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Abstract: Cancer is a leading cause of death worldwide. Osteoporosis is a bone condition that causes 

the bones to become porous and lose density. Discovering, searching, and develop for a drug against 

cancer and at the same time preventing osteoporosis is very important. Chalcone and epoxy have an 

interest as potential drug candidates due to their easy synthesis. The present study target compounds 

were screened for potential anti-cancer against different cell lines (HepG2, MDA-MB-231, A375, 

A549, MCF-7, and HCT116) and anti-osteoporosis against cell line (MC3T3-E1). A new series of 

compounds evaluation by MTT assay to determine the IC50, and study apoptosis and docking study. 

The most potent activities were the effects of the compounds CH2, CH3, and CH4 on the MDA-MB-

231 cells and those of the compounds CH7 and CH9 on the HepG2. The CH7 compound proved non-

cytotoxic but was antiproliferative and caused cell cycle arrest at the G0/G1 and G2/M phases. Also, 

the CH7, CH9, and E1 compounds displayed excellent anti-osteoporosis activity. The docking analysis 

showed good binding energy. The compounds CH2, CH3, and CH4 exhibited activity towards MDA-

MB-231 cells and CH7 against HepG2, with induced apoptosis and cell cycle arrest, others compounds 

showed no significant cytotoxic activity. While compounds CH7, CH8, CH9, and E1 showed good 

toxicity against MC3T3-E1. The molecular docking study revealed that there was evidence of good 

interactions and the most stable complex for inhibition. 
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1. Introduction 

The most public health danger is cancer which represents the second leading cause of 

mortality after heart diseases across the world, due to be one of the most intractable diseases 

due to rapid cell growth and proliferate uncontrollably, avoid apoptosis, invade metastasize[1-

3]. Many studies have explored the molecular mechanism of anti-tumor effects of different 

compounds, which can induce dependent apoptotic cell death and regulate the expression of 

anti-apoptotic cells [4-6]. World Health Organization (WHO) reported new cases each year 

and more than 19 million people deaths in the year 2020 in world. On the other hand, lung, 

prostate, colorectal, stomach, and liver cancers are the most common types of cancer in men, 

while breast, colorectal, lung, cervical, and thyroid cancer are the most common among 

women[1].  Despite all years of developing drugs, cancer remains a major public health 

problem. Another big health problem is osteoporosis facing women and older people of both 

sexes. Osteoporosis is a systemic bone disease, which the bones become porous and decrease 
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bone density, decreasing bone force due to bone changes. The spread of osteoporosis for any 

age, but most common in older adults and postmenopausal women, which is associated with 

a decrease in estrogen levels, make it this one of the most important challenging medical 

struggles for modern society with 200 million people in the world suffered from osteoporosis 

[7,8]. It is also linked to or worsens other diseases such as diabetic osteoporosis (DOP) [9], is 

characterized by difficult bone healing; furthermore, the most dangerous factor for bone loss 

and fractures is cancer due to third most common site of cancer in the bone [10-13]. 

Consequently, a large number of disease cases and their lack of treatment have resulted in an 

urgent need to discover and develop new drug targets. The path to drug discovery is long, 

challenging, and arduous. The drug discovery process is crucial and carries out many assays 

with high cost and time. These are the major hurdles that the pharmaceutical industry faces 

nowadays. To overcome these challenges, molecular docking is an exemplary tool, 

representing the first stage to find hits from existing chemicals for drug discovery. It is 

molecular docking can help us significantly accelerate the process and improve chances for 

finding the desired drug candidates through understanding the interaction between protein and 

small molecule, which reduces the high cost and time for drug discovery [14-17]. One major 

global health challenge with numerous therapeutic strategies has been designed to discover 

and develop new drugs. Chalcones are described to possess many biological properties, 

consequently of an enone pharmacophore in their structures as well as low molecular weight 

compounds, easy to prepare cost-effectively, thus have encouraged to be developed as drug 

candidates for different diseases. Chalcones exhibit a broad spectrum of biological properties 

including, anti-inflammatory, anti-cancer, antibacterial, antifungal, and antiviral [18-23]. In 

contrast, epoxy chalcone is considered one of the most important compounds due to its 

biological and pharmaceutical activities [24,25]and as intermediates and precursors for a wide 

range of chiral compounds and the key steps of natural products [26,27]. In this work, new 

compounds were examined as potential anti-cancer and anti-osteoporosis products and 

molecular docking studies. According to a review that was conducted, such a study has not 

been carried out to date. 

