cells. After 

ll these analyzes, the immunohistochemical examination was per- 

ormed. When evaluated in terms of autophagy and DNA damage 

ndicators, DAU5 has shown promising results in the treatment of 

olon cancer. This study, which is the first in the literature and 

upported by in vitro and in silico methods, needs to be supported 

y in vivo and clinical studies. As a result of our study, we see that

AU5 has the potential to contribute to the treatment of colon can- 

er. 
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