2. Materials and Methods 

 The experimental data of compounds under study has been taken from reference 

[28] ( Table 1) to continue our earlier research work. 

2.1. Biological activity studies. 

The tests (anti-cancer and anti-osteoporosis) used in the study performed by MTT assay 

[29,30] to determine cell viability with different concentrations (3.5, 7.5, 15.5, 30.5, 60.5, 121.5, 

and 250 µM) along with IC50 (half maximal inhibitory concentration) calculated by GraphPad 

Prism software (Version 8.0.2). 

2.2. In vitro anti-cancer and activity study. 

The study of the anti-cancer activity of the compounds was carried out at Tehran 

University. 
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2.3. In vitro anti-osteoporosis activity. 

The study into the anti-osteoporosis activity of the compounds was carried out at 

Tehran University. 

2.4. Flow cytometry and cell cycle arrest. 

To detect early-stage apoptosis and the percentage of apoptotic cells in (HepG2) in the 

CH7 compound, apoptosis was determined through an Annexin V-FITC assay and, depending on 

the protocols, and standard flow cytometry was performed at Tehran University. 

Table 1.  Structure of the compounds under study. 

No Compound No Compound 

 

CH1 

 

 

CH7 

 

 

 

CH2 

 

 

CH8 

 

 

CH3 

 

 

CH9 

 

 

CH4 

 

 

CH10 

 

 

CH5 

 

 

E1 

 

 
CH6 

 

3. Results and Discussion 

3.1. Biological activity in vitro anti-cancer assay. 

Four compounds, CH7, CH8, CH9, and E1, which comprised three chalcones and one 

epoxy chalcone, were evaluated against different kinds of cancer cell lines (A375 melanoma 

cancer, A549 lung cancer, MCF-7 breast cancer), while the compounds, CH1-CH10 and E1, 

were examined against the colon cancer cell line, HCT116. Unfortunately, the results for all 

these compounds exhibited low toxicity (no significant cytotoxic activity) against all these cell 

lines [31,32]. The cell viability percentages versus different concentrations of the compounds 

are shown in Figure 1.  

Meanwhile, the chalcone compounds (CH1-CH10) were tested against the MDA-MB-

231 cell line. The results showed that the compounds had low toxicity, except for the CH2, 

CH3, and CH4 compounds, which showed moderate toxicity and a clear reduction in the 
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viability of the breast cancer cells in Figure 2. The concentration of 250 µM had a moderate 

cytotoxic effect on these cells. The results showed that the highest concentration of the 

compounds significantly lowered cell viability. The IC50 values for the CH2, CH3,  and CH4 

compounds versus the MDA-MB-231 cell line showed good activity for all the title 

compounds. The inhibitory activity is shown in Figure 2 (B, C, and D), and the IC50 values are 

presented in Table 2. 

 
Figure 1. Percentage of the viability of cell lines ((A) A-375; (B) A549;  (C) MCF-7; (D) HCT116, treated with 

seven concentrations of compounds. 

 

Figure 2. (A) Percentage of the viability of breast cell line (MDA-MB-231), treated with seven concentrations 

of compounds; B, C, D. Matt assay to estimate IC50, treated with seven concentrations of compound (B) CH2; 

(C) CH3; (D)CH4.        

A B 

C D 

A B 

C D 
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Table 2. Cytotoxic activity of the tested compounds against the MDA-MB-231 cell line. 

MTT assay MDA-MB-231 cell line 

Compound IC50 ( µM) Log IC50( µM) 

CH2 225.9 2.354 

CH3 278.9 2.445 

CH4 279.1 2.446 

        In contrast, the chalcone compounds (CH1-CH10) were tested against the HepG2 cell 

line. The results showed that the compounds CH1-CH6, CH8, and CH10, exhibited low 

toxicity, while the compounds, CH7 and CH9, displayed moderate toxicity, thereby 

significantly reducing the cell viability shown in Figure 3. According to the MTT experimental 

results for the HepG2 cell line, the CH7 and CH9 compounds exhibited considerable activity, 

where the average IC50 was 21.6, and the cell concentration was 78.30 µM, as shown in Table 

3. The CH7 compound was selected to investigate its inhibitory mechanism by flow cytometry 

further and examine its cell cycle [33,34]. Apoptosis is programmed cell death (PCD). It is a 

mechanism by which abnormal cells commit suicide. While the cell cycle regulates cellular 

growth, it also causes cell proliferation during the development of cancer cells [35,36]. As new 

DNA quickly synthesizes cancer cells, the cytotoxicity of a compound can be examined by 

overlapping the cells with DNA replications. In the present study, a series of chalcone 

derivatives were synthesized and screened against the HepG2 cell line, and two compounds 

(CH7 and CH9) showed good activity. In a further study, the CH7 compound was selected for 

flow cytometry and a study of the cell cycle, whereby a significant action was displayed and 

estimated by two concentrations of half IC50 values of 60.5 µM and 121.6 µM, as shown in 

Figure 4. To investigate whether the CH7 compound can induce apoptosis, the effect of the 

compound was examined using flow cytometry and cell cycle study. The late apoptosis was 

studied using a flow cytometric analysis and was estimated using an Annexin V-FITC assay, 

with two concentrations.  

 
Figure 3. (A) Percentage of the viability of HepG2 cell line, treated with seven concentrations of compounds; 

B, C. MTT assay to estimate IC50 of HepG2 cell line, treated with seven concentrations of compound CH7 and 

CH9. 

A B 

C 
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Table 3. Cytotoxic activity of the tested compounds against the Hepg2 cell line. 

MTT assay for HepG2 cell line 

Compound IC50 ( µM) Log IC50( µM) 

CH7 121.6 2.085 

CH9 78.30 1.894 

The results showed a significant relationship by increasing the concentrations and 

comparing them with the control. The late apoptosis ratios (Q2) were 7.04% and 5.74% 

compared with the control ratio of 3.95%, as shown in Figure 4. The cell cycle analysis in 

Figure 5 showed a change and decrease in the G1 and S phases, increasing the G2 phase in a 

concentration-dependent manner. Compared with the control value, the change in the values 

indicated that the CH7 chalcone arrested the cells at the G2/M phase and induced apoptotic cell 

death. The tested compounds were not cytotoxic but antiproliferative, causing programmed cell 

death and cell cycle arrest [37,38]. The chemical structure of the CH7 compound contained 

nitrogen function groups, and this atom's position may have enhanced its anti-liver cancer 

activity. 

 
Figure 4. HepG2 cells were treated with compound CH7 (60.5 and 121.6) µM for 24 hours and processed to 

Annexin V assays. 

 

 

Figure 5. Effects of compound CH7 on HepG2 cell cycle progression. The cells after treatment with CH7 at 

dose 121.6 µM at a period of 24h. 
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3.2. Anti-osteoporosis activity. 

The effects of four selected compounds (CH7, CH8, CH9, and E1) of chalcone and 

epoxy chalcone on osteoporosis were explored by testing their cytotoxicity and ability to 

produce osteogenesis in  MC3T3-E1 cells in the calvaria of mice. It was cited over 4000 times 

in the literature review that these cells provide a useful model for studying bone cell 

proliferation [39]. The results showed that the viability of the MC3T3-E1 cells was 

significantly increased or decreased at certain concentrations. As shown in Figure 6, the 

compounds displayed good toxicity and had the highest influence on the MC3T3- E1 osteoblasts. 

Overall, it was obvious that the studied compounds had good activity against the cell line, 

except for the CH9 compound, which exhibited low toxicity. Table 4 shows that the IC50 values 

for the CH7, CH8, and E1 compounds were 127, 8.73, and 294.7, respectively, while their 

viability activity is shown in Figure 6 (B, C, and D). From the viability results, it can be seen 

that the CH7, CH8, and CH9 compounds had different levels of activity because even though 

they have the same atoms in their structure, there are variations in the position of the nitrogen 

atoms. This confirmed that the position of the atoms in the structure of the compounds affected 

their activity. Otherwise, a comparison between the chalcone compounds, CH7 and CH8, and 

the epoxy chalcone compound, E1, showed that all the compounds had good activity, especially 

the CH8 compound, but it is worth mentioning that the epoxy chalcone compound, E1, did not 

improve or change the anti-osteoporotic activity more than the chalcone compounds, despite 

the presence of the oxygen atom in its heterocyclic structure. This confirmed the good activity 

of chalcone compounds compared to heterocyclic compounds, which means that less time, 

steps, and costs are involved in synthesizing chalcone than epoxy chalcone. Briefly, the 

compounds proved to have anti-osteoporosis properties against the proliferation  

of MC3T3E1 osteoblasts [40]. 

 

Figure 6. (A) Cell viability of the MC3T3-E1 cells, the cells were treated with seven concentrations of 

compounds; B, C, and D. Matt assay to estimate IC50 of MC3T3-E1 cell line, treated with se concentration 

of compound (B) CH7; (C) CH8; (D) E1. 

B A 

C D 
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Table 4. Cytotoxic activity of the tested compounds against the MC3T3-E1 cell line. 

MTT assay  MC3T3-E1 cell line 

Compound IC50 (µM) Log IC50 (µM) 

CH7 127 2.104 

CH8 8.73 -7.059 

E1 294.7 2.469 

3.3. Molecular docking study. 

In line with the experiments described above, molecular docking was used to estimate 

the binding affinity, measured in kcal/mol, of the compounds CH2, CH3, CH4, CH7, CH8, and 

E1, with the related proteins as cancer receptor targets and the binding affinity of the 

compounds CH7, CH8 and E1 with osteoporotic receptor targets. 

3.4. Selection of several proteins as cancer receptor targets. 

The experimental data showed that CDK1/CDK2 regulated the G2/M-phase to block the 

division of cells. According to the experimental results, the cell cycle was arrested, which 

indicated that the CH7 compound inhibited the proliferation of the HepG2 cells while inducing 

apoptosis and blocking the progression of the cell cycle in the G2/M phase derived from the 

cyclin-dependent kinases (CDKs). These represented one of the key cellular kinases involved 

in regulating the cell cycle in the liver. Consequently, the cyclin-dependent kinase1 (CDK1) 

and cyclin-dependent kinase2 (CDK2) were selected as the receptor targets [41,42]. To further 

investigate and study these compounds for further testing through the potential molecular 

targets, various receptors [43-46] were used, such as plasma membrane, cytoplasm, 

microtubules, and nuclei, which play a significant role as anti-apoptotic proteins and are 

responsible for a variety of fundamental cellular processes, DNA damage and cell division 

[47,48]. 

3.4. Selected receptors and preparation of the ligand. 

The X-ray crystal structures of all the PDB proteins [49] for breast cancer, the selected 

proteins were:ERα (ID: 2IOG): ERβ (ID: 3OLS), mTOR (ID: 4FA6), VEGFR-2 (ID: 1YWN), 

EGFR (ID: 1M17), while for hepatocellular cancer were: CDK1 (ID: 4Y72), CDK2 (ID: 

4FX3), TOPIIα (ID: 1ZXM), Tubulin (ID: 1SA0), Bcl2 (ID: 2O21), P53 (ID: 4ZYF), EGFR 

(ID: 1M17), VEGFR-2 (ID: 1YWN), PDGFR (ID: 5K5X), AKT (ID: 4EJN), DNA (ID: 3HB5). 

And the osteoporotic receptors were: IGF-1/PI3K/mTOR (ID: 5HZN), αvβ3 integrin 

(ID:1L5G) and FPPS (ID: 2F7M). All the water molecules were removed from each protein, 

and hydrogen atoms were added to the receptor proteins. For the ligand, Chem. Draw Ultra 

10.0 was used for the drawn molecules by the mol2 format. Then, these were exported into the 

project of the Gaussian software for energy minimization by the B3LYP/6-311+G (2d, p) level 

of theory. After that, the ligand was converted to the docking software for the docking. 

3.5. Docking parameters and software. 

Following the docking protocol, the docking was performed by the Auto Dock4 (AD4) 

package software [50] on a Linux operating system. The AutoDock 4 (AD4) software, which 

is more widely used and is free for academic purposes, was provided by the Molecular Graphics 

Laboratory, Scripps Research Institute. The grid parameters, namely, the grid centers of 60X 

A0, 60YA0, and 60Z A0, and spacing of 0.375A, were determined using a Lamarckian genetic 
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algorithm (LGA). The log file was read into an ADT (Auto Dock Tool) to analyze the docking 

results. The docking was performed with different receptors according to the docking protocol 

for the estimated mode of binding for 100 runs for all the receptors. 

3.6. Molecular docking analysis and discussion. 

The docking analysis of the receptor targets for breast cancer was performed with three 

compounds, CH2, CH3, and CH4, and their binding affinity towards different proteins was 

evaluated. The results in Table 5 show that all the compounds had good binding energy of > -

8.7 kcal/mol with all the cancer-related receptors, with values closer to -11.55 kcal/mol 

especially indicating effective binding. The docking study revealed that the best binding 

occurred between the compounds CH2 and CH4 with the estrogen receptor, alpha (ERa) 

(2IOG), while the compound CH3 had very good binding energy with the estrogen receptor, 

beta (ERβ), (3OLS). Table 6 shows the detailed results of the best effective binding energy. 

These parameters were used to estimate and evaluate the best binding and interaction to form 

a stable ligand-protein complex. The predicted docked confirmation between the receptor ERα 

(2IOG) and the compound CH2 gave binding energy of -9.73 kcal/mol, as shown by the poses 

in Figure 7. The CH2 compound formed one hydrogen bond with Trp393, which is essential 

for Erα, while another interaction included a hydrophobic interaction with the LE386, 

ARG394, LYS449, TRP360, GLU323, RRO324, MET357, PRO325, and ARG394 amino 

acid residues. In contrast, the CH3 compound, which fitted into the active site pocket, 

exhibited a very good binding energy of -11.55 kcal/mol with the estrogen receptor, beta 

(ERβ), (3OLS). The interaction of the CH3 compound with the protein residues showed two 

hydrogen bonds, the first being between ARG346 and the oxygen carbonyl atom in chalcone, 

while the second was between LYS4O1 and the oxygen atom in phenoxy phenyl-chalcone. 

There were more interactions via hydrophobic interactions with the HIS279, TYR397, 

GLY342, PRO277, LEU339, GLU3O5, LEU298, ALA302, THR299, and LEU476 molecules, 

as shown in Figure 8. Meanwhile, the binding of the CH4 compound to the estrogen receptor, 

alpha (ERa), was stabilized at -10.83 kcal/mol. The CH4 compound, containing five aromatic 

rings surrounded by different amino acid residues, resulted in a hydrophobic interaction with 

the TRP393, PHE445, GLY390, ARG394, GLU323, PRO324, MET357, GLU353, and 

ILE326 residues. These amino acids pushed the compound deeper into the active site. As a 

consequence, there was better binding energy, while the lysine, LYS449, had a complex 

cation-π interaction with the aromatic group. Although there was no formation of any 

hydrogen bonds, the interaction produced high binding energy of -10.83 kcal/mol, indicating 

its high affinity with the (ERa), as shown in Figure 9. When a comparison was made between 

the compounds CH2 and CH4, with the same protein, the CH4 compound gave greater 

docking scores than CH2. This may be attributed to the existence of three aromatic rings 

(anthracene), which generated more hydrophobic interactions. In general, the results revealed 

that three compounds (CH2, CH3, and CH4) that were tested with six proteins showed good 

docking scores, especially with ERα and Erβ, which gave the highest docked binding. This 

induced high stability in the ligand-protein complex, which led to the inhibition of the ERα 

and ERβ signaling pathways in breast cancer [51]. The results proved the probable role of 

these compounds in apoptotic cell death in breast cancer. 
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Table 5. Mean docked energy for all the proteins. 

No of  

Proteins 

 

Proteins 

 

ID 

Compounds Binding 

Energy 

Kcal/mol 

1 Erα 2IOG CH2 -9.73 

CH3 -10.06 

CH4 -10.83 

2 Erβ 3OLS CH2 -9.57 

CH3 -11.55 

CH4 -9.12 

3 mTOR 4FA6 CH2 -9.13 

CH3 -8.9 

CH4 -9.25 

4 VEGFR-2 1YWN CH2 -8.99 

CH3 -9.17 

CH4 -9.99 

5 EGFR 1M17 CH2 -8.73 

CH3 -9.34 

CH4 -10.04 

Table 6. Selected parameters of the compound CH2, CH3, CH4 with the best conformer with different proteins 

in temperature (K) at 298 k. Docking Properties by Autodock 4. 

Co pdb B.E Ki um I.E V+B+D E.E F.T.I T.E Unbound  

S.E 

No. of 

H-B 

Length 

of 

 H-B A0 

CH2 2IOG -9.73 73.92 -11.03 -8.27 -0.24 -0.54 1.49 -0.86 1H 3.090 

CH3 3OLS -11.55 3.44 -13.29 -9.13 -0.09 -1.10 1.70 -1.09 2 H 2.097 

1.783 

CH4 2IOG -10.83 11.51 -12.01 -8.62 -0.07 -0.97 1.19 -0.95 ------ ---- 

Definition of descriptors used in Table 6: PDB= protein data bank, B. E= Binding energy, Ki= Inhibition Constant, 

I.E= Intermolecular energy, V+B+D= VdW + Hbond + desolv Energy, E.E= Electrostatic energy, F.T. I= Final 

total internal, T. E= Torsional energy and Unbound S. E= Unbound System's energy.  

 
A.Stick representation                                        B. Ribbon format 

Figure 7. Best pose and orientation for interaction compound CH2 with protein residues. 

 

A. Stick representation; B. Ribbon format 

Figure 8. Best pose and orientation for interaction compound CH3 with protein residues. 
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A. Stick representation                                          B. Ribbon format 

Figure 9. Best pose and orientation for interaction compound CH4 with protein residues. 

Meanwhile, a docking analysis was performed for the receptor targets for liver cells with 

the CH7 compound, and the binding affinity was evaluated. Table 7 reveals that all the docking 

results exhibited moderate to high binding of -7.22 to -9.42 kcal/mol. On the other hand, there 

were moderate and similar binding energies for the compound CH7 in the range of -7.22 to 

-7.95 kcal/mol with the proteins 4Y72, 4FX3, 1ZXM, 2O21, 4ZYF, 1M17, 1YWN, and 5K5X. 

In contrast, among all the proteins, the tubulin, DNA, and AKT proteins showed good binding 

affinities of -8.53, -8.77, and -9.42 kcal/mol, respectively, with the CH7 compound. According 

to the binding energy for tubulin protein, the CH7 compound acted as a destabilizing agent that 

blocked the tubulin from polymerizing. Another good binding affinity was with the DNA 

protein. According to many reports, DNA is an important goal for numerous drugs, but at the 

same time, the DNA can undergo cellular damage (DNA damage), whereby it is unable to fix 

itself. Therefore, the inhibition of DNA is a crucial goal in cancer therapy. The docking results 

revealed that the CH7 compound has the potential to be a good inhibitor of DNA. After 

checking the results, the best scores were investigated and presented in detail (pose and 

orientation). It was clearly shown that the CH7 compound had the highest docking score of -

9.42 kcal/mol with the protein AKT/4EJN, displayed very good overlapping in the pocket-

receptor, established many common interactions such as π-π interactions and hydrogen bonds, 

and it was noticeable that all the aromatic rings in the CH7 compound were surrounded by the 

hydrophobic residues ASP292, THR291, THR211, TYR272, LEU210, VAL270, and LYS268. 

Also, two hydrogen bonds were exhibited, the first between SER205-NH and the oxygen atom 

in chalcone and the second between pyridine-N and the backbone-NH of THR21. In addition, 

pi-pi interactions occurred between the TRP80 amino acid and biphenyl ketone. The two 

hydrogen bonds, pi-pi interactions, and the groups of hydrophobic protein atoms enclosing the 

hydrophobic molecule atoms kept the CH7 compound tightly bound to the proteins and 

produced a highly stable ligand-protein complex. As a result, the CH7 compound exhibited a 

maximum docking score and affinity with the protein AKT/ 4EJN. This virtual screening of 

eleven different protein targets led to identifying the AKT/4EJN protein as the best potential 

receptor target for the CH7 compound. The docking details are given in Table 8, and the best 

orientation and visualization of the binding site conformations are shown in Figure 10. The 

literature review revealed that the protein, AKT/mTOR, is responsible for the most important 

signaling connections with various cellular processes and apoptosis of cancer cells [52]. This, 

coupled with the experimental data and docking studies, indicate that CH7 should be 

recommended as a good inhibitor or suppressor of hepatocarcinogenesis (HCC) through the 

inhibition of AKT/ 4EJN. 
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In conclusion, different families of proteins were examined with the studied 

compounds, and the results showed that there was good binding energy with CDK1 (4Y72), 

tubulin (1SAO), and DNA (3HB5), with the highest docking score being obtained from deeper 

interaction with AKT/4EJN. Also, it was observed that there were π-π interactions of both the 

phenyl rings of chalcone with a crucial amino acid. This proved to be an important structural 

characteristic for the inhibition of hepatocellular carcinoma (HepG2). 

Table 7. Mean docked energy for all the proteins with compound CH7. 

 

No 

 

Proteins 

 

ID 

Binding Energy 

Kcal/mol 

1 CDK1 4Y72 -7.95 

2 CDK2 4FX3 -7.57 

3 TOP II α 1ZXM -7.78 

4 Tubulin 1SAO -8.53 

5 Bcl2 2O21 -7.36 

6 P53 4ZYF -7.22 

7 EGFR 1M17 -7.68 

8 VEGFR-2 1YWN -7.28 

9 PDGFR 5K5X -7.61 

10 AKT 4EJN -9.42 

11 DNA 3HB5 -8.77 

Table 8. Selected parameters of the compound CH7 with the best conformer with proteins in temperature (K) at 

298 k. Docking properties by Autodock4 kcal/mol. 

Co PDB: 

ID 

B.E Ki um I.E V+H+ 

D 

E.E F.T.I T.E Unbound 

S.E 

No. 

of 

H-B 

Length of 

 H-B A0 

CH7 4EJN -9.42 124.04 10.56 -9.05 -0.03 -0.70 1.19 -0.67 2H 2.133 

2.07 

 

 
A. Stick representation                                     B. Ribbon format 

Figure 10. Best pose and orientation for interaction compound CH7 with protein residues3.7. Anti-

osteoporotic docking analysis. 

Many proteins have been correlated with bone and osteoporosis. The pathway of the 

IGF-1/PI3K/mTOR protein is responsible for the regulation of osteoblastic bone creation and 

diabetic osteoporosis [53]. In addition, the differentiation and functions of osteoclasts are 

controlled by cell surface receptors such as the protein αvβ3 integrin [54]. Meanwhile, human 

farnesyl pyrophosphate synthase (FPPS) has been used as a therapeutic target for bone 

resorption and bone diseases such as osteoporosis [55]. Table 9 shows similar values for the 

compounds CH7 and CH8 due to their similar chemical structure. Both possess the same 

structure, with different positions of the nitrogen atom, thereby causing a similar structural 

conformation within the proteins. Meanwhile, the E1 compound gave a different binding score, 
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and this may be attributed to its different chemical structure. As can be observed from Table 

10, good binding energy led to a good superimposition between these compounds and the 

receptor targets. For the CH7 compound, the top binding score with 5HZN was -9.89 

kcal/mol. The docking analysis displayed the existence of intermolecular forces, for example, 

π-π interactions and one hydrogen bond, with regard to 5HZN, together with hydrophobic 

residues, which included PHE1044, ALA1048, PHE1007, MET1051, PHE1151, VAL1060, 

ASP1150, GLY1149, MET1079, GLU1077, MET1076, ALA1028, and MET1139. There was 

one hydrogen bond between LYS1030 and N- pyridine chalcone. This bond was surrounded 

by a cloud of pi-cations. In addition, there was a pi-pi interaction between one aromatic ring of 

chalcone and that of the PHE1151 amino acid, where the CH8 compound also exhibited good 

binding energy of -9.88 kcal/mol with the protein, 5HZN. The interaction involved 

hydrophobic residues, one hydrogen bond, pi-cations, and the pi-pi interaction. The 

hydrophobic residues included the amino acids MET1139, GLU1077, MET1076, ALA1028, 

LYS1030, VAL1060, MET1051, GLU1047, PHE1151, ASP1150, and GLY1149. There was 

one hydrogen bond between the N-pyriden chalcone and H-MET1079 residue. Another 

interaction included a pi-cation interaction between the one ring of biphenyl with H and N-

LYS1030. Meanwhile, a pi-pi interaction occurred between two aromatic cores, one ring of 

biphenyl ketone and the aromatic ring of the PHE1151 residue. The E1 compound, being an 

epoxy chalcone, differed from chalcone. Likewise, it displayed the highest binding energy of -

12.51 kcal/mol with the protein 5HZN. In contrast, there was a hydrophobic interaction with 

the MET1079, LEU1078, GLU1077, MET1076, ALA1028, VAL1010, VAL1060, MET1051, 

ALA1048, PHE1044, GLU1047, and ASP1150 residues. Another pi-cation interaction 

occurred between N- LYS1030 with two cores of aromatic biphenyl ketone. Also, there was a 

pi-pi interaction between the aromatic ring of PHE1151 residue and one core of aromatic 

biphenyl ketone. There was one hydrogen bond between GLY1149 and the oxygen atom of the 

epoxy ring. All the CH7, CH8, and E1 compounds indicated the highest binding with the 5HZN 

protein compared to other proteins. From all the results and the docking analysis, it could be 

easily observed that the best binding score of -12.51 kcal/mol was obtained between the epoxy 

anthracene E1 and the protein mTOR/ 5HZN, which is the most important protein in the 

regulation of osteoblastic bone creation.  

Table 9. Mean docked energy for all the proteins. 

No of  

Proteins 

 

Proteins 

 

ID 

Compounds Binding 

Energy 

Kcal/mol 

    1 IGF-1/PI3K/mTOR 5HZN CH7 -9.89 

CH8 -9.88 

E1 -12.51 

2 FPPS 2F7M CH7 -8.56 

CH8 -8.68 

E1 -9.49 

3 αVβ3 1L5G CH7 -7.51 

 

Table 10. Selected parameters of the compound CH7, CH8, E1 with the best conformer with different proteins 

in temperature (K) at 298 k. Docking Properties by Autodock 4. 

Co pdb B.E Ki nM I.E V+B+D E.E F.T.I T.E Unbound  

S.E 

No. of 

H-B 

Length 

of 

 H-B A0 

CH7 5HZN -9.89 56.53 nM -10.99 -10.95 -0.04 -0.76 1.19 -0.67 1H 2.195 

CH8 5HZN -9.88 57.0nM -11.02 -10.95 -0.07 -0.72 1.19 -0.66 1H 1.905 

E1 5HZN -12.51 674.36 pM -13.47 -13.33 -0.03 -13.37 1.19 -0.70 1H 1.973 
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Consequently, the prevention of apoptosis can therefore be associated with the 

signaling pathway of 5HZN and the blocking of active osteoclasts. This can help in the 

development of anti-OP drugs. Figures 11, 12, and 13 present the poses and active pockets for 

compounds CH7, CH8, and E1, respectively. 

 

A. Stick representation                                          B. Ribbon format 

Figure 11. Best pose and orientation for interaction compound CH7 with protein residues. 

 

A. Stick representation                                          B. Ribbon format 

Figure 12. Best pose and orientation for interaction compound CH8 with protein residues. 

 

A. Stick representation                             B. Ribbon format 

Figure 13. Best pose and orientation for interaction compound E1 with protein residues. 

4. Conclusions 

A series of novel chalcones and epoxy chalcones were evaluated in vitro has been done. 

The compounds CH2, CH3, and CH4 exhibited anti-cancer activity towards MDA-MB-231 

cells, while the compounds CH7 and CH9 exhibited considerable activity, and the compound 
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CH7 induced cell cycle arrest at the G0/G1 and G2/M phases, confirming that they are not 

cytotoxic but antiproliferative, thereby causing programmed cell death. On the other hand, the 

compounds CH7, CH8, CH9, and E1 were tested against different cancer cell lines (A375 

melanoma cancer, A549 lung cancer, MCF-7 breast cancer), while the compounds CH1-CH10 

and E1 were tested against the HCT116 cell line for colon cancer. All the compounds showed 

no significant cytotoxic activity. In contrast, the compounds CH7, CH8, CH9, and E1 showed 

good toxicity and had the highest influence on MC3T3-E1 osteoblasts, except for the CH9 

compound, which exhibited low toxicity. Remarkable here, compound CH7 showed very good 

activity against HepG2 and MC3T3-E1 cell lines.  In silico docking studies also reveal that 

effective compounds CH2, CH3, and CH4, have good binding energies and binding affinities 

towards ERα and Erβ receptors in breast cancer. In contrast, the CH7 compound exhibited a 

maximum docking score and affinity with the protein AKT/4EJN and a good 

hepatocarcinogenesis (HCC) suppressor. Moreover, all the CH7, CH8, and E1 compounds 

indicated the highest binding with the protein responsible for regulating osteoblastic bone 

creation is 5HZN. As a result, this study helps to design new therapeutic agents and suitable 

pharmaceutical applications. 
